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SI* (MODERN METRIC) CONVERSION FACTORS 

APPROXIMATE CONVERSIONS TO SI UNITS 

SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL 
LENGTH 

in inches 25.4 mi llimeters mm 
ft feet 0 .305 meters m 
yd yards 0 .914 meters m 
mi miles 1.61 kilometers km 

AREA 
in' square inches 645.2 square mi l limeters mm' 
ft' square feet 0.093 square meters m 
yd' square yard 0.836 square meters m 
ac acres 0.405 hectares ha 
mI2 square miles 2.59 square kilometers km· 

VOLUME 
fl oz fluid ounces 29.57 mil liliters ml 
gal ga llons 3.785 liters L 
ft' cubic feet 0.028 cubic meters m' 
yd' cubic yards 0.765 cubic meters m' 

NOTE: volumes greater than 1000 L shall be shown in m' 
MASS 

oz ounces 28.35 grams g 
lb pounds 0.454 ki lograms kg 
T short tons (2000 lb) 0 .907 megagrams (or ·•metric ton") Mg (or " t ") 

TEMPERATURE (exact degrees) 
F Fahrenheit 5 (F-32)/9 Celsius 'C 

or (F-32)/1.8 
ILLUMINATION 

fc foot-cand les 10.76 lux Ix 
fl foot-Lam berts 3 .426 candela/m2 cdlm' 

FORCE and PRESSURE or STRESS 
lbf poundforce 4.45 newtons N 
lbf/ in' poundforce per square inch 6.89 kilopascals kPa 

APPROXIMATE CONVERSIONS FROM SI UNITS 

SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL 
LENGTH 

mm millimeters 0.039 inches in 
m meters 3.28 feet ft 
m meters 1.09 yards yd 
km kilometers 0.62 1 mi les mi 

AREA 
mm' square millimeters 0.0016 square inches in' 
m square meters 10.764 square feet ff 
m' square meters 1.195 square yards yd' 
ha hectares 2.47 acres ac 
km' square kilometers 0.386 square miles mi' 

VOLUME 
ml milliliters 0.034 fluid ounces f l oz 

L liters 0 .264 gallons gal 

m' cubic meters 35.314 cubic feet ft' 
m' cubic meters 1.307 cubic yards yd· 

MASS 
g grams 0.035 ounces oz 
kg kilograms 2.202 pounds lb 
Mg (or ·'t ") megagrams (or "metric ton' ) 1.103 short tons (2000 lb) T 

TEMPERATURE (exact degrees) 
·c Celsius l.8C+32 Fahrenheit •F 

ILLUMINATION 
Ix lux 0 0929 toot-candles fc 
cdlm' candelalm2 0.2919 foot-Lamberts f I 

FORCE and PRESSURE or STRESS 
N newtons 0.225 poundforce lbf 
kPa ki lopascals 0.145 poundforce per square inch lbf/in' 

•sI 1s the symbol for the Internat ional System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM E380. (Revised March 2003) 
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How To Use This Guide m 

The recently published Pedcs1ria11 J-'ariliric.i User C11idl~ 
/>n,11idi11g Sc!(cty ,111d .Hobility provided descriptions of •+7 
unique engineering countermeasures or treatments that 

nuv be implemented co improve pedestrian safety and 

111obili ty.' Included fo r each of che -1-7 treatments were a 

general descriptio n, purpo~e or objective, considerations 

for implementatio n. and esti111ated costs. Whi le that level 

of infor111at1on alone is useful to engineers, planners , and 

other sate()' professionals. the guide also included two 

matrices that reL1ted the -1-7 treat111e11ts (plus two addi­

tional countcn nearnres of education and enforcement) 

to specific performance objectives and speci fi c types of 

collisio ns. T hese 111:itrice~ provide the practitioner with 

the abi lity to select the most appropri:it~· treatmenc(s) if 

they have a well- defined crash problem or are trying to 

achieve a specific change in behavior. 

This report is the next generation o f the infonmtio n 

j ust descr ibed. It includes a11 update of the contrnt of 

the first version along with case studies that illustrate 

these concepts applied in practice in a 11umber of com­

munities throug ho ut the United States. The most sig­

nificant enhancement is the integration of the counter­

measures and case stuJics into an expert system known 

as PEOSAFE. This system and the content of thi s guide 

are included o n the enclosed C D and are av;iilable on­

line at h ttp: / / s:ifety.01wa .doc.gov/ peds:ife a nd at 

W\\·w.w;ilki ngi11fo.org/ peds:1fc. The syste,n allows the 

user to re fine their selection of treatments on the b:isis 

of site characteristics, such as geometric fe:1tures and 

operating conditions, ,m d thc type o f safety problem or 

desired behavioral ch :1 ngc.Tlie purpose of the system is 

co provide the most appli cabk informatio n fo r identify­

ing safety and mobility needs and i111prov111g conditions 

for ped estrians within the public right- o f-way. PED­

SAFE i~ intended pr im arily for engineers. planner,, 

safe ty professionals, and deci~ionrnakers, but it 111 ay also 

be used by citizem for identil)·ing problems and reco111-

111e11ding solu tiom for their cornmunitics. 

Chapter 1: The n,:IZ />iourc gives an overview· on how to 

create a safe, w:ilkable environme nt. Chapter 2: Pcdcsrri­
,111 Cms/1 Statistic., describes basic pedestrian crash trends 

and statistics in tlie U.S. C/1,11!trr 3: Sclcrti11g l111pr,wc-
111c1lfs_f;ir P('d('sfria11s discusses the :ipproachc~ to sekct the 

most appropriate counterm easures. 011c appro,1ch is 

based on the need to resolve a known safety problem, 

while the other is ba,ed o n the desire to c hange beh,1,·­

iors of motorists ,ind / or pedestrians. 

Chaprcr -I: n l{' 1-:.YJicrr Syste111 describes the Web/ Cl) 

applicatio n, including a description of the overall con­

tent and step-by-~tep i11structions for use. Cl,apter 5: 
'17,c C>11111/'1'111c,1s11rcs contairn the det,1il, o f -1-9 e11gineer­

ing, educa tion , :rnd c11force111c11t tre:itments for pedes­

trians. These impruve1 11c:m , rel.ire to pedc, trian facility 

design, roadw:iy de, ign. inte r,ection design, traffic calm­

ing, traffic 111:111::igen 1ent. sign,tls and , igm, and ocher 
me:isures. In Cl,aprcr 6: Ca.,c Swdics ,ire the 7 1 exam­

ples o f implemented treatments in con11nun icies 

througho ut the U.S. 

FurthL-r resources are provided in Chc1p1cr 7: f111plc111c11-

1ari,ll1 r111d R.cso11rccs. including sections on co111111 unity 

involvement in developing priorities. devisi ng strategics 

for comtruction. ;i nd raising funds for pedc, trian 

improvements. A list of useful web sites, guides, hand­

boob. and o ther references is also p rovided. 

T here ;ire :ilso several appendices w ith suppo rting 111;1te­

ria ls. 1·lppc11dix A includes ,111 :i,sess1111:11t fo rm th;:i t can 

be used in the fie ld to collect the info rn1Jtio n needed 
co effectively use th e expert systL'm . _ -lpprndix B provides 

a d euiled matrix showing the ,peci fi e coun termeasurt's 

that are associ,1ced with c,tch of the 7 1 c bc sru die,. The 

last two appendices provide recommended gu ideline, 

fo r the instalbrion of sidewalks/ w.tl kway~ (1lppmdix 
C) and crosswalks (Apprndix D). 
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Walking is rnch ,l basic hu111:111 activity thac it ha, fre­

qucnrly been onTlookl.:'d in tht' quest to build sophisticat­

ed tramport:ition syste111s. Now people want to change 

that. Tlwy w,111t to !in: in pbces th.u .we welcoming, afe. 

and e11joy:1blc. They want I iv:1blt' communities w here 
they c 111 w;1]k , bicycle, recreate, :111d socialize. 

Crt',1ting a pedestrian environmem invokes more tl1.1n 

b ying down a sidew.1lk or insta lling a sig1d. A truly 

\·i:ibk pedestrian ,ystL'll l involws both th<: b ig pictu re :111d 

the smallest details- from how a city is built to what 

materials are under our feet. F.1eilities sho uld be accessi­

ble to all peckmi.tm, cs~wci:ill y those with disabilities :ind 
children. Accessibk· dc-~ign is the foundation for all pedes­

tri:i 11 design and facilities need to be planned, designed, 
oper,1ted, .md maintained to he usable by all p<:ople. 

13ecause 111ost o t' the work that w ill be done invo lves 

retrotltting existi ng pL1ces. impro,·ing the pedestrian 

e11viro11111e11t will prob.1bly be don L· 011 J street- by-street, 

neighborhood-by-ne ighborhood basis. 

The Relationship Between Distance to 
Transit Facility and Pedestrian Mode Choice 
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Source: Fede,al Transit Admin1strat,on, Transit Cooperative Resea-ch Program, 
Traris1t and lJrban Form. TCRP Report 16, 1996. Chart adapted from Figure 19. 

Design streets for people to use them. 
Assume people wi ll walk. 

LAND USE 

Creating a walkable community starts with the very 

nature of the built environment: having destinations 

close to each other: siting schools, parks, and public 

spaces appropriate ly; :illmYing mixed- ust' developments; 

having , uflicienr densities to support transit: c reating 

commercial distr icts that peo ple can access by foot and 

\\·heelchair; and ,o on . Most walking tr ip, ,ire less than 

0.8 km (0.5 mi). 1 While mixed- use developments with 

mtEcient <.kmity to support rramit and neighborhood 
eommcrcial busine,ses can m ake walking a viable 

option for rL·,idents, single-use. low- de nsity re,idential 
Lm d- u se patterns di,courage walkmg. When residents 

,ire segregJtcd from sites m ch a, parks , offices, and 

stores, there will be fewer pede~tn,111 tr ips becrnse des­

tinatio n, arl' not clme eno ugh for walki ng . The con­

nectio11 betwee n land- use pla1111 ing and transportation 

pla1111i11g is cr itical, bur all too o frcn ignored . 

Integrating land- use and transpo rtation pla1111ing allows 

new developments to implement these strategics from the 
onset. C:onm1unicies that support balanced transportation 

make walking and public tr:insit :ittraccive options. 
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A busy commercial street in Ann Arbor, Michigan, 
emphasizes pedestrian use and provides attractive areas 

for people to sit, strol I, and meet. 

In established co111111unities, 111any of' these goals can be 

met with ••in-fill d t·velopm ent" to increase density and 

co111111unity viability. C hanges in zoning lavvs and side­

walk warran t, to allow mi xed-ust: d evelopment :rnd 

pede,tr ian connections. , uch as sidewalks, easy-to-access 
crosswalks, ,md shared-use paths, cJn also increase pede,­

tr i;m safety and mobili ty. 

ASSUME THAT 
PEOPLE WILL WA LK 

Whether bu ilding new infrastructure or renovating ex­

isting place,, it should a]\'v·ay, be a,,u med that people 
will w:i lk and plans should be madl' to accommocbte 

pedestrians. l'eople w ill w:rnr to walk everywhere they 

can , :ind a comfortable, inviring. and sate environment 

, hould be provided fo r chem . Thne c1re many rea,011s 

that people walk: to run err,rnds, to visit neighbors, to 

go to local , cores, to t:ike their children to the loe1l park, 

fo r exercise, or even for the sheer enjoyment of' be ing a 

pedestrian. C hildre n should be ab le to w:ilk to school o r 

to their fr iends' houses. All of these activities constitute 

a significant number of trips. About four-fifths of all 

trips are no n-work-related. 

If people aren't \v;i lking, it is probably hec rnse chey are 

prevented from doing so. Eicher the infrastructure is 

insufficient o r ha~ ser ious gaps. Are there continuous 

walkw;iys? Arc there physical bar riers such as rivers, 

dr:tinage ways, walJs. or free·ways char prevem convenien t 

walking access in a community? D o bridge, for auto­
m obiles also provide a safe walking area for pedest r iam' 

Does the lack of' curb ra111ps o r the existe nce of ~teep 

grades or step, prevent access for the elderly or people 

using wheelch.1irs? Are there inform:ition barriers pre­

venting people: with visual disab il ities from crossing the 

street? ls there a major road that separates the residential 

neighborhood from the commercial district? Are there 

places for people to cross roads sately? 

W;i lking rates in different neighborhoods within the 

sa me city are directly related to the quality o f the system. 

In other words, in high-quality pedestrian environments, 

lob o f people w;ilk. Where the system fail s- missing 

sidewalks, major barriers, no safe crmsings-pc:ople walk 
Jess. and those who do are at gre;iter risk. 

People also want to walk in an environment where they 
cu1 feel safe. not only safe from motor vehicle traffi c, but 

safe from crime or oche r concerns that can affect person­
al securi ty. Areas need to be well lit to encourage walk­

ing duri ng evening hours. If the pedestrian system is not 

accessible, it is ofi:en not s;ite. Fo r example. lack of access 

may cause: wh eelchair user to u~e the street rather than a 

poorly maintained sidewalk. Some popubtio ns may be at 

a higher r isk of pedestrian crashes. Children under age J 5 

are the mmt overrepresented group in pedestrian crashes 

and people over age 65 have the most pedestrian fatalities. 

Therefore, it i especially important to provide adequate 
facil iti es in the vicinity of land uses such as retirement 

homes and school zones. !3ut it is important to keep in 

mind that children :ind people: who are elderly or have 

disabilities are part of t'very community, so adegu:ite facil­

ities are needed everywhere people are expected to walk. 

The walking e nvironment sho uld be open and inviting, 

but not sterile and vacant. Pedestriam need mo re th:111 

sidewalks and crosswalks. In addition to pro cec ti11 g 

pedestrians from motor vehicle traffic, ic is important to 

have a secure, pleasant, and interesting walking e nviron­

ment to encourage people to walk . 

Tr;id itio nally. safety problems have been addressed by 
analyzing police crash reports and improvement, have 

been m ack only afte r they are warranted by cr;isl, 11u111-

bers. However, planners and engineers sho uld consider 
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problem- identification methods sue Ii 
:i, interactin: public workshops, sur­

veying pedestria11s and d r ivers, and 

t:i lking w ith police to ide ntif), safety 

problems in an area befo re crashes 

occur. This may help pro<1ctivdy 
idemif\: locatiom for pedestrian sa te­

ry improvement~ and wi ll invo lve 

citizt'm in the process of im proving 

~afcry and mobi lity in their own 
communities. 

TRANSIT 

Walking a11d transit are complemen­

tary. Good walking conditions for 

pedestrians arc important indun·­

ments to using public transportation. 

since most public tr:rnsit t rips include 

a pedestrian trip at one o r both end,. 

People sho uld be able to walk w a 

This roadway may act as a barrier to pedestrians. Those who are walk ing along the 
waterfront may find it difficult to cross to the commercial establishments and those 

on the commercial side may be reluctant to cross to the waterfront . 

bus stop o r ,1 train station from their homt', and to jobs. 

, hopping. and other activities. Co11versely, good public 

transportation, with buses. subways, Jlld p.1ratramit veh i­

cles that run frequently and are reliable, is essential to 

achieving a walbble city. The trip should be :ts ,eam.lcss 

as pmsible and transit stops should be fr iendly, comfort­

able places. Comideratio n needs to be g iven to the loca­

tion of the stop relative to intersectio ns. how to get tr~m­

sit users s::ift>ly across the ~trcet. and a variety of o ther 

issues. For more information. refer to Chapter 14 in 

Des(t:11 (/1/d Safety <!f Pcdcstri,111 Facilities.' 

When development occurs arou11d a transit stop, m ore 

transit can be supported , and people will h;ive m ore 

options fo r liow to tr;ivel there. Special atten tion should 

be paid to how people will get fro11 1 the tr:lllsit stop to 

their destinations. No matte r how couven ient the tri p is 

othenvi5e, if pedestr ians don 't tee! ,afc for even a sho rt 

di<;tance. they w ill chome no t to go. or to go by .m other 
mode (usually driving-;ind the m ore people w ho drive, 

the less pede,rrian-friendly a place becomes). 

STREETS: 
THE ARTERIES OF LIFE 

Streets serve many functions, including: 

• Li11 kage. They connt'.Ct pJrts of cities to t'.ach other. 

o n e town to another, and activiti t's and places. 

• Transportation. They provide the su1face ::llld structure 
for a variety of m odes. All modes <ind u,ers should be 

provided for : pcdestri;ins, bicyclists, transit, mo tor vehi­

cles, emergency services. maintenance scr\'ices, etc. 

• Access. They provide public access to dcstin::iri ons. 

• Public r ight-of-way. Space for utilities a11d o ther 
underg round infrastructu rt' is usually a h idden ti.mc­

tion of the street. 

• Sense of place. The street is a defi11;1ble place. a place 
for people to interact, th e heart of :1 community. A 

stree t can serve this role by being a venue for parties, 
fairs. pa rades. an d com1nunity celebrations, o r by sim­

ply being a place where 1lt'ighbors stop to cha t. 

Streets arc often designed to c:111phasi7e som e fi.111ctiom 

over otht:Ts. At one extreme is a limited-access highway 

that se rves as :i corridor for m otor \·chicle tr.1\·el. At the 

other extreme is a private cu l-dc-,ac, which lus no link­

age and has li m ited ;1.ccess. Many strct'ts :1re designed so 

that certain desirable functions arc not provided. Exa111-

ples include commercial streets \\·here access to destina­

tions is d ifficult, and strip developmrnt :ilo ng high- speed 
ro:tds w here no sidewalks or pc:dcstri ::111 crmsing, exi,t. 

W hen streets and roads are eYaluated for improvements, it 

is helpful to consider whether the design effectiwly meets 
all the desired functiom of the roadway. If not, the street 

sho uld be redesign ed to ::idegu:itely m eet those fun ctions. 
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Pedestrian in juries are less severe on lower speed roadways. The street pictured above 
is a heavily traveled arterial in one of Seattle, Washington's thr iving residential 

neighborhoods. High speed and concerns about pedestrian safety resulted in the 
redesign shown in the "after" picture. Bike lanes and a median strip have encouraged 
slower traffic speeds. Speeds were reduced by about 4.8 km/h (3 mi/h), while average 

daily traffic remained about the same. 

HOW PEDESTRIANS 
ARE AFFECTED BY 
TRAFFIC: VOLUME 
AND SPEED 

11 igh volumes of traffi c can inhibit a 

person\ feeling o f safe ty and com­

fo rt and create a "frnce elTect" 

w here the street i, almost an i111pen­

etrahle barrier. The effect of traflic 

volumes on co1nrnu11ity life has 

been measured . In his seminal 1980 
study, Donald Appleyard looked at 

how traffi c volumes on co111parable 

streets in S:m Francisco affected 

community li te. People living on a 

, treet with light traffic (2,000 veh i­

cles per day) had threl· times as many 

fr iends and tw ice as 111any acquain­

tance's on the street as did people liv­

ing on a strlTt ,vith heavy traffic 

(1(1.000 vehicles J day) .' 

Traffic speed is usually the more crit­

ic.ii aspect to w;ilbbility and safety. 

T hough pedestriam may feel com­

fortable on streets that c:ir ry a signif­

icant amount of traffic at low speeds, 
faster speeds increase tht' likelihood 

of pedestri;ins being hit. At higher 
speeds, m otorists a re less likely to sec 

a pedestri;in, and <:'Vt'n k ss likely tu 

actu;illy stop in ti me to avoid .1 era.sh. 

At a rnere ..J.9.9 km / h (31 rni/ h), :t 

driver will need ::ibout 6 l.O 111 (200 

fr) to stop, which may exceed avail­

able sight dist:rnce; that nu1nber 1s 

h,1lved at 30.(, km/ h (19 mi/ h)." 

Unfonun.ndy, 11 1ust uf uur street5 

art' designed to encourage higher 
traffi c speeds. Fortunately, we do 

h:ive tools that can changl' this, pr i­

m;ir il y by redesigning streets 
th roug h traffic calm ing or by 

designing new streets w ith lower 

design speeds. Speed reductio ns 

can in crease pedestrian safety con­

siderably. T he safety be nefits of 

reduced speeds extend to m otori,ts 

and cyclists :ts well , a lthough the 
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Street designs that accommodate people with d isabil it ies 
create a better walking environment for all pedestrians. 

advantage to pcdcstri:111s is the most substantial. 

ADA DESIGN GUIDELINES 

T he America11s with Disabilities Act (ADA) was enacted 
in I <)<J() to emu re people with disabilities have equa l 

opportunities and access to public spaces as those w ho 
do not have disabilities. People with disabilities may have 
diminished mob il ity, limited visio n. o r reduced cognitive 
~kills. In some imtances, individuals m ay experience a 

combination o f di s:ihilities, which is more common as a 
person grows older. A person may experience a disabil­

ity o n a permanent or temporary basis. Without acces5i­
ble pedestrian facilities, people w ith disabilitie~ will have 
le5, o pportunities to engage in employmu1t, school, 

shopping, recre ,1tio n. and other cvn yday activities. New 
o r altered faciliti es must provide ac.:cc,~ fo r all pcdcstri ­
am . Thi , :iho need, to occur when implementing all tht' 

tools and tre;:itrnents th:it are pre,erm:d in this guide. 

While i111pro\'c111c1lls for per, om with di,:ibilities were 

mandated by the Fcdnal Cove rnn JL'Jlt to ensure access 
and mobility lor phy,ically-ch:illengcd pedestrians, most 
of these i111prove1m·ms bend it ;:ill pcde,trians. Some o f 
the ite111~ that \\ ill be presented in this guide, mch as 
adequ.1te tiJ11c to cro,, street,, well-designed curb ramps, 

limited driveways. :rnd sidewalks that are \\-ide and clear 
of ob, tructio m and ha\·e minimal cross-slope, are exam­
ples ol design fe:itures th :1t will .1ccon1111odate pedestri ­

ans \\'ith disabilitie,. persons m ing strollers, and indeed. 
all pedestriam. s 

All new construction o r retro fi t projects rnu, t include 

curb ramps and other accessible features that comply 
with ADA requirements. Agencies sho uld review their 
street system to identify othn barriers to accessibili ty 

and prioritize the needed improvements. Th is review 
was a requ irement of the Rcliabilitation Act (1973) and 

ADA. States. cities, and other localities were to develop 
a plannin g document and a transition plan for removing 
barr iers in thei r existing faci lities. The barriers sho uld 

have been removed by 1995. Examples of barr iers that 

are often overlooked include poit's and signs in the 
middle o f a sidewalk, steeply sloped driveways, and 

interruptions such as broken or missing sidewalk sec­
tions. An adequate level of surveillance and maintenance 
is also important co providing accessibili ty, especially in 

winter months in areas where snow accumulates. W hile 
all ,treets should be upgraded to be accessible, public 

agencies should set priorities for high- use areas, such as 
commercial districts, schools, parks, transit fac.:i litics , etc., 
and retrofit as rapidly as possible. 

The design criteria for the construction and alteration of 
faci lities covered by law were developed by the U.S. 

Access Board and arc the ADA Accessibility Guidelines 
(ADAAG). T hese guidelines serve as the basis for stan­
dards that are maintained by the U.S. Department of jus­

tice and the U.S. DcpJrtment ofTransportation and are 
the m inimum criteria for designing public right- of-way 

space. In addition, the Acces, noard is currently devel ­
oping Public R._ights- of- \V:iy G uidelines. which will 
supplement ADAAC. A draft version of these guidelines 
is available at vV\Vw.:iccess-board.gov/ rowdraft. htm. For 

the latest ADAAG information and guidance on ADA 
requirements :ind issues, vi. it w,:vw.access-board .gov_ 
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Pedestrian Crash Statistics 
m Chapter 2 
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Chapter 1 provi<lc<l an ovcrvie,v of the need to provide 

a more pedestrian- friendl y cnvi ro11111e11t alo ng ::ind near 
streets and highways. This chapter provides an overview 

of the pedestrian safety probkm and rebted factors that 

muse be understood to select appropriate faciliti es and 
programs co improve pedestrian safery and mobili ry. A 

brie f de,criptio n o f the pede~rrian crash problem in the 
U nited States is discussed in the following sectiom a nd 

is also reported by Zegeer and Scidcr111an in the ITE 
Tr.!ffir Sajery Ji,o//)()x. ' Similar statisti cs should be pro­

duced for States and municipalitie~ to better understand 
the specifi c problems at the con1111u11ity kvel and thus 
,elect appropriate countermeasures. 

MAGNITUDE OF THE PROBLEM 

Pedestrian / motor vehicle crashc, are a serio us problem 

throughou t the world and the United States has a par­
ticular problem w ith pedestrian dea ths and injuries. 

Specifically, 4,7-19 pedestrians were reported to have 

been killed in motor vehicle crashes in the United 
States in 2003. ' T hese de:1ths accounted for 11 percent 

o f the -12,6-13 111otor w hicle deaths nationwide that 
yea r. An estimated 70,000 pedestrians were injured or 
killed in motor vehicle collisions, which represents 2 
percent of the 2 .9 mi llion total pcnons injured i11 traf­
fi c crashes. ·' A drop in pedestrian fata lities in rcccm 
yea rs may reflect the fact that people are walk ing less, a 

evidenced by the U.S. Census and the Nationwide Per­
sonal Transporta tion Survey (N I' I'S). The need to 

reduce pedestrian deaths and injuri c~ w-hik promoting 
increa,ed walking continues to be an important goal for 

the engineering protession. 

Older pedestrians are more l ikely to be in jured or killed 
when struck by a motor vehicle than younger pedest rians. 

Crash involvement rates per 100,000 people 
are highest for young males. 

PEDESTRIANS MOST AT RISK 

Cra\h involven1ent r:ite, (n:1, hes per 100 ,0IJO people) are 
the highc~t fur 5- to 9-year-old males, w ho tend to dart 

out into the street. Thi, problem may be compo unded 
by the fact that speeds arc frequrntly J problem in are,1s 

where children are walking and playing. 

In general, males are more likely to be involved in a crash 
than fen1alcs; in 2003, (,9 percent of pede,trian fata li ties 

were lllak, and the nde pe<les trian injury r;u e ,vas 58 
percent higher than fo r female,.~ 

R ates for older persons (age 65 am! m n ) are lmn .. r than 
for most age groups, which 111ay reflect greater c:1utio n 
by o lder pedestri ans (e.g .. less walking at 11ight, fewer 

dart-outs) and a reduced amount of \\·alk i11g near traffic. 
H owever, older adult pedestrians are much more vu lner­

able to ,eriou, injury or death w hen struck by ,1 motor 
vehicle than younger pedestrians. For ex,1mplc. the per­

ce11tage of pede,trian cra,hes resulti ng in death exceed, 
20 pt'rcent fo r pedestri,1m over age 75, cornpa1Td to less 

than 8 percem for pede,trians under :ige 1-1. '·" 

AREA TYPE 

Pedestri :111 crashes occur most frequently in urban areas 

w here pede,rrian activity and traffic volu111cs are greater 
co111p:1rcd to rural :ire:is. The N ational Sati:ty Council 

estimate~ ch,1t 85.7 percellt of all non- f1tal pedestrian 
crashes in the United Scace, occur in urb:111 areas and 

1-1-.3 percent occur in rural <1re:1s . Seventy t\\'O percent o f 
all pedestrian fata li ties in 2003 occurred in urban areas.~ 

The percentage of rural fat:ilities relative to the total 

number of rural peck strian crashes is more than dou­

bled. In many cases, tl11S i\ due to i11cre:ised vehicle 

speeds found on rural road,. In addition , many rural areas 

8 Pedestrian Crash Statistics Pedestrian Safety Guide and Countermeasure Selec tion System 
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The majority of all pedestrian crashes occur in urban areas 
where pedestrian activity and traffic vo lumes are greatest. 

Pedestrians sometimes choose the most direct path , 
which often places them at greater risk. 

have llo side\\'.1lb, path,, or ,houl<lers co serve as ,epa­
r,1ted pede,tri,111 t:1ciliti e,. 

LOCATION TYPE 

In tL'r11 1, ot cra,h location, 65 percent ot cr,1,hes involv­

ing 1w,k,tr iam occur ,tt llOll irnersectiom. This i, p ,1r­

ti cuL1rl v true for pL'lk,triam under .1ge 9 , primarily 

became of d ,1rt-outs i11 w the ,treet. For .tgL', 45 to 65, 

pedestri,111 cr:1,hes Jrl' ;1ppruxim,ttely equ,11 fo r irnersec­

tions ,111d 11on-inter,L'Cl1ons. I>eck scriam ,1ge 65 and 

o lder are mon:· likdy tu be injured or killed at intersec­

tions (59 percent) cun1pan.:d to no n- intersections (-+ 1 

percem). , ince o lder pcdcstriam telld to cross ;H inter­

sectio ll s mort' nfren than youngt'r ones.' Moreover, 

Wide multilane roadways wi t hout adequate crossing islands 
crea te an unsafe environment for many pedestrians. 

som e older pedestri :1 11, have di111i11ishL·d physical and 

vimal abilities th:it nuke street crossings more challeng­

ing. In recent ye:11·,. ,111 emph,1s1, has been placed Oil 

improvillg the design criteria used by eng illcers to 

ensure ch,1t the need, of ,111 u,er, ,1re be;-ing met; the 

J-l(lfllll'<l)' Dcs!1f11 H,11,d/to,,/.: }ir Ulda O,frcrs c111d Pcde.,·1ri­
c111s is one re,ource." 

TIMES OF OCCURRENCE 

Pcdc,tr ian c r,1~ he, are rno,t prev.1k11t during lllornmg 

a11d afternoon peak period,, when the traffic levels are 

highest. Fata l pede,trim <T;1,hes typ icall y peak beer in 

the day. benwen :, an<l 11 p.m., where darkne~s and 
akohol use are f1ctors. - I 11 2003. 5-t percent of the 

pe;-dcstrian fatalitie, occurred bt·t\\ cc11 -t p.nt. and mid­

night. Nearly o ne-half of :1II pnk,tri ,rn fatalities 

occurrt'd 0 11 Frid.w, S.tturcby, or Sunday ( 16 percent, 18 

pe;-rcent, and 13 pcrccllt. respcct i\'dv) .'··' Cra,hes where 

Fatal pedestrian collisions occur more often 
during periods of darkness. 

Pedestrian Safety Guide and Countermeasure Selection System Pedestrian Crash Statistics 9 



older pl'dcstrians art' hie are more evenly distributed 

throughout ch e- d:iys of che week than chose for youngc:r 

pedestrians. Older pedestrians are more likely to be 

struck during d:iylight ho urs, w hen they are most likely 

co be e:,,,l)osed co traffic. ' September th rough January 

have the highest number of n :1tionwide pedestri an fata l­

ities, with typically fewer daylight hours and more 
inclement wc:athcr.· ., C hild pedestr ian fatali ties are 

greatest in May,Junc, a11d July, perhaps due co an increase 
in outside accivity. '' 

SPEEDING 

Speeding is a major contributing fac tor in crashes of all 

types. In 2003, speeding was a contr ibuting factor i11 3 1 
percent or all fatal cr:1shes.2 Speeding has st:rious conse­

quences w hen a pedestrian i, involved. A pedestrian hit 

at 6-L-+ k111/ h (-tll mi / h) has an 85 percent chance of 

being killed; at 48.3 km/ h (30 mi/ h). the likelihood goe~ 
down to 45 percent, whiJe at 32.2 km/ h (20 mi/ h), the 

fatalicy race is only 5 p ercent.' Faster speeds increase the 
likelihood o f a pedestrian being hit. At higher speed~. 

m oto rists arc less likely to ,ee ;i pedestrian, and are even 

less likely to be able to stop in time to avoid hitting one. 

Fatalities Based on Speed of Vehicle 
A pedestrian's chance of death if hit by a motor vehicle: 

90% 

80% 

70% 

60% 

50% 

40% 

30% 

20% 

10% 

0% 
2Dml/ll '40mVh 

1 mi/h = 1.61 km/ h 

Source: U.K. Department of Transportat on. K1I/Jng Speed and Sav111g Lives, Lon­
don, 1987. 

ALCOHOL IMPAIRMENT 

Driving under the i11tluc11ce of :ilcoho l i, ;i well -publi­

cized issue as related to 111otor i, ts in this country. In 

2003, alcohol was involved in 40 perce11t o f the fatal 
crashes in the U.S. H owever. alcohol i, :1lso a con 

tr ibuting facto r in pcdc~trian cr.1shes. Of the -t,662 traf­
fic crashes that resulted in a pedestrian fat:i li ry in 201)3. 

Alcohol impairment con ti nues to be a serious problem for 
pedestrians involved in motor vehicle collisions. 

3,1 percent involved pede~tr iam with :i blood-alcohol 

concentration (13AC) of 0.08 o r greater. More than 

half o f the pedestrian fatalities in the age groups of 
21 to 24. 25-34 , and 35 to 44 inrnlwd intoxicated 

pedestr ians (55 percent, 57 pe-rcent. and :'i.'i percent, 

respectively) . 2 
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Geographic Info rmation Syste ms (GIS) software, a~ 

shown by the density map of reported pedestrian crash­

es o n a college campus pictured below. 

Thi, type of map can help transportatio n e ng ineers and 

planner\ focus safety improvements 0 11 intersections, 
street ,ections. o r neighbo rhoods where pedestrian 
c rashe, have occurred. 

Sever:il issues ,hould be considered whrn creating G IS 
maps o f reported crash locations. First , the total number 
of pedestriam and vehicles that use l'ach locatio n w ill 

affec t reported crash density. 

il: L!:!S&:,.:::a:.:.:::.J.:: ..... :.:.;....;..;:.:,:;;_:.::.;:;;;_.;;..;.~ a!:.:...:..;;!...::;:.::.::.a.:&i!l!U~~fi:! 
Second. pedestrian crashes may not be r<;ported frequent­
ly enough to c~tabli h :i pattern of unsafe walking loca­

tio m. In either ca~e, pe1fo r111i11g a conflict analysis, no ting 
pedestrian and driver behavior or exam.ining road way and 
vvalkway characteristics at specifi c sites, or mapping loca­

tions known to have a high potential for pedestrian cra, h­
es in an area may improve the identification o f unsafe 

locations for walking. Other m ethods fo r identifying loca­
tions with possible pedestr ian problems include using 

walkability checklists and calculating a pedestrian level o f 
service. 

Pedestrians are quite often in conf lict with left-turning 
veh icles when permissive signal phasing is used. 

Deciding on the set of treatments that will provide rlw 
greatest benefits in terms of provid ing safety and mobil­
ity requires tr:111sporr;ition and land- use plaJ111crs, e ng i­
neers, law enforceme nt officials, and community lead­

ers to engage in problem -solving. In most ca,cs, a two­
prong approach is required . The fi p;t prong involves an 
examination of the pede,tri:111 crash problem through a 

review o f h istorical cr::ish data. Two specific typcs 
of crash analyses include the identificatio n of 
high-cra,h loca tion and the detailed examinc1-
tio11 of pre-crash maneuvers that !cad to pedes­
trian- moto r vehicle incident, . 130th arc described 

Reported Pedestrian Crash Density 
UNC-Chapel Hill, 1994 to 1999 

in more detail in this c hapter. 

H owever. many o f the probkm, faced by pede,­
tri:111s either do not involve crashes or th e crash­
es are nor reported . Thus, the ,econd prong 

addres,e, these types o f problem by fo r ming on 
pe rfo rmance objectin::s that w ill lead to changes 
in behavior, whic h in tur n , wi ll result in ,1 ,afer 

and m ore accessible environme nt fo r pede,trians. 
The types o f o bjectives most o ften pur,ued by 
local agencies are discussed in thi , chapter. 

IDENTIFICATION OF HIGH­
CRASH LOCATIONS 
A fi rst step in the problem-solving prou:,, o f 

improving pedc>strian safety and mobility i, to 

identify loc1tions or areas where pedestri<111 crash 
problc1m exist and whe re engineering, l'. duca­
tion , and enforcement measures w ill bl'. 1nost 

beneficial. M apping the locations of reported 
pedestri:rn crashes in ,1 ne ighborhood, ca111 pm. or 

city is a simple method of identifying sitl'.s for 

improving w:ilking s,1fecy. One me thod of a11Jlyz­
ing crash locations includes using compucerized 

.. 

. ,. 

.. . , 
• . . 

2000 0 

Pedestrian Crash Density 
-High -~ Medium 

D 
C Low 

0 • 

.. 

. . 

2000 

Reported Pedestrian Crash 
Area of Campus Influence 
Street 

4000 Feet N 1, 
I , 

_ --(~) Location Identified for safety treatm ents 

Total Campu s Area Pedestrian Crashes 57 
Kern el Density Search Radius: 500 feet 

Source. NC DOT Crash Reports. 10/1/94 to 9/30/99 
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PEDESTRIAN CRASH TYPING 

The developmenc of effective roadway design and oper­

ation, education, and e nforcement rrn:asures to accom­
mod:ite peJcstri:ins and prevent crashes is hindered by 
in~ufficicnt detail in computerized Seate and lo cal crash 

fil es . Analysis of these databa~es can provi<le infonna­

tio n 0 11 w he re pedestrian crashes occur (city. street, 
intersection, two- lane road. e tc.), w hen they occur (time 

o f day. <lay of week, ere.). and characteristics of the vic­
ti1m involved (age, gender. inj u ry severity. e tc.). C urrent 

cra~h fi les cannot provide a sufficient level of detail 
reg;Jrding the sequence of events leading to the crash. 

In the 1970s. methods for typing pedestrian and bicycle 

crashes \Yen:' d eveloped by the N:itional Highway Tr:if­
fi c Safety Administratio n (N HTSA) to better define the 

sequence of events and precipit:iting actions leading to 
pedestr ian/ motor vehicle crashes.''·'·' These method­

ologies were ,1pplied by Hunter in a 1996 study to more 

than 8,00U pedestrian and bicycle cra,hes from 6 
States.'·'· '·' The result, provided a representative um111a­

ry of the disrribmion of cr:1sh types experienced by 

pedestrians and bicyclist,. Some of the mmt frequcntly 
occurring types, incli1de dart-out first half (i. e., the 

pedestrian is struck in thL· first half of the street being 
crossed) (~4 percent), i11tnsection dash ( 13 pcrcent), 

dart-out second half ( lO percent), m idblock dart (8 per­
cent), and turning-vehicle crashes (5 percent). ·'·1

· ' 

The crash-typing methodology described above has 
evolved over ti me and has been refined as part of J ,oft­
ware package k110\\·11 as the Pedestri:in and Bicycle C rash 

Analysis Tool (PBCAT). ' The developmem of Pl:3CAT 
was sponsored by the Federal Highway Administration 

(FI !WA) and H r sA through the U niversity of North 

Carolina Highway Safe ty R e,earch Center. Those inter­
ested m ay register for the PBCAT software and user:s 

manual fro111 the Pedestri;rn :ind IJicycle lnform:ition 
Center website at: ww\v.walk.ing info.org/ pbcat. 

Pl3CAT is :i software product intemkJ to assist St:i te 
and local pedestrian and bicycle coordinators, planners. 

and eng ineers with the problem of lack of data regard­
ing the ,equence o f events le:-iding to a crash . PBCAT 

accomplishes this goal through the development ;md 
analysis of 3 database containing details associated w ith 

crashe, het\veen motor vehicles and pedestrians or hi cy­
clists. One of these de tail, i, the crash type, which 

describes the pre- crash actions of the parties invo lved . 
The more th:111 60 specific pedestri :111 crash types u,ed 
in PBCAT can be collapsed into 12 crash typing groups 

for purposes of selecting treatme nts. 

DEFINITIONS OF PEDESTRIAN 
CRASH TYPES 

Provided below art· the de finitions o f the 12 crash type, 
included in the l'E DSt\FE appli c:irion. These defini ­
tions are from the l>UCAT software. ' For ,111y crash type, 

there are multiple problems o r possible causes that rnay 
have led to the cra~h. The following ~cction also pro­
vides example~ of a fe ,\· pos, ible ca usc,/ pro blerns for 

c:ich crash type and some of the cou11tcrmeasures with­
in PEDSAFE that may be applicable.At the end of each 

potential solution is the countermeasure number in 
parenthe~e,, which can be used to quickly locate the 
counterme:isure descriptio n in C hapter S. Neither the 

li~t of pro blems and possible causes nor the suggested 

cou11ter111 ea~ures are to be considered comprehensive. 
Practitioners w il l still be requirl·d to supplement the 

analysis and recommendations with their own investiga­
tions and knowledge of local policies and p ractices. 

1. DART/DASH 

The pedestrian walked or ran into the roadw:1y at an 

intersection or m idblock location and \vas struck by a 
Yehicle. The rnoto ri~t\ view of the pede, trian may have 
bee11 blocked u11til ;111 inst.m t before the imp:ict. 

Possible Cause/ Problem #1 
C hild runs into neighborhood/ collector street. 

~--
1 ---

General Counterm easures 
:1. Prov ide adequate nighttim e lighting (5). 

b. Add on-street bike lanes (8) . 

c. Narrow travel lanes (9) . 

d . Provide curb extensions (19). 

e. Install spot street narrowing at high midblock­
crossing locations (20). 
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r Imple m e nt traffic-calming m easures such a, c hi­

cane,, speed humps, o r , peed t.1bles (22, 24 , 2.'i). 

g. l'rovide a ra i,ed p edc:stri.m crossing (27). 

h. D esign gateway to ale rt m otor ists that th ey :1 re 

c:nter ing neighborhood with high level o f pedestr i­

;in activity (28). 

1. Convert street co drivew:1y link /serpentine, woon­

err. or :1 pedestr ian meet (31, 32, 36). 

J. Install street diverters or fu ll/ parti :11 ,treet closures at 

,electe d intersertion (s) (33, 34, 3.'i) . 

k . Provide adu lt n-o-,si ng gu ard (in school zon e) (4-+). 

I. R e m ove or restric t 0 11-street parking (47). 

111. Edu cate c hildren about safr crossing b e h avior and 

ad ul ts about speeding (+8). 

Possible Cause/Problem #2 

Pedestrian is struck ,vhile crossing a high -speed and/ or 

high -volume arteria l street. 

General Countern1easures 

3. R elocate bus stop (4) . 

b. Trnprove/add nightti111e ligh ting (5). 

c. Install overpass o r u n derpass (6). 

d. Install medians or pedestrian crossmg islan ds ( I 8 . 

2 1 ). 

e . P rovide curb extensions 3t inter,ections or lll id­

block to i111 prove direct line of sigh t be tween vehi­

cle and pedescri:1n ( 19). 

f. Add traffic- o lming m t'asures (19-32). 

g . Provide st:1ggered crossw:1lk through the medi:1n 

(forcing pedestri ans to walk :111d look to the righ t 

for onco1rnng traffi c in th e ,econd half of strl't't) 

(2 I) . 

h. Insc,d l 111 idblock n-,1tfic ,ign al w ith pedestrian sig­

n :1ls, if warrante d (37, 38). 

1. lnst.1ll standard w:1 m ing , ign (see M ,n1uc1I on Uni­

fo rrn Tra ffi c Control D evices (M UTCI))) o r yello\\· 

or fluorescent yellow/ g reen signs to ,dert drive r, co 

ped estrian cros,ing area (-10, 43). 

J. Um young c hildre n acros, bmy ,rreL·ts (·~-+). 

k. Adjust school distr ict boundarie, (4+) . 

I. U,e speed-m o nitoring tra iler (..J (i). 

111. Enforce sp<:'ed limits. ped estr ia n o rdinances (49). 

2. MULTIPLE THREAT/TRAPPED 

The pedestrian entered the roalb·ay in fro nt o f stopped 

o r slowed traffic Jnd '"'·a, struck by 3 multiple - th reat 

,·ehicle in an :1dj:1cent Lrne afrer becoming tr.1pped in 

the rniddle of the roadw;1y. 

Possible Cause/Problem #1 (multiple threat) 

The pedestrian rnrered che traffic lane in from of 

stopped traffic and w,1s struck by a vehicle trJveling in 

the s:in1e direcrio11 a, th<:' stopped vehicle. The stopped 

vehicle may have b locked ch e visibility between the 

pedestrian and the striking vehick, and/ o r the m otori se 

n1.1y h ave been ,peedin g. 

General Counterineasures 
a. Rdocate b us stop to far side of crossing area ( 4). 

b. Improve ro,1dw;1Y lighting (5). 

c. Provide midblock or in tersectio n c urb t'xtensions 

( 19) . 

d. lmtall t raffi c- calm ing devices swh as speed table, o r 

ra i.,cd pedest r ian crossi11g, o n loc1I o r other neigh-
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borhood streets (25. 27). 

e. Provide raised crosswalk~ to improve pedest r ian vis­

ibility (27) . 

f. Install traffi c sign:i ls it- \\·arr:111 ted , includ ing pecles­

trian sign als (37. 38). 

g . Install tJashe rs o r advance warning sigm (37, -U). 

h . Recess sto p linrs 9.1 111 (J(l ft) i11 :idvJncc o f cross­

walk (-1-2) . 

1. Install barrie rs or sig m to p rohibit crossing~ and 

d irect pedestrians to safer crossing lo c;1 ti o ns nearby 

(-1-3). 

J· En force cross,, ·alk LHvs (-1-9). 

Possible Cause/ Problem #2 

Pedcstri,1 11 is struck ,vhik crossin g a h igh-speed and/ or 

hig h-volume arteri:il street. 

General Countermeasures 

a. R educe roadw:iy w idth . For example. add side,valks 

an d bike lanes to a roadway by n arrowing fo ur-lan e 

undivided roadv,,·ays to two th rou g h bnes plu~ a 

cente r two-way lefi:- turn Lrnc or ,v ide raised m edi ­

an ( I , 8, 9 , 10). 

b. Improve roadway ligh ting (5). 

c. Construct over pass o r undnpass (6). 

d . N arrow travel lanes (e.g .. add bike bnes) to slo w 

vehicle speeds and reduce crossing dist:m ce (<)). 

e. l11stall raised m ed i:in o r pedestr i;in crossing island 

( 12, 21) . 

f l ncreast' police e n fr1rc u11 ent of speed limit (49) . 

Possible Cause/Problem #3 (trapped) 
Ped estrian began crossin g on g reen signal and became 

trapped in the ro adway w he n the ~ignal changed . 

General Countermeasures 
a. H.educe ro;idway width (9) . 

b. Provide midbloc k or inte rsection curb extensions 

( 19) . 

c. Install raised ped estrian crossing isla nd (21). 

d. P rovide r;iised crosswalk to improve pedestrian vis-

ibility (27). 

e . Install pedestrian signals (38) . 

f Adjust pede,trian signal ti m ing (39). 

g. Enforce crosswalk la, vs (49). 

Pedestrian Safety Guide and Countermeasure Selection System Selecting Improvements for Pedestrians 15 



3. UNIQUE MIDBLOCK (MAILBOX, ICE-CREAM VENDOR, 
PARKED VEHICLE) 

The pcde, rri:111 was ,truck while cros,ing the road 

to/ from a 111 ailbox, ne\\·~p.1per box, or ice-cn.:,u11 truck. 

or wliik g<"tting into or out of a ,topped \·ehick. 

Possihle Cause/Problem # 1 
Pede,trian , truck w hilc going co/ from ,t pri\'ate resi­

dence mailbox/ newspaper hox. 

General Countenn easures 
a. l niprovt' lighting (5). 

b. Add bikt> LnH''i and redu cL· cnr;1 l ro.1d\\'JY ,llld Line 

\\·idth (8. 9. I 0). 

c. Provide raised 11wdi,m on 111ulti- l:u1c arterial , treet ( 12). 

cl. Providc- traffic-cal 111i11g 111c,1surc, (e.g., ch ic111e'i or 

r,1ised de\· icl·, 011 re,ick11ti,1l ,treet,) (22. '.?.(>, 27). 

e. Construct g,1te\\'ay o r provid e sigm th at identify 

neighbo rhood a, .m ,1rea ,virh high level, of pedt''i­

trian ,1nivicy (28, -+S). 

f. II1,ta ll pedc•;cri,lll \\·,1rning sign, (,ee MUTCI)) (-+3). 

g. linpk rnrnt driwr education program (-+8). 

11. I 111plL0 111e11t pede,tn,lll education progran 1 ( .+8). 

1. RelucatL' 111 :1 ilbo:--:cs co ~afcr crm,ing ,m::i or provide 

,afcr crm,ings at exi,ting locarion. 

Possible Cause/Pro blem #2 

J>edesrrian , crue l ,,·hile going cot fi-0111 ,111 ice-crl';1111 

vend or or similar dcstinacion. 

l • 
/ 

/ 

---~·/ ./. 

General Countenneasures 

a. Reduce roadway width o r relllove .1 l.111e (!J. Ill). 

b. J>rovide traffic-calmi11g me.irnres 011 luc1l ,trects 

(19-.,:2). 

c. Add ~w de,tr ian cro~, ing i,land, ro ro.1dway (11). 

d. C reate l'ublic Service An11ou11 cL·111cnr, (PSAs) to 

educate parent,, ch ildren. ,111d driwr, (-+8) . 

e. Adopr a11 lcc-Cre.11 11 Truck Ordi11a11n·. Thi, ordi­

nance would prohibit 111otorr~h from p,ming a 

scopp ed 1cc- crt>.1111 true k. · l"ru cb \\·ou ld be 

equippl'd \\' ith fhshi11g lights ,111d a '",top .. arm that 
\VOtdd c,te11d \VhL' ll the rruck ,topped co s ,:T\'l' 

childrrn (-+9). 

Possible Cause/Problem #3 

Pcdem·i,m ,truck \\' Ink ~erring imo/out ofp.1rked vehick. 
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General Countern1easures 

a. l111prow roadwc1y lighting(:'>) . 

b. l111ple m e m traffi c- calming 111easures o n lo cal/col­

lec tor scree ts ( 19-32) . 

c. Imple m ent speed-reduction m e,1sure, , uch as chi­

canes or sp eed ubks (22, 26). 

d. R estrict 0 1Htreec parking (47). 

4. THROUGH VEHICLE AT UNSIGNALIZED LOCATION 

The pedestr ian was struck :it :rn unsignalized interst:'C­

tion o r 111idblock loca tion . Eith n the rnotori,t or the 

pedestriJn may h:ive fail ed to y ield. 

Possible Cause/ Problem #1 

Moto rist fa ils to yield to pcdestrian at two-lane, low­

speed road crossw:ilk (or unmarked c rossing) . 

General Countermeasures 

:i . Improve crmswalk marking visibi li ty (3). 

b. Improve rncidway li gh ti ng (.1). 

c. R educe c urb r,1dim to , low \Thiele speeds ( 14). 

d. Install curb extemiom or choker ( 19, 20). 

e. U se speci:il p :iving lrear111e1w; along street to slow traf­

fi c, add chicanes, or use serpe ntin e design (20, 22. 3 1). 

f. Construct r:1ised pedestrian c rm, ing island (2 1). 

g . Install spee d humps, spee<l table~. raised inte r, ec­

ti o ns, or rai,ed c rosswalks (2-+, 2:i, 2(1. 27). 

h. U e landscaping tha t , low, vchick , peed, w itho ut 

impeding sig htlines (29). 

1. lmtall traffic sigrd w ith pedest r i;m signals, if \•Var­

ranted (37 , 38) . 

J. Install overhead CROSSWALK , school zon e, o r 

other warn ing 5igns (43). 

Possible Cause/ Problem #2 

Pedestrian h as diffi cu lty crossing mulcilane roa<l (which 

rnay also have hig h tra\·el speed, and/ o r high trJffic vol­

u1nes). 

General Countermeasures 

a. E nsure ci1Jt c u rb ramps J re prov ided to m ake cross-

ing e:isier for all pedestrians (2) . 

b. Place bus sto p at far 5ide o f intersection (-+). 

c. Install 11 ightri111c lighting (5). 

d. Const r uct owr pass o r 1mder pass (6) . 

c. Install bike lanes and/ or narrow or reduce the 

numbe r ofro:idway lanes (8, 9, lO). 

f. Add bike lanes o r modif)1 four-bnc, undivided street 

co C\vo lanes plus a two-wJy, kfr-turn lane (TWLTL) 

o r wide median w ith turning pockets (8, I 0). 

g. Install r:iised m edians o r pedestrian crossing islands 

( 12, 2 I). 

h. Install traffic signal w ith p t>destria11 ·ignals, if w ar-

r:mtt>d (3 7, 38) . 

1. U se police speed t>nforcement (49). 

Possible Cause/Problem #3 

Moto r ist unwi lling to yield due to h ig h m otorist speed s 

or high traffi c volumes. 

General Countern1easures 

a. I nst:ill bike lanes and/ or na rrow o r reduce the 

number o f roadway la n es (8, 9, I 0). 

b. Construct pede~cri;rn crossin g island or m ed i.rns 

(12, 21 ) . 

c. I 111ple1n ent traflic-calming m easure5 (19-32). 

d. P rovid e gateway, create a pedc~trian 5treet, or iden ­

ci fy neighborhood w ith signs (28, 36, 45). 

L'. Install traffi c signal w ith pedestriJn sign :tls. if neces­

ary (37, 38) . 

f. I n srall sigm or ~idewalk barrie r, to g uide pedestri-

ans to safer crossing locatio ns (-1-3). 

g . U se sp ee-d-mon itoring tr;i iler (-+6). 

h. Increase police enfo rcemrnt of speed limi t (41)). 

1. Install specia l ovcrhl.'.ad ped estri:in- :ictuatcd flash ers 

w ith warning 5ig ns. 
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5. BUS-RELATED 

T he pedestr ian was struck by .1 vehicle while: ( I ) cross­

i11g in front of a con1m erc i::i l bus stopped at a bus stop; 
(2) going to or from a school bus stop: o r (3) goi11g to 

o r from, or waiting 11car J commercial bus stop. 

Possible Cause/ Problem #1 

Motorist fails to yield to p t'destri;m or pedestriJ11 cros,­

L'S during in,1dequate gap in tr:iffic due to limited \igh t 

distance at intersection. 

General Countenneasures 

:i. Install crosswa lk m:irkings to encourage peclestri:im 

to cro\s in the crosswalk behind the bus (J). 

b. Move bus stop cu far , ide of intersection o r crms­
w:ilk (-1). 

c. Consider ;111 :ilte rnative bus stop loc::ition (.J.). 

d. Mark bm stop :m~a with pedcstri:m warn ing signs 

(4). 

e. Install o r improve ro:1dw:iy lighting (5). 

f. l nsrall pede,cr ian cro~sing 111edi:ins or raised cross­

walk ( 12 , 21, 27). 

g. Install curb t'Xtension ( 19). 

h. R e move parking in :ire:i, that obstruct the vi,ion of 

motorists and pcdestr i:i ns ( 4 7). 

Possible Cause/Problem #2 

Pecle,trian has diffic ulty w:ilking along road\\"ay :ind 

no,,ing at midblock location with high ve;:hick spcecls 
;111d/or high volu n1L·s. 

General Countertneasures 

a. Provide an accessible side\\':dk and curb ramps (1. 2). 

b. ln,tall ~idew.1lk and / or sidewalk ba r r iers to direct 

pedestri,ms to a nearby cro,sing location (2). 

c. Provide bm pull - off al'l'a (..J.). 

d. Consider :111 :iltern:itive bm \ top loc:irion (-1). 

e. Install or improve ro;1dway lighting (5). 

f. Add bike bnes or painted shouldn (8) . 

g. R educe numbe r of roadway lane, (10). 

h. Insta ll rnidblock cu rb extensiom ( 19). 

1. Inst:i ll tr::iffic and pede~trian , ignah, if warranted (37. 
38). 

J· Add recessed stop lines (-+2). 

k. Provide pedestrian education / training (48). 

I. I ncre:J<;e police speed l'!lforct'ment ( 49). 

Possible Cause / Problem #3 

l' cd t',tr i:111 has d ifficult ti111c crmsing. waiting, or walk­
ing in the ,·iciniry of sch ool bu, stop. 

/ 

/ 

General Countermeasures 
a. Provide sidewalk, (1 ). 

b. Imt:ill or impro\'t: ro.idway lighting (5). 

c. Provide ,treet furniture o r other am enities at bus 

stop (7). 

d. Select safrr location for school bus stop (-1-4). 

e. lmµlt'ment pedescrian/ drivcr cduc:ition prograllls 

(48). 

f. Educate pedestri:ins to cross behind the bus at fa r 

side of bus stops (-18). 

g. Involve school, neighborhood g roup,, and PTA 111 

promoting education ancl enforcement (48, 49). 

h . Enf<.)1-ct' reguLnions aga inst p:ming stoppt'd school 
bu, (49) . 
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6. TURNING VEHICLE 

The pedcslrian was atte mpting to cross at an intersec­
tion , dr iveway, or alley and was struck by a vehicle that 

was turn ing r ight o r left. 

Possible Cause/ Problem #1 

C o nfl ict between pedes t rian and left- tu rn ing vehicle. 

General Counte rmeasures 

a. Add curb ramps o r curb exteusions (2 , 19) . 

b. Install raised m edi:rn and pedestrian crossing island 

( 12, 21) . 

c. C onvert to o ne-wav street network (if JUStified hy 

su rrounding a reawide pedest rian Jnd traffic volume 

study) (13). 

d. C onsi<ler usin g modified T-inte rsections, in tersec­

tion m edian ha rr iers, d ivcrters. o r street closures 
(17, 18,33. 34) . 

e. U se traffic-cdming d evices, such as a raised inte r­

sc:ctio n or ra ised p edestrian crossing, to reduce 

vehicle speeds (26, 27) . 

f. Provide sepa rate le fi: - turn and WALK/ DON'T 

WA LK signals (38) . 

g. Add ~p ccial pedest rian sign.i i phasing (e.g., exclusive 

protected ped c:strian signal or it'.a<ling pedestr i:in 

in terval) (38) . 

h. Proh ibit lefi: tu rns (43). 

1. l11sca ll warn ing signs fo r ped estr ians and/ o r 

111o to r ists (see MUTCU ) (43) . 

J D evelo p / provide l'ubl ic Safe ty Announcem e nt 

(PSA) ~afe ty m essages (48). 

Possible Cause/ Problem #2 

0 11flict between pedestrian and r ight-tu rn ing veh icle. 

---

• 
General Countermeasures 

a. Provide marked cros~walks and adv:1 11 ced stop lines 

(3. 42). 

b. Im prove in tersection lightin g to irn prove visibility 

(:,). 

c. R cn1ove intersect ion snow/ clu tte r 3t the corner to 

improve visibility and g ive pt'.destr ian space to st:rnd 

outside of roadway (7). 

d. Install rai,ed med ian and pedestr ian crossing island 

( 12, 21 ). 

e. R.educc r ight- turn rad ii ( 14 ). 

f. Add curb extensions (1 <;) 

g. Use a t r:iffic-calm ing device, such as a raist'.d inter­

section o r r:iiscd pedestrian crossing . to redu ce 

vehicle ,peeds (26, 27). 

h . Com ider street closu re (35). 

J. Provide leading pedl'strian interval (."\<)). 

J· Prohibit R.igh t I urn o n Red (R.TO il ) (4 1). 

k . Install warn ing sig ns fo r ped es trians and/ o r 

m oto rists (43). 

I. Remove o n-street p;i rking from the .1pproaches to 

c rosswalks (47) . 
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Possible Cause / Problem #3 

Su bstantial number of school c hildren crmsi ng and large 

turning vehicle m ovem ent. 

General Countermeasures 

a . Install c rosswalk 1mrkings (3). 

b. Improve inte rsection ligh t ing(:)) . 

c. C o nsider tl'; ing m o dified T -inte rsec tions, intersec­

tion 111edi,111 harriers, diverters, o r street clo,ures 

(17, 18. 33, 3 -+) . 

d. Install curb ex te nsions ( 19) . 

e . Instal l ped estrian crossing islands fo r wid e m ·o-,, ay 

streets (21). 

f. Add exclusive pedestrian p hase o r le:id ing pede,tr i-

an im e rval (39). 

g. R estr ict R ig ht T urn o n R ed (-+ l ) . 

h . l' roh ib it left turns (43). 

1. Provid e ad ult crossing guards du r ing school c ross-

ing periods, o r cwo guards for w ide streets (4-+). 

J Educate m otorist~ (-+8). 

k. Educate child ren abo u t safe c rossing behavior (-+8). 

I. Provide police en fo rceme nc at the inte rsectio n (-+9) . 

Possible Cause / Problem # 4 

Inadequate sight d i, c;mce and/ o r intersectio n geometrics. 

General Countermeasures 

a. Add marking treatm en ts t hat improve ,·isibili ty o( 

pedt:s tr i,111 crmsing areas (3). 

b. Improve in tersectio n lighting (5). 

c. R.educe turn radi i(!-+). 

d . 1 mtall ped emian saf~cy islands (2'I). 

e. R em ove sigh t obstruc tio ns and /or road, ide obsta­

cles (e.g., trees/ shrubs, m ailboxes. poks, newsstand,, 

trash cans) (2()). 

f. lnst:i ll mocorisr regulatory signs and/ o r pedestrian 

w:i rning sig ns (set: MUTC D) (37. 38). 

g. Provide special pedestr ian sign:il pha,ing (e.g., 

exclusive p rotected ped estrian signal intervJl) (39). 

h. Prohibit R .ight Turn o n !l ed (RTOIZ.) (-+I ). 

1. Pro h ib it le ft tu rns (-+3). 

7. THROUGH VEHICLE AT SIGNALIZED LOCATION 

T he pedestrian \\'as , truc k at ,1 signal ized ince rsection or 

midblock locatio n by a vehiclt' that was travt.' li11g 

,tr:i igh t ahead. 

Possible Cause/ Problem # 1 

l\:de,tri,111 could not ,ee trallic sig n:1 I. 

• ----------

General Counter111easures 

a. lmt.111 new o r largn ped estri.111 WA LK/ I >ON'T 
WALK and / or a ud ible pedestr i,111 signal, (38). 

Possible Cause/ Problem #2 

Children crm,ing in sc hool zunes. 

General Countermeasures 

a. l' rovidc pavem enc 111arki 11gs .rnd ,chool zone ,igm 

(3, -+-+). 

b. Conwrt to o ne-\\"ay street net work (if j usti fied by 

su rrou 11 d1 11g areawide pedc,trian :md tr:iffic volum e 

m 1dy) (!>). 

c. Consider using in te rsection m edi.u1 barrieVi. diwrt­

e rs, or stn:et clmmc (18, :n. 3--1). 

d. Provide curb exte nsions lo reduce crossing distance 

( I 'J). 

e. U,e tra fli c-c.il ming devices such :1, m ini - c ircle o r 

ra i,ed irncrsccrion to reduce vcl11cle , peeds (23 . 26). 

(. J>rovide a raised pedestrian crossing ('.27). 

g. J> rovidc ad va nced ,top lin l', (-+:2). 

h . Install pedestri:1 11 sig n..1ls (-+3). 

1. Provide adult cro,~ing g uards, or two gu..1rch for 

w ide streets (-+.+). 

J lmtall sch ool regulato r y fbsh e rs (e.g., SP EED 

LIM IT 25 MPH W H EN HAS HING) (44). 

k. P rovide pedl'stri:in edu catio n to students a nd 
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,uotorists ( .+8) . 

I. Increase police enfo rcemem (49). 

Possible Cause/Problem #3 

Excessive delay to pedestrians prior to gettin g the 

WALK interval. 

General Countermeasures 

a. l 'rovidc pedestrian crossing islands (21). 

b. Re- time signal to be m ore responsive to pedestrian 

needs (e.g., shorter cycle lengths o r convert to 

fixed- time operation) (39). 

c. P rovide quick-response pedestrian push-butto ns o r 
automatic (e.g., microwave or infrared) detectors (40) . 

Possible Cause/ Problem #4 

Lack o f pedestrian compliance with WALK phase due 

to other causes. 

General Counter111casures 

a. R.e- tirne signal to be more responsive to pedestrian 

needs (e.g. , shorter cycle length) (39). 

b. Provide ad equ;ite WALK ;ind c]e;irance intervals (39). 

c. l'rovide leading pedestrian in te rval (39). 

d. Provide adult cros~ing gu ard at school crossings ( 44). 

e. Provide pedestrian and motorise education ( 48). 

Possible Cause/Problem #5 

M otorist did not sec pedestr ian in time to stop. 

General Countermeasures 

a. Add m arking treatments that improve visibility of 

pedestrian crossing areas (3, 30). 

b. Move b us stop to fa r side of intersection (4) . 

c. Improve nighttime lighting (:,). 

d. Add curb extensions ( 19). 

e. Add pedestrian crossing islands or raised crosswalk 

(21, 27). 

f. Use traffic-calmin g devices, such as speed tables or 

a speed - mo nitoring trailer, on streets approaching 

the intersection if speed is an issue (25, 46). 

g. Construct raised intersection (26). 

h. R emove sight obstructions such as mailboxes or 

parked vehicks (29, 47) . 

1. R.emove on-street parking near intersection (e.g., 

up to 30.5 m (1 00 ft]) (47). 

Possible Cause/ Problem #6 

Motorist ran red light at sign:di zed intersection. 

General Counternieasures 

a. Improve lighting (5) . 

h. Add short all- red im erval at signal (39). 

c. Increase pol ice enfo rceme nt ( 49). 

d. Install camera enforcement (49). 
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8. WALKING ALONG ROADWAY 

Tht' pt'destr i;rn was walking or running along the road­

way and was struck from the front or from beh ind b y a 

vehicle. 

Possible Cause/ Problem #1 

Inadequate wa lking area. 

General Countermeasures 

a. Provide a sidewalk on both sides of road ( I). 

h. Provide an ;isph:=dt p;ith o r p;ived , h o ulcier ( I). 

c. Con,truct and maintain side,va lb and cu rb r:u11ps 

to be usable by 1,wople with disabilities (1, 2) 

d. Add side·walk, install b icycle lanes or painted shoul­

ders. red uce number of bnes (e.g .. four lanes to 

three lanes). :m d add pbnting ,trips (1, 8, 1(), 29). 

Possible Cause/Problem #2 

Hig h vehicle speeds and/ o r vo lume. 

General Countermeasures 

a. Add sidewalk or walkway ( I ). 

b. Construct and m:iintain sidev,,alks and curb ramps 

to be usable by 1,wople with dis;1bilitie, (1, 2). 

c. Increase lateral separation betwLTll pcde,trians and 

n 1otor vehicles (e.g., bike lanes or lambcape bu ffers) 

(1, 8, 29). 

d. Provide lighting (5). 

e . Construct i:,r.i tew::iy or install sigm to identify neigh-

borhood JS ;irea w ith hig h pedestrian activity (28, -1-5). 

f. I 11sta ll "Walk on Left Facing Traffic" sigm (-1-3) . 

g. Use speed- monitoring traile rs (46). 

h . l11 cre:1se police e n forcement of speed limit (49). 

Possib le Cause/ Problem #3 

Inadequate route to school. 

General Countermeasures 

a. Provide sidewalks o n both sides of road (1). 

h. Construct and n1Jint:1in sidewalk<; and c urb ramps 

to be usable by people w ith d isabil it ies ( I. 2) . 

c. I rn p le rnent tr:iffic-c:ilming m ethods at selected sites 

(19-32). 

d. Provide ad ult crossing guards (4-1-). 

e. Involve school groups a nd PTA in evalu:iting ,afe 

route, to school :ind promoting educatio n and 

enforcement (-1-8 . -1-9). 

Possjble Cause/ Problem #4 

Sidewalks are not :iccessib le to all pedestrians. 

General Countermeasures 

a. f1-..<::pair and maintain sid<::wa lks ( 1) . 

b. Remove obstacles in sidewalk (1). 

c. Build m issin g sidewalk segments ( I). 

d. Construct curb ramps (2). 

e. R eloclte poles :ind ,treet furnitu re to providt' con­

tinuo us passage in sidewalk area (7). 

f. Enforce parking laws to prevent cars from blocking 

sid ewalks and curb ramps (-1-9). 
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9. WORKING/PLAYING IN ROAD 

A vehicle struck a pedestri;in who w:i,: ('I) ,randing o r 

wa lk ing near a d isabled vehicle, (2) riding :i pby vehicle 

that was not a bicycle (e.g .. wagon , , It'd , tricycle, sbtes) , 

(3) playing in the ro:id , or ( 4) working in the road. 

Possible Cause/Problem #1 

Worker, policeman , etc. struck in roadway (artcri;d street). 

------- ... ________ __ ------- ..... ___ _ 

'5-~ 
---- / _______ ... 

General Countermeasures 

a. Improve lighting and retrorefl enive 111:ire ri:i ls 011 

workers (3). 

b. Improve tr:iffic control measures (e.g., ~igm, mark­

ings, cones, b:irricades, and flashe rs) warn 111g 
motorists o f workers' presence (-+3). 

c. Increase worker safety training (48) . 

d . Increase police enforcement of speed li m its in work 

zones ('-19) . 

e. Provide better physica l separatio n / protection from 
motor vehicks. 

Possible Cause/ Problem #2 

l'edestr ian was struck playing on foot or on play veh i­
cle (e.g ., skateboard, wagon , sled, in- line skates) o n 

local/ collector street. 

- ---, 
- <:, 

~ ----~. 
A, '-, ~-

General Counten11easures 

a. Provide acccs~ibk sid ewalb o r walkwavs on both 

side~ ol street ( 1. 2). 

b. [mprove lighting (5) . 

c. Introduce traffic-calming measures (e.g .. street nar­

rowing. speed humps) (9. 2-+). 

d. C onvert streets to a woonerf or use signs co identi­
fy neighborhood as area with high levels of pedes­

trian activity (32, -+5). 

e. Consider street closures (full or partial) o r using 

d iverters (34, Yi). 

f. Imple m ent pedestrian and motorist education pro­
g r:i rm (..J.8). 

g. Provide community park/ playground. 

Possible C ause/ Problem #3 

Vehicle speeds :ire excessive on local street. 

General Countermeasures 

a. arrow streets :rnd/ or travel Lines (9) . 

b. Convert to driveway link/ serpentine street (11, 3 t ) . 

c Insta ll traffic-calming devices such as c hicanes, 

11uni-circles, speed hu mps, and/ or speed rabies (22, 
23. 2-+, 25). 

d . U se speed- monitoring trailers in conjunction with 
pol ice enforcement (46, 49) . 
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Possib le Cause/ Problem #4 

W.1lking to/ fi-0111 disabled vehicle. 

General Countermeasures 

a. Provide sic.kwalks, walkways. or paved shoulde r, ( I ). 

b. Provide adequate nighttime lighting (5). 

c. Educate d river~ about what to do if a vehicle 

becomes disabled ( 48) . 

d. Provide mo torist assistance progr:m1. 

Possible Cause/Problem #5 

Working o n o r standing by a dis<1ble d vehicle. 

General Countermeasures 

a. Provide paved shoulders ( 1). 

b. Providt' adequate nighttime lighting (:'>). 

c. Educate d r ivers about w hat to do if a vehicle 

becomes di,abled (48) . 

d. Provide a 111o tor ist assistance program. 

10. NON-ROADWAY (SIDEWALK, DRIVEWAY, 
PARKING LOT, OR OTHER) 

The pedestrian was standing or walking near the road­

way edge, on the sidewalk, in a driveway or alley, o r in 

a parking lot, w hen struck by a vehicle. 

Possible Cause/ Problem #1 

Pedestr ian was struck while waiting to cross roadway, 

standing at or ne:ir curb. 

General Countermeasures 

a. Provide accessible sidewalks/ walkways and cro s­
walks ( I. 3). 

b. Provide sidewalk buffer ~1ike lane or landscape 
strip) ( 1. 8, 29) . 

c. Improve nighttime lighting (5). 

d. 

e . 

f. 

g. 

h. 

R educe curb radii to slow turning cars (1-+). 

Install sidewalk barriers (29). 

Use a<lLdt crossing guard (4-+). 

I 111ple111enc driver education program ( ..J-8) . 

Increase speed enforcement (-+9). 

Possible Cause/ Problem #2 

Pedestrian was struck in parking lot. drivew;iy, private 

road, gas station, alley. etc. 

--=-===--

------
General Countermeasures 

a. MaintJ in level sidewalk across driveway area(!). 

b. M ove sidewalk farth er back so that driver will have 

m ore time to scop for a pedestr ian cros~ing a drive­
way (1). 

c. Improve nighttime lighting (5) . 

d. R emove landscaping or other visual obstructio ns 
ne;i r driveways (29) . 

e. Implement pedestriJn and motorist education pro­

grams (48) 

f. R edesign o r re-stripe pa rking lot to provide clear 

pedestrian path ac ross parking lot. 

g . Build / improve local parks for child activities. 

Possible Cause/ Problem #3 

Ve hicle entered or exited a driveway or alley and struck 

pedestrian. 

" --! . 

"' 

' ' ,~' > 
'-' • --------------------
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General Countermeasures 

a. Prov ide sidewalk or \valbvay (1 ). 

b. Maintain !eve-! side;:walks across driveways or alleys 

( 1 1). 

c. Provide clear walking path across driveway (1 l) . 

d. Remove unneeded drivev,,ay, and all eys ( 11 ). 

e. R emove sight obstructions (e.g., trim hedges or 

lower fenc ing) (11, 2'J). 

f. Narrow driveways and reduce curning rad ii ( 14) . 

g. Acid adequate planting strip or sidewalk separation 

(29). 

h . Provide advance warning sig ns for drivers (43) . 

11 . BACKING VEHICLE 

The pedestrian was struck by a backing vehicle on a 

street , in a driveway, on a sidewalk, in a parking lot, or 

at another location . 

Possible Cause/Problem #1 

Pedestrian struck by backing vehicle. 

---------------

General Countern1easures 

a. Prov ide clearly delineated walkways for pede~trians 

i11 parkiug lots (I). 

b. R e locate pedestrian walkways ( 1 ) . 

c. Improve nighttim e lig hting (.5). 

d. R emove unnced~d driveways and alleys (11). 

e . R emove landscaping or other sight obstruction 

nea r driveways (1 1, 29). 

f. Provide Cllrb extensions or raised pedestrian cross­

ings to improve the visibility of pedestrians to back­

ing motorists ( 19 , 27). 

g. Eliminate, m odi fy. or relocate parking if feasible 

(47). 

h. Enhance pedestrian education (48). 

1. Enhance m otorist education (48). 

J- Provide auditory backing alert o n vehicle. 

12. CROSSING EXPRESSWAY 

T he pedestrian was struck while crossing a limi ted­

access cxpressv,:ay o r expressway ramp. 

Possible Cause/Problem #1 

Disabled vehicle (pedestrian cro~ses expres~way to seek 

help). 

General Countermeasures 

a. Insta ll / upgrade road,vay lighting (5). 

b. Educate dr ivers o n \vhat to do if a vehicle is dis­

abled (48). 

c. Increase po lice surveilla nce (49). 

d. Provide motorist assistance program. 

Possible Cause/Problem #2 

Pedestrians routinely cross section of expressway. 

General Countenneasurcs 

a. Install/ upgrade nighttime lighting (5). 

b. Provide pedestrian overpass/ underp;m (6) . 

c. lustall brge. visible pedestrian warning signs (43). 

d. Increase po lice 5llrveillance (49). 

e. I nst;ill pedestrian fencing or barriers along roadv,ray 

right-of-way. 

Pedestrian Safety Guide and Countermeasure Selection System Selecting Improvements for Pedestrians 25 



MISCELLANEOUS 

FinaUy, there :i re :i number of other pedestrian crash 

types, such as: 

• incentional crashes 

• dr iverless vehicle incidents 

• petkstrian struck after a veh icle/vehicle collision 

• pedestrian struck by fa lling cargo 

• emergency vehicle striking a pedestrian 

• pedes trian standing or lying in the road 

Possible Cause/Problem #1 

Pedestrian lying in road. 

General Countermeasures 

a. Install or upgrade nighttime lighting (5) . 

b. I ncrcasc police enforcement and surveillance ( 49). 

c. Provide taxi rides home fro m bars. 

Possible Cause/ Problem #2 

.Emergency veliiclc-relatcd. 

General Countermeasures 

a. Install/ upgrade lighting (5) . 

b. Provide public education (48). 

c. Increase police surveilLmce (49). 

Possible Cause/ Problem #3 

Pedestri an falls from vehicle. 

General Countermeasures 

:i. Pass/ enforce la,Ns :ind provide education progr;:i ms 

against riding in back of pickup trucks (48, 49). 

b. Increase po lice e nforcemenc of teens "vehicle surf­

ing" (49). 

CRASH-RELATED COUNTER­
MEASURES 

A total of -t9 d ifferent pedestrian countermeasures are 

presented in Chapter 5 o f this guide. To assist engineers 

and p la nners w ho may \V:int furth er guidance on which 

measures are appropriate to address certain types of 

pede,tri:m crashes, a matrix is provided o n pages 28-31 . 

The applicable treatments within the seven cat egories 

of countermeasures :i re show n fo r each of the 12 crash 

type groups. 

To illustrate how to use the table, consider the second 

crash type group in the cable (" Multiple Threat/ 

Trapped") . This is a crash involving an unsignalizeJ 

crossing o n a m ulti lane road, where one vehicle stops to 

let a pedestrian cross the street. The pedestrian steps 

into the street in front of the stopped vehicle and then 

continues into the adjacent lane in front of an o ncom­

ing vehicle and is struck . The drive r of the second vehi­

cle may not sec the pedestrian , since the sight distance 

is typically blocked by the first (stopped) veh icle . 

T he chart show~ that there are 20 potential counter­

measures that may reduce the prob;ibilicy of this type of 

crash , depending 0 11 the site conditions. T hese counter­

measures include curb extensions (which improve sigh t 

distance betwee n pedestr ians and motorists), pedestrian 

crossing islands (,":hich provide places of refi.1ge in the 

middle of the street), crosswalk enhancements, and 

other possible countermeasures . 

I 11 C hapte r 5, deta ils are provided on e ich of the coun­

termeasures listed. T he q uick reference index at the scare 

of Chapter 5 can be med to e:isily loc;ite the page con­

taining the detailed description. T he We b/ CD applica­

tion allows the list of counterme;isures co be refi ned o n 

the basis o f site characteristics (see C hapter 4) . 

These charts are in tended to give general information 

on candidate solutio ns that shou ld be considered w hen 

crying to reduce a pattern of pedestr ian crashes at a 

locatio n or roadway section. M any pedestrian crashes 

are the direct result of careless or illegal dr iver behavior 

and/ or unsafe pedestrian behavior. M any of these crash ­

es cannot neces~arily be prevented by roadway improve­

ments alone. In such cases, pedestrian and/ or m.otorist 

educa tion and e nforcement activities may be helpful. 
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PERFORMANCE OBJECTIVES 

Pedestrians face a variety o f challenges w hen they walk 

alo ng and across streets w ith m otor vehicles . Commu­

nit ies arc asking for help to ·'slow traffi c down," " 111:ike 

it safer to crms th e ,erec t," and "n1akc the ,rrcct 11101-c 

inviting to pedestrians." 

The fo llowing is a. list of requests (objectives) that trans­

po rtation professio m ls :ire li kely to face w hen working 

to p rovide pedestri:rn , afety and mobili ty: 

• IZ.educe speed of mo tor vehicles. 

• Improve sight d istance and visibility for m otor vehi-

cles and pedestrians. 

• R educe volume of m o tor veh icles. 

• R educe exposure time- for pedestri:ms. 

• I mp rove access and m obility fo r all pedestrians, espe­

cially those w ith disabilities. 

• En courage walking by improving aesthe tics, safety, 

and security. 

Improve com p li:ince with traffic laws (motorists 

and pedestr i:ins). 

• Eliminate behaviors that lead to crashes (motorists 

and pedestrians). 

Each of these obj ectives can be accomplished through a 

v:iriety of the individual tre:itments presented in this chap­

ter. Yet, most trt'atm ents will work best w hen used Jt mul­

tiple locations and in com birntio n with o ther treatments. 

In addition, many of the treatments w ill accomplish two 

o r more obj ectives. T he key is to make sure that the right 

treatments are chosen to accomplish the desired effect. 

The m arrix locatt'd on pages 32-33 show s w hich coun­

termeasures arc appropriate to consider for the cig hr 

performance objectives . In using the chart, it is impor­

tant to rem ember that it is simply a guide. In all c:ises, 

good engineering j udgm ent should be app]jed w hen 

111aking decisions about what treatment w ill be best fo r 

a sp ecifi c locJtion. 

PROGRAM OF IMPROVEMENTS 

Some pedestr ian crashes are associated w ith defici e nt 

road way designs. Pedestr ians and motorists often co n­

tribute to pedestrian cr:ishes th rough :i disregard or lack 

of understanding of laws and safe dr iving o r wa lking 

behavior." B t'c1use m ost crashes arc a result o f human 

error, c rashes will not be co mpletely eliminated as lo ng 

as pedestrians and vehicles share the same space. Yet, the 

consequences of th ese crashes are exacerbated by speed-

ing, fa il ing ro yield, or fa iling to check both di rections 

for traffic. so ne\V education, enforcement, and engi­

neering tools are n eeded to manage the conflict 

be tween pedestrians and d r ivers. 

A com plete program of pedestr ian safecy illlprovellle nts 

incl udes:'·--

• i>rovis io11 of pedestrian fac ili ties, such as s idewalks 

:rnd cros,wa lks. 

• Roadway and engineering 1ncasurcs, such as traffic 

control devict's, lighting, and rOJdw;:iy de,ign st rate­

gies irnp lelllented on streets and highways fo r both 

pedest rian and vehicular m ovements. 

• Progr:ims to en force existing t r:iffi c lavvs and ordi­

nances for m otorists (e.g. , obeying speed limi ts, 

yielding to pedestrians when rnrn ing, traffic signal 

colllpliance, obeying drunk-dr iving laws) and pedes­

trians (t'.g., crossing the stret't Jt leg:il cross ings, olwy­

ing tr:iffic and pedemi:in sign:ils) . 

• We:1ri11g of rdlectiw clothing :i nd n1;:ite r i:ils by 

pedestrians, and/ or using .1 flashlight when w;:i lking 

at n ight. 

Eduotion prog r:1111s provided to lllOtor ists :in d 

pedestrians. 

R oadway i111provc111cnt~ can oftt·n reduce the li keli­

hood of ;:i pedescr ian cr:ish . Physical improvem ents :ire 

most effe ctive when t::i ilored co :111 individual lo c::itio n 

and traffic problem. Factors to comider when choosing 

an improvement include: location charac teristics, pedes­

trian and vehicle vu luu 1c and types, vehicle speed, 

design of a g iven lootion , c ity laws ;:ind o rdinances, and 

fin :1.nc i::il constr:1.ints.1
· ' M :1.ny of these factors are includ­

ed for consideration in the PEDSAF E Selection Tool 

(see Chapter -1-). 

It is important to remember that overuse or u njustified 

m e of ;rny tr:iffic control m easure is not reco111mcnded , 

since th is may breed d isrespect for rnch devices ."' 

Although fac il ities fo r pedestrians crn, in many cases, 

redu ce the ri,k o f pcdcstria11 collisiu11s, crash reductio n 

is not the only rea,0 11 fo r provid ing such fac il iti1.:s. 

O the r benefi t, of pede,tri:111 facilities include improved 

:iccess to destinariom by walking, bctcer air qu:ility du e 

to less dependence on driving, and improved personal 

health. Traffic and transportatio n engineers have th e 

respomibility for provi<li ng faci lities for all m odes of 

t ravel, including walking.'· 
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COUNTERMEASURES ASSOCIATED WITH 

CRASH TYPE GROUP 

1. Dart/Dash 

A. Pedestrian Facility Design B. Roadway Design 

• Crosswalk Enhancements • Bike Lane/Shou lder 
• Transit Stop Treatments • Road/Lane Narrowing 
• Roadway Lighting • Raised Med ian 
• Overpass/Underpass 
• Steet Furniture 

2. Mult iple Threat/ Trapped • Crosswalk Enhancements • Bike Lane/Shoulder 

3. Unique Midblock 
(mailbox, ice cream 
vendor, parked vehicles) 

4 . Through Vehicle at 
Unsignalized Location 

5 . Bus-Related 

6. Turn ing Vehic le 

• Transi t Stop Treatments • Road/Lane Narrowing 
• Roadway Lighting • Fewer Lanes 
• Overpass/Li nderpass • Raised Median 

• Roadway Lighting • Bike Lane/Shoulder 
• Road/Lane Narrowing 
• Raised Median 

• Curb Ram p • Bike Lane/Shoulder 
• Crosswalk Enhancements • Road/Lane Narrowing 
• Transit Stop Treatments • Fewer Lanes 
• Roadway Lighting • Raised Med ian 
• Overpass/Li nderpass • Smaller Curb Radius 

• Sidewalk/Walkway • Bike Lane/Shoulder 
• Curb Ramps • Fewer Lanes 
• Crosswalk Enhancements 
• Transit Stop Treatments 
• Roadway Lighting 
• Street Furniture 

• Curb Ramp • Raised Median 
• Crosswalk Enhancements • One-way Street 
• Transit Stop Treatments • Smal ler Curb Rad ius 
• Roadway Lighting • Right-Turn Slip Lane 
• Overpass/Li nderpass 
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C. Intersection Design 

• Intersection Median Barrier 

• Intersection Median Barrier 

• Modern Rou ndabout 
• Modified T- lntersect ion 
• Intersection Median Barrier 



SPECIFIC CRASH TYPE GROUPS 

D. Traffic Calming E. Traffic Management F. Signals and Signs G. Other Measures 

• Curb Extension • Diverter • Traffic Signal • School Zone Improvement 
• Choker • Full Street Closure • Pedestrian Signal • Identify Neighborhood 
• Pedestrian Crossing Island • Partial Street Closure • Signal Enhancement • Speed-Monitoring Trailer 
• Ch icane • Pedestrian Street • Sign Improvement • Parking Enhancement 
• Speed Humps • Ped./Driver Education 
• Speed Table • Police Enforcement 
• Raised Pedestrian Crossing 
• Gateway 
• Driveway Link/Serpentine 
• Woonerf 

• Curb Extension • Traffic Signals • School Zone Improvement 
• Pedestrian Crossing Island • Pedestrian Signal • Ped./Driver Education 
• Speed Table • Advanced Stop Lines • Police Enforcement 
• Raised Pedestrian Crossing • Sign Improvement 

• Chicane • Sign Improvement • Identify Neighborhood 
• Speed Humps • Speed-Monitoring Trailer 
• Speed Table • Parking Enhancement 
• Gateway • Ped./Driver Education 

• Police Enforcement 

• Curb Extension • Pedestrian Street • Traffic Signals • School Zone Improvement 
• Choker • Pedestrian Signal • Identify Ne ighborhood 
• Pedestrian Crossing Island • Sign Improvement • Speed-Mon itoring Trailer 
• Chicane • Parking Enhancement 
• Speed Humps • Ped ./Driver Education 
• Speed Table • Police Enforcement 
• Raised Intersection 
• Raised Pedestrian Crossing 
• Gateway 
• Landscape Options 
• Paving Treatments 
• Driveway Link/Serpentine 

• Curb Extension • Traffic Signal • School Zone Improvement 
• Pedestrian Crossing Island • Pedestrian Signal • Parking Enhancement 
• Raised Pedestrian Crossing • Advanced Stop Lines • Ped./Driver Education 

• Sign Improvement • Police Enforcement 

• Curb Extension • Diverter • Traff ic Signals • School Zone Improvement 
• Pedestrian Crossing Island • Full Street Closure • Pedestrian Signal • Parking Enhancement 
• Mini-Circle • Partial Street Closure • Pedestrian Signal Timing • Ped ./Driver Education 
• Raised Intersection • Signal Enhancement • Police Enforcement 
• Ra ised Pedestrian Crossing • RTOR Restrict ion 
• Paving Treatments • Advanced Stop Lines 

• Sign Improvement 
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COUNTERMEASURES ASSOCIATED WITH 

CRASH TYPE GROUP 

7. Through Vehicle At 
Signalized Locat ion 

8. Walking Along Roadway 

9 . Working/Playing 
In Road 

10. Non-Roadway 
(sidewalk, driveway, 
parking lot, or other) 

11. Backing Vehicle 

12. Crossing Expressway 

A. Pedestrian Facility Design B. Roadway Design 

• Curb Ramp • Raised Median 
• Crosswalk Enhancements • One-way Street 
• Transit Stop Treatments 
• Roadway Lighting 
• Overpass/LI nderpass 

• Sidewalk/Walkway • Bike Lane/Shoulder 
• Curb Ramp • Road/Lane Narrowing 
• Roadway Lighting • Fewer Lanes 
• Street Furniture 

• Sidewalk/Walkway • Bike Lane/Shoulder 
• Roadway Light ing • Road/Lane Narrowing 

• Sidewalk/Walkway • Bike Lane/Shoulder 
• Roadway Lighting • Driveway Improvement 

• Smaller Curb Radius 

• Sidewalk/Walkway • Driveway Improvement 
• Roadway Lighting 

• Roadway Lighting 
• Overpass/Underpass 
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C. Intersection Design 

• Modern Roundabout 
• Intersection Median Barrier 



SPECIFIC CRASH TYPE GROUPS 

D. Traffic Calming E. Traffic Management F. Signals and Signs G. Other Measures 

• Curb Extension • Diverter • Traffic Signal • School Zone Improvement 
• Pedestrian Crossing Island • Full Street Closure • Pedestrian Signal • Speed-Monitoring Trailer 
• Mini-Circle • Partial Street Closure • Pedestrian Signal Timing • Parking Enhancement 
• Raised Intersection • Signal Enhancement • Ped ./Driver Education 
• Raised Pedestrian Crossing • Advanced Stop Lines 
• Paving Treatments • Sign Improvement 

• Pol ice Enforcement 

• Sign Improvement • School Zone Improvement 
• Identify Neighborhood 
• Speed-Monitoring Tra iler 
• Ped./Driver Education 
• Police Enforcement 

• Chicane • Diverter • Sign Improvement • Identify Neighborhood 
• Mini-Circle • Full Street Closure • Speed-Monitoring Trailer 
• Speed Humps • Partial Street Closure • Ped./Driver Education 
• Speed Table • Pedestrian Street • Pol ice Enforcement 
• Gateway 
• Driveway Link/Serpentine 
• Woonerf 

• Curb Extension • Sign Improvement • School Zone Improvement 
• Landscape Opt ions • Parking Enhancement 

• Ped./Driver Education 
• Pol ice Enforcement 

• Curb Extension • Parking Enhancement 
• Raised Pedestrian Crossing • Ped./Driver Education 
• Landscape Options 

• Sign Improvement • Ped./Driver Education 
• Pol ice Enforcement 
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COUNTERMEASURES ASSOCIATED WITH 

OBJECTIVE 

1. Reduce Speed of 
Motor Veh icles 

*To be used in conjunction 
with other treatments 

2. Improve Sight 
Distance and 
Visibi lity fo r 
Motor Vehicles 
and Pedestrians 

3 . Reduce Volume 
of Motor Vehicles 

4. Reduce Exposure 
for Pedestrians 

5. Improve Pedestrian 
Access and Mobility 

6. Encourage Walking 
by Improving 
Aesthetics 

7. Improve Compliance 
With Traffic Laws 

8. Elim inate Behaviors 
That Lead to Crashes 

A. Pedestrian Facility Design B.Roadway Design C.lntersection Design 

• Street Furniture* • Add Bike Lane/Shoulder • Modern Roundabouts 
• Road Narrowing 
• Reduce Number of Lanes 
• Driveway Improvements 
• Curb Radius Reduction 
• Right-Turn Slip Lane 

• Crosswa lk Enhancements • Add Bike Lane/Shou lder 
• Roadway Lighting 
• Move Poles/Newspaper 

Boxes at Street Corners 

• Overpasses/Li nderpasses 

• Sidewalk/Walkway 
• Curb Ramps 
• Crosswalk Enhancements 
• Transit Stop Treatments 
• Overpasses/Underpasses 

• Street Furn iture 
• Roadway Lighting 
• Landsca ping Options 

• Reduce Number of Lanes 

• Road Narrowing 
• Reduce Number of Lanes 
• Raised Med ian 
• Pedestrian Crossing Island 

• Raised Median 

• Raised Median 

• Red-Light Cameras 

• Red-Light Cameras 
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SPECIFIC PERFORMANCE OBJECTIVES 

D. Traffic Calming 

• Curb Extension 
• Choker 
• Chicane 
• Mini-Circle 
• Speed Humps 
• Speed Table 
• Raised Pedestrian Crossing 
• Raised Intersection 
• Driveway Link/Serpentine 
• Woonerf 
• Landscaping Options* 
• Paving Treatments* 

• Curb Extension 
• Speed Table 
• Raised Pedestrian Crossing 
• Ra ised Intersection 
• Paving Treatments 

• Woonerf 

• Curb Extension 
• Choker 
• Pedestrian Crossing Island 

• Choker 
• Pedestrian Crossing Island 

• Gateway 
• Landscaping 
• Paving Treatments 

• Traffic Calming: Choker, 
Chicane, Mini-Circle, 
Speed Hump, Speed Table 

• Traffic Calming: Choker, 
Chicane, Mini-Circ le, 
Speed Hump, Speed Table 

E. Traffic Management 

• Diverters 
• Ful l Street Closure 
• Partial Street Closure 
• Pedestrian Street 

F. Signals and Signs 

• Signal Enhancement 
(e.g., Adjust Signal 
Timing for Motor Vehic les) 

• Sign Improvement* 

• Sign Improvement 
(e.g., Warn ing Sign) 

• Advanced Stop Lines 

• Pedestrian Signal Timing 

G.Other Measures 

• Speed-Monitoring Trailer 
• School Zone Improvement 

• Accessible Pedestrian Signal 

• Traffic Signal 
• Signal Enhancement 
• Accessible Pedestrian Signal 
• Pedestrian Signal Timing 

• Identi fy Neighborhood 

• Speed-Monitoring Trai ler 
• Pedestrian/Driver Education 
• Pol ice Enforcement 

• Pedestri an Signa l Tim ing • Pedestrian/Driver Education 
• Pol ice Enforcement 
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The PEDSA rE expert system is provided on the 
enclosed CD and 1s ava ilable o nline at 

http: / / ,;ifety.fh wa. dot.gov/ pedsafe and at 

www.walkinginfo.org/ pedsafe. This chapter provides an 
overview of the application and specific instructions on 

how to acce,s and m e the tools available. The applica­
tio n i, designed to: 

• Provide information o n the countermeasure, avail­

able to prevent pedestr ian crashes an d/ or improve 
111otori ,t and pede,tri:m behavior. 

• Highlight the purpose, comidcracions and cost esti­
mate\ associated with each cou11ten11ea~ure. 

• Provide a decision process to select the most appli­

c1hle countermeasures for a specifi c location. 

• Provide links to case studies showing the var ious 
treatments .md programs impleme nted in communi­

ties aro und the country. 

• Provide easy access to resources ~uch as statistics, 

implementation guidance, and rcfcrc11cc rnaterials. 

PEDSAFE 

T he expert system combines the resources provided in ch.is 

documenc with online too ls (see home page belo\\") to 

enable practitioners to effectively select engineering, educa­
tion, or enforcemenc tream1ents co mitigate a known crash 
problem or achieve a specific performance objective. 

The resource mater ia ls included in the web/ C D appli ­
cation are related co this document as fo llows: 

Web/C D Application 

Background 

Crash Statistics 

Crash Analysic; 

Ol~jectives 

Implementatio n 

Publica tions 

Print D o cument* 

Chapter I : T he Big l'ictu re 

Chapter 2: Pedestrian Cra~h 
Statistics 

C hapter 3: Selecting 
Improvements for Pedestrian, 

Chapter 7: Implementation 
and Resources 

*C hapters 5 :111cl Ci include the countermeasu res ;i11d 

case stud ies, which m:' avaibble as Ti10/s on the 

web/C D application. 
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The Pedestrian Safet y Guide and Countermeasure Selection System is intended to provide practitioners with the 
latest information available for improving the safety and mobility of those who walk. The onllne tools provide the user 

with a list of possible engineering, education, or enforcement treatments to improve pedestrian safety and/or mobi lity 

based on user input about a specific location. [read morel 

Resources: 

Background - understand what is needed to create a 

viable pedestrian system. 

Crash Statistics - learn about the factors related to the 
pedestrian crash problem. 

Crash Analysis - learn how crash typing can lead to the 
selection of the most appropriate countermeasures. 

Objectives - learn how selected t reatments may address 

many requested improvements to the pedestrian 

environment. 

Implementation - read about the necessary components 

for implementing pedestrian treatments. 

More Info - access additional information through a 
variety of resources. 

Downloads - access print versions of the guide and other 
relevant materials. 

Available Tools: 

Selection Tool - find appropriate 
countermeasures on the basis of desired 

objectives and specific location information. 

Interactive Matrices - view the 
countermeasures associated with crash types 
and performance object ives. 

Countermeasures - read descriptions of the 49 

engineering, education, and enforcement 
treatments. 

Case Studies - review real-world examples of 
implemented treatments. 

ProJect sponsored by: 

A U.S. Deportment ot Transportation 

t.,; F-ederal Highway Administration 

The PEDSAFE web/CD application is organized into resources and tools. 
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HOW TO USE PEDSAFE 

The re111ainder or this chapter focmes on the tools avail­
able on the web/ Cl) ,1pplication , which include: 

• Selection Tool - This interactiw tool allows the user 

to develop a list of pm, ible cou11tenneasures o n the 

basis of site characteri,rics. such as geometric features 

and operating conditions, and the ty pe of satc-cy prob­

lem o r desi red behavioral change. The decision logic 

used to determine \\·hen specific treatm ents are and 

are nor appli c;ible is b.1sccl 011 input from an expe rt 

panel of pr::ictitioners. 

• Interactive Matrices - This tool , hows the relation­

ship between the countermeJ'iLlres ::i.nd the perforn 1-
ance objectives or crash ty pes ,llld can be used to di,­

play applicable countermeasures. 

• Counrermea,urcs - Details of ,ti) L·11gi11cering, education 

and enforce111e11t treatments or programs for improving 

pedestrian safety and/ or mobilfry .ire provickd in the cat­

egories of pede,tri:lll facility desig11 , roachvay design, 

intersection desi~1, rr.1ffo: calming, traffic management, 

signals and signs, and other measures. 

• C1se Studies - Mon: than 70 rea l-\H)rld ex:11npks 

illustrate various treatments and/ o r prog r:i ms as 

impknwnted iu a ~tatc or municipality. 

PEDSAf-E is designed to allow the tools and inform:i­

rion to be :icce'i\ed from 1nul tiplc points of emry. Links 

are provided to allow users to L'.lsily navigate bet\\'t't' n 

the tools :ind to quickly acces, the resource nuteriak 

Provided be low art' four exan1ples o f how a user 111:iy 

ch oose to entt'r the ,yste111 and ;iccess the tools. 

1) Selection Tool - The user may h:1vc i11fon nation available 

.1bout geom etrics and operating conditiom of a particular 

location and either has a specific typL' of cra,h proble111 or 

desires to change 111otorisr/ pedestri:m behavior at the site. 
All o f the knO\nl information may be ctllered by answer­

ing a ,erie~ of questions. The system will thl'11 display the 
countl'nncasure oprio m to be considered. 

2) Interactive Matrices - T he user has a sp<:citic type of 
cras h pro blem o r desi res to change motorist/ pedestrian 

be havior but does not h,1w ,pecific information ,1bour 

t lte characteristics of the ,ire. The matrices c.in be used 

to view and access the type, of countermea,ures ava il­

able for further consideratio n. 

3) Counterme:isures -The user is interested in acquiring 
information about a particular treatment or program. The 

countermeasurt', page can be directly acce,sed :ind di,plays 

the seven categories of treatments included . D era iled 

descriptions or the 49 coumermca,ures can be acct's,ed 

from this point. L111k, to relevant case studies can the 11 be 

accessed from the descr iption pages. 

4) Case Studies - The usn w ishc, to ,ee specific exam­

ples of treatment, that have been instal led. The case 

studies page provide, the o ption of selecting a specific 
implem ent;:ition t'x,1mpk by type of treatment o r by 

location (State :ind municipality). From there, the m er 
can acce,s the countermeasure description pages that are 

relev:int to a particular exa lllple. 

Each o( these tools is described in more detail in the 

rcmc1inder of the chapter. 

SELECTION TOOL 

The interactive ,election tool allows the u~t'r to refine 

their ~election o( countermeasures on th e b,1si, of spe­

cific site char.ictni, tics and/ o r th e· type o f safety prob­

lem or desired behavioral change. One beg ins by choos­

ing srl<'.-tio11 to,,/ from the ·fool., menu. A screen will 

appear w ith speci lic instructions o n how to ust' the tool 

(.--1•r 11cx1 p<~i!c), which is a simple 3-,rep process: 

Step I: [;nrer t/1c Lornti,,11- A text bu:-: is providt>d fo r the 

user to describe the loc:ition ofi11tcrest. In the figure on 

the next page. a , pec it1c intersection location-Main 

Street and Bro;:idway Avenue-has been entered. 

Step 2: Sclfft tlic G11a/ (!f the "frc111111c11t-The user must 

then choose a pJrticu!Jr type of crash problem to be 

mitig:itcd or a performance objective to b e achieved. As 

, hown in the tigure on p ,1ge -I I. there are 8 pcrfor111a11ce 

objectivL·, and I ::2 crash groups. Only one can be select­

ed. As the user proceeds through the steps. the previous 
input i, show n on the right side of the ~creen. ln this 

example, the roadway loc:ition th:it wa, previously 

e ntered is provickd. 

·1cp 3: Dcsrrilw ,lie Sit(~fmall y, the user is asked to pro­

vide input :ibout the characteristi cs of the site. As shown 

111 rh e figu re o n page 40. th t're arc ~even questions that 

are asked in reference to th t' general locatio n, geometric 

features, and operati ng conditions. Tl1e answers to these 

questions are used to narrow the li~r of appropriate 

countermeasures fo r :i spL·cific goal. For example, if the 

location of interest were ro:1dway segme nt (midblock 

location). then the tre.1t111ents associated with intersec­

t1011 rn1provements would not be applicable and would 
not be included in the re,ult, as applicable countermea­

sures. 
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Home> Se lection Too l 

Selection Tool 

How the Tool Works 

The select ion tool is designed to receive input on several va riables from the user in three steps. 

hoose the Location 

First, enter the location of the site in question. This allows the user to create reports for several different sites 

and keep the results separated by location. It is used for reporting purposes only and 1s not stored 
permanentl y by the operators of this web site 

elect the Goal of the Treatment 

Second , one must decide on the goal of the treatment It may either be to acheive a specific performance 

objective, such as reduce traffic volumes , or to mitigate a specific type of pedestrian-motor vehic le collision 

scribe the Site 

Once a specific goal has been selected, the third step is to provide answers to a series of questions related 

to the geometric and operational characteristics of the site in question. The answers to these questions are 

used to narrow the list of appropriate countermeasures for a specific goal For example, if the location of 

interest were a segment of roadway , or midblock location, then the treatments associated with intersection 

improvements would not be applicable and thus, would not be included 1n the resu lts as possible 
countermeasures. 

For any question where the information is not known, an entry of "unknown" will simply retain the 

countermeasures relevant t o the question, and the range of treatments will not be reduced. 

Use the Selection Tool 

I Start Here I 

The Selection Tool includes three simple steps that are described on the opening page for the tool. 

Home> Selecti on Tool > Step One 

Data Input 
nter the Location 

For the roadway location being addressed, please enter a descript ion. 

Location 

Main Street and Broadway Avenue 

Proceed to Step 2 

The user may enter any combination of text and numbers to describe the locat ion of interest. 
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The fidd investigation form included in Appendix A 

can be used for site v isits to obta in the information 

asked fo r in thi ,; b st step. For any question w here the 

informatio n is not known, an entry of " unknown/ not 

applicable '' ,viii simply retain all countermeasures rele­

vant to the question, and the choice of trL·atments ,viii 

not be reduced. 

of applicable countermeasure~. which are presented a, 

shown o n p:igc -+I . Thi: user can the n read more :ibo ur 3 

,pecific counterme:isure by selecting it, which takes the 

u~<.: r to the cotu1ter111ea, ure descript io n page. 

Afrer completing these three steps, the user clicks C et 

R es11/rs. T he information en tered is used to devdop a list 

I 11 addition to the applicable countermeasures, the results 

page also provides che u,er with :i su 111mary of the inputs 

made in the three steps. Options arc provided for chang­

ing the,e inputs for the location of interest, exporting 

the resul ts to Excel , or starting over with a new location. 

Horne> Se lection Tool > Step Or,e > Step Tuuo 

Data Input 
elect One of the Following 

For the roadway location being addressed, the goal of the pedestrian treatment is intended to improve 
pedestrian safety and access by either acheiving one of the fol lowing performance objectives OR mitigat ing 
one of the folowing crash types. Therefore, you must choose one of the following to begin 

Performance Objectives Cr.ish Types Your Input: 

0 Reduce Speed of Motor 0 Oari/Oash Roadway Location 

Vehicles Main Street ,rnd Bro,1dway 
0 Multr['le Threat/Trapped Avenue 

0 Improve Sight Distance and 
0 Unique rv1 1dblock Vis ibi lity Next Steps: 

0 Reduce Volume of Motor 0 Through Vehicle at I Proceed to Step 3 
Unsignalized Location Vehicles 

0 Reduce Exposure fo r 0 Bus-Related 

Pedestrians 0 Turning Vehicle 

0 Improve Pedest rian Access 0 Through Vehicle at 
and Mobility Signalized Location 

0 Encourage Walking by 0 1/1/alkinq Along Roadway 
Improving Aesthet ics 

0 Improve Compliance with 
0 1/1/orkinq or Playing 1n 

f;~oadway 
Local Traffic Laws 

0 Eliminate Behaviors that 
0 Non-Roadway 

Lead to Crashes 0 Backing Vehicle 

0 Crossing an Eiq~ressv,a·y 

A specific performance object ive desired or crash type to be mitigated must be selected in step 2. 
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Data Input 
Answer the Following Questions 

1. In what type of area is the 

roadway located? 

0 Urban C80 

0 Urban Other 

0 Suburban 

0 Rural 

0 Not Applicable/Unknown 

2. What is the functional class of the 

roadway? 

0 Local 

0 Collect or or Minor Arterial 

0 Principal Arterial 

0 Not ApplicableiUnknown 

3. Is the problem at an intersection 

or midblock (roadway segment) 

locat ion? 

0 Intersection 

0 Midblock 

0 Not Applicable/Unknown 

4. What is the vehicle volume at this 

location (expressed in terms of 
average daily traffic (AD1) for the 

primary roadway)"! 

0 <10,000 

0 >=10 ,000 and <= 25000 

0 > 25000 

0 [\Jot Applicable/Unknown 

5 Is vehicle speed low or 
high? 

0 <= 45 mph 

0 > 45 mph 

0 ~.Jot Applicable/Unknown 

6. What is the number of 

through travel lanes (both 

directions)? 

0 2 or fewer lanes 

0 3 or 4 lanes 

0 5 or more lanes 

0 Not Applicable/Unknown 

7. Is a traffic signal present, 

being considered, or not an 
option? 

Your Input: 
Roadway Location: 

Your Performance Objective 
Reduce Speed of Motor 
Vehicles 

Next Steps: 

Edit: 

Change Your Performance 

Objective 

Start Over 

[ Get Results ] 

0 Present (Removal not an option) 

0 Present (Removal is an opt ion or being considered) 

0 Not present (Installation is not an option) 

0 [\Jot present (Installation is an option) 

0 Not Applicable/Unknown 

The characteristics of the location are provided in Step 3 by answering seven questions. 
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Home > Sele cti c, r, T c, ol > Step Orie> Step Two> :,tep Three> Appl icable Co unte rme asures 

Applicable Countermeasures 

Based upon your input, the following countermeasures were found: 

Pedestrian Facility Design 
Street Furniture 

Roadway Design 
Curb Radius Reduction 

Intersection Design 
Roundabouts 

Traffic Calming 
C111h Extensions 
Chokers 
Raised Intersections 
Raised Pedestrian Crossinqs 
Landscapinq 
Specific Pavin<1 Treatments 

Signals and Signs 
Siqnin<J 

Other Measures 
School Zone Improvements 

Your Input: 
Roadway Location: 
Main Street and Broadway 
Avenue 

Your Performance Objective: 
Reduce Speed of Motor 
Vehicles 

Your answers to the previous 
questions: 

Type of Area: Suburban 

Functional Class: Collector or 

Minor Arterial 

Intersection or Midblock: 

Intersection 

Volume: Medium (>=10.000 
and <= 25000 ADT) 

Speed: Low(<= 45 mph) 

No of Lanes: 3 or 4 lanes 

Traffic Signal: Present 

(Removal is an option or 

being considered) 

Next Steps: 

Edit: 

Change Your Performance 
Object ive 

Cliange Your Answers 

Save: 

[ii Output Results to Excel 

Start Over 

The resu lts produced from the Selection Tool provide a I ist of applicable countermeasures and present the user with 
opt ions to edit the responses, save the results, or start over. 
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INTERACTIVE MATRICES and the 7 countermeasurl' groups. In either rnacrr x , a 

filled ct·ll indicates that there is a specific countermea­

sure w ithin the councerllleasure group (s hown in the 

colulllns) that is applicable to the crash group o r pe r­

forman ce objec tive listed i11 each row.The use r c m click 

011 tlil' bullet in any fill ed cell to obtain a drop-down list 

of the 5pecific applicable countermeasures. hom there. 

the user can ch oose to select a countermeasure and be 

linked to the countermeasure de scription page or select 

another cell \Vithin the matrix. 

Also included in the web/ Cl) application are cw o 

matrices that may be accessed by selecting i11tcmcti1•e 

111atrircs fro m the ]i,ol.- menu. T he objective, matrix 

(shown below) prov ides the user with a q uick v iew of 

the relatio nship be tween the 8 perfonnancL· obj ectives 

and the 7 countermeasure groups. The cr.,sh analysis 

matrix (shown on the foll owing page) allow·~ the user to 

sec the relationsh ip between the 12 crash type g roups 
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Home> 1Jbiectives > Interactiv e Matrix 

Objectives 
Interactive Matrix 

Select an Objective and Countermeasure Group frorn the matrix below, or view the text-only version. 

- ~(\ 
-< e <, 've.'>' \ 

c,'-" '.\'1 . ~f' e,(\ ~ 
0 i.~' '~(\ 've."' ~ e.t'i' ' ~~ ~., ~e \'c) e."' \(I ~ ~ c,~ ~ 

\. ,...\ {,<>(\ ?>'\ 'v 6-'o(I c~\~ ~1,(\ <> v,e.<>" 
(\ .,~ 0~ '('>e. ~,c. ~c. ~., ~ 

ObjPCt1ve c_o'-" '?e,?:fo '\1-o~ ,~\rt:. '\(~ '\(?> <-;,~(I r::i~ 
I ' ' I I I 

1. Reduce Speed of Motor I I I I I I 
I I I I • I • I • I • I • I • I I I 

Vehides I I I I I I 
I I I I I I 

' I ' I I I 

2. lmpro1Je Sight Distance 
and Visib ility for Motor • • I • • 
Vehides and Pedestrians 

I I 

3. Reduce Volume of I I 

• I • I • I I I 

Motor Vehicles I I I 
I I I 

' ' ' 
4. Reduce Expos.ure for 

Pedestrians • • • • 

5. lmpr<>ve Pedestrian • • • • Access and Mobility 

6. Encourage Walking by ' • • • I • Improving Aesthetics ' 

7. Improve Compliance • • • With Traffic Laws 

8. Eliminate Behaviors • That Lead to Crashes • • • 

Cells with a bullet indicate there are one or more countermeasures within a countermeasure group 
that are appl icable to a specific performance object ive. 
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Home> Crash An alysis > Crash-Related Counte rmeasu res> Interactiv e M.3trix 

Crash Analysis 
Interactive Matrix 

Select a Crash Group and Countermeasure Group from the matrix below, or view the text-only version_ 

-o,~ 
,e<.> \/,a<>' \ ~u \\~ -~(\ '<-(\ ~ 

~e?i ,?>c.~ ,/f' \/rl>" • (\~ ~e.~ ~ c;,o,~ ~~'> e.~ . ?J.(\ :-\ \le; 6,.\0(\ (,?>\~' "''?>(\?, ?J. ~e.?J.' 
~-.:. c,\t\ ~~~ ~e:, ~(., ~(., -8'' t 

Crash Group c.,o-v. '?.e.~ ~o~ w\e. '\(~ \(~ <.;,o,~ a\~ 
r - - ------------------

I I 
I 

I I I I 

I. Dart/Dash I • I • I • I • • I • I I I I I I 
I I I I I I 

I 

2. Multi~elhreat/Trapped I • • • • • • ' I ' ' ' 
3. Unique Midbloclc ' I ' I 

I • I • I • I • • I I ' I 

4. Through Vehicle at • • • • • • • Unsignalized Location 
I 

5. Bus-Related • I • • • • I 
I 
I 

6. Turning Vehide • I • I 

I • • • • • 
I 

7. Through Vehicle at I 

• • • • I • • • I I 

SlgnaUzed Location I 
I 
I 

8. Walking Along Roadway 
I 

• • I • • I 

9. Working or Playing in • • • • • • Roadway 

10. Non-Roadway • • • • I • I 
I 

I ' 11. Backing Vehide • I • I • • I I 
I I 
I I I 

12. Crossing an Expressway ' • ' • • I 

---------------- - - - - - J -----L- --------- -

Cells with a bullet indicate there are one or more countermeasures with in a countermeasure group 
t hat are applicable to a specific c rash group. 
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COUNTERMEASURES 

Each o f the -+9 engi11ccring, education, ;ind e nforcement 

countermeasures described in C hapter 5 are included in 

the web/CD 3ppl ication. Aftt' r selecting cow,rem,eas11rcs 

within the 'fools menu, the user may select one o f the 

following seven categories of treatments: 

• Pedestrian Facility Design 

• R oadway Design 

• Inte rsection D esign 

• Traffic Calrrung 

Homi: > Co unte rme asures 

Countermeasures 
Engineering, Education and Enforcement 

• Traffic Management 

• Signals and Signs 

• O ther M easures 

A specific countermeasure may then be selected from 

those listed for each category. Each countermeasure 

includes a description of the treatment or program, pur­

pose(s), considerations that one should he aware of, and 

cost estimates. Finally, there is a link to specific case 

studies where tht' particular countcn11e,1sure has been 

implemented. An example counterrnc>;i,ure descriptio n 

page is shown o n the following page for Curb R amps. 

Read the details of 49 treatments for pedestrians as they relate to pedestrian facil ity design, roadway 
design, intersection design, traffic calming , traffic management , signals and signs , and other measures 
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Pedestrian Facility Desiqn: 
It is a public responsibil~y l o provide a safe, 
secure, and comfortable system for all people 
w ho walk. 

Ro,1dway Desiqn: 
The goal of an appropriately designed 
roadway should be to safely and efficiently 
accommodate all modes of travel, from 
pedestrians to bicyclists to motorists. 

lnte,secti on Desiqn: 
The primary point of conflict and the most 
prevalent location for crashes between 
pedestrians and motor vehicles is the 
intersection. 

m 
LiLJ 

Tr,1ffic Calmi1u1: 
Traffic calming is a way to design streets, 
using physical measures, to encourage people 
to drive more slowly. 

T, affi c Milnilqement: 
Traffic management includes the use of 
tradijional traffic control devices to manage 
volumes and routes of traffic. 

Siqnals and Siqns: 
Traffic engineers r,ave an arsenal of signs 
and si Jnals that can be used l o regulate and 
warn Joth motorists and pedestrians. 

Other Me,1sures: 
Engim ers must be cognizant of the capabilijies 
and ni ·eds of all pedestrians when designing a 
road'II ay or developing an operations plan. 

The 49 countermeasures are divided among t he 7 categories of imp ·ovements shown here. 
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Homo:> Co•rn termeasur~s > Ped~stri .J ri Fa,:il1ty Ciies1gr, > Curb Ramps 

Curb Ramps: 

Curb Re.mps 

Curb ramps provide access between th e sidewalk and roadway for people using 

wheelchairs, strollers, walkers, crutches , handcarts , bic ycles, and also for 

pedestrians with mobility ImpaIrments who have trouble stepping up and down high 

curbs Curb ramps must be installed at all intersections and midblock locations 

where pedestrian crossings exist, as mandated by federal legislation (1973 

Rehabilitation Act and ADA 1990) Curb ramps must have a slope of no more than 

1 12 (must not exc eed 25.4 mm/0 3 m (1 in/ft) or a ma ximum grade ofS.33 percent) , 

and a maximum slope on any side flares of 1 :10. More information on the 

spec1ficat1ons fo r curb ramps can be found in the Draft Guidelines for Accessible 

Public Rights of Way 4 

W here feasible, separate curb ramps for each crosswalk at an intersect ion should be 

provided rather than having a single ramp at a corner for both crosswalks. This 

provides improved orientation for visual ly impaired pedestrians Similarly, tacti le 

warnings will aler1 pedestrians to the s idewalk/street edge. A ll new ly constructed and 

altered roadway projects must include curb ramps. In addition, all agencies should 

upgrade existing facilities They can begin by conducting audits of their pedestrian 

fac ilities to make sure transit services, schools, public buildings , and parks, etc are 

accessible to pedestrians who use wheelchairs. 

While curb ramps are needed for use on all types of streets, priorit y locat ions are in 

downtown areas and on streets near transit stops, schools , parks, medical facilities, 

shopping areas , and near res idences with people who use wheelchairs. 

For more information about curb ramp design, see Designing Sidewalks and Trails for 

Access, Parts I and II, by the Federal Highway Administration , and Accessible 

Rights-of-Way. A Design Guide, by the U.S A ccess Board and the Federal Highway 

Administrat ion. The Access Board?s right-of-way report can be fo und at 

www. ,;ccec s-board.gov. 

a Purpose 

• P rovide access to street cross ings 

top of page 

a Cons, d9ratl ons 

• Follow Americans with D1sab1l1t1es Act (ADA) design 
guidelines 
• Texture patterns must be detectable t o blind pedestrians. 

top of page 

D Estl mated Co.I 

The cost Is approximately $800 to $1,500 per curb ramp (new 
or retrofitted) 

top of page 

a Cue StudiH 

Cambridge, M~ 
Ber~e: ey, ( ... 
Cler.-,son, SC 
f,lhan\•, rJ '( 
Grand Jur,ct1on, r.o 
Fort Pt::i1n, rr,· 
.AJ.J.i"t1n, T 
';,t Po::1er::t-Jrg1 FL 

top of page 

a view purpose 

a view considerations 

a view estimated cost 

a view case studies 

Each countermeasure includes a d escr iption, purpose, considerations, estimated cost , and l inks 

to case st udies where the t reatment or program has been implemented. 
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CASE STUDIES 

The 7 1 case studies c.kscribcd in C hapte r 6 are included 

in the web/ C D application. The user can access the 

implementatio n examples by selecting rnsc s111dics w ithin 

the Tools menu. A, , hmvn o n the following page, the user 

then has the option of selecting :i c:ise study on the basis 

of location o r type of countermeasure. The figure on the 

following page provides :in example of selection by 

countermea,ure. The selection of the 1rqflh Cah11i11<'< 

countermeasure group produces a list of the 14 traffi c 

c:ilming treatm ents included in the application. T h e.> 

selection of Se1pe11ti11c Design pro<luces a list of six case 

stud ies in which serpentine design was a component of 

the treatments i111pkme11ted.Acce,sing each of these case 

studies provides information abou t the specific problem 

that was addressed, the solution implemented, and the 

results achieved. 
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Home > Case Stu dies 

Choose a Case Study ... 
By Location or Countermeasure Group 

Location 
1±1 D Inside the United States 
1±1 D Outside the United States 

Home> Case Studies 

Choose a Case Study ... 
By Location or Countermeasure Group 

Location 

1±1 D Inside the United States 

1±1 D Outside the United States 

Home > Case Studies> Se rpent ine Designs 

Choose a Case Study ... 

El ~ Serpentine Designs 

Cl Leland Street Redesign 
Cl Main Street Redesiqn 

Cl Old Town Improvements 
Cl Red Liqht Photo Enforcement 
Cl Serpentine Street Oesiqn 

Cl Woone,f-Style Developments 

By Countermeasure Group 

1±1 D Pedestrian Facility Design 

1±1 D Roadway Design 

1±1 D Intersection Design 

1±1 D Traffic Calminu 

1±1 D Traffic Manauement 

1±1 D Signals and Siuns 

1±1 D Other Measures 

By Countermeasure Group 

1±1 D Pedestrian Facility Design 

1±1 D Roadway Design 

1±1 D Intersection Design 

El ~ Traffic Calming 

1±1 D Curb Extensions 

1±1 D Choker 

1±1 D Crossi II g Isl a II els 
1±1 D Chicanes 

1±1 D Mini -Circles 

1±1 D Speed Hum11 

1±1 D Speed Table 

1±1 D Raised Intersection 

1±1 D Raised Pedestrian CrossitHJ 

1±1 D G ateway:s 

1±1 D Landsca1iing 

1±1 D Specific PavitHJ Treatments 

1±1 D Serpentine Design 

1±1 D Woonerf 

[±) D Traffic Management 

rn D Signals and Siems 

rn D Other Measures 

The case studies may be selected by location or by countermeasure. Opening a Countermeasure Group folder 
reveals the list of countermeasures included . Select ing a specific countermeasure 

reveals the case studies in which that treatment/program was a component. 
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Pedestrian Facility Design 

Roadway Design 

Intersection Design 

Traffic Calming 

Countermeasures 
co Chapter 5 

Traffic Management 

Signals and Signs 

Other Measures 
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A total of 49 engineering, educat ion, and t'.n force1 11c11t 

colm termcasure-s are d iscussed in this chapte r. The trea t­

ments and prograllls selected for inclusion in this docu­

ment are those that have been in place for an extended 

period of time and/ o r have been proven effective at tlH: 

time the 11 1aterial for ch is p roduce was being complied. 

Since chat t ime, new cou ntermeasures continue to be 

developed , implc111entcd, and evaluated. T hus, practitio n­

ers should not necessarily l imit the ir choices to chose 

included here: chi, 111aterial is a ,tarting point. More 
inform ation on the latest treatments and programs can 

be found thro ugh 111a11y of the Web sites and resources 

included in Chapter 7. 

The categor ies of i111 provemems include: 

• Pedestrian Facility D esign 

• R.oadw:1y D esign 

• lnter~ect ion Design 

• Traffi c Calming 

• Tr:1ffic Management 

• Signals and Sigi1s 

• Ocher M easures 

The fo llowing index can be used to quickly locate the 

countermeasure o f iu tercsr. 

Pedestrian Facility Design ... .. .. ....... ... .. ... .. .. .... 51 

1. Sidewalks and Walkways ................................... .. . 52 

2. Curb R amps ...... .................. ............. .... ......... ... .. 53 

3. M arked Cros~walks and F.nhancements .............. 54 

4. Transit Stop Treatment~ ............................... ...... . . 56 

5. Road\vay Lighting Improv,;:1111;:nts ............ .. .......... 57 

6 . Pedestrian Ovcrpas,es/ U ndcrpas,es ..................... 58 

7. Street Furniture / Walking E11vi ro11llle 11 t ........ ....... 59 

Roadway Design .. ... . .. ....... ... . . .... .. .. .... . . . . . .. .... 60 

::l. Bicycle Lanes ....................... .......... ..... .. ........ . ..... (> 1 

9. R oadway Narrowing .......... .. ......... .. ......... .. ......... 62 

I 0 . Lane R eduction ...... ............. .......... .. .. ............... .. (i3 

11. Driveway Improvem ents ........ ..... ........................ (i4 

12. R aised Med ians ........ ................................. .. ...... .. 65 

1.1. O ne- Way / Two- Way Street Conversiom ............ Ji6 

14. C urb R adius R educ tion .................................... ..(,7 

15. Improved Right- Turn Slip- Lane D esign ..... .... ..... 68 

Intersectio n D esign ... ... .. ... . .. ... . . .... ... ... . . . . . . ... . . 70 

16. IZ.oundJbou ts .............................. .... ........ .. .......... 71 

17. Modified T- lntersectiom ..... .. ...... ... .. ....... ..... ... ..... 73 

18. Intersection M edian Barr iers .. ........... .. .. ...... ........ 74 

Traffic Calming . .. ... . . . . . . . .. . . . . .... .... .. .... . .. .. .... . .. 75 

Trials and Tem porary Installatio ns fo r Traffic Calming .. 77 

19. C:urb Extensio ns .. ...... .. .... .. .................... ............. 78 

20. Chokers .............. .... ...... .. .... .. .. ... ..... ....... .. ..... .... .. 80 

21. Crossing Islands .... ... ...... .. ... ..... .. ..... .... .. ... ..... .. ..... 81 

22. C hicanes ............ ... ......... ... ... . ... ...... ... ... ... ............ 82 

23. M i11 i-Circks ..... . ........................... ......... .. ..... 83 

24. Speed Humps ..... .. .. ... ............ ............ .. ... .. . .. ... ... .. 84 

25. Speed Tables ......... .. .......... ..... ... .. .... ..................... 84 

26. R.aised l11tcr,cctio11s .............. .. .. .. .................. ....... 85 

27. R aised Pedestrian Crossings .. .. ....... .. ....... ... .......... 85 

28. Gateways ........... .. .... ................. ....... .. ... ....... ........ 86 

29. Landscaping ......................... .... ............. .. .. ........... 87 

30. Specific Paving Treatme nts ..... .. ....... ..... ... ............. 88 

31. Serpentine Design .. ......... .. ... ... ..... .. .. .... .... .. .. ....... 89 

32. Woonerf. .. ................... .. ..... . .... .... .. .... .. ...... ......... 90 

Traffic Managernent .. ... . . . . .. . . . .. .. .. . . ... . . .. ... ... . .. . 91 

33. JJivertcrs ....... ... .... ..... . ....... ... .... .. . .... .. ..... .. .. ... ..... . 92 

34. Full Street Closure .................. .. ............ .. ...... ....... 94 

35. Partial Street Closure .............. ............... .. ............ 95 

36. Pedestrian Screet,/ Malis .. ........ ...... ..... ..... .. .... ....... 96 

Signals and Signs .. . ... . . . . .. . . . ... . . .. . . .. . . . ........ . .. . .. 97 

37. Traffic Signals ........................... ........... ..... .. ....... 98 

38. Pedestrian Signals ...... ....... ... ......... ......... ... ... ...... 99 

39. l'edestr i:111 ignal T iming ...... ..... ... .... ..... ... .. .. ...... I OU 

40. Traffic Signal E11ha11 ce111t' 11 ts .. ...... ........ .. .. .. .. ... ... 102 

4 1. R ighc- Turn-on- R.ed IZ.c~tr ictions ...... ..... .. .. ....... I 03 

42. Advanced Stop Lines .. .. .. ..... ... ................ .... .... ... I 04 

43 . Sign ing ......... .. ....... ..... ......... .. .... ...... ..... ... ... .. ... .. I OS 

Other Measures .. . .. . .. . . . . . . . . . .. .... ... .. . . .. .. . . . . .. .. .. 106 

44. Scho o l Zone Improvements ..... .. ... ............... ... .. I 07 

45. Neighborhood Identity .............. ....... ............... 109 

46. Speed-Monitoring Trailer .......... .. .................... .. 1 I() 

47. On- Street Parking Enhancements .......... .. .... ... ... I 11 

-t8 . Pedestrian Driver Education ................ ...... .. ...... 112 

-t9. Po lice Enforcc111cnt ............. .. ... ... ... ............... ... 1 13 
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PEDESTRIAN FACILITY DESIGN 

W:ilkways arc the portion of the publ ic righr- o f-\vay that 

provide a separated area for people travel ing on foot. 

Walkways that are sate. accessible, :111d aesthetically pleas­

ing attract pedestrians. People w:ilk fo r many reasons: to 

go to a neighbor's house, to run err:111ds, for school , or to 
get to a busines~ meeting. People also walk for recreation 

:rnd health benefits or fo r the enjoym ent ot- being out­
side. Some pedestr ians must walk to transit or other des­

tinatio ns if they wish to travel independently. It is a pub­

lic rcspo11sibility co provide a safe. secure, and comfort­
able system for all people who walk. The countermea­
sures related to pedestrian faci lity design include: 

• Sidewalks and Walkway'> 

• C urb IZarnp~ 

• Marked Crosswalk, ;ind Enhancements 

• Transit Stop Treatment~ 

• R.oad way Lighting Improve111e11ts 

• Street Furniture / Walking Environment 
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1. SIDEWALKS AND WALKWAYS 

Sidewalks ,rnci \valkw:1ys are "pedestrian lanes·· th,lt pro­

vide people \Vi th space to craw l within the publi t· right­
of-w,1y that is separated from roadw,1y vehicles. T hey also 

provide pbces for , hi ldren to walk, run. ,katc, ride bike\ 

and play. Side\'v·alk, are associated w ith sig11ificam reci11c­

cio 11s i11 pcdcstri:rn coll i, ions w ith m otor \'ehiclc,. ' Such 

facilitie~ ;1lso improve mobility for pedcstriam and pro­

vide access tor :ill type, of pedestrian travel: to and fi-0111 

home. work, parks, schools. shopping are:i,, trJmit \tops, 

etc. Wal kway, should be part of every new and rrnovatcd 
faci li ty and every effort , hould be made to retrofi t street~ 

chat currently d o nor h.n-e sidewalks. 

Th is sidewalk and buffer zone provides a safe place for 
pedestrians to walk outside of the paths of vehicles in the 

street. 

While sidewalks are ty pically made of concrete. kss 

expensive walkw,1y., 111ay be constructed of a~pkdt. 

crushed stone. or o ther material<; if they are properly 

maintained and aClT~,ible (firm , stabk. ,llld slip- 1-c, istant). 

In more rural areas, in p:irticular. a '"side p:ith" 111adc of 

o ne of these m aterial, 111ay be suitable. 130th FHWA and 

the Institute ofTrJmport:ition E11g i11ens ([TE) n.:com­

mend a minimum width of 1.'i m (:'> fr) for a sidewalk 

o r walkway, which allows rwo people to pass co111fort­

ably o r to walk side-by-side. Wider , idewalks should be 

installed near schools, at tr:imit stops, in dowmow11 area,. 

o r anywh ere high concentratiom of pedestrians exist. 

Sidewalks should be continuom along both side, of ,1 

street and sidewalks sho uld be fu lly acct'ss ible to all pe­

dt:strians. including those in wheelchairs." 

A buffLT zone of 1.2 to 1.8 rn (-+ to 6 fr) i, dt", irable and 

shou Id be provided to separate pedestrians from the 

street. T he buffer 70ne ,,·ill Yary according to the ,treet 

type. 111 downtown or commercial distri cts, a street fur­

niture zone i, usual ly appropriate. Parked cars and/ o r 

Purpose 
• Create the appropriate fac ility for the walking 

area of the publ ic right-of-way. 

• Improve pedestr ian safety dramatical ly. 

Considerations 

• Wh i le continuous walkways are the goal, retro­
fitt ing areas without them wil l usual ly occur in 
phases. Lack of a seamless system is no excuse 
not to provide parts of the system. 

• In retrofitt ing st reets that do not have a continu­
ous or accessible system, locations near transit 
stops, schools, parks, public buildings, and 
other areas with high concentrations of pedestri­
ans should be the highest priority. 

• Street furniture placement shou ld not restrict 
pedestrian flow. 

Estimated Cost 

The cost for concrete curbs and sidewal ks is 
approximately $49/linear meter ($15/ linear foot) 
for cu rbing and $118/sq uare meter ($11/square 
foot) for walkways. Asphal t curbs and walkways are 
less costly, but require more maintenance, and are 
somewhat more d ifficu lt to walk and roll on for 
pedest rians with mobi lity impairments. 

Adapted from Making Streets That Work, Seattle, 1996 

b icycle lanes can provide an acceptable buffer 7one. In 

more suburban or rur:tl areas, ,1 landscape strip is gener­

:illy most suitable. Careful planning of sidewalks ,111d 

walkways i, important in a neighborhood or area in 

order to provide adequ:tte ,afrty :ind mobility. I-or exam­

ple, there should be a flat sidew:ilk provided 111 areas 

w here clriwwavs slope to che roa<lway. 

H .. ccomme nded guiddine~ and priorities for sidewalks 

and walkway., ,ire given in Appendix C. 
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2. CURB RAMPS 

Curb ramps provide acn"ss between the sidewalk a11d 

roadway for people using wheelch;iirs, strollers, walkers, 
crutches, handcarts. bicycles, :md :ilso for pedestrians with 

J1Jobility impairments who h:ive tro11ble stepping up and 
down high curb~. Curb ramps llll!St be installed at all 

intersections and midblock locarions ,,·here pedestrian 
crossings exist. as ma11dared by federal legislation ( 1973 
R.ehabilitation Act and ADA 1990) . Curb ra!l1ps must 
have a slope of no more than 1: 12 (must not exceed 25A 
111111/ 0.3 111 ( I in / ft) or a maximum grade of 8.33 per­

cent), ;md a maximum slope 011 any side fhre, of I: l 0. 
More information on the specifications fo r curb rall1ps 

can be found in the Drq{t C11idcli11cs _{c>r Arrcssihll' P11/Jlic 
Rig!trs off H1y. ' 

A curb ramp should be designed to provide direct access 
and shou ld have the proper wid th and slope. 

Where fe:isible, separate curb ramps for each crossw:i lk 

at an intersection should be provided rather than having 
a single ramp :it :i corner fo r both crosswalks. Thi, pro­

vides improve<l o r ientation for visually impaired pedes­
trians. Similarly, tactile warnings will alert pedestrians to 

the sidew:ilkhtreet edge. All newly comtructcd and 
altc-red road·way projects must include curb ramps. 1 n 

add ition . all agencies should upgrade existing fac ilities . 

They ca n begin by conducting audits o f thei r pedestri­
an facilities ro make sure transit se rvice,, ,chools. public 

buildings, and parks, etc. arc accessible to pedestrians 
who use w heelchairs. 

While curb ramp, are needed for use 011 all types o f 
street,, priority loc:1tions are in downtow 11 areas Jnd on 

street, nc:.ir tr:rnsit ,tops, schools. parks, medical fac ilities, 
shopp ing are:i,, and near residences with people w ho 
use wheelchair,. 

For more information about curb ramp design, see 

De, (J?11i1~{Z Sidlwalks and Ti-ails jc,r A ffess, flans I a11d fl. by 

Purpose 

• Provide access to street crossings. 

Considerations 

• Follow Americans with Disabi lities Act (ADA) 
design guidelines. 

• Texture patterns must be detectable to b lind 
pedestrians. 

Estimated Cost 

The cost is approximately $800 to $1 ,500 per curb 
ramp (new or retrof itted). 

Adapted from Designing Sidewalks and Trails for Access, 
Part II of II, Washington, DC, 2001 

cht· Federal Highway Administration , ,md A ffess ible 
R ({!lw-cf kVr1y: A D cs({!II C11ide, by the U.S. Access Board 

and the Fcder:11 Highw,1y Administration. The Access 
Board', r ight-of-way report can be fou11d at 

\V\V\v.access-bo:ird.gov. 
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3 . MARKED CROSSWALKS AND ENHANCEMENTS 

Marked crosswalks indicate optin1:1l or preferred loca­

tions for pedestrians to cross and hd p designate right- of-­

way for 111otorists to yield to pedestri ans. C rosswalks are 

often imtalled at signalized inte rsections and other 

selected locations. Various crossw:d k marking patterns are 

given in the MUTCD.5 Marked crosswalk~ are desirable 
at some high pedestri an volume loca tiom (oft<: 11 in con­

junction with o ther m easures) to guick pedestrians along 
a prefi:rred walking path. In some cases, they can be raised 

and should often he installed in conj unctio n w ith other 
enhancements chat phys ically reinforce crosswalks and 

reduce ve hicle speeds. It is :ilso somctill!es useful to sup­
plement crosswalk markings with warning signs for 

mo torim. At some loc:iti ons, signs can get " lost" in visu­
al clutter, so care must be taken in placement. 

The "ladder" pattern shown above is more visible 
to motorists than para llel lines and requires less 

maintenance if painted to allow the tires 
of motor vehicles to track between the painted lines. 

Pedestrians :ire , ensitivc to out- of- the- \vay travel. and 

reasonable ;iccommodation should be made to 111;:ike 
crossings both conw nicm and safe at locatiom w ith ade­

quate visibility. 

R ecommended guidelines and pr iorities for cros,w:1lk 

installation at controlled locatio ns are given in Appendix 

D. These guidel ines arc based 011 a maj or study of 1,000 

marked cros,walks and 1,000 unn1arked crossing, in 30 

U.S. cities . R ecommendations are also given for provid­

ing other pedestr ian crossing enhancem ents Jt uncon­
trolled locations with and without a marked crosswalk.'' 

Crosswalk Materials 

It is important to ensure that crosswalk markings ;ire vis­

ible to motorists, particularly at night . Crosswalks should 
not be slippe ry, create tripping h;izards. or he diffirnlt to 

Purpose 

• Warn motorists to expect pedestrian cross ings. 

• Indicate preferred crossing locations. 

Considerations 

• Crosswalk locations should be conven ient for 
pedestrian access. 

• Crosswalk markings alone are un likely to benef it 
pedestrian safety. Ideal ly, crosswalks should be 
used in conjunction with other measures, such 
as curb extensions, to improve the safety of a 
pedestrian cross ing, particu larly on mu lt i- lane 
roads with average da ily traffi c (ADT) above 
about 10,000. 

• Marked crosswalks are important for pedestrians 
with vision loss. 

• Crosswalk markings must be placed to include 
the ramp so that a wheelchair does not have to 
leave the crosswalk to access the ramp. 

Estimated Cost 

Approximate instal lation costs are $100 for a regu­
lar striped crosswalk, $300 for a ladder crosswalk, 
and $3,000 for a patterned concrete crosswalk. 
Maintenance of the markings must also be consid­
ered and varies by region of the country and materi ­
als used. 

Qi u 

City of Cambridge, MA 

traverse by thml' w ith dimin ished m obil ity or \·irnal 

c 1pabilities. Granite and co bblestones ;ire ex;imple, of 

mate ri :ds that arc al'sthetically pleasing, but may become 

slippery w hen wet o r be difficult to cro5s by pedcstr iam 

who arc blind or using wheelchairs. O ne of the best 
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Solid Standard Continental Dashed Zebra - I I 

I I - I I - I I 
I I - I I - I I 

I I - I I - I I 
I I 

Examples of different crosswa lk marking patterns. 

m ater iah for marking crosswalks is in lay tape, which is 

installed 011 IlC'\\ or rep:m:>d streets. ft is highly re flective. 
long-lasting, and slip-resista m. and does not require a 

high levd of 111ai11tc11ance. Although initially mo re cost­

ly than paint. both inlay tape and thermopListic are more 

cost-effective i11 the long run . I 11Liy tape is rcco111111end­

ed for new and rc,urfaccd p:ivement, while thermoplas­

tic 111ay be a better option on roughe r pave111em sur­

faces. 130th inlay tape and ther111opbstic are more visi­

ble and le~s slippery than paint when wet. 

Some crosswalks are angled to the right 111 the med ian. This 
is intended to facili tate a pedestrian 's view of oncoming 

traffic before cross111g the second half of the street. 

Ladder 
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4. TRANSIT STOP TREATMENTS 

Good public cra11spo rc.1cion is .1s illlporcant to the quality 

of a co111111unicy JS good ro,1ds. Well-dt'sigm·d tr,lllsit route, 
and acce,, ible srops ar~' t',St'11ti,1l co a ll',;1ble ,ysten1. 

-.• I ' I • ~ -.L- , ,i _ _ , 
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The transit shelter above is in a lively commerc ial district. 
The shelter design reflects the surrounding architecture. 

Pedestrian-scale lighting and landscaping add 
visual interest and security. 

13us stop, , hould be located ;it in tervals that are conw ­

nient for passengeVi. The stop, , ho uld be dt"signt'd to 

provide satt' .rnd conwnient .icn·,, and should bt" COlll 

forubk pl.1ces for people to \\'JJL Adequate bm stop 

signing. lighting. ,l hu, shelte r \\'ith seating, trash recep­

tacles . . rnd bicycle p.1rking are ,1lso de,irabk features. 13m 

scops should be highly \·isihle locations that pl'dl'~tr iam 

can reach easily by meam o f accessible travel route,. 

Therefore, a comple te sidewalk system is essential Lo 

,upport a public trJmportation system. Convenien t 

cros,ing, are also important. 

Proper placement of bus stops is key to user s:ifety. For 
example, pLK ing the bm stops on the near , ide of inte r­

sectio ns o r crnssw:db may block the pedestri:ins' view of 

approaching tr:iffi c, and the approaching driwrs· view of 

pedestriam. Apprmc hing 111uLori, t, may be unable to 

stop in time ,,·hrn a pl·ck,trian ,t<.:ps from in front of .1 

stopped bu, into the traffic l.1m·, at th e inters1.:ccio11. 

rar-sidc bus scops gt'lllT,1lly encourage pcdt·stria11s Lo 

cros, behind rhe bu,. R eloc.1ti 11 g rhe bu, ,top to rlic Cir 
, ide of the inter\ection cJn i1 11provt' pedc,t1-i.1n saf'cty 

, ince it eliminates the sight- di, t.111 ce re, trict io11 cau\ed 
by the bu,. Placing bu, stops at the fa r , id~- of" i11tcrscc­

tio11s c.111 .1lso improve motor vehicle o per,ition. 

The bm ,top loc.1tio11 ,hould be fully accessible to pe­

ciestriam in whcclchain. sho uld have paved connectiom 

to sidew:1lks w hcrL' landscape butlers exist. and should 
no t block pcde~trian travd on the side\\'alk . Adequ::ite 

Purpose 

• Provide safe. conven ient, and inviting access for 
transit users. 

Considerations 

• Ensure that access to and from stops is provided 
when transit stops are created. 

• Ensure adequate room to load wheelchairs. 

• Ensure a c lear and comfortable path for passing 
pedestri ans when p lacing transit shelters. 

• Locate transit stops on the far side of marked 
crosswalks. 

Estimated Cost 

$1,000 to $10,000. Cost varies wide ly depend ing 
on type of improvements. 

Adapted from Making Streets That Work, Seattle. 1996 

room sh o uld cxi, t to operate wheelchair lifts. Yet, it i, 

::il~o meful to imtall curb ramps at bus scops so clue a 

1w,senger crn bo ard from the street if bus-lift deploy­

m ent is blocked. AdditionJI infor mation 0 11 making bus 

stops accessible can be found in Chapter ., of Affcssililc 
R(1!l11s-cf Ir ;iv.·. ·I i)(s(\!11 Guide. 
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5 . ROADWAY LIGHTING IMPROVEMENTS 

Cood quality and pbcement o f lighting can enhance an 

environment a, \\·ell as increase comfort and ,afecy. Pecles­
tri:im often assume thc1t motorists can see them at night; 

they cu-e de,eived by their own abi li ty to see the oncom­

ing he,1dlight.\. Without sufficient overhead lighting, mo­

tori, ts may not be able to see pedestrians in time to stop. 

This wel l-lit commercial district is an attractive place 
to shop in the evening. The combination of 

pedestrian-scaled street light ing, holiday lights in 
the trees, and light from shop windows enhances visib ility 

and creates a secure and festive atmosphere. 

In commercial areas w ith nighttilllc pcdc,tr ian activity, 
streetl ights and building lights can enhance the am biance 

of the area and the visibility of pedestrians by Illo torists. 

It is best to place streetlights cdo ng both sides of arterial 
streets and to provide a consistt:nt kvcl of lighting along 

a roadway. Nighttime pedestrian crossing areas may be 
supplemented with brighter or ctdditio1ial lighting. This 

includes lighting pedestrian cros,walks and approaches 

to the cross\\"a lks. 

In commercia l areas o r in downtown areas, specialty 

pedestrian-level lighti ng may be placed over the side­
walks to improve pedestrian com fort. security, and safe­
ty. Me rcury vapor. incandescent. or less expensive high­
pressure sodium lighting is often prdc.:rn:d a, pcdcstrian­

lcvd lighting. Low-pressure sodium light, arc low cncT­
gy, but have a high level of colo r distonion. 

Purpose 
• Enhance safety of al l roadway users, particular ly 

pedestrians. 

• Enhance commercial districts. 

• Improve nightt ime security. 

Considerations 
• Ensure that pedestrian walkways and crosswa lks 

are well l it. 

• Instal l lighting on both sides of wide streets and 
streets in commercia l districts. 

• Use un iform l ight ing levels. 

Estimated Cost 
Varies depending on fixture type and service agree­
ment with local ut i I ity. 

Adapted from Making Streets That Work, Seatt le, 1996 
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6. PEDESTRIAN OVERPASSES / UNDERPASSES 

Pedestrian overp,1sscs and undcrpa\scs allow fo r the 

unintt>rrupted Oo,, of pedestri,111 lllovem enc separate 
from the vehicle traA:ic. Ho,,cvn , they should be a meas­

ure of last resort, and it is mually more appropriate to use 

trafftc-calin i11g 111easures or install a pedestr ian- activated 

signal that i) acce)sible to all pedestrians. This is ,ilso an 

extrl' II H:ly high-cost and visually imrusive m easure. 

This pedestrian overpass takes advantage of existing 
topography and allows pedestrians to avoid confl icts 

with traffic at street leve l. 

Such a fa cility must accommodate all persons. as 
requi red by the ADA . More i11for111atio 11 on the speci6-

c1tions for accessing overpasses and underpasses can be 
fo un d in the Dr[!{r G11ideli11cs .fo,· A ccess ible Public l<..is hts c!f 
vllnr: T hese 111easures include rarnps or devacors. Exten­
sive ramping ,viii accommodate wheelchairs and bicy­

clists, but results in long crossing distances and steep 
slopes that di sco urage ust'. 

Studies have shown that many pedestrians \Yill not use 
an overpass o r underpass if they can c ross at , treet level 

in about the same amount of time.'· ' O verpasses work 
best w hen the topography allows for a structure \Yitl,­

ouc ramp, (e.g., overpass over a sunke n freew:iy) . 
Underpasses wo rk best when designed to fee l o pen and 

accessible. Grade separation is m ost feasible ;md :ippro­

priate in extreme cases where pedestrians must cross 
roadways rnch as freeways and high- speed, high-volume 

arterials. 

Purpose 

• Provide complete separation of pedestrians from 
motor vehicle t raff ic . 

• Provide crossings where no other pedestrian 
facility is avai lable. 

• Connect off-road trai Is and paths across major 
barriers . 

Considerations 

• Use spari ngly and as a measure of last resort. 
Most appropriate over busy, high-speed high­
ways, rai lroad tracks, or natural barriers. 

• Pedestrians wi ll not use if a more direct route is 
ava ilable. 

• Lighting, drainage, graffiti removal, and securi ty 
are also major concerns with underpasses. 

• Must be wheelchair accessible, which general ly 
results in long ramps on either end of t he overpass. 

Estimated Cost 
$500,000 to $4 mil l ion , depending on site 
characterist ics. 
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7. STREET FURNITURE / WALKING ENVIRONMENT 

Side\.valks should be continuou s ;1 11d sh ould be part of 

a system that provides :1cces, to goods, services, transit, 

and ho mes. Well-desig ne d walking en vironments are 

t'nh:mc ed by mban des ign elem e nts :ind , treet furni­

ture, su ch :is be nches, bus sh elte rs, trash receptacle, , and 

watn founta ins. 

~~ ... -· 5_....,_ 
I 

CL'-------~-'--'-=--=~-~----=--
This is a good example of a street furni ture zone along t he 

sidewalk on Portland, Oregon's light-rail t ransit line. 

Sidewalks and walkw;:iys should be kept clear of poles, 
signposts, newspaper racks, and o ther obstacles that could 

block the path, obscure :1 driver's view o r pedestri:rn vis­

ibility, o r become a trippi ng hazard. 13enches, w:ite r foun­

tains, bicycle parking racks, an d oth er street fu rniture 

should be carefu lly placed to create an unobstructed path 

for ped estrians. More info rn1::ition on the requirem ents 
for street fu rniture c;:111 be found in the Drl!fr CHidcli11rs.fc,r 

A rcessiblc PHhlir R(rJ1ts <f l+'<1y.· Such areas must ::ilso be 
properly 111Ji11tai ned and kept cle:i r of debris, overgrow n 

landscaping, tr ipping hazards, o r are:is where water :iccu­

mulaces. Sn ow rem oval is :ilso import:int fo r 111:iint:i ining 

pedestr ian safety and m obility. In most areas, loo! o rdi­

nances give property owners the respo nsibili ty of rem ov­

ing snow w ithi11 12 to 48 ho urs after a storm . 

Walking areas shou ld also be interesting for pedestrians 

and provide :i secure environment. Storefro nts should 
exist at street level and walking areas sh ould be well li t 

and have good sighclines. 

Purpose 

• Enhance the pedestrian environment. 

• En liven commerc ial d istri cts by fostering com­
muni ty life. 

Considerations 
• Good-qua lity street f urnit ure wi ll show that t he 

community values its public spaces and is more 
cost-effective in the long ru n. 

• Inc lude plans for landscape irrigation and main­
tenance at the outset. 

• Ensure proper placement of furniture ; do not 
block pedestri an wa lkway or curb ramps or cre­
ate sightl ine problems. 

• Ensure adequacy of overhead c learances and 
detectability of protruding objects for pedestr i­
ans who are blind or visually impaired. 

Estimated Cost 
Varies depending on the type of furn iture, the mate­
r ial out of which it is constructed, and the amount 
of planting material used. 

-·/ 

Adapted from Making Streets That Work, Seattle, 1996 
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ROADWAY DESIGN 

De~ign and operational elements of the road,vay affect 

the abili ty of pedestr ians to safely and easily em s\ streets. 

A geometri c element such ,1s ,treet width :1ffects the 

time needed to cross the street, whereas an operational 

para111ct<.T like traffic direction (one-way vs. two- way) 

affect, the number of pote ntial confli cts between 

motorists and crossing pedestrians. The counterme::isure, 

related to roadway design include: 

• 13icycle Lanes 

• Roadway arrmv111g 

• Lane R eduction 

• Driveway I 111prove111ents 

• R::iised M edians 

• One-,vay / Two-way Street C:onversi ons 

• Curb R adi us R ecluction 

• Improved Right-Tum Slip Lane Design 
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8. BICYCLE LANES 

Bike lanes indicate a preferentia l or exclmive space for 

bicycle travel along an arterial street. Bike lanes have 

been found to provide more consistent separa tion 

between bicyclists ;111d p::1ssing motorists. M:irking bicy­

cle lanes can also benefit pedestrians- as turning m otor­

ists slow and yield more to bicyclists , th ey will a lso be 

doing so for pedestrians. 

A well-marked bicycle lane and bicycle parking in 
Cambridge, Massach usetts. 

I3ike lanes are typically desig n:ired by striping and/ or 

sig ning. Colored pavement (e.g. , blu e- or red su rfaces) is 

also used in some locations, :dthoug h it is not yet an 

accepted M UTC D stancbrd. If the addition of b ike lanes 

results in fewer motor vehicle lanes, safety 1nay be 

enhanced for pedestrian s crossing the street. 13icyck 

lanes also provide a buffer be tween motor vehicle traffic 

and pedestrians \\'hen sidewalks arc inuncdiatcly acija­

cent to the curb. On hig h-,peed, high-volume roacb. it 

m:iy be more ,1ppro pr i:ite to provide a multi- tISl' path to 

physic1lly separ:ite both bicyclists and pedestrians from 

motor veh ic le tr:iffic. However, the application of this 

tre::1tment requ ire, that care be take n to minimize rhe 

conflicts betwee n bicyclists and pedestrians. 

Purpose 
• Create on-street travel faci I ities for bicyclists. 

• Narrow the roadway to encourage lower motor 
vehic le speeds. 

• Provide additiona l separation between pedestri­
ans and motor vehicles. 

• Adding on-street bike lanes reduces the distance 
pedestrians must t ravel to cross automobile lanes. 

Considerations 
• All roads should be evaluated for on-street bicy­

cle facilit ies. 

• Provide adequate space between the bike lane 
and parked cars so that open doors do not create 
a hazard for bicycl ists. 

Estimated Cost 
The cost of installing a bike lane is approximately 
$3,100 to $31,000 per kilometer ($5,000 to 
$50,000 per mi le), depending on the condition of 
the pavement, the need to remove and repaint the 
lane lines, the need to adjust signalization, and oth­
er factors. It is most cost effic ient to create bicycle 
lanes during street reconstruction, street resurfac­
ing, or at the time of original construct ion. 

Typical opt iona l word and symbol pavement marki ngs 
for bicyc le lanes. 
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9. ROADWAY NARROWING 

R oadway narrow ing can be achieved i11 several differ­

ent ways: 

a. Lane widths can be reduced (co 3.0 or 3 .4 111 j IO or 

I I fr [) and excess asphalt striped ,vith a bicycle lane 

or shoulder. 

b. Travel lanes can bt' removed (see # I 0). 

c. 0 11-srreer parking bnes c;111 be ;id ded. 

d. C urbs c m be moved to narrow the cro~s sec tion and 

ex.rend the width of sidewalb and la11dscJpe .treas. 

This can reduce vehicle speeds along a roadway section 

:111d e nhance mm·em em :111d satety for pedestr ians. Bicy­

cle travel will also be enhanced and bicycl ist sate ty 

improved w hen bicycle b nes are added. 

Before 

After 

Purpose 

• Multiple benef its of lower veh icle speeds, increased 
safety, and redistributing space to other users. 

Considerations 
• Bicycl ists must be sa fely accommodated. Bike 

lanes or wide curb lanes are needed if motor 
vehic le vo lumes and/or speeds are high. 

• Road narrowing must consider school bus and 
emergency service access, and truck volumes. 

• Eva I uate whether narrowing may encourage traffic 
to divert to other local streets in the neighborhood. 

Estimated Cost 

Adding striped shou lders or on-street bike lanes can 
cost as litt le as $620 per kilometer ($ 1,000 per 
mile) if the old paint does not need to be changed. 
The cost for restripi ng a ki lometer of street to bike 
lanes or red ucing the number of lanes to add on­
street parking is $3,100 to $6,200 ($5,000 to 
$10,000 per mile), depending on the number of old 
lane lines to be removed. Constructing a raised 
medi an or widening a sidewalk can cost $62,000 or 
more per kilometer ($100,000 or more per mile) . 

Colored aspha lt has been used to identify bike lanes 
on this street in Holland. The bike lanes visually narrow 

the street and help red uce speeds. Although the 
cu rb-to-curb width is more than 9.1 m (30 ft) , 

the motorist only sees 3.4 m (1 1 ft) of driving space. 
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10. LANE REDUCTION 

Some road, have more travel lane, than necessary and are 

difficult to cross bec:iuse o f the ir width . ll educing the 
numbe r of lanes on a multi-lanl' roadway can rl'duce 

crossing distances for pcdc~tri,ms and 111ay ~lo\\' vehicle 
speeds. A tra ffic analysis should bl' donl' to determine 
w hether the number of lane~ on a roadway (many of 

w hich were built without such an analysis) is appropri­
:ite. Level-of-service analysi~ for intersec tions should not 
dict:1te the design for the entire length of roadway. For 

ex::unplc, a fo ur-lane undivided road can be converted to 

o ne th rough lane in each direction , w ith a center left­
turn b11e or with a raised median, and turn pockets and 

bicycle lanes 0 11 both sides of the roadway. Turning 
pocket, may be needed only at specific locations. 

Before After 

This street in Cambridge, Massachusetts, was reduced from 
four lanes to three. The conversion introduced wider 

sidewalks, additional space for landscaping, 
street furn iture and cafes, and bicycle lanes. 

Purpose 
• Remedy a situation where t here is excess capacity. 

• Provide space for pedestrians, b icyclists, and 
parked cars. 

• Reduce crossing time, which can help optim ize 
signal t iming. 

• Improve social interaction and neighborhood fee l 
along the street. 

Considerations 
• Roadway capacity operation and overal l road 

safety need to be considered before reducing the 
number of lanes. 

• Ensure street connections so major arterials can 
be crossed at controlled intersections. 

Estimated Cost 
The cost for restriping a kilometer of four-lane street 
to one lane in each direction plus a two-way, left­
turn lane and bike lanes is about $3,100 to 
$12,400 ($5,000 to $20,000 per mi le) , depend­
ing on t he amount of lane li nes that need to be 
repainted. The est imated cost of extending side­
walks or bu ilding a raised median is much higher 
and can cost $62,000 per kilometer ($100,000 per 
m ile) or more. 

If a reconfiguration is done after repaving or with an 
overlay, and curbs do not need to be changed, t here 
is I ittle or no cost for the change. 

Deprnding on conditions, it may also be possible to add 
o n-street parking while allowing for bicycle lanes on 

both side\ or the \treet-instead of a center turn lane. If 
no ~idewalh exist c1long the road\,vay, these sho uld be 

alkk d. Jf sidewalks c.>xist, and there is adequate room , a 

landscaped buffer is desirable to separate pedestrians 
fru111 the travel lane. 

A typical three-lane configuration comi,ting of two t rav­
el lanes and a two- way left-turn l:me (TWL T L) also h:is 
advantages fo r motorists. Through traffic can m:i inta in a 

fairly constant speed. while left- turning driver, c 111 rxic 
the traffic stream and wait in the TWIT! .. However, 

TWLTLs can also create problems for oppm ing left-tum 
vehicles and may be used as acceler:1tio11 !:m es by some 
motorists. Designs that incorporate r:iised medi:111s and 

ldi:- turn bays may offer a better solution. 
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11. DRIVEWAY IMPROVEMENTS 

Several driveway designs may cn1se s:ifery c111d :iccess 

problc111s for pedestrians. including excessively w ide 

and/ or sloped driveways, dr iveways w ith Llrge turning 

radii , multiple adjacent driveways. driveway\ that arc not 

wdl ddined. and driveways w here niorori,t at tention is 

focused on finding a gap in congested traffic. 111 addition, 

driveways without a level sidewalk la11di11g 111ay not 
comply wi th ADA standards. R.cfi:r to Chapter 5 i11 

Dcs(~11i11g ide111alks a11d ·frails )<>r Am·.,s, /Jar/ II <!f II: Hrs, 
Pmaices Design Guide for fu rthe r guidance. 

a..~----------------------~ 
The top example shows a driveway with a wide apron to 
accommodate two adjacent driveways and a landscaped 

planting strip . The driveway in the lower picture 
demonst rates how to provide driveway access 

across a sidewalk whi le maintaining a continuous, 
level walkway for pedestrians. 

Examples of driveway improvements include nar rowing 
or closing driveways, righrening rurning radii. converting 

driveways to right- in only or right- out only movements, 
and providing m edian dividers on w ide driveways. 

When driveways crms , idewalks, it is necessary to main­

tain a sidewalk level across the driveway of no more than 

2 pe rcent , ideslope (see sketch). This is more usable for 

Purpose 

• Reduce pedestrian/motor veh ic le confl icts. 

• Improve access for people with d isabilities. 

• Improve visibil ity between cars and pedestrians 
at driveways. 

Considerations 
• It is best to properly design and consolidate drive­

ways at the outset. Local regulations can require 
appropriate design when driveways are created. 

Estimated Cost 
No add it ional cost if part of original construction. 

Adapted from Designing Sidewalks and Tra ils for Access, 
Part II of II, Washington, DC, 2001 

all pedestrians. especially those in w heelchairs, and rnakt:s 

it clear to mocorists that they must watch for pedestri­
ans. It is important to minimize large signs and bushes at 

driveways to i111prove the visibility between 11iotor ists 
and pedesrr ians. The sidewalk material (usually con­

crete) should be llldim ained across the driveway as well. 
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12. RAISED MEDIANS 

Medians are raised barriers in the center portion of the 

street o r roadway th,H can serve as ;1 p lace of re f11ge for 

p edestrians who cross a •meet midblock or Jt :in in ter­
'iection location. Thev n1.1y provide sp.1ce for t rees and 

o ther Lindscaping that. in turn , c:-111 help ch:mge the 
character of a street :111d red11 ce speeds. They ;1lso have 

benefits for 111o tori st s.ifrty w hen they replace center 

turn lanes. Desired turn ing 111m·ernents need to be care­

fully provide<l so that 111otori,ts are not forced to travel 
on inappropri.1te routes, s11ch as residential streets. or 

m ake umafc U-turns. 

Th is attractive median provides curb ramps and median 
open ings for wheelchair users. 

Continuous rnediam 111:1y not he the mmt .1ppropriatc 

treatment in every situation . I 11 some c:1,es , ,eparating 

opposing traffic flmv and eli111i11.1ting left- tum fr iction 

can increase tr.1ffi c speeds hy deneasing the perceived 
frictio n of the ro:id\\·;iy. T hey m.1y al,o take up , pace that 

can be better used for w ider sidewalk,, bicycle lanes, 

landscaping buffer strips, o r on-street parking and 1n,1y 

c:iuse problems for emergency vehicles. In s0111 L· L'nvi­
ronrnent,, m cdiam c:in he constructed in sectiom, creat­

ing an intermitten t rather than co11ti nuo us median. 

Another good :ilte rn.1tin: device fo r two- , three- or 
lo ur-l,n1e roads is the cros,ing island, which provides J 

crossing refi.1ge for pedestri,m s and, in some de,igm , aids 
ill decreasing vehicl e speeds. 

R:iised 11H.:di;im are 111m t u,efril o u high-vulu111e, high­

, peed ro,1d , , :111d tlwy -;hould be designed to provide tac­

tile cue, for pedestrians with ,·i,u:il impairn1c11t~ to indi­

cate the border between th e pedestrian rdi.1gc area and 

the motorized vehicle roadw:iy. Exam ples o f good and 
bad de,igm fo r raised med ian crmsings can be Cou 11d in 

C hapte r 8 of Dl's('<11i11g Sirlc'll'alb ,111d Trails for A crc.,s: Parr 
II <f II: Bcsr Prc1niffs Drs('<11 G uide. ' 

Purpose 
• Manage motor vehic le traffic and provide com­

fortable left -hand turn ing pockets with fewer or 
narrower lanes. 

• Provide a refuge for pedestrians crossing the street. 

• Provide space for street trees and other landscaping. 

Considerations 
• Ensure that there is enough room for wider side­

walks, bike lanes, and planting strips before pro­
ceed ing with construct ion . 

• Landscaping in medians should not obstruct the 
visibil ity between pedestrians and approaching 
motorists . 

• Median crossings at midblock and intersection 
locations must be fully accessible by means of 
ramps or cut-throughs, with detectable warn ings. 

Estimated Cost 
The cost for adding a ra ised med ian is approximate­
ly $15,000 to $30,000 per 30 m ($15,000 to 
$30,000 per 100 ft ), depending on the design, site 
condit ions, and whether the med ian can be added 
as part of a ut ility improvement or other street con­
st ruct ion project. 

Adapted from Making Streets That Work, Seattle, 1996 
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13. ONE-WAY/ TWO-WAY STREET CONVERSIONS 

One-way street, can simplify crossing., fur pedestrians. 

who muse look for craffic in 011ly one direction. While 
studies haw shown that co11vcrsio11 of two-way streets to 

one-way generally reduces pt·de,trian cra~hes, o ne-way 

streets te nd to have higher speeds, which create~ new 
problems. If a street is converted to om·-way. it should be 
evaluaced to see if additional changes should be 111ade. 

especially if the street or lanes arc owrly wide. Abo, traf­
fic circulacion in the surrounding area must be cart·fully 
considered before conversion to one-way streets. 

Cars are forced to drive slowly on this 
two-way st reet with parking. 

As a ~y~te111 , one-way stree ts can increase tra,·el distances 

of motorists and bicyclists and can create confusion , 
especially for non-local residents. One-way streets oper­
ate best in pairs, separated by no more th:in 0. -t km (0.2:'i 

mi). Co11version costs on be quite high ro b11ild cross­
over~ where the one-w:iy streecs convert b:ick to two­

way streets. :ind to rebuild traffic signals and revise strip­
ing, signing. :ind p:irking meters. 

One-way screets work best in downcown o r very he,1,·i­

ly congested areas. O ne- way streecs can offer improved 
signal timing and accornrnodace odd-spaced signals; 

however. sig11.1I riming for arterials char cross a one-way 
street pair is difficult. 

Conversio ns can go chc other way as well : ~0111e pl:ices 
are returning one-way streets back to t\vo-w,1y to :illmY 

better local access to businesses and homes and to slow 
crafi:ic. Two-way screets rend to be slower due to ''fric­

tion," especially 011 residential streets witho ut a marked 

cence r line. an<l chey 111ay also eliminate the potenti:d for 
multiple-threat crashes tlut exists 011 multi-Lrne, o ne­
way streecs. 

Purpose 
• Manage traffi c patterns. 

• Reduce conflicts. 

• A one-way to two-way conversion will genera lly 
reduce speeds. 

Considerations 
• Consider impacts on other streets. 

• Be aware that one-way streets may decrease 
automobile accessi bil ity to businesses. 

• Be careful not to create speeding problems 
where a two-way street is changed to a one-way 
street. Redesign or traffic-calming measures 
may be required to address th is. 

• Wi II improve signa l synchronization on the one­
way streets, but wi ll hinder synchron ization on 
cross-streets. 

• Generally requires a one-way pair, with two near­
by streets being converted to one-way. 

Estimated Cost 

$1 2,400 to $124,000 per kilometer ($20,000 to 
$200,000 per mile), depend ing on length of treat­
ment and whether the conversion requires mod if ica­
t ion to signals. If crossovers are needed at t he end 
points of the one-way streets, they may cost mill ions 
of dol lars. 
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14. CURB RADIUS REDUCTION 

One of the common pedestrian crash types involves a 

pedestr ian w ho is struck by a right-tu rn ing vehicle at an 

intersection. A w ide curb radim typ ically results in high­

speed turning rnovernent5 by rnotori<;ts. R.cco11st-ructi11g the 

turning radius to a tighter turn w ill reduce turning speeds, 

shorten the crossing distance for pede~tr ia11s, and also 

improve sight distmce bet\vet'n pcdestri:.tm and 111otorist'i. 

Tight corner rad ii keep turn ing vehicle speeds down 
and min imize crossing distances for pedestrians. 

N earby land uses and type, of road users should be con­

sidered w hen designing an inter ection so that cur b radii 

are sized appro priately. If a curb radius is m ade too ~mall , 

large trucks o r bmes m ay r ide over the curb, placing 

pedestrians in danger. 

Where the re is a parking and/ o r bicycle lane, curb radii 

can be even tighter. because the vehicles w ill have more 

room to ncgoti atc the turn. C urb radii can , in fact. be 

tighter than :lily modern guide vvould allow: o lde r cities 

in the Northca,t and in Europe frequently have radii of 

0.() to 1.5 111 (2 to 5 ft) w itho ut suffering any detrimen­

tal effects. 

M ore typically, in new constructio n , the appropr iate 

turning radius is abo ut 4.6 111 ( 1.'i ft) and about 7.(, m (2:i 

ft) for arterial streets with a subscanri:il volumt' of turn­

ing bus<;"s and/ o r trucks. Tigh te r turning radii .Ht' par­

ticularly impo rtant w he re streets intersect Jt ,1 skew. 

While the corner characte rized by :in acute angit' may 

require a slightly larger radius to accommocbte th t' turn 

moves, the corn<.:r w ith an obtuse angle sho uld be kept 

very tight , to prevent hig h- speed turns. 

Purpose 

• Safer intersect ion design. 

• Slow right-t urn ing vehic les. 

• Red uce crossi ng distances, improve visibi li t y 
between drivers and pedest rians, and provide 
space for accessible curb ramps. 

• Shorter crossi ng distances can lead to improved 
s ignal t im ing. 

Considerations 
• Consider effec tive rad ii by taking into account 

parking and bicycle lanes. 

• Make sure that public maintenance vehicles, school 
buses, and emergency vehicles are accommodated. 

• Large t rucks and buses may ride over the curb at 
intersect ions with tight rad i i, creating a danger 
for pedestrians who are waiting to cross. 

Estimated Cost 

Construct ion costs for reconstructi ng a t ighter turn­
ing radi i are approximately $2,000 to $20,000 per 
corner, depend ing on site cond itions (e.g., drainage 
and uti l ities may need to be relocated). 

Adapted from Making Streets That Work, Seatt le, 1996 
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15. IMPROVED RIGHT-TURN SLIP-LANE DESIGN 

I ntcrsections should be designed to accommodate safe 

pedestrian crossings using tight curb radi i, shorter cross­
ing distances, and other tools :i, de,cr ibed in this docu­

ment. While right-tum slip !ant's art' grnerally :i neg:iti ve 
facility from the pedestrian perspectiYe due to the 

emphasis on easy and fast motor vehicle travel. they can 

bt' designed to be less problematic. At 111:rny artn i::d 
street intersections, pedestria11 s have difficulry cro,sing 
due co r ight-curn movements and wide crossing dis­

tances. Well- de igned right-tum slip lanes provide pe­
destrian crossing i~lands within the interst'ction :ind a 

right- turn lane that is de~igncd to optimize tht' righ t­
turning motorist's view· of the pedestrian and of vehicles 

to his or her left. Pedestrians arc able to cross the right­
turn lane and \Vait o n the n.:fu ge island for their walk 
, igna l. 

A slip lane designed at the proper angle, as shown on the 
ri ght side of intersection, provides the driver with greater 

vis ibili ty of pedestrians. The lane on the left creates 
a higher speed, lower vi sibility right turn. 

T he problem for pedestrians is chat many slip lane~ arc 

designed fo r unimpeded vehicular movemt'nt. The 
dcsig11 of corner island,, lane w idth, and curb radii of 
righ t-tum , lip bnes should discourage high-speed turns, 

whik acco111111ocbting large trucks and buses. The trian­
gular " po rkchop" corner island chat results should have 
the " tail" po inting to approaching traffic. Since the tra f­

fic signal is timed based on a shorter crossing. the pc(ies­
tr ian crossing time h;is a much sm al ler influence 0 11 the 
timing of the signal. This design has an additio nal advan­

tage for the pede,trian; the crosswalk is located in an areJ 
where tht' driver i, , ti ll looking ahead. Older desigm 

place th t> crosswalk too far down, w ht're the driver is 
already looking lefr fo r a break in the traffic. 

C hannelized r ight turn- lanes remain a challenge fo r 
visually-impairt'd pedestr iam. First , there arc difficulties 

Purpose 

• Separate right-turn ing t raffic . 

• Slow turn ing-veh icle speeds and improve safety. 

• Allow drivers to see approaching cross-street 
t raffic more c learly. 

• Reduce the crossing distance for pedestrians. 

Considerations 

• Evaluate f irst whether a slip lane is rea lly necessary. 

Estimated Cost 

Approximately $50,000 to $200,000 to reconfigure 
roadway, add strip ing and construct an island , 
assuming additional right-of-way is not requi red. 

High speed , low visibili ty, head turner. 
Current AASHTO standard. 

14 to 18 mi/h, good visibility. Recommended design 
lmi/h = 1.61 km/h. 

associated with knowing where the crossw;:dk is located 

or knm\·ing where to cross. Second, it is diffi cult for a 
pede,crian ,vho is visually-impaired to know when a 
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vehicle ha~ yielded right-of way. While accessible pedes­

tr ian signal<; can help w ith the,e i,sue,, more research is 

curren tly underway through the National Cooperative 

Highw:iy Rese:irch ProgrJm (NCHRP) to further 

explore the problem and dewlop potential solutions. 

Refer to NC HRP Project 3-78, Crmsing Soluriom :it 

Roundabouts and Channelized Turn Lanes for Pedes­

trians w ith Vision Disabilities (a l www4.trb.org/ trb 

/ crp. nsf/NC:HR. P+projects) for the late,t sc;1cus report. 
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INTERSECTION DESIGN 

There ;i re several counter111easure5 that ;ire specifically 
ai med at improving intersection s;ifety and mobility, 

including many of those described in the sections on 

roadway design and trat1ic calming. The countermea­
sures included in this section are as foLJo,,vs: 

• Roundabouts 

• Modified T- lntersections 

• l ntersectio11 Median Barriers 
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16. ROUNDABOUTS 

A roundabout is a c ircular iutLTSection that eliminates 

some of the conflin traffic, such as kft turns, that causes 
crashes at traditional intersections. "I 'raffic maneuvers 

around the circle in a counte rclockwise direction, and 

then turns right onto the desired street. All tratT1c yields 
to motorists in the roundabout and left-turn movements 
are eliminated. Unlike a signalized intersection, vehicles 

generally flow and merge through the roundabout fron1 

each ap proaching street without having to stop. 

This Fort Pierce, Florida, roundabout is being constructed 
to reduce speeding, improve safety, and 

enhance the aesthetics of the community. 

R o undabouts need to accommodate pedestrians and 

b icyclists. It is important that auto111obilc traffic yields to 
pedestrians crossing the roundabout. Splitter islands at 
the appro,1chcs slow vehicles and allow pedestrians to 

cros:, one direction of travel at a time. Single-lane 

approaches can be de, igned to keep speeds down to 
safer levels and allow pedestrians to cross. Multilane 

approaches can create multiple threats for pedestrians 
and are not recom1nended. 

Wayfinding and g:ip selectio11 rne, need to be :ide­

qu;itely addressed i11 th e desig11 of roundabouts so chat 
roundabouts are not a barri er co pedestrians with vision 
impairments. One possible ,olu tion is the use of acces­
sible pedestrian signals placed on sidewalks ,md spli tter 
islands to indicate both whe re to cross and w he n to 

cross. More research is currently underway through the 
National Cooperative I lighway R esearch Program 
(NC H R.P) to timber explore the problem and d evelop 
potential so lutions. R efer to NCI IRP Project 3- 78 , 

Crossing Solutions at R o undabouts and C hannelized 
Turn Lanes for Pedestrians with Vision Disabilities (at 

wwvv4.trb.org/ trb/ crp.nsf/NCHRP+ projects) for the 
latest status report. 

Purpose 

• Improve safety at intersect ions experiencing a 
large number of angle co ll isions. 

• Convert signalized intersection to improve traff ic 
flow effic iency. 

• Reduce speeds at intersect ion. 

• Create a gateway into an area. 

Considerations 

• Street widths and/or available r ight-of-way need 
to be suff icient to accommodate a properly 
designed roundabout. 

• Roundabouts have a m ixed record regardi ng 
pedestrian and bicyclist safety~a low design 
speed is required. 

• Roundabouts are general ly not appropriate for 
the intersection of two multilane roads. 

• Roundabouts often work best where the traffic 
flows are balanced on all approaches. 

• Deflect ion on each leg of the intersect ion must 
be set to control speeds to 24-29 km/h (15-1 8 
mi/h). 

Estimated Cost 

The cost for a landscaped roundabout varies widely 
and can range from $45,000 to $150,000 for 
neighborhood intersections and up to $250,000 for 
arterial street intersections, not including additional 
ri ght-of-way acquisition. Yet, roundabouts have lower 
ongoing maintenance costs than traffic signals. 

I3icyclists also may be disadvarnaged by roundabout 
design. Unless the road is narrow (o ne lane in each 
directio n). speeds are s]O\Y, and tratfic very light, bicy­

clists may not be able to share the road comfortably. 
Marking bicycle lanes through the roundabout has not 

been shown to be safe r. In larger roundabouts, an off­
road bicycle path may be necessary to allow cyclists to 
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use the pedescri,111 route. This is inconven iem and rakes 

long<.-r but it w ill improH' sat~ry. Refer to the f-HWA 
report R,,1111da/,,,1trs, An li!fc1 r111ari,111,il C11idl' (onl ine .lt 

http: / hvww.tfl1rc.govhafety/ noo68 .hr111) for more 
inforrn,1tion rebted to the de,ign of facilitie, for both 

pede,tri:rns and bicyclists. 
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17. MODIFIED T-INTERSECTIONS 

T im dl'\1gn tre.ltment is intencied for CL'rt.1i11 T-i mersec­

tiom o n lowe r-\·olu 111e srreer, in n:•,idemi,11 .1re,1s when: 

thne i~ a need to ri:-duci:- the , peeci, of through tr.1ffic. It 

invo lves a gradual cu rb e,temion or hulh ,lt the top of 

the T. rnch th.it vehicles are dt>tkct,'d ,I igh rly ;1, they p:i,s 

straight Ll1rough the inter,ecrio n (\l'e di;1g r.rn1) . This 

type of design can help to di,cour:1ge mt-through tr,1f­

fic in a 11eighburhood and can reduce '[Jl'ed, ;H rlw imer­

sectiun. If not properly desig11ed , it crn n e.1te confusion 
regarding priority of movc1111._' ll t. Consider .1 min i-ci rcle 

before imtalllllg this treatment. 

This modified T-1ntersection in Portland, Oregon, 
1s intended to reduce speeds of through traffic 

as well as restrict left-turning vehicles. 

Purpose 

• Reduce vehicle speeds through a T-intersection 
on a low-volume street. 

Considerations 
• Used when vehic le volumes are low to moderate. 

• A mini-traffic c ircle may accomplish the same 
objective and may be less costly and confusing. 

• If designed to eliminate some turning move­
ments, the affected neighborhood residents 
should be consulted for input and an ana lysis of 
traff ic patterns done to ensure that through traf­
fic would not be diverted inappropriately. 

• Pedestr ian and bicycle access must be accom­
modated through the island. 

Estimated Cost 
$20,000 to $60,000, depending on the design and 
whether drainage and util it ies need to be relocated. 
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18. INTERSECTION MEDIAN BARRIERS 

This ,horrened ver,ion of :i r:iised curb 111cdia11 cxtemb 

through the intern"ction to prevent cru,~-,trcct through 

movements and left turning 111ove111c11t, to cross-streets 

from tlw 111:iin strc-c-t. 

In tersect ion median barr iers need to keep walk ing and 
bicyc ling flowing freely through the neighborhood . 

T hi, treatment can benefit pedestriam \\ hu need to c ross 

:my leg of the intersection . but rc,trict~ whick entry 

into and out o f ne ighborhoods ,md ca11 the refore g re,1t­
ly reduce cut-through t raffic. However. ~111cc this t1T at-

111e11t c-111 dr:im:iti cally influence tratttc p:ittcrn, and h ave 

poternially negati ve comequence, c:iused by , hifcing 

traffi c, it sho uld be used cautiously. Crossing islands can 

provide benc fi ts to pedem·ians if th:1t is the desire. This i~ 

aim ;i traffic 111,mage rnent techn iciue. 

C ut-througlis 111mt be incorporated into the design for 

pcdc~tria11 and bicyclist use. 

Purpose 

• Reduce cut-through traffic on a neighborhood 
street. 

Considerations 

• Local residents need to be provided access so 
they do not have to drive excessive distances to 
their homes. 

• An analysis of t raffic patterns shou ld be done to 
ensu re that cut-through traffic would not be 
diverted to a nearby street. 

• Design shou Id ensure safe and convenient bicy­
cle and pedestrian access. 

• Ensure that emergency access is not negatively 
impacted. Some designs (e.g., high mountable 
curbs) may al low fire t ruck access, wh ile inhibit­
ing cars. 

Estimated Cost 

$10,000 to $20,000. 
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TRAFFIC CALMING 

Traffic c:1lmillg is a way to design ~erects. using phy~ic;1l 

1ne:1sures, to encourage people to drive more ,lowly. It 

c rL'Jtes physi c:11 and visu:11 c ues rh,H induce drivers to 

travel ,lt slower speeds. Traffic calming i, ~elf-enforcing. 

The design of the roadway results in rhe desired effect, 

withou t relying on compliance wi th tr,dlic comrol 

dev ices such as signals, signs. and without enforcement. 

While clements such :is landscaping and lighting du not 
force a change in d r iver behavior. they can provide the 

vi ual cues that encouragc people ro drive m on: ,lowly. 

The reason traffic calming is such a powerful a11d com­

pelling tool is that it has proven to be so effectiw. Some 
of the effects of traffic calming, such ,IS fewer and less 

severe crashes, :ire cle:1rly m easurable. Others, such as 

supporting community livability, are less tangible.:, but 

equally imporrant. 

Exper ience throughout Europe, AustrJlia, and North 
America has shown that traffic calming, if done correct­

ly, reduces craflic speeds, the numbe r and severity of 

crashes. and no ise level. R.esearch 011 tr:1ffic-ca lrn ing 

projects in the United State, supports tht> ir effectiveness 

at decrt'asing automobile.: , pceds, reducing the numbers 

of crashes, and reducing noise levels for specific contexts. 
Looking at a ,an1plc of var iom speed studies shows chat 

typical sp eed reductions of 5 to 20 percem ,lt the 85th 

percentile speed can be reali7ed by the use of traffic­
calming measures-includin g speed c:ib les, m in i circles, 

speed humps, :m d oth er st:ind:i rd cr:iffic-calming 

devices. 1 U se of sever:i l of the traffic-calming m<.:'asures 
have also rt'sul ted in suhstami:il reductions in motor 

veh icle crashes. Fo1- example. the implementation of traf­

fic mini-circles i11 Seattle ha~ resulted in a reduction of 

approxim:Ht>ly 80 percent of imersection accident,. 1 

There are cert.1in overall consideration, that arc applie1-

ble to bo th tr:i ffic 111,m ,1gement and traffic calining: 

• Vehicle speed is 1110JT cr iticJl th:in volume in terms 

of safety and should bc addressed first where the re are 

monetary constraints. 

• Neighborhood involvement is irnport:int to ~uccessful 

i111ple111encacion. R:itionale fo r craftic-caln1111g and 

managem ent measures should be explained clearly to 

co111munity residen ts and in . ca llation of these treat­

ments sho uld incorpor:ite public input. Please sec 

Chapter 7: Imple m t'11 t;1tion and R esources for a di,­

cussion of public proces~. 
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• Traff1c-ca l111ing and 111,magement measures sho uld fie 

into, and preferably enhance, the street environment. 

• Traffic-cal111ing desigm should be µrcdi ct:ible and 

easy to understand by driven and other users. 

• Devict's tint meet multiple goals are muall y more 

acceptable. r or ex:imple, a rai,ed crosswalk m ay be 

more u11derscandab le to 111otoriscs than a , peed hump. 

The fo rm er hJs a clear goal, w hereas the latter may be 

perceived :is :i nuisance. 
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This m1dblock crossing is in Ka lamazoo, Michigan. 
The landscaping and textured crosswalk are visually 
appealing and provide a clear message about where 

pedestrians can be expected to cross the street. 

• Treanrn:nt~ need to be well designed :rnd based 011 
current available information on thei r applications and 

effects. Information on U.S. experiences with various 
traffic-calming measures can be found in ITE's I h!{/ic 
Ca/111i11s: State C?f the Pracrire.' 

• Devices should accommodate cmcrgrncy vehicles. 

• Traffic-calming arcas or fa cilities should be adequate­
ly ,igned, marked, and lit to be visible to motorists. 

• Treatments need to bc spaced appropriately to have 
the desired e ffect on spccd-coo far apart and they 
will have a limited effect. too close and they w ill be 

an unnecessary cost :111d annoyance. Devices usually 
need to be spaced abo ut 91 to 152 m (300 to 500 ft) 
ap:uc. If they ;ire ,p:iced too for apart, motorists may 

speed up between them. This is particularly the case 
w here the devices :ire :idded onto the street (e.g., 
speed humps). Whole street designs arc usually able 

to create an environm ent that rnpports slower speeds 
for the entire length . 

• Facil ities should not be underdesigned or they will 

not work. Keeping the slopes too gradual for ;i speed 
table or curves too gentle for a chicane will not solve 
the problem and will appear as a waste of 111oney and 

may ruin chances for future projects. 

• Traffic-calming measures should :1ccom111odatc bicy­

clists and pedestrians w ith disabilities. 

• If a measure is likely to divert traffic onto another local 
street, the areawide street system should be considered so 

as not to shift the problem from onc place to another. 

• Devices should be thought of as elements of a traffic­

calming systcn1 and be placed co improve pedestrian 

conditiom throughou t an area. 

Traffic calming trea tments 111:1y be used in combina­
tion and are often most effective this ,v:iy. T he 1-t traf­

fic calming countermeasures in this guidc include: 

• Curb Exttnsio ns 

• C hokers 

• Crossing Island 

• C hicanes 

• Mini-Circles 

• Speed Humps 

• Speed Tables 

• !Zaised Intersections 

• R ai,ed Pedestrian Crossings 

• G:itcways 

• Landscaping 

• Specific P:iving Treatments 

• Scrpcntine Design 

• Woonerf 
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Traff ic-calming improvements need to include input from 
and coordination with neighborhoods that are impacted. 

TRIALS AND TEMPORARY INSTALLATIONS FOR 
TRAFFIC CALMING 

In communities tty ing trafli c calming for the hrst time. it 

may be meful to b y o ut a new design w ith cones or tem­
porary marking-s to test it. This provides emt'rgency vehi­

cle drivers, residents. and other, with an opportunity co 
test the dt'sign to ensure that they are comfortable w ith 
it. Some communities have constructed elaborate tempo­

rary devices w ith concrctc ur plastic ("jersey '") barriers. 
T hese can instill :i neg:itivc reaction in the community 

due co the ir un:iesthctic appearance and they do not gen­

erally have any significant benefits over the simpler te,t 
devices. Another option is to install more aesthetic test 
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ckviccs, such as p:i inted fl exible curbs that are bolted into 
the pavcmcm and can e.1s ily be adjusted or removed. 
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19. CURB EXTENSIONS 

Curb cxlcllsions-also known a, bulb-out, or neck­
dowm-cxrend the sidewalk or cud, line o ut 111to the 

parking lane, ,vhich reduce~ rhe effectiw . trcct width. 

Curb extrnsions significantly improve pedc)tria11 cro:is­

ings by reducing the pedestrian nm,ing dista nce, visual­
ly and physically narrowing the roJdway, illlpro\'ing the 

ability of pedestrians and 111otorim to ,ec each other, and 
reducing the time that pedestriam are in the street. 

This curb extension in Venice, Florida, reduced motorist 
turning speeds by 9.7 to 12.9 km/h (6 to 8 mi/hl. 
Pedestr ian crossing distance and t ime exposed to 

traffic was also reduced. 

CLll-l, extensions placed at a11 intersection essentially pre­

vent motorists from p,irking in or too clme to a cross­
walk or fro m blocking a curb ramp or crosswalk. Motor 
vehicles p;irked too close to corners present a threat to 

pedestri,111 safety. , incc they block sigh tlines, ob,cure vis­
ibility of 1wdestriam ,llld other ,·chicles, and make tu rn­
ing particularly ditli cult for rn1crgency vehicles and 

A curb extension on an arterial street in Seattle, Washington. 
The crossing distance for pedestrians is substantially 

reduced by the installation of this device. The extension is 
limited to 1.8 m (6 ft) to allow bicyclists to pass safely. 

Purpose 

• Improve safety for pedestrians and motorists at 
intersections. 

• Increase visibility and reduce speed of turning 
vehicles. 

• Encourage pedestrians to cross at designated 
locations. 

• Prevent motor vehic les from parking at corners. 

• Shorten crossing distance and reduce pedestrian 
exposure. 

Considerations 

• Curb extensions can provide adequate space on 
narrow sidewalks for curb ramps and landings. 

• Curb extensions shou Id only be used where there 
is a parking lane, and where transit and bicy­
clists would be traveling outside the curb edge 
for the length of the street. 

• Midblock extensions provide an opportunity to 
enhance midblock crossings. Care should be 
taken to ensure that street furniture and land­
scaping do not block motorists' views of pedes­
trians. 

• Where intersections are used by sign ificant num­
bers of trucks or buses, the curb extensions need 
to be designed to accommodate them. However, 
it is important to take into consideration that 
those veh icles should not be going at high 
speeds, and most can make a tight turn at slow 
speeds. 

• It is not necessary for a roadway to be designed 
so that a vehic le can turn from a curb lane to a 
curb lane. Vehicles can often encroach into 
adjacent lanes safely where volumes are low 
and/or speeds are slow. Speeds shou ld be slow­
er in a pedestrian environment. 

• Emergency access is often improved through the 
use of curb extensions if intersections are kept 
clear of parked cars. Fire engines and other 
emergency vehicles can climb a curb where they 
would not be able to move a parked car. At mid­
block locations, curb extensions can keep f ire 
hydrants clear of parked cars and make them 
more accessible. 

• Curb extensions can create add itional space for 
curb ramps, landscaping, and street furniture 
that are sensiti ve to motorist and pedestrian 
sightl ines; th is is especia lly beneficial where 
sidewalks are otherwise too narrow. 

• Ensure that curb extension design facilitates 
adequate drainage. 

78 Countermeasures Pedestrian Safety Guide and Countermeasure Selection System 



I
; 
~ ~ ,. \ . - ·-·r; 

.. _ 'I, , , 

r . 

. . 

A curb extension on a residential street in Seattle, 
Washington . In addition to improving pedestrian safety at 

this intersection , the extension provides additiona l sidewalk 
space for a bicycle rack and accessible curb ramp. 

trucks. M ororists are encouraged to travel more , lowly at 
intersections o r mi<lblock locJtions with curb exte n­
sions, as the restricted street width send, c1 vi, u:d cue to 
mo torists.Turning speeds at intnsections c:111 be reduced 

w ith curb extensions (curb rc1di i ~hould be ,1s tight as is 
practicable). C urb extensiom al,o pro\'ick ;idditional 
space for curb ramps and for level ,1dcw,1lk, whl're exist­

ing space is limjted. 

C urb extensio ns ;i re only ;ippropriate where there is an 
on-street parking bne. Curb extensions must not extend 
into traVl'i l,mcs, bicycle lane,, or shoulders (curb exten­
sions should not extend mo re than I .8 m (6 ft) from the 

curb).The turning needs ofbrger vehicles, such as school 
buses, need to be considered in curb extension design. 

Estimated Cost 
Curb extensions cost from $2,000 to $20,000 per 
corner, depending on design and si te conditions. 
Drainage is usually the most significant determ inant 
of cost. If the curb extension area is large and spe­
c ial pavement and st reet f urn ishings and planting 
are included, costs would also be higher. Costs can 
go up significantly if something major, such as a 
utility pole or controller box, is moved. 

Adapted from Making Streets That Work. Seattle, 1996 
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20. CHOKERS 

Chokt'r, arc curb excensio m ch,H 1u1-rm\· ,1 , creel by 
\Yidt'ning the , idewalk, or planting strip, , t' lt~·ctin·ly cre­

ating ,1 pinch poi11t alo ng the street. Choker, can be cre­

ated by bringing bo th curbs in , or tht'y c111 lJL· don t' by 

more dra11 1ancally \videning one , ide .ir a n11dblock loc,1-

rion. l'ltcy can also be used ,H im er,ect1om. crt'ating a 

gateway e ffect \Vhen ente ring ,l 'itl't't' t. 

This choker narrows the street from two lanes to one. Traffic 
is forced to slow down and, in some cases, wait for an 

approaching vehicle to pass before proceeding. 

C ho ker, can have a dramatic effen by reducing a t\\'O ­

bne ,trcl'l to 011e bne at the choker point (o r two nar­

row lanes), requir ing m otorists to yield to each othn or 
, low down. ltt ordt'r for this to tunction dTt'cti\·ely. the 

w idth of the travcl\\'ay cannot be \Yide enough for two 
cirs to p:1,s: -1-.1) 111 ( 16 fr) is generally effecti\'e (and wi ll 

;i llow t' mergcncy \'chicles to p;iss unimpeded). Thjs kind 

of de,ign is u,u.tl ly o nly appropriate fo r 10\v-volumt·, 
lm\·-spt'cd ,treet,. 

~ • Slow vehicles at a mid-point along the street. 

• Create a clear transition between a commercia l 
and a residenti al area. 

• Narrow overly wide intersect ions and midblock 
areas of streets. 

• Add room along the sidewalk or planting strip for 
landscaping or street furn iture. 

Considerations 
• If two travel lanes are maintai ned on a two-way 

street and/or the travel-lane widths are unchanged 
(at the location of the choker), it will have a min­
imal effect on speed . 

• Consult with loca l fire and sani tation depart­
ments before sett ing minimum width. 

• Ensure that bicyc list safety and mobility are not 
dimi nished. 

Estimated Cost 
$5,000 to $20,000, depending on site condit ions 
and landscaping. Drainage may represent a signif i­
cant cost. 
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Adapted from Making Streets That Work, Seattle. 1996 
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21. CROSSING ISLANDS 

Crossing isLrnds- also known as cenrer islands, refuge 

islands, pcdt'srrian island,, or median slow poim,-are 
raised islands pbced in th e center of the street at i11tersec­

tio11s or midblock to help protect crmsing pedt'strians 

fi-0111 motor vehicles. Center crmsing islands allow pedes­
trians tu deal w ith only one direction of traffic at a time, 

and tl1cy enable tht'm to stop p:irtway across the ,treet and 

wait for an ackguate g:1p in traffic before crmsing the sec­
uml half of the srreer. Where midblock or intersection 

cros,walb arc installed at uncontrolled locatiom (i.e. , 
w here no traffic , ignals or ,top ,igns exist), cros,ing islands 

~hould b~· considered as ,1 supplement to the crosswalk. 
They arc also appropri:lte ar signal i7ed crossings. If there is 

enough width, center crossing isbnd, and curb extensions 

can be used togcdlt'r co create a highly improved pedes­

rrian cro~,ing. I )etecrable w:irning; are needed at cur­
through~ to ide1Hify the pedestrian refuge area. 

Crossing islands allow pedestrians to be concerned with 
one direction of traffic at a time. The roadway markings 
in the design shown here also help make motorists aware 

that a pedestrian may be crossing. 

This kind of faciliry has been demonstrated to significant­
ly decrt>ase the percemage of pedestrian crashes.' The fac­

tors contributing to pede,tri,m safety include reduced con­
fli ct,, reduced whicle speeds approaching the i,bml (the 

approach can be designed co force a greater slm\·i11g of cars, 
depending on how dramatic the curvature is), greater 

attention caJJed to the existence of a pede,trian cros~ing. 

opportunities for additional signs in the mjJdk of the road. 
:ind reduced exposure time for pedesa-iarl',. 

C urb ex tensions may be built in conjunction w ith cen­

ter crossing i, Lmds \vhere there i, on-street parking. Care 

should bl' taken co maintain bicycle access . Bicycle lanes 
(or shoulders, o r \vhatever ,pace is being used for bicy­

cle travel) 111ust not be eliminated or ,queezed in order 
to create the curb exren,iom or i, lands. 

Purpose 
• Enhance pedestrian crossings, parti cu larly at 

unsignalized crossing points. 

• Reduce vehicle speeds approaching pedestrian 
crossings. 

• Highlight pedestrian crossings. 

Considerations 
• Do not squeeze bicycle access. 

• I lluminate or highlight islands with street l ights, 
signs, and/or reflectors to ensure that motorists 
see them. 

• Design islands to accommodate pedestrians in 
wheelchairs. A cut-through design such as depict­
ed in the photo must include detectable warnings 
(see f igure on p, 53). 

• Crossing islands at intersections or near drive­
ways may affect left-turn access. 

Estimated Cost 
Costs range from $4,000 to $30,000. The cost for 
an asphalt island or one without landscaping is less 
than the cost of installing a raised concrete pedes­
trian island with landscaping. 
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22 . CHICANES 

C h ic mes cre:ite :i hori7o ntJ ] diver, io n of traffic and c 111 

be gentler or 111o re restrictive depending 0 11 tlie design. 

Diverting the Path ofTravel. Shifting ,1 travel bne h:1, 

an effect on speeds as long as the tJper i, not ,o gr:1du.1l 

that niotorists can maintain speeds. For tr.1fl'ic c1l m i11 g, 

tlie taper lengths may be as much a, half of wh:1t i, ,ug­

gested in traditional highway engineering. 

Shifts in tr:m :·lw:1y, can be crL·att.·d by shitting park ing 

from one side to th <.· o ther (if there i, o nly , pace tor o ne 
,ide of p:1rking) o r by buildlllg b1Hl,c1ped islands (islands 

can :ilso etl:ectivd y \upplrnirnt tlic p,irking shift). 

The chicanes pictured above narrow this resident ial street to 
one lane and require traffic to move slowly. 

Diversion Plus Restriction (Angled Slow Points) . 
Diverting the path of travel plus restr icting the lanes (as 

described under " C hokers; ") mu:ill y consists of :t series of 
curb extensiom, na1-rm\'ing the street to two n:irro\,. 

lanes or o ne bne at selected point, and fo rcing motor ists 
to slow down to rn ,1neu ver bet\\'een them. Such trcJt­

mem , are intended fo r use only o n residential streets 

w ith low traffi c volumes. 

If there i, n o re~triction (i .c .. tlie number of l,111cs is 

111ai 11t,1i11 ed), chicane, c,111 be created on stre<:t'i ,,·i rh 

higher volume,, such JS collectors or m ino r aneri,1 ls. 

Purpose 

• Reduce vehicle speeds. 

• Add more green (landscaping) to a street. 

Considerations 
• Chicanes may reduce on-street park ing. 

• Maintain good vi sibil ity by planting on ly low 
shrubs or trees with high canopies. 

• Ensure that bicyclist safety and mobi lity are not 
diminished. 

Estimated Cost 
Costs for landscaped ch ica nes are approximately 
$10,000 (for a set of three ch icanes) on an asphalt 
street and $15,000 to $30,000 on a concrete 
street. Drainage and utility relocation often repre­
sents the most significant cost consideration. 
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23. MINI-CIRCLES 

M ini-circles :ire r:iised circular ishnds comtructed in the 

cemc-r o f residential street imer~enions (generally not 

intended for use vvhere one o r bo th , t reet, are arter ial 

street~). They reduce veh icle 5peed, by forc ing m otorists 

to 111a11cuvc-r :iround them. Mini-circh:·, h,n-e been found 

to reduce lllotor vehicle crzishe5 by an :iverage of90 per­
u:11t i11 Seattlc-,WA. 1 Drivers making left turns :ire di rect­

ed to go 011 the far side of the circ le (see diagra111 at 
right) prior to making the turn. Signs 5h o uld be inst;1lled 

directing motorists to proceed :iround the r ight , ide of 

the circk before passing through or 111.iking :i left turn. 

Mini-circle~ arc cu111111o nly landscaped (bushes. flowe r5, 

o r g rass), m ost o ftt·n at loc.nions whe re tht' n t' igbbor­

hood has agreed to 111ai11tai11 the pbnts. In locations 

where landscaping i~ not feasible, traffic circles can be 

enhanced through ~pecific pavement materials. 

A traffic mini-circle helps reduce vehicle speeds, but sti ll 
allows cars and emergency vehicles to pass through the 

intersection with little difficulty. 

Mini-circle, ;ire ;i n inter~ecrion irnprovement as well as 

a traffi c-cal ming device and can take the place of a sig­

nal or fou r-,Yay stop sign. M any unwarranted four-way 

stop sigm are installed because of the de mand for action 

by the community. 

Mini-circle, must be properly designed to , low vehicles 

and benefit pedestrians and bicyclists. Right- turning ve­

hicles are not controlled at an intersection with a 111ini­

circle, potentially putting pedestrians and bicycl ists at 

risk. 

The refore. tight curb radii should cornplemenc this treat­
m ent to d iscourage high-speed right- turn maneuvers. 

The occa, io nal larger \·ehicle going through an intasec­
tion with a traffic circle (e.g., a fire truck or moving van) 

can be acco111111odated by creating a mountable curb in 

the outer portion of the ci rcle. 

Purpose 
• Manage traffic at intersections where volumes 

do not warrant a stop sign or a signal. 

• Reduce crash problems at the intersection of two 
loca I streets. 

• Reduce veh icle speeds at the intersection. 

Considerations 
• Do not make generous allowances for motor vehi­

cles by increasing the turning rad ii-this com­
promises pedestrian and bicyclist safety. 

• Larger vehicles that need access to st reets (e.g. , 
school buses and fire engines) may need to 
make lefthand turns in front of the circle. 

• Use yield, not stop, controls. 

• Mini-circ le landscaping should not impede the 
sight distance. 

• Treat a series of intersections along a loca l street 
as part of a neighborhood traffic improvement 
program. 

Estimated Cost 

The cost is approximately $6,000 for a landscaped 
traffic min i-circle on an asphalt street and about 
$8,000 to $12,000 for a landscaped mini-circle on 
a concrete street. 

----
11111 

I 
Adapted from Making Streets That Work, Seattle, 1996 
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24. SPEED HUMPS 

25. SPEED TABLES 

Speed humps arc paved (usually :l';phalt) and approxi-

111ately 75 to l 00 111111 (3 to 4 i11) high at their cemcr. 
and extend the full width of the street ,,·ith height 

tapering near the drain gutter to Jllow unimpeded b icy­
cle travel. Speed humps sho uld not be confused with 
the speed "bump" that is often found in mall parking 

lo ts. There arc ~cvcral d esigns for speed hump, . The tra­
ditional 3 . 7-m ( I2- fr) hump ha, a design ,peed of 24 to 

32 km/ h ( 15 to 20 mi / h). a 4.3- m ( I 4- ft) hump a few 
m iles pe r hour higher. and a 6.7- m (22- fi:) table has a 

dc~ign spcc·d of 40 to 48 km/ h (25 to 30 mi/ h). The 
longer humps are 111uch gentler fo r larger vehicles. 

Speed humps are frequent ly used on some residential streets 
to reduce speeds. However, they can create unwanted noise 
if t hey are too severe, or cause motorists to slow down more 

than is necessa ry. 

A "speed cable" is .1 term used to describe a very long 

and broad speed hump, or a flat copped speed hump, 
w ht: re sometimes a pedestrian crossing i, provided in the 

flat portio n of the speed cable (see countermeasure #27). 

The speed table can either be parabolic, making it more 
like a speed hump, or trapezoidal. which is used more 
frequently in Europe. Speed cables can be used in com­
bination with curb extensions where parking exi,t,. 

Purpose 
• Reduce vehic le speeds. Raised measures tend to 

have the most predictable speed reduction 
impacts. 

• Enhance the pedestrian environment at pedestri­
an crossings. 

Considerations 
• Do not use if on a sharp curve. 

• If the st reet is a bus route or primary emergency 
route, the design must be coord inated with oper­
ators. Usually, some devices are acceptable if 
used prudent ly-one device may be appropriate 
and may serve the primary need (e.g., if there is 
a part icular locati on along a street that is most 
in need of slowing traffic and improving pedes­
trian condi tions). 

• The aesthetics of speed humps and speed tab les 
can be improved through the use of co lor and 
spec ialized paving mater ials. 

• Noise may increase, part icularly if trucks use the 
route regularly. 

• May create drainage problems on some streets. 

• Speed humps and tab les should be properly 
designed and constructed to reduce the chance 
of back problems or other physic a I discomfort 
experienced by vehicle occupants. Tight toler­
ances are requ ired during construct ion. 

Estimated Cost 

The cost for each speed hump is approximately 
$1,000. Speed tables are $2,000 to $15,000, 
depending on drainage conditions and materials used. 
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26. RAISED INTERSECTIONS 

27. RAISED PEDESTRIAN CROSSINGS 

A raised intersection is esm1tially a speed ubk (sec pho­
cogr.1ph belmv) for the emire incersectio11. Comtruction 

involves providing ralllps on each vdnck approach , 
,vhich elevates the entire incersection co the levd of the 

sidew,1lk. They can be built with a variety of materials, 

including :i,phalt, concrete, stc1rnped concrete, o r pavers. 

The nm,walks on each approach are also e levated as part 

of the tre;n 111ent to enable p t.:destrians to cros~ the road 

at the ,ame level ;is the sidew.1lk, elilllinating the need for 

curb ramps. Use detectable w.1rnings co mark the 

bo undary between the sidewalk and the scret·t. 

A raised intersection slows all vehicu lar movements 
through t he in tersection and improves pedestrian 

crossings in al l di rections. 

A raised pedestrian crossing provides a continuous 
rou te for the pedestrian at the same level as t he 

sidewal k. Pavement markings may be used on the 
slope to make t he crossing visible to motorists. 

A ra i, ed pedestrian crossing i, also essemially ,1 speed 

tabk, wi th .1 flat portion the ,,·idch of a crossw,dk, usual­

ly 3.0 to -U, 111 (JO to 15 ft). R ai,ed intersectio ns ;111d 
crosswalk-. encou,-:ige mororisc~ to yield. O n one street 

Purpose 
• Reduce vehic le speeds. 

• Enhance the pedestrian environment at the 
cross ings. 

Considerations: 
• Don 't use if on a sharp curve or if the street is on 

a steep grade. 

• May not be appropriate if t he street is a bus 
route or emergency route. One device may be 
necessary and serve t he primary need. Several 
raised devices may be disruptive, so other meas­
ures should be considered. 

• Speed tables and raised crosswa lks and inter­
sections can be an urban design element 
through t he use of special paving materia ls. 

• Detectable warn ing strips at edges enable 
pedestr ians with vision impairments to detect 
the crossing. 

• Care must be taken to manage drainage. 

Estimated Cost 
Raised crosswalks are approximately $2,000 to 
$15,000, depend ing on drainage cond it ions and 
materia l used. The cost of a ra ised intersection is 
highly dependent on the size of the roads. They can 
cost from $25,000 to $75,000. 

_J 
ODIJ 

7 
Adapted from Making Streets That Work, Seatt le, 1996 

i11 Calllbridgc, MA , motorisrs yielding to pedestrians 

LTo,~ing at the r:1 i~ed devices went from :ipproximately 

I() percent befon...- i11st,1lbcion of the project to SS per­

cent :1frer imcall,1tio11. ' 
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28. GATEWAYS 

A gateway is a µh y~ical or geo111ctric landmark that indi­

cates a cha11gc i11 c11vironment from a higher speed arte­

rial o r collector road to a lower speed n:'sidencial o r co111-

111ercial di~trict. T hey often place a higher emphasis on 

The combination of landscaping and a short med ian 
create a gateway to t his neighborhood. 

aesthe tics and a re frequently m ed to identi fy neighbor­

hood and commerci;il ;ire;is within :i Luger urb;rn sclti11g . 
Gateways 111,1y be a co111bi11ation of street 11:i rrowi11g, 

medians, signing, archways. roundabouts. or o ther iden­

tifiable framre. Gatew.1ys should send a clear mes,age to 

motorists that they luve reached a specific pbce and 

mmt reduce speeds. This can help achieve the go:il of 

llllTting expectations and preparing motorim for a clif­
fi.:rl·11t drivmg enviro11111e nc. Gateways are onlv an intro­

duct1011 and slown speeds are no t li ke ly to be main­

t:i ined unks~ the cntire ,1rea has been redesign ed or other 

trafTi c- cahni11g ti.·,nun:s are used . 

Purpose 

• Create an expectation for motorists to drive more 
slowly and watch for pedestrians when entering 
a commercial, business, or residential district 
from a higher speed roadway. 

• Create a unique image for an area. 

Considerations 

• Traffi c-slowing effects wi ll depend upon the 
device chosen and the overa ll traffic-calming 
plan for the area. 

Estimated Cost 

Varies widely depending on the measures chosen. 
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29. LANDSCAPING 

The careful use o f landscaping alo ng a street can provide 

separation between motorists and pede5tria11s, reduce the 
visual width o f the roadway (which can help to reduce 

w hicle spccd,) . and provide a more pleasant street envi­
ronme nt for ,di. T hi~ can include a variety of trees, bush­
es, and/ or flowerpots. which can be planted i11 thL· buffer 

area between the sidewalk or \valkway and the street. 

Landscaping with low shrubs, ground cover, and 
mature trees that are properly pruned can add shade, 

color, and visual interest to a street. 

The most significant issue w ith any la11c.lscapi11g sche me 
is ongoing maintenance. Some co111111u11ities have man­

aged effectively by creating homeowners associations to 

pay fo r landscape maintenance o r through the volunteer 

efforts of neighbors. Others have found them to be 
unreliable and budgec fo r public maintenance instead. 

Consider adding irrigation syste ms in areas with exten­
sive planting. 

C hoo ing app rop riate plams, provicLng adequate sp;ice 
for rnaturatio n , and preparing che groun<l can help 

e nsure that tht'y survive with minimal m aintn1ance, and 
don 't bucklt' the sidt'walks as tht"y mature. The fo llow­
ing guideline, sho uld be consid t' rt'd : plants should be 
adapted to the loc i] cl i rmte :ind ht the ch:ir;icter of the 
, urroun<ling :in::',1- they , ho uld survive w ithout protec­
tio n o r intensive irrigation; :ind plant's growth patterns 

should not obscure signs or pedcstriam ' and motorists' 
view, of e:JCh o ther. 

Purpose 

• Enhance the street environment. 

• Ca lm t raff ic by creating a visual narrowing of t he 
roadway. 

Considerations 

• Maintenance must be considered and agreed to 
up-front , whether it is t he municipal ity or the 
neighborhood residents who will take responsi­
bil ity for maintenance. 

• Shrubs should be low-growing and trees should 
be trimmed up to at least 2 .4 to 3 .0 m (8 to 10 
ft) to ensure that sight distances and head room 
are maintained and personal security is not 
compromised. 

• Plants and trees should be chosen with care to 
match the character of the area; be easily main­
tai ned; and not create other problems, such as 
buckling sidewalks. 

• Minimum c lear widths and heights, as specif ied 
in the Draft Guidelines for Accessible Public 
Rights-of-Way, must be ma intained. 

Estimated Cost 

Opportun it ies for funding landscaping are often more 
f lexible t han for major street changes. For example, 
the cost of the actual landscaping may be paid for by 
the corresponding neighborhood or business groups. 
Often, municipa lit ies wil l pay for the init ial instal la­
tion and homeowners associations, neighborhood 
residents, or businesses agree to maintain anything 
more elaborate t han basic tree landscaping. 
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30. SPECIFIC PAVING TREATMENTS 

l\l\'i 11g 111arer ial, are imporrant to the t'u11ctio11 and look 

o( .1 ,trect. both in tl1L· road and 011 the ,idcw.1lk. Occa­

,io11;11l y, p.1,·ing 111.1tn1.il\ i11 ,1ml of them,elves ace a~ a 

tra1Tic-cali11111g device (<:.g., w hen the street i, p.wed in 

brick or cobbk,to1 IL') . H own·er. ,om c of these n1.1teri,1ls 

1nay be 11o i~y a11d u11frie11dly to bicyclim. ped<:,triam. 

\\ hcL"lclwr,. or \110\vplow b lades. I 11 particular. cobble­

\to11es ~liou ld not be m ed in the expected pede~tr i,1n or 

b icycl<: path. although they may be used .is ,1esthetic ele-

111e11t, i11 a screl't~cape design. Smooch tr,1wl , u rfaces ;i re 

be,t for all pedestri,uh. 

Brick or cobblestone streets help slow traffic and 
create a feeling that the street is not a highway 

or fast-moving arterial. 

The pedestrian wa]k\yay m ate rial should be firm, pl:rnar, 

and slip- resistant. Con crete is the preferred walking ,ur­

tace. A different look can be achieYed by using stamped 

concrete or concrete pavers, \\·hich are available in a va­

riety of colon and shape5; however,joinced surfaces may 
induce ,·ibracion. w hich can be pJinfi.il to some pedestri­

am. They c.111 ,1lso be used on the top of raised dt·vices. 

le is import.mt to emure cross,Yalk visibility. H igh visibil­

ity markinsx; are ofren best. Textured crosm·.1lk, , hould be 

m arked w ith rdkctivt' lines since these types of c-rcwi\valb 

,ire no t as visible. especially Jt night or Oil r.1iny d.1y,. 

Colo red p<1vi11 g c.111 often enl1.rncc th l' t"'t1nnin11 of po r­

tions o f the ro.1d\,·,1y. ,uch .1, .1 colo red hicydl' lanl'. T hi, 

C.lll c1-e,1te tllL' pnccptio n of street n,irmwi 11g. i 11 ;1dditio11 

to e11h.111ci11g the tr.1vel facility for hi,·ycli,h. 

Purpose 

• Send a visual cue about the funct ion of a street. 

• Create an aesthetic enhancement of a street. 

• Del ineate separate space for pedestrians or 
bicyc Ii sts. 

Considerations 

• Slippery surfaces, such as smooth grani te and 
pai nt, and uneven surfaces, such as cobble­
stones and brick, shou ld not be used in t he 
primary pedestri an or bicycle travel paths. 
Bumpy surfaces may be espec ially uncomfort­
able for wheelchair users and a tripping hazard 
for all pedestrians. 

• Coordinate choice and placement of materials 
wit h maintenance agencies. 

• Design and maintenance must ensure crosswalk 
visibi lity over time. 

• Usi ng materials such as bricks and cobble­
stones may increase t he cost of construct ion 
and maintenance. 

Estimated Cost 
Variable; materials requ iring hand labor (cobble­
stones or pavers) have a higher cost. 
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31. SERPENTINE DESIGN 

St'rpt'nrine dt',ign refer, ro tlw u,e of ,1 winding '>trt't't pat­
te rn w ith built-in v i,ual enh:mCt'llll'Jl[, through a nt'igh­

borhood, w hich allow for through mowmcnt whik forc­
ing veh icles to slow. The oppurtu11itil·, lor \1g11iGcam 

b11d,c1pi11g can be used to create a park- like at1nu,phLTL'. 

The serpentine street is a curving roadway that helps slow 
traffic through the use of curbs and landscaping. 

Such de, ig11s ,1re ustully implemented with conmunion 

of a ne\\' neighborhood street or du ring recomtruction 

of an exi,cing street corridor. T his type of dc,ign can be 

more expensive th.m othe r tr,1ffic-c.1l111ing optiom ;md 

needs to be coordi 11.1ted w ith drivewc1y ,1cces,. 

Purpose 
• Change the entire look of a street to send a mes­

sage to drivers that the road is not for fast driv­
ing. 

Considerations 
• Where costs are a concern, lower cost , equal ly 

effective t raffic-calming strategies may be 
preferable . 

• Most cost-effect ive to bu i Id as a new street or 
where a street will soon undergo major recon­
struction for utili ty or other purposes. 

Estimated Cost 
The cost can be high ($60,000 to $90,000 per 
block) to retrofit a street, but may be no extra to 
build a new street with th is design if adequate right­
of-way is available. 

·.l , ' 
,, 
. ,. 

Adapted from Making Streets That Work, Seattle, 1996 
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32. WOONERF 

" Woonerf" ("Street for living") is a Dutch term for a 

common space created to he shared hy pedestrians. bi cy­
clisrs, and low·-speed motor vehicles. They are typic 1lly 

narrow streets without curbs and side,-valks, and vehicles 

are slowed by placing trees, planters, parking areas, and 
other obstacles in the strt'et. Motori,ts become the intrud­
t'rs and must travel at very low speeds below 1 (, k m/ h (10 

mi/ h). This makes a strt'et available for public use tlJJt is 
t>ssenti:illy only intended for local residents. A woonerf 

identifi cation sign is placed at each \treet entrance. 

Motorists, bicyclists, and pedestrians share t he space on this 
woonerf or "I ivi ng street" in Ashevi I le, North Carolina. 

Consideration must be given to provide access by fire 

trucks, sanitation vehicles and o ther service vehicles 
(school buses and street sweepers), if needed. 

Purpose 

• Create a very low automobile volume, primari ly 
on local access streets. 

• Create a public space for social and possibly 
commerc ial activit ies and play by area children. 

Considerations 

• A woonerf is genera lly not appropriate where 
t here is a need to provide nonresident motorists 
with access to services or through t ravel. 

• The design needs to keep vehic le speeds very 
low in order to make th e streets safe for children. 

Estimated Cost 
The cost to ret rofit a woonerf may be qu ite high, but 
there wou Id be no extra cost if designed into the 
origi na I construction . 
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TRAFFIC MANAGEMENT 

Although they are sometimes lumped together. traffic 

management and traffic c:dming are diffrrent tools and 

address different problem s. Traffic 111,111 .1ge111en t includes 

the use of traditional traffic co11trol devices to 111.mage 
vo lumes and routes of traffic. Traffic c:dming deals ,vith 

what happens to traffic once it i, on a ,treet. !'Or e:om­

ple, limiting access to a street (e.g .. dive rting traffi c from 

en ter ing a street on one end) nny reduce the amount of 

traffic 011 that street , but will do nothing to affect the 

, peed of the traffic that traveh on that treet or other,. 

Traffic 111:rn,1gen1enr ;ind tr;:iffi c ca l111i11 g are often com­

plementary, and a plan to retrofit an area often include, 
;:i variery of rook 

Communities , hould think ;:ibout the bro:icler co11text of 

traffic. If there is too much traffi c on :iny o ne ,treet, it may 

be that there i, too much tr;:iffi c altogeth e r. A m ore sig-

11ific:111 t plan to reduce overall traffic volumes would be 

appropriate-encourag ing ;ind provid ing for alternate 

mode, of cra,·el by developing pedestrian and bicycling 

net\Yorks, implementing Transportation Dem:md M :m­

age111ent, enhancing transit syste 111,. improving bnd-use 

planning. e tc. Comprehemive traffic reduction or mitiga­

tion strategies are important; however, the,e ,ire beyond 

the scope of chis guide. R esources that provide guicfance 

on these issues are included in C:haptL'r 7 . 

Tr::iffic calming and traffic 1na11age111c1 1t ~liould be 
a,ses,ed. fro m an areawide pcr,pL·ctiw. T he problcn1 

should not JUSt be sh ifted from o ne street to a11o thc-r. Al­
though implementation nsualJy occurs in st,1ges, ,lll over­

all plan can be developed up-fro nt, involving a large r 

neighborhood or area of the city. 

-fraffi c calrni11g has also helped reduce motor vehicle 

traffic volumes and increase walking and bicycling. For 

cxarnple, 0 11 on e traffic-calmed street in Berkeley, C:A, 

" :,: 
0 .., 
0 

':! 
C, 
)> 

z 

"' 
CJ1_,r~.Jl:'41',.r.;;.J..:ii:.i."l §j - ~ ..,. ... ....,..,z 

This street closure in Charlotte provides needed open 
space in an urban neighborhood . 

the number of bicyc lists :ind pedestri ans more th,rn do u­

bled after th t' ,treet w::is reconstructe d with tr::ittic-calm­

ing took and motor vehicle volumes decreased by .ibo ut 
20 percenr (see Case Study No. 1; Chapter 6) . Trallic 

volume reductio n raises the qu L·stion: Where doe, the 

traffic go; 111 the lkrkeley ca,c, traffic volurnc\ 011 paral­

lel streets did 11o t accoun t for all of the traffic that disap­

peared from the traffic-caliucd ,trect. Ideally, the reduc­

tion in traffic n1cam that some people chose a different 

mode of travel, such ,1s trc111sit, w,1lking. o r bicycl ing. This 

is only feasible if a system is in place to support those 
111odcs. What is often the case in selective ,treet redesign 

is that trafl-ic is routed onto o ther streets. It is desirable co 

keep traffi c 0 11 collector and arterial streets and off resi­

dential street\. H owever, in many communities , arte rials 

c1ri..: alri..:ady over capacity, and alternate routes may also 

involve other residemial streets. 

Traffic 111an.1ge111ent and traffic calming sho uld involve the 

communi ty. Neighborhood participation ::ind the co111-

m11nity invo lwrnent process are d iscus,ed in Chapte r 7. 

Specific tr:iffic 111.m:igement counte rmeasures described in 
chi , section include: 

• Oiverten 

• FulJ Street C losure 

• P;irti;i] Stret't c:lmme 

• PL·destria11 Strccb/ Mc11ls 
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33. DIVERTERS 

A diw rtc r is an island built at a rc:-sidemial street imer­

scction that prevents certain through and/ o r turning 

Diagonal Diverter 

Star Diverter 

I 

I 
I 

CCZJ I 

71//~ 1/ 
Farced Turn Diverter 

move111e11t . Diverters affect people liv ing i 11 the neigh­

borhood more than anyone else. Therefore, diwrters 

should be co nsidered o nly w hen less rcstricciw mea­

sures arc no t appropriate. 

Purpose 

• Discourage or prevent t raffi c from cutting 
th rough a neighborhood. 

Considerations 

• Impacts residents more than through traffic. 

• Consider less restri ctive measures first. 

• Eva luate traffic patterns to determine whether 
other streets wou Id be adversely affected . 

• Design diverters to allow bicycle, pedestrian, 
and emergency vehicle access. If this cannot be 
done and the street is a major bicycle corridor, a 
diverter should not be used. 

• Diverters generally do not effectively address 
m idblock speed ing problems. 

• Diagona l diverters may be used in conjunction 
with other traffic management t ools and are 
most effective when applied to the entire neigh­
borhood street network. 

• Diverters should have strong neighborhood support. 

• The effect of d iverters on service veh icles shou Id 
be considered . 

Estimated Cost 
$15,000 to $45,000 each , depending on the type 
of diverter and the need to accommodate drainage. 

Truncated Diverter 

Four types of divertt·rs are: di:1gon:1I, star. fo rced tLJrn, ;rnd 
truncated. A diagoml diverte r breaks up cut- through 

movements :111d force, right o r left tu rns in cert:iin direc­

tion . A tar diwrter consists of a star- , h:1ped island pbced 

at the intersection . \\'hich fo rces right turm from each ap­

pro:1ch. A truncated diagonal diverter is :1 diwrcer w ith 

one end open to allo·w additional wrning movemenrs. 

Other types of island divcrters can be phcc:-d 011 one o r 
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Traffic diverters restr ict certain traffic movements and 
should only be considered when less restrictive 

measures are not appropriate. 

more approach legs to prevent throug h and left-turn 

movements and force vehicks ro turn right. 

As with o ther traffic managc1 11e11t rools, d iverter must 
be med in conjunction w iLh other traffic managem ent 

tools within tht' ne ighborhood street network. Any of 

these diverters can be designed for bicycle and pedestri­

;m :iccess. 
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34. FULL STREET CLOSURE 

A full street closure is accomplished by i11st,dli11g a phy,­

ic.11 barrie r that blocks a street to 111otor vehicle tra ffi c 

:rnd provides ,0111e m eans for vehicles to turn ,1rou11d . 

Full street clm ures should be used o nly in the rarL·~t o( 

circ u1m tances. N eighborhoods w ith cul- de-~ac ,trLTl~ 

req uire extensive our-of-the- way travd, \\'h ich 1, not .1 

111en:> convenience issue, but has serio us i111plicatio m (or 

impacts on o ther streets. All crafl-i c is fr>rced to travel 0 11 

feeder streets. w hich ha, negative comeque nces for the 

people w ho li \·e on those street, and forces high t:r levels 

of control ,lt criric1l intersectiom. 

Access is c losed on thi s residentia l st reet. 

If a strec:>t clo,ure i, done, it should always allow for the 

free through m ovem ent of all pedestrians, including 

w hec:>lch:iir mers. and bicyclists. Em ergen cy vehicles 
,hould al,o ht: able to acces, the street: this can be done 

w ith a type of b.irr ier o r gate that is electronically opn­

:ired. perm itt ing o nly largt' Yehicle, to trawne it. Exa1n­

ple, art' 111o unt.1ble curbs o r an ,iccessway with a raised 

ele111ent in the center that a low vehicle would hit, 

though chose trcam1ents may no r be able to stop p ick­

up, o r , port u til ity vehicles. This is usually only appro­

pri.ite for places w ith no sno\\' (o therw ise the ck vJCc 
would be covered \, ·i rh snO\\" and the accesS\\·ay could 

not be cleared). 

Purpose 
• Ultimate limitation of motor vehicle traffic to 

certain streets. 

Considerations 
• Part of an overal l t raffic management strategy. 

• Ana lyze whether other streets would receive 
diverted traffic as a resu lt of the street closure, 
and whether alternat ive streets exist for through 
t raffi c. 

• Provide a t urnaround area for motor vehicles, 
including service vehic les, and provide for sur­
face drainage. 

• Ful l street c losures may be considered for local 
streets, but are not appropriate for collector 
streets. 

• Do not use if the street is an emergency or 
school bus route. 

• Do not adversely affect access to destinations in 
the community by pedestrians and bicyclists. 

• Not an appropriate measure for addressing crime 
or other social problems. 

Estimated Cost 
The cost for a full , landscaped street closure varies 
from approximately $30,000 to $100,000, depend­
ing on conditions. 
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35. PARTIAL STREET CLOSURE 

A partial street closure uses a sc111i-divcrtcr to phy~icall y 

close or block one direction of m otor vehicle travel into 

or out of an intersection: it could also involve blocking 
one d irection of a two-way street. Par t ial street clmures 

at the entr;mce to a neighborhood or area should con­
sider the t raffic fl ow pattt'rn of the surrounding stree ts as 

well. The design of thi, measure sho uld allow for ea~y 

access by bicycli sts and :i ll pt'destr ians. 

This part ial street closure is found in Phoenix, AZ. 

A partial closure provides better em ergency access than 

a full clo~ure. Since thi~ design also allows m otorists to 

easily violate the prohibitiom, police enforcement may 

be required. If the partial closure only eliminates an e n­

trance to a treet. a turnaround is not needed ; closing an 

exit w ill generally require a turnaround. 

Purpose 
• Prevent turns from an arterial street onto a resi­

dential street. 

• Reduce cut-through t raffi c. 

• Restrict access to a st reet without creat ing one­
way streets. 

Considerations 
• Do not adversely affect access by service veh ic les. 

• Analyze whether less restrict ive measures would 
work. 

• Analyze whether other local streets will be 
adversely affected and/or access into or out of 
the neighborhood would not be adequate. 

• Will create out-of-the-way travel for residents 
and put addi t ional t raff ic on other streets. 

• Consider impact on school bus routes, emer­
gency access, and trash pickup. 

• Wil l not solve speeding issues; speeds may 
increase on the new one-way street. 

Estimated Cost 
A wel l-designed, landscaped parti al street closure at 
an intersection typical ly costs approximately 
$10,000 to $25,000. They can be installed for less 
if t here are no major drainage issues and landscap­
ing is minimal. 

Adapted from Making Streets That Work, Seattle, 1996 
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36. PEDESTRIAN STREETS/MALLS 

Therl' J re t\VO type, of pedestri;m streets/n1:1lls: ( I) those 

that eliminate motor vehicle trafl-1c (deliveries permitted 

during o!T-pcak hours) and: (2) those thJt allow some 
motor vehicle tratl1c at vcry1 low ,penis. Thl' second type 

c.u 1 be thought o l-as a pcciestrian street that allO\NS some 

n~otor vehicles. as opposed to ,1 motor vehicle street that 

allows so111c pl'dl'stria11~. 

Church Street in Burlington, Vermont, is a successful 
pedestrian street with market stalls, pub lic art , 

landscaping, and cafes. 

l'cdcstr ia11 strCL't, have been ,ucce,sti.il in place, that are 

thriving :rnd have high volumes of pedestri;ins. Ex:11nples 
of sucn";sful pedestri:111 street, include C hurch Street in 

Durlington, VT: Downtown Crossing in Boston. MA; 
M:1iden I .ane in S;in Fr:i ncisco. C:A; Occidental Street in 

Se:.Htle, WA: Third Street Promenade in Santa Monica, 

CA; and, fremont Street in Las Vegas, NV 

Another option is to create a part-time pedt'str i,m strt'et, 

a~ is done, for example. in the Frt'nch Quarter in New 

Orleans, LA, which uses remov,1ble barriers to close the 

street to motorists at night 

Purpose 

• Create a significant public space in a downtown 
district, a tour ist distr ict, or a specia l events or 
marketplace area. 

• Enhance the experience for people in a commer­
cial d istrict. 

Considerations 
• Pedestrian streets (those that el iminate motor 

veh icles) created with the notion of attracting 
people in areas that are on the decline have usu­
al ly been unsuccessful. 

• The pedestrian environment can often be en­
hanced through other measures, including street 
narrowing/sidewa lk widening and the addit ion of 
landscaping. 

Estimated Cost 
A pedestrian street can be created simply by block­
ing either end of an existing street with nothing 
more than a few signs. Temporary pedestrian st reets 
can be created for weekends or holidays. If the 
street is going to be a permanent public space, care 
should be taken in the design. Depending on the 
extent of the treatment (one block or severa l blocks) 
and the quality of the materia ls used, a t rue pedes­
trian street can cost from $100,000 to several mi l­
l ion dollars. 
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SIGNALS AND SIGNS 

Traffic co ntrol devices arc often used by traffic engineers 

to improve safety and access for pedestriam. In additio n 

to marked crosswalks (sec countermeasure number 3), 

,ever:11 other devices are available, including: 

• Traffic Signals 

• Pedestri an Signals 

• Pedestrian Signal Timing 

• Traffic Signal Enh:ince menrs 

• Right-Turn-On-Red IZ.c,trictions 

• Advanced Stop Lines 

• Signing 

NC 
TURN 

ON _RED 
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37. TRAFFIC SIGNALS 

Traffic signals create gJps in the tr:iffi c flow, aJlmving 

pedestrians to cross the street. They should allow adequate 

crossing time for pedestrians and ;in adequate clearance 
interval based upon a nnximum walking ,peed of 1.2 m i s 
(-LO fl / s). In :ireas where there i, ;i he;ivy concentration of 
the elderly o r children, a lower speed of less than 1.1 111/, 
(3.5 ft: /s) should be used in determining pedestri ;in clear­

ance time. Signals arc particularly important at high-use, 

mid-block crossings on higher speed roads, multi- lane 

roads, or at highly congested inter ections. ational war­
rants from the Manual on Un__iform Traffic Control 

Devices are based 011 the number of pedestrians and vehi­
cles crossing the intersection, among other factors. ' How­

ever. judgrnc11t 111ust also be used on a case-by-case basi,. 
For example, a requirement for imtalling a traffic signal is 

that there are a ccrtam number of pedestrians present. 1 fa 

new facility i, being built-a park o r recreational path, for 
example-d1ere will be a new demand, and the signal 

could be installed in conjunction with the new facility 

based on projected crossing demand. There may also be 
latent demand if a destination is not currently acce sible, 
but could become so with new facilitie, or redesign. 

A traffic signal at a busy intersection with high volumes of 
pedestrians, bicyclists, and cars. 

In downtown areas, signals are often closely spaced, 

sometimes every block. Timed sequencing of signals may 
reduce the amotmt of time allotted per cycle fo r pedes­

trian crossing to unsafe length,. Signals are usually spaced 

1:1rther apart in uburban or outlying areas, but similar 
considerations for pedestrian pha, ing , hould be made. 

Whrn high pedestrian traffic exists during a majority of 

the day, fixed-time , ignals should be used to consiste nt­

ly allow crossing opportuniti es. Pedestrian actuation 

should only be used when pedestrian crossings are inter­

mittent and ~hould be made accessible to all pedestrians. 

including thmc with disabilities. 

Purpose 

• Provide intervals in a traffic system where pedes­
trians can cross streets safely. 

Considerations 

• Where pedestrian traffic is regular and frequent, 
pedestrian phases should come up automatically. 
Pedestrian actuation should only be used when 
pedestrian crossings are intermittent. 

• Signal cycles should be kept short (ideally 90 
seconds maximum) to reduce pedestrian delay. 
Pedestrians are very sensitive to delays. 

• Marked crosswalks at signals encourage pedestri­
ans to cross at t he signal and discourage motorists 
from encroaching into the crossing area. 

Estimated Cost 
$30,000 to $140,000. 

Adapted from Making Streets That Work, Seattle, 1996 
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38. PEDESTRIAN SIGNALS 

Pedestrian sign::d i11dic 1tio ns should be u,ed at traffi c , ig­

nals w herever warranted, according to the MUTCD. 
The use of WALK/ DON"T WALK pedestri:rn , ignal 

indicatiom ::it sign::i l loc::itio ns arc illlportant in many 
cases. including w hen ve hicle signab arc not vi,ibk to 

pedestri ::ins, vvhen sign::il timing is con1pkx (e.g .. there is 

a dedicated left-tum sign::il for m otori,h) , at established 

scho ol zone crossings, \vhen an cxcl u, ive pedestrian 
interval is provided, and fo r w ide streets w here pedestri­

an clearance information is considered helpful. ' 

Pedestrian signals should always be clearly visible to 
the pedestrian while in the crosswalk and waiting on 

the far side of the street. 

The internat ional pedestri:m symbol signal is preferable 

and is recommended in the MUTCD. Existing WALK 

and DON'T WALK mt>ssages may remain for the rest o f 
their mt>ful life but sho uld no t be used for new installa­

tio ns. Pedestr ian , ign:il ho uld be clearly visible to the 

pedestrian at all ti nws w hen in the crosswalk or waiting 

o n the fa r , ide o f the street. Larger pedestrian signals can 

be heneficial in some circumstances (e.g., w here the 

streets are w ide). Signals 111ay be supplemented with 

audible or o ther messages tu make crossing information 
accessible for ::ill pedestriam, i11cluding those with vision 
impairments. The decision to install audible pedestr ian 
signals sho uld consider the noise i111pact on the sur­

round ing area. Much more extensive informatio n on the 
use o f accessible pedestrian , ignals (Al'S) and the types 

o f APS technologies now avail:ible is provided o nline at 
w\-vw.walkinginfo.org/ aps. 

Purpose 
• Indicate appropriate t ime for pedestrians to cross. 

• Provide pedestrian c learance interval. 

Considerations 
• Ensure t hat signals are visible to pedestrians. 

• When possible, provide a walk interval fo r every 
cycle. 

• Pedestr ian push buttons m ust be wel l posi­
tioned and with in easy reach for al l approaching 
pedestrians. Sect ion 4E.09 w ithin the MUTCD 
provides detailed guidance for the placement of 
push buttons to ensure accessi bi I ity. 2 

Estimated Cost 
$20 ,000 to $4 0 ,000. 

l·l·l'h4ii·ifii 
Pl■IIB CROSSING 
IF II CROSSWALI 

Example of an pedestrian regu latory sign used in 
conJunction with a pushbutton. The recommended 
language for such signs can be found in Section 

2B.44 of the MUTCD. 
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39. PEDESTRIAN SIGNAL TIMING 

There are several type~ of signal timing for pede,trian sig­
nals, including concurrent. exclmive, '"leading pedestr ian 
interval" (LPI), :111d all-red interval. In general, , horter 
cycle lengths and longer \valk inren·al, pro\'ide betta 
service tu pedestrians and encourage better signal colll­
pliance. For optimal pedestrian service, fixed-time ,igrd 
operation usually works best. Petkstrian pushbuttom 1J1ay 
be installed ;:it locations where pedestriam are expern:d 
intermittently. Quick response to the pushbutton or 
feedback to the pedestri:m should be progra111111ed into 

the system. When med. pushbuttons should be wdl­
signed ;:ind within reach and operable from a flat surface 
for pede,trians in wheelchairs and with visual disabilities. 
They sho uld be conveniently placed in the area where 
pedestrians wait to crms. Section +E.09 within the 
MUTCI) provide, deuiled guidance for the placement 
of push buttons to emure acce,sibility. 

With a leading pedestrian interval, pedestrians get an 
advance wal k signal before motorists get a green. This gives 
the pedestrians several seconds to establish their presence 

in the crosswalk before motorists start to turn. 

In addition to co ncurrent pedestrian signal timing 
(where motorists lllay tu rn left or right across pedestri­
ans' paths ;:ifter yielding to pcdt'striam), exclusive pedes­
trian intervals (see Traffic Signal E11ha11ce111cnrs) ,top traf­
fi c in all directions. Exclusive pedestrian tim111g Im been 
shown to reduce pedestrian crashes by 5< l percent i1 , 
so111c downtown locatiom with heavy pedestrian vol­
t1111es and low vehicle speeds :lll<l volume,.' With con­
current signal,, pedestrians usu~1lly han· more crm,ing 
opportunities and have to wait k-,,. U11lc,~ a sy,ten1 i, 
willing to take more time fro m vehicular phc1se,, pctks­
trians will often have to wait a lo ng time for an exclmive 
sig11al. T his i, nor very pedestri:111-fr iendly, and many 
pedestrians ,,·ill simply choo,c to ignore the signal ;rnd 
cross if and when there is a gc1p 111 traffic, negating th<:' 

Purpose 

• A "Pedestrian Scramble" provides an exc lusive 
pedestrian crossing phase with no con fl icti ng 
traffic. 

• A short all-red c learance interval provides a bet­
t er sepa ration between cars and pedestrians. 

Considerations 

• A "Pedestrian Scramble" usual ly creates a longer 
cycle length and a longer wait between crossings. 

• The Scramble may el iminate t he ability to syn­
chronize t iming at adjacent traffi c signals. 

• Scramble timi ng is most app licable to downtown 
areas with high pedestrian volumes (e.g., more 
than 1,200 pedestrian crossings per day). 

• Scramble timing eliminates conflicts with turn­
ing vehicles 1f pedestrians and motorists obey 
thei r s ignals. 

• The benefits of this treatment may not extend to 
vision-impaired pedestrians. 

• Wider intersections requ ire longer cycle lengths. 

• Longer wa lk or pedestrian clearance intervals 
may also lead to longer cycle lengths. 

• Use fixed-time operation unless pedestria n 
arrivals are intermittant. 

Estimated Cost 
Adjusting signa l t im ing is very low cost and requ ires 
a few hours of staff time to accomplish. New s ignal 
equipment ranges from $20,000 to $140,000. 

Exclusive wa lk phase or "Pedestrian Scramble.'' 

potential ,afety benefits or the exclusive , ignal.' Exclusive 

pedestrian phases do in troduce a problem for pedt'strians 
with vi,u.1I illlpairmerm, ,1s the audible cue~ a,sociarcd 
with , urging p:ira ll el tr:iffic , tre:11m are no longer presrnt. 
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The pedestrian has a dedicated wa lk phase at thi s 
intersection of a busy street and a trail crossing. 

which makes it difficult to know w hen to begin crossing. 

A simple, useful chJ nge is the LP!. An LP! gives pedes­

trians an advance wa lk signal before the motorists get a 

green light, g iving the pedestriJn several seconds to start 
in the crosswalk w here there is :1 concurrent signal. This 

makes pe destr iam more visible to motorists and 

motorists more likely to yield to them. This advance 

cross 111g. phase :1pproach has been used successful! y 111 

The pedestri an has a ded icated walk phase and is allowed to 
cross diagonal ly at this intersect ion. 

,everal plac1:s, such as Ncvv York City, fo r two decades 

and m idi es have demonstrated reduced co11f1icts for 
pedestri:rns .' The advance pedestrian phase is particular­

ly effective w here there is J two-lane turn ing 1novL'n1cnt. 

To be useful to pedestrians w ith vision i111pairn1cnts, an 

IYI needs to be accom panied by an audible signal to 

indicate the WALK interval. 

T here are some situations w here an exclusive pedestrian 

phase may be preferable to an LPL Exclusive phases are 

desirable w here there are high-vo lume turning move­

ments that confli ct with the pedestrians crossing. 
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40. TRAFFIC SIGNAL ENHANCEMENTS 

A vanety o( trallic sig11al enha11ccme11t, thar c.111 lwndit 

pedestrian-; ,111d bICycl ist\ arc a\',1iLibk. These includt' 

automatic pede,trian detectors, pro\·idmg larger tr,1ffic 
signals to ensure visibility, pL1cing sign;.ds ,o that 111otor­

ists waiting at J red light can't sec the other ,igml, and 

:mticipate the green, and imtalli11g countdo\\'11 ,ig11al, to 

provide pedestrians with information abom the a111ou11t 

of time remaining in a crossing interval. 

Th is countdown signal indicates to pedestrians the amount 
of time they have remaining to cross (until the flashing 

DON'T WALK ends) 

Counrclow11 ,ig11al, 111:iy be de,igned to begin counting 

down at rlw beginning of the w:ilk ph:ise or :it the begin­

ning of the cle:mnce (fbhing DON'T WALK) interval. 

Since pede~trian pu~hbuttuu tkviccs an: not activated 

by about one-half of pedestriam (ewn fewer activate 
chem when: there are sufficient motor vehicle g:ip,), 

new "intelligent" microw,1H: or infrared pedestrian 

detector<; ,1re 110\\· being imtalkd and tc'ltcd in some 

U.S. cities. T hese ,iutomarically activate the red traffic 

and WA LK signals when pedestrians are detected. 
Detectors can also be used to extend the CIT1,,i11g time 

for , lower moving pedestri:ms in the cro~s\\'alk. Au to­
matic pedc:\trian (.ktcctors have been found to i111 prove 

pedestrian signal con1plia11cc and ,1ho reduce pede,tri :rn 

conflicts with motor vehicks. H O\vewr, they are ,t ill 

considered e:,pni111cmal and their reliabili ty 111,1y va ry 

under differen t e11viro11111ent,1l conditiom. s 

More information 011 some of these technologies 1s 

a,·aibhle online at \\Ww.walki11 gi 11 fo.org/ pedsn1Jrt. Thi~ 

web site was dewloped in 1999 <rnd includes informa­

tion on ,ever:i l type, of smart technologies, the problems 

Purpose 
• Improve pedestrian accommodation at signal­

ized crossings. 

Considerations 
• Pedestrian signals need to indicate the crossing 

interva l by visual, audible, and/or tactile means 
if pedestrians with vision impairments are to 
take advantage of them. 

• The effects of pedestrian countdown signals on 
pedestrian safety are not well known. Further 
research is needed to better understand their 
effects. 

Estimated Cost 
About $5,000 to add new pedestrian signals and 
mark crosswalks. 

An automated pedestrian detection system. 

they may :1ddrc,,. :111d the \'endol"; of the device,. Loc:i­
tiom \\·hnc 111,111y of the deYices \Wre imt:ilkd ,lt th.it 

time ,i re ,11,o included ,is c1se ,tudies. 
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41. RIGHT-TURN-ON-RED RESTRICTIONS 

A permissible Right Turn on IZ.ed (RTOR) was intro­

duced in the 1970s as a fuel -saving measure and has 
sometimes had detrimental effects 011 pedestrians. While 

the law· requires motorists to come to a full stop and 
yield to cross-street traffic and pedestrians prior to turn­

ing right on red, many motorises do not fully comply 
w ith the regulations. especially at imersections w ith 

w ide turning radii. Motorises are so intent 011 looking 
for traffic approaching on their left that they may not be 

alert to pedestrians approaching on their right. In addi­

tion, motorists usually pull up into the crosswalk to wait 

fo r a gap in traffic, blocking pedestrian crossing move­
ments. In so111e instances, motorises simply do not come 

to a full stop. 

Prohibiting right turns can benefit pedestrian sa fety at 
some locations. 

One conce rn chat co111es up when RTOR is prohibited 

is chat this may lead co higher right- cum- on-green con­
flicts ,vhen there are concurrent signals. The use of the 

leading ped estrian interval (LPI) c:in u,ually best address 
chis issue (see Countermeasure No. ]9). W here pedes­

trian volumes are very high, exclusive pedestri an signa ls 

should be considere d. 

Prohibit ing RTOR should be considered w here and / or 
when thrre are high pedestrian \'olurncs. This can be 

done with a simple sign posting , although there arc some 
options that are more efl:ectivr than a standard sign . For 
example, o ne option is a larger 7(,:Z - rnm by <)1..J.- rnin 

(30- in by 3o- in) NO TURN ON lZ.ED sign, which is 
more conspicuous. For areas where J right- turn-0 11 - rt'd 

restriction is needed during certain timt's, time-of-d:iy 
restrictions may be ;ippropriate. A variable- mess:ige NO 
TUR ON RED sign is also an option .'· 

Purpose 

• Increase pedestrian safety and decrease crashes 
with right-turning vehic les. 

Considerations 
• Proh ibit ing RTOR is a simple , low-cost measure. 

Together with a leading pedestrian interval , the 
signa l changes can benefit pedestrians with 
minimal impact on traffic. 

• Part-time RTOR proh ibitions during the busiest 
times of the day may be sufficient to address 
the problem. 

• Signs should be clearly visible to right-turning 
motorists stopped in the curb lane at the crosswalk. 

Estimated Cost 

$30 to $ 150 per NO TURN ON RED sign plus 
instal lation at $200 per sign. Electronic signs have 
higher costs. 

Example of an electronic blank-out sign for right-turn 
proh ibition (Burlington, VT) 
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42. ADVANCED STOP LINES 

At ,ig11ali zed intersectio11s and midblock cro,si11g,. the 

w hicle ~top line can be moved farther back from the 
pedestrian crossv,ra]k for an improved factor of safety 

and for improved visibility of pedestrians. I 11 some 

place,, the stop line has been moved back by .J..6 to 9. 1 

m (15 to 30 ft) relative to the marked c rosswalk w ith 
considerab le safety benefits for pedestrians. One study 

found that use of a "Stop H ere For Pedestrians .. sign 

alone reduced conflicts between drivers and pedestrians 

by 6 7 percent. With the add ition of an advanced stop 

line, this type of conflict was reduced by 90 percent 
compared to baseline levels. · 

Advanced stop l ines are used at this signal ized crossing to 
improve sight distances and to give the motorist who initial ly 

fa ils to see the crosswalk more time to stop. The bicyclist 
can advance ahead, which aids in bicyc l isl safety, 

particularly with right-turning motorists. 

The advanced stop lines allow pe destrians and drivers to 

have a clearer view of each other and more time in 
which to asses, each other's intentions. The effectiveness 

of thi, too l depend, upon whether motorists are likely 
to obey the stop line, which varies from place to place. 

Advanced stop lines are also applicabk fo r non-signal­
ized crosswalks on multi- lane roads to ensure that driv­

ers in all lanes have a clear view of a crossing pedestrian. 

Purpose 

• Im prove visibi l ity of pedestrians to motorists. 

• Allow pedestrians to advance in a crosswa lk 
before motor vehic les turn . 

Considerations 
• Effectiveness depends on motor ist comp liance 

with the marked stop l ine. 

• If placed too far in advance of the crosswalk , 
motorists may ignore the li ne. 

• In some locations, a wider crosswalk may be an 
effective alternative. 

Estimated Cost 
There is no extra cost when the recessed stop l ine is 
installed on new paving or as part of repaving proj­
ects. A STOP HERE ON RED (Rl0-6) sign can be 
used to supplement t he recessed stop l ine. 
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43. SIGNING 

Sigm can provide important inforlll:ition tha t on 

improw road s:ifety. L~y letting prnple know what to 

expect. then:> i, a greater ch:ince that they w ill react and 

beh:ive .1ppropriately. For example, g iving motorists 

adv:i nce w:irning of an u pcollling pedestrian crossing or 

that tl1L'Y arc entering a trafTic-calined are:1 will alert 

the 111 to m odify their speed. Sign u <;l' and 111ove111e11t 

sho uld be done judiciously, as overuse b1Tcd, 11 011com­

pfonce and disrespect. Too 111a11y signs 111ay abo create 

visual clutter and signs can gel losl. 

Th is experimental sign instructs drivers to yield to 
pedestrians when t urning at this intersect ion. 

lZegulatory signs. such as STOl~ YIELD, or turn restric­

tions requ ire certain driver actions and can be enforced . 

Warning signs can provide helpti.il information, especial­

ly to m o torists and pedestrians unfon1 il iar ,vith an area . 

Some examples of signs that afteet pedestrians include 

pedestrian warning signs, 111oco1-ist w.irning signs, NO 
TURN ON R.ED signs, and g uide signs. 

Advance pedestr i:i n w:irning sigm sho uld be used where 

pedestria n crossings nuy not be expected by motori,t,, 

especi:ill y if there :ire 111:iny motorists who arc unfa111iliar 

with the :irea. A new flu o rescent ydlow/ g rce11 color is 

approved for pedestria11. b icycle, and school w:irning sigm 

(Section 2A. I I of the M UTCD). T his bright color 

attrJcts the atten tion of drivers bec;1use it i, unique. 

All , ig11, should be periodically checked to 111akc , ure 

tint they .ire i11 good condi tion , free fron1 graffiti. rd 1ec­

tive :it night, Jnd continue to serve J purpo,c. 111 unusu­

al c:1,e,, , igm m:iy be used to p rohibit pc(k·stria11 crm,­

ings :it :1 11 undesi rable location and re-route the1 11 to a 

, :ife r crossing loCJtion, o r w:ir11 pedestrians of unexpect­

ed driver 111:1 11c11vers. It is prdL'r:ibk lo create ,afi., cro~s­

ings w here there :i re clear pcdL·stria11 dcsti11atio11s. If 

Purpose 

• Provide regulation, warn ing, or informat ion to road 
users as to what to expect and how to behave. 

Considerations 

• Overuse of signs breeds noncompliance and dis­
respect. Too many signs can lead to visual clut­
ter with the resul t that a driver is not like ly to 
read or pay attention to any of the signs. 

• Traff ic signs used on publ ic property must com­
ply wit h t he Manual on Uniform Traffic Control 
Devices (MUTCD). 

• Signs should be checked to assure adequate 
nighttime reflect ivity. 

Estimated Cost 

$50 to $1 50 per sign plus installat ion costs. 

Manual on Uniform Traffic Control Devices (MUTCD) 

tllH:"xpectcd dri\' ing m ancu,ers occur at w ltal 1, dt l 

otherwi e kgal pedestrian crossing, a11 cvalu,1tio11 , hould 

be d o ne to find w,1y, to rem edy o r prevent the un,aTL' 

motorist m :111eu ver,. 
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OTHER MEASURES 

In addition to the more traditional engineering treat­
me nts descr ibed in other sections of this ch:ipter, th ere 

:ire several other countermeamres that should he consid­

ered under specific c ircumstances. For example, crmsi ngs 

in the vicin itv of ;i school warrant consideration of the 

reco111111end:itions re lated to school zone i111prove111ents. 

Th e counterme;isures described in this section include: 

• School Zone Improvements 

• N eighbo rhood ldemity 

• Speed Monitoring Tr:iiler 

• On- Street Parking Enhancernems 

• Pedestrian / Driver Education 

• Pol ice Enforcement 
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44. SCHOOL ZONE IMPROVEMENTS 

A variety of ro,1d\\'ay improve111e11h 111,1y be tl',ed to 

enh,rnce the safety o r lllobility of cl11 ldre11 in school 

zones. The me of well-trained adult crm,i11 g guards h.1~ 

been found to be one of the lll0St dfrctin· 1m"c1surc·~ fo r 
;issisting ch ild ren in c rossing streets ,,1tely. Sidc,,·alb or 

sep;ir;ited walkw,1ys and paths ,ire esse11ti,d for a safe trip 

frolll home to school 011 foot o r by bike·. Adult crossing 

guar<ls rL·quire tr;iining and lllOllitoring ,md sho uld be 

equipped w ith a bright :rnd reflective safety vest and a 
STOP paddle. Police enforcem ent in school zone, may 

be needed in situations where drivers are ,pccd111g or 

not yielding to ch ildren in crm~w.1lks. 

Children leaving school in this Honolulu suburb walk 
their bikes to the intersection where a crossing guard 

controls movements. 

Other helpful measurt", i11 cl11<lc parking prohibiciom 
near inter,L'ctions and cross,Yalks ne,ir schools: increased 

child supervision at crossi ng,; :md rhe use of signs :ind 

markings. such ,1s the school ad v,mce \Yarning sign 

(,,·hich can be tl uorescellt yellow/ g reen) and SPEE!) 

LIMIT 25 MPH WHEN FLASH ING. Schools should 
deve lo p "s::ife route, ro school" pLrns ,1 nd \\'Ork with 

loc,11 agencies co identif:· and correct problem are:is. 
M::irked crossw::ilk, c m help gui<le children co the best 

routes to ~chool. School ::id111i11 istracor, and parent­

re:iche r o rg:rn ization, need co educ1ce scudcm s and par­
ents ;ihouc school s;ifety and access to and from school. 

Educ;i tion, enforcemem, and ,,·ell- designed ro::ids m use 

all be i 11 place ro encourage moto rists to drive appropri­

ately. 

O ne of the biggest ,::ifery ha7;irds around ,chool, i, par­

ent~ or c::irer::ikers d ropping off.md picki ng up their chil­

d ren. The rt' :ire two irrnnediate ,olutiom: ( I) there needs 

to be :i clearly marke<l are:i \Yhere p.nents <1re permitted 

to drop off and pick up their chilciren, ::ind (2) drop­

off/pick-up regula tions muse be provicied to paren ts o n 

,------

Purpose 
• Prov ide enhanced safety around schools. 

Considerations 
• Safety must be a combined effort between local 

traffic offic ials, police, school offic ials, parents, 
and students. 

Estimated Cost 
Costs wou ld depend on the school zone treatment 
selected. For example, if signs were chosen, costs 
might include $50 to $150 per sign plus instal la­
tion costs. 

Man ual ot Uniform Traffic Control Devices (MUTCD) 

the tlr<;c day of school. Drop-off areas rnust lx located 
away from where children on f<.)ot cross ,tr-cct, or accc~s 

the ,chool. Parent drop-off zone, must ::i lm be ,cparatcd 

Veh icles must slow down to enter the tight curve of 
th is modern roundabout in a school zone in 

Montpel 1er, Vermont. The roundabout creates a safer 
interaction between vehicles and pedestrians. 
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from bus drop-off zones. If parents can be rrained to do 

it r ight at the srart of the school year, they are likely to 

continue good behavior th roughout the year. 

For a longer term solution, it i, preferable to create an 

environment w here children c:111 walk or b icycle safely 

to ,chool, provided they live within a suitable distance. 
One concept that has been successful in some commu­

nities is the concept of :i "w:ilking bus," w here an adult 
accompanies children to school, sta rting at o ne locatio n 

and picking children up along the way. Soon , a fairly 
sizeable group of children are walking in a regular for­

matio n, two by two, under the supervision of a respon­

sible adult, w ho is m indful of street crossings. The p res­
ence of such group, affecrs drivers' behav io r. as they tend 

to be m ore vvatchfu l of children walking. Parents take 
tu rns accom panying the "walking school bus" in way~ 

that fit their schedules. 
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45. NEIGHBORHOOD IDENTITY 

Many neighborhoods or business districts \Vant to he 

recognize-d for their unique character. This can enhance 
the walking environ ment ;1 nd sense of co m munity. 

An identity sign in Seattle's Wal l ingford neighborhood 
marks an entry to the area. 

Exam ples of treatments include gateways, traffic calm ing, 
welcome signs, flower planters, banners, decorative street 

lighting, unique street n;ime signs, ;ind other details. 
N eighborhood identity treatments rarely provide any 

d irect tr::iffic improvements. but they help develop inter­

est in enhancing the community. 

Purpose 
• Increase the visibi l ity of a neighborhood or d is­

t rict and support commu nity efforts to define 
t heir neighborhood. 

Considerations 
• Supports commun ity efforts, but has no di rect 

traff ic benefits. 

Estimated Cost 
$50 to $ 150 per sign. Some signs may cost more 
because they are usually custom made. 

Adapted from Making Streets That Work, Seattle, 1996 
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46. SPEED-MON ITORI NG TRAILER 

Speed-111 011itoring tL1ile rs----sign hoards on trailers t h :H 

display th e ,peed ofpa'5ing Yehiclcs-:irc med by police 

departrnems :111d transportation ,1gL·1icit", ,1s educ.1tion,1l 

tooh tint c m enhance e11t<)rct·111 e11t efforts di rectl"d :i t 

speed complia11ec . Speed r.1dar tr.1i lers are be,t med in 

residenri.11 a re:1s :111d 111:iy be u,ed in co11Junctio11 \\· ith 

Neighborhood Speed W:irch or other neighborhood 

s:1fety educa tion progr:1111,. T hey c:111 help r:1 i,c rcsidl"nts' 

aware11ess of how they the111selves :1re ofi:l"n those speed­

ing, not JUSt "outsidL'rs." SpL'L'd trai lers ,1rl" not substitutes 

for permanent actio11s. such as trat11c-c.d111ing trc,1t-

1m·nts. to add ress neighborhoo d speed ing i•N1l"S. 

Q_ l.il:II-"......,~--' 

Speed-monitoring trai lers let motorists know the speed limit 
and the speed they are traveling. 

Speed-monitoring trailers c111 be· used at ,cnTal loca­

t1om and ,hould have (>cc,,sional police· 11 1011itoring and 

cnfri1-cu11c11t to m,1111tain driver re'ipect. 

Purpose 
• Enhance enforcement efforts through public 

education and awareness. 

Considerations 
• Occasiona l enforcement is needed to supple­

ment the speed-monitoring trailers. 

• Speed-monitoring trai lers are not a substi tute for 
engineering measures. 

• Should not obstruct pedestrian travelway or 
sight Ii nes. 

Estimated Cost 
$10,000 to $15,000 to purchase the speed-mon i­
toring trai ler, plus the cost to move the trailer to dif­
ferent locations and to monitor t he t ra iler. 

>UJM 
Adapted from Making Streets That Work, Seattle, 1996 
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47. ON-STREET PARKING ENHANCEMENTS 

On-street p ,1rk.i11g cm be both a brn\:llt and .1 detrim ent 

to pedestriam. O11-street parking dol', i11crl'a,e pmiti\·l' 

" fri ct1011 .. ,1lo11g a strel'l a11d Clll narrow th l' dfrctive 

cros~ing w idth , both of which e11couragl' , lower \pl'eds; 

p ,1rling can ,11'0 pruvidl' a buffer bl'tWl'l'II 111on11g 111otor 

veh icle traOic and pedestrians along a s1dl'walk. 111 addi­

tion, busi11l'S\l'S rcliarn 011 011-street p,trk i11g ,ts opposed 

to parking lo t, arl' 11101-c gea red to\\ard pedestrian access . 

T h i\ atte11tio11 ca11 fos tLT ,1 more vibr,lllt pl'dl'stria11 co111-

111LTCial l'11viro11111ertt. 

On-street parking in Concord, Massachusetts, sh ields 
pedestrians from moving traffic. 

On the ocher hand, parking cre,1te, a visual barrier 

bec,veen 111ocor vehicle traffic and crossing pedestrians, 

<:speci;1lly children and people using ,vheelchairs. There­

fore. w here there is parking, curb extensions sho uld be 

bui lt w here pedescri,rns cro,s. Parking needs to be 

re1110\·cd on the appro,1che, to c rmswalk,. 

At ll"',l\t (1 111 (~O fr) of p.irking ,hould be n:nwvcd 01 1 the 

.1ppro,1ch to a 111,1rked or un111arkl'd crosswalk and about 

(1 m ofp,1rki11g ,hould bl' rl'111oved dowmtrcalll front the 

cros,,\·:i lk. Some ,1gencies requi re that p.1rking be 

rt'mOH"d 9 to 15 111 po to 5() fr) l1·om in tersections for 

pedestrian ,,1fety re;1,011s. Well-lk,igned curb c·,rensiom 

c:in reduce these dist:uice, .rnd m:ixi111i7L' rill' number of 

on- street parking spaces. 

Purpose 
• Provide motorist access to destinati ons along a 

street. 

• Aid in speed reduct ion by increasing friction 
along the street. 

• Provide a buffer between sidewalk edge and 
moving traff ic. 

Considerations 
• Parking may take up space desired for other 

uses, such as wider sidewalks or bicycle lanes. 

• Approaches to crosswalks and intersec tions 
should be cleared and curb extensions added at 
crossing locations for pedestrian safety. 

• Parking meters should be used in downtown 
areas where there is a need for parking turnover. 
This can generate revenue for the community. 

Estimated Cost 
$30 to $1 50 per sign. About $300 per parking meter 
and installation. Curb paint and stall marks or strip­
ing costs are addit ional (optional). 
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48. PEDESTRIAN/DRIVER EDUCATION 

1> rovidi 11g education. outreach , and trai11i11 g 1~ a key ,trat­

q ,,ry i11 i11crc,1si11g pt·destria11 and n1otori,t a\Y,1rc11 c,~ and 

be havio r. While effo rt~ most ccrt,1i11 ly proY1tk i11for111,1-

tion. the primary goal o f an educa tional ,cracegy i, co 

mo tiv,1te people to alte r thei r behavio r and reduce reck­

less actio ns. lo implem ent the stratq . .,'-y. an i11tcgr,1tcd. 

multidiscipl inary approach chat links hard polic it·s (e.g .. 

changes in infrastructure) and soft po lic ies (e.g .. public 

relations cam paigns) and :1ddres~es bo th pede,tri ans and 

drivers has the greatest chance of succL·,s. 

Educat ion of tens starts at an early age with structu red 
programs for elementary school students. 

T here are ,en:ral broad approaches to educ,Hion tl1.1t can 

be conduc ted with moderate resources. T hey include 1) 
highlighting p edestrian katures w hc11 imroducing new 

infr;istructure; 2) conducting intern.ii camp:1igns \Vithin 

the organiz.1tio n to build m ff support tor pedestrian 
safety progr,11m; 3) incorporating pedestrian safety m es­

sage, into public relations effom; -+) developing relation­

ships \\"ith si,ter ~rate Jgencies and statewide consumc-r 

groups; ,111d 5) marketing alternative travel m odes. 

T here arc th rLT ,pecific types o f educ,1tio 11.1l ca mpa igns 

- public ,1wa1T ne,s. ta rgeted cam pa ign,, and ind ividml 

ca111paigm . [Jublic ,1warene,s c:i mp:iigm arc a great 

L'Xa111plc o( a vehicle used to g:1rner public , upport. An 

dTcctivc campaign c m " lay the g ro undwork" f<.) r sub,e­

qucnt pcdc, tr ian safety initi:itives ,llld can 1ncre;1,c the 

likcli ltood of their success. C ampaign, to target g roup, 

arc rnuall1 aimed at chang ing be havior p.m crm i 11 ,~)t'­

cific groups o( people (e.g., 111otor i,t, , e lderl y. ,choo l 

ch ildren). Since changing behavior in tlw,c g rou p, c rn 

bL· a lo ng .,ml .1rd uo us ta,k, tht',t.' c m 1pa igm tend to be 

ongoing dTorb .1i1m·d :it lo11g-tt·r111 rc,ul ts. lndividu:il 

campaigm d ilfr r fro111 c 1mpaigm ,It target g ro ups 

bec:iuse thL· ,,ud icnce i~ rc,,chcd thro ugh an interm edi­

ary. I nterventio 11 occurs at an individual level through 

Purpose 

• Provide information to roadway users. 

• To motivate a change in specif ic behaviors to 
reduce the r isk of pedest rian injuries. 

Considerations 

• Educational messages shou ld encourage people 
to think about their own trave l att itudes and 
behaviors and make more informed cho ices. 

• Pedestrian educational campaigns must be a 
part of a long-term and ongoing t raff ic safety 
program. 

• Educational programs and materials should be 
sensitive of di fferent grou ps of people. 

• Outreach material should be interesting and 
involve visual as well as written messages. 

• Difficu lty in gaining political support needed to 
ensure a comprehensive program. 

• Difficulty in introduc ing safety education within 
establ ished school system curriculums. 

Estimated Cost 

Costs vary widely depend ing on type of educat ional 
programs used. 

satecy gu:irds, doctors and othe r :iuthor ity figure, . Using 

rhe,e different ;ippro:tches i11 co11cert re;iches ;i broader 
;iudience :ind inc reases the likelihood of long-term su c­

ces, in chang ing dttitude, :111d behaviors. 
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49. POLICE ENFORCEMENT 

Police enforcement is a primary cornponem in preserv­
ing pedestrian right-of-way and maintaining a safe envi­

ronment for all modes of travel. Well-publicized 

enforcement campaigm Jre ofren eflective in deterring 
cardess and reckless driving and encouraging drivers co 

share th e roadway with pedestrians and bicyclists when 
combined with strategic.1l!y installed traffic control 

devices and public education programs. Most impor­
tantly. by enforcing the traffic code, police forces implant 

a sense of right and wrong in the general public and lend 
credibility to tratfic safety educational prog rams and rraf­

fic control devices. 

Police enforcement of motorist yielding behavior at 
pedestrian crossings is one ingred ient needed for 

creating a safer walking environment. 

Over the years. police departments around the country 
have consistently enforced traffic laws pertaining to driv­

ing under the influence, speeding, and running red 
lights. They have developed effective and socially 

accepted m ethods for m easuring this behavior and 

apprehending offenders. H owever, enfc.)l"cem enc of right 

of way laws has proven more difficult. as police fo rces 
have foc used :m ention on m ore objective violations 

and/ or not provided appropriate training to police offi ­
cers. Good enforct:lllL'llt tTlJUires e11forci11g traditiona l 
traffi c laws as wel l ,IS ensuring t'lJUal protection for driv­

ers as well as pedestrians and bicyclist~. 

There :ire J number of actions that municipali ties can 

use to implement enforcem ent campaigns designed to 

pro tect pede,trians. These include increased pol ice pres­

ence around ,chool zones, res idential neighborhoods, 
and other areas ,vith high pedestrian ac tivity; "pedestri­

an stings" involving police o tfi cers in civilian cloth ing; 
and high profile, hard hitting mass m edia campaigns to 

sign- post change and help set the public agenda. Some 
enforcem ent campaigns require special legislation to 

Purpose 
• Increase driver-awareness of the need to share 

the roadway 

• Reduce pedestrian-related traffi c crashes 

Considerations 
• Campaigns must be sensitive to the needs of dif­

ferent neighborhoods, age/ethnic groups, etc. 

• To avoid PR problems, pol ice off icers need to be 
trained proper ly beforehand 

• Enforcement should be conducted with the help 
of staff support and awareness of the courts 

• Enforcement operations shou Id be focused on 
drivers rather than pedestrians 

• Enforcement operat ions shou Id begin with warn­
ings and flyers before moving on to issuing cita­
tions for violat ions 

Estimated Cost 
Cost varies depending on amount of training, num­
ber of officers involved, public re lations work, dura­
t ion of the program , and other factors 

provide a legal basis for stricter crossw:ilk codes or right 

of way changes while ocher campaigns operate under 
existing ordin;mces. 
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T he 49 enginel'.ri11g, education. and t>nforcemem coun­
termeasures arc de~cribed in Chapter 5. Includtd in this 

chapter are GlSl'. studies that illustr:ite thtse tre:1tn1ents 
and/or programs as i111pkmentt>d in J sta te or munici­

pality. Examples are included from 20 States and the 

countries o f Canada and SwitzerLrnd. Provided on the 
follow ing pages is a list of the 7 1 ca~c ~tudics by coun­
termeasure group. A more detailed 111atrix sho\\'ing the 

c;ise studies by specific countermeasure is included in 
Appendix B on pages 302-303. 

Each case study includes :1 de,cr iption of the problem 

that was add ressed, relev:111t b:1ckgrou nd inform;ition , a 
description of the implemented rnlu tion, and :m y qu;in­

titative results from evaluation studies o r quali tative 
assessments. Also included for e:1ch study is a point of 

contact in the event that furthe r information is de,ired . 

Please note that in some cases. tht' specific individual 
listed may have left the position or agency. There sho uld 
sti ll be someone at the municipal or state agency ch at is 
familiar with the project and can provide :my supple­

mental information. 

or :ill traffic control devices (TCDs) in the case stud­

ies comply with the MUTCD. Fl IWA does not endo rse 
the use of non-compliant TCD~ except under experi­
me ntation, which rnmt be approved by the FHWA 

Office ofTransportation Operations. 

116 Case Studies Pedestrian Safety Guide and Countermeasure Selection System 



C 
tlO 
V> 
Q) 

'- 0 ....... 
QJ >, C C 

..D +-' tlO QJ (/') 

E QJ C V> E C 
·- tlO (/') 

::i ....... u tlO OJ 00 OJ ~ z F ro (/') 0 C OJ) (/) 
LL OJ E ro ::i 

>-, >-, 0 
C C u (/') 

u u C 0 cu C ro 
::i ::i ro >, u cu 

~ cu Cl) 

(/) (/) '- ro u ~ ....... 
~ OJ 

(/') 

V> ~ 
u u cu C) Cl) Cl) Q) u '+- ~ C 

(/') (/') u cu Q) '+-
0 ....... cu cu OJ) .c 

cu cu Q) -u u Q_ a:: C ~ ~ (/) 0 

1 Serpentine Street Design • ■ ■ 
2 55th Street Corridor Improvements • • • 
3 Park Road Restri ping ■ ■ ■ 

4 Downtown Revitalization Partnerships • ■ • ■ 
5 Accessibil ity During Construction • • 
6 Old Town Improvements ■ ■ • 
7 Solutions from Citizen Input • • • 
8 Curb Extensions in Rural Vil lage • ■ 
9 Safe Routes to School Program ■ ■ 
10 High-Volume Pedestrian Crossings ■ ■ • 
11 Small Town Traffic Ca lming ■ ■ ■ ■ 
12 Park Trail Bridges ■ 
13 Fifth Street Traffic Ca Im i ng ■ • ■ ■ 

14 Roundabout for Downtown Revitalization ■ • • 
15 Redesign for Streetcar Access ■ ■ 
16 Street Redesign for Revital ization ■ ■ 
17 Bridgeport Way Corridor Improvements ■ ■ ■ 
18 ADA Curb Ramps ■ 
19 Large Intersection Solutions • ■ ■ ■ 
20 Gran ite Street Traffic Calming ■ ■ ■ 
21 Pedestrian-Friendly Redesign ■ ■ ■ 
22 Berkshire Street Traffic Calming ■ ■ ■ 
23 Exe I usive Pedestrian Phasing ■ ■ 
24 Main Street Redesign ■ ■ ■ ■ 
25 Illu minated Crosswalk ■ 
26 Traffic Calming and Emergency Vehicles ■ ■ 
27 School Zone Improvements ■ ■ ■ 
28 Pedestrian Crossing Devices ■ ■ 
29 Gateway Treatments ■ • ■ 

30 Raised Crosswalk at School ■ ■ ■ ■ 
31 Speed Tables at BWI Airport ■ ■ ■ 
32 Trail Intersection Improvements ■ ■ ■ • 
33 Safe School Route Mapping • ■ ■ 
34 Staggered Median ■ 
35 Curb Extensions for Transit Access ■ • ■ • 
36 Double-Ladder Crosswalks ■ 

Pedestrian Safety Guide and Countermeasure Selection System Case Studies 117 



C 
00 
U) 
(1) 

~ 0 ...... 
(1) >, C C 
.D ...... 00 (1) U) 

E (1) C U) E C 

.Q.O (1) 00 00 U) 
::J ...., u (1) (1) z ~ (1J U) 0 C Oil (/) ~ 

LL (1) C E (1J ::J 
>, >, 0 C u U) 

u u C 0 (1J C (1J 

::J ::J (1J >, ...... ro 
2 ro (1) ...... u5 ~ (1J u u 2 (/) ...... ?; (1) u u X}_ 

U) 
~ ro ~ 

(1) (1) (1) u - -= C Cl) 
U) U) "O ro Cl) - - .Q.O ..c 
(1J (1J Cl) 0 ...... ro ro 

0 u u n.. n::: C ~ ~ (/) 

37 Zebra Crosswalk Markings ■ ■ ■ 
38 School Zone Traffic Calming ■ ■ ■ ■ 
39 Third Street Promenade ■ ■ ■ 
40 Vermont Street Footbridge ■ 
41 Greenway Pedestrian Bridge ■ ■ 
42 Pfluger Pedestrian-Bicycle Bridge ■ 
43 Grade-Separated Trai I Crossing ■ 
44 State Street Pedestrian Mall ■ ■ 
45 Elm Street Traff ic Calming ■ ■ 
46 Leland Street Redesign ■ ■ 
47 Seventh Avenue Traffic Calming ■ ■ ■ 
48 Main Street Roundabout ■ ■ 
49 School Zone Roundabout ■ ■ 
50 Harold Street Traffic Calming ■ 
51 Curb Bulbouts with Bicycle Parking ■ 
52 Traff ic Calming Program ■ ■ 
53 Chicanes for Traffic Control ■ 
54 Mid-Block Speed Table ■ ■ ■ 
55 Emergency Vehicles and Traffic Caimi ng ■ ■ 
56 Neighborhood Tra ff ic Circles ■ 
57 Speed Humps for Cut-Through Traffic ■ ■ 
58 Raised Intersection ■ 
59 Woonerf-Style Developments ■ ■ 
60 Wal I Street Revitalization ■ ■ 
61 Church Street Marketplace ■ 
62 Pedestrian Countdown Signa ls (1 of 2) ■ 
63 Pedestrian Countdown Signa ls (2 of 2) ■ 
64 Antimated Eyes Signal ■ 
65 Leading Pedestrian Interval (1 of 2) ■ 
66 Leading Pedestrian Interval (2 of 2) ■ 
67 Red Light Camera Enforcement ■ ■ 
68 Red Light Photo Enforcement ■ ■ ■ ■ 
69 Advance Yie ld Markings ■ 
70 Radar Tra ilers in Neighborhoods ■ 
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BERKELEY, CALIFORNIA CASE STUDY NO. 1 

Serpentine Street Design 

PROBLEM ··---
Milvia Street was becoming more difficult for pedes­
trians and bicyclists to travel because of motorists 
using it to avoid traffic congestion on the parallel 
arterial routes between north Berkeley and downtown 
Berkeley and the University of California. 

BACKGROUND 

M ilvi::i Street is primarily a residential street with a l::i rge 

number o f pedestrian traffic generators in close proxim ­

ity to e:ich other, including three daycare centers, a pre­

school, rwo element::iry schools, a junior high school, 
:111d ;:i city p::irk. Milvi::i Street is located between two 

parallel arteri:ils th::it provide a11 effec tive connection 

between north Berkeley and the dm,vntown and Uni­

versity ::ireas. As m ch , it was being used by m otorists to 

avoid the ,toplights on those arte ri;ils. When combined 

with :1 diffi cult offset inte rsectio n at the corner of 

Debw:ire, th is h:id created a difficult place w he re pedes­

cri;im, cyclists, p::irked c:irs and fast m oving cars were 

m ixing in a confined ,treec. f-u rther, :i six-sto ry office 

bu ilding \Yas to be built ne::irby. ,-vhich would increase 

t r:itTic :ind make tr::iveling along ::ind across the street 

more difficu lt for pedescriam. After a considerable com ­

munity effort to influence the office building projecc, 
the C ity received roughly $100,000 fro m the dewlop­

ers to prevent adverse impacts from the new traffi c it 

would generate on Milvia. 

---- ------ ---
Prepared by Laurie Actman, Patrick McMahon, and 
Henry Renski, Un iversity of North Carolina Highway 
Safety Research Center. 

Information provided by Chuck Deleuw, City of 
Berkeley, CA and Mourad Bouaouina, University of 
Californaia at Berkeley. 

SOLUTION 

A '\lo,,· ~LrecL" plan from proposed by Urb:in Ecology, J 

local non- profit o rganizatio11. The CiLy retained tr,m,­

portation consultam Kenneth J\11. Bankston Associatt.:s to 

evaluate the U rban Ecology plan and alternatives. The 

reporr w:i, u,ed by C ity Publ ic Works and Parks and 

\Vatc-rfront D epartmem staff in coordination w ith loc:11 

residents a11d strl'l't user, to ckvclop a rc-co111111e11ded pLrn 
for J '"slow street." With the mitigation fun d, li-0111 the 

developers and some additional city funds, the plan wa~ 

i111plemented in 1989 to create the ·•Milvia Slow Street.". 

The design co,·ers roughly ~ix blocb of rl'~idl'nt ial ~treet 

in \,·hich 30 curb bulb- outs ,vere placed to narrow the 

street at intersections and lllid-block locations. These 

bulb-outs ::ind pl:111ted islands create a serpentine design. 

which requin:''i vehicles to s;]ow and negotiate a w ind­

ing path along the street. 

Traffic calming improvements within the serpentine 

design were ;i]so intended to increa,e the aesthetic quali­

ty of the ~treet. T he bulbouts and islands were land,caped 

and maintai11l'd by the local neighborhood re,ident,. 

Some stamped concrete pa,·ing wa, i11~talk-d near the 

new building to create a rumble scrip for the entrance 

,,·,1y, a decor,Hi\"e sign was e rected no tifying driwrs that 

they are emering a calmed, residential neighborhood. 
Finally, ch t.: L'ntire street \\"as re-paved, speed hu111ps were 

al'io imtalled on ,eyeral blocks, the cracked sidewalks 

wne redone, ,l!ld ADA-co111pli :111t ramps were- inst,1lled to 

make the sidewalk :icce,sible to alJ pede,trians. 

RESULTS 

As thl' fir,t ~treet in Berkeley to h:ive speed hurnp'i 

inst:illcd, Milvia ,Htrac ted consider:ible :mention . There 

has been opposition from the fire depJrtrnent bt·c.1me 

speed humps m ay increase the difficulty of erncrgrncy 

response teams. Some bicycl ists were concerned about 
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Mid-block alignment shif t ing paral lel parking 
from one side to the other. 

the tk , ig11 because it did not p rovide a straight path for 

ridi11~. it included speed humps, and removed previous­

ly-existing designated bicycle lanes. Drive rs who used 
the Stl"l'l't to cut-through between arterials also ,vere 

unhappy with the proyct because they did not like 

driving over speed humps. Other re,idents were con-

Mid-b lock landscaped bulb-out with para llel 
parking. 

cerned because traveling on~r speed hu mps ,rnd o ther 

raised device, c rnjar vehicles and cause pain for disabled 
and ddcrly p,w,engers. 

I 11 1990, :1 ye,ir after implementation, graduate students 

:it the Uniwr, ity of California ev,1luated traffi c speeds 
:ind volume,, including pedestrian and bicycle volume~. 

During the ;1ti:ernoo 11 peak. the number of pedestrians 
increast'd from (>3 to 93 { 48 percent) on 011e block and 
from 42 to lJ5 ( 12(i percent) 0 11 a second block of the 

street. An o pinion , urvey was given to 18 people living 
with in J blocks ot- the street and 14 other ~treet users. 

O ver 80 perccllt felt that the slow ~erect improved 

pedestrian ~afcty. 

The study also found that daily motor whick volumes 

,vere lowered by the project from .'>40 co 441 ( I X percent) 

on the first block and 500 to 399 (20 percent) on the sec­

ond block. Post-project llle lll vehicle speed, along the 

street ranged fron1 14.6 mi / h to 16. 1 lll i/ h (2.3.S 

km/ h-26 km/ h) at the speed humps and frolll 17.0 m i/ h 

to 20.0 mi/ h (27 km/ h-32 km/ h) between the hulllp,. 

Though no offic ial speed data have been collected 

recently along the M ilvia '\low street'' . periodic ob,er­

vation shows that speeds co ntinue to be slmwr thall 

before the improvement, and motor veh icle tr:1ffic vol­

umes are also lower. In addition , the street land,c1ping 

increa,ed the :ittr:ictivenc,, of the neighborhood . 

Since the inst,illation, Milvia Street resident and o rigi­

nal ~upporter of the ' \ low street" concept, K are Obe­

nour, fee ls that the street h as become much s;1fe r and 

that the number and severity of :iccidents ha, decrea,ed 

dra111atic11ly. The , ucces, of Mil via S treet ha, led to the 

installatio n of speed hulllps on over twenty other stn.:<:ts 

in Berkeley. However, it should be no ted that, after 

installation of over 15() speed humps, the Fire Depart­

ment and members o f the d isabled community 

expressed concerns about adding more. As .1 result, :i 

moratorium on speed hump construction i, in pbce 
until adoption of a formal traffic calm ing policy. 

CONTACT 

Peter K. Hillier 

Assistant City Manager for Transportation 
2180 Milvia Street, 5th Floor 
Berkeley, CA 94 704 
Phone: (510) 981-7000 

E-mail : phi II ier@ci.berkeley.ca.us 

REFERENCES 
B.mk-.ton. Kc11111:d1 .. 111.J A,-.;on.n .. :s ... Fi11.1l R.cport- Propo,c..·d \low ~rn .. ~cr 

1Jcs1~1 E\',1lu.111on 111 lk rkck\', <:.1hton11., ... h ·b111:iry l'JKH. 

liou:1ou 111:1. ,\,l\Hlr.Hi .rnd IZnh111'1rn1. IJnict' . ··A11 .A, .... l' .... ,ml·nt ot· f'.'eighborhol>tl 

Traffic ( :.,l11 1111i:;· Mih;, ~I""' Stfl't't in lkrkek'. . C.uil, 11111.1." SuL,11111,·d 
to l'rolc:,,ur E. lk.1k111. U11i"·r.,ity ofC.1lilorni.1 ,ll Unl.d,·\'. F.,11 l'J'JI•. 
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55th Street Corridor lmproveme 

PROBLEM ··---High t raffi c volumes and speeds were creating an 
unsafe and unpleasant walking and bicycling envi­
ronment along 55th Street in Bou lder, Colorado. 

BACKGROUND 

R esidents near 55th Street were concerned about 
speeding vehicles and high trafllc volume in the corri­

dor where the posted speed limit was 56 km/ h (35 
mi/ h). Residents had difhculty enter ing 55th Street 
from numerous side streets, and they had expressed con­

cerns about the difficulty of crossing and the unpleas­
antness of walking along 55th Street. They believed that 
prio r improvements 011 nearby Cherryvale R oad, made 
by Boulder County, had diverred excessive traffic onto 

55th Street and exacerbated this problem. 

New concrete raised crossing wi th pedestrian 
refuge med ian on 55th Street. 

Prepared by Bill Cowern and Mike Sweeney, City of 
Boulder. J 

SOLUTION 

A Capital lmprovum·11t l'roject was i111plcm cnted to 
provide improved bicycle a11d pedestria11 facilities in the 

corrido r, and to provide so111e traffic cal111i11g for vehi­
cles. The following improvements were made: 

A continuous sidew:1lk vv·:i, constructed on the east­

side of 55th Street. 

• Bicycle lanes were provided on both silks of 55th Street. 

A b icycle/ pedestrian underpass was constructed 
along the Centennial Trail alignment. 

• Two r:1iscd crossings :md one ra ised inte rsecti on 
were constructed, w ith pt'destr ian rt'fuge isbnds at 

bo th of the raist'd crossing loCJtions. 

The project intended to improve transportatio n opera­
tions for all modes of travel by providing a number o f 

transportation upgrades, including bicycle lanes, pedes­
trian facilities, speed mitigation devices and left turn 
access lanes on 55th Street. Intersectio n improvements 

at the Arapahoe R oad and Daseline Road intersections 
were also a part of the project. To accomplish these 
goals. approximately $ 1 . 7 nu Ilion w:.1s spent to construct 
the improYements. 

New bicycle/pedestr ian underpass beneath 55th Street. 
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RESULTS 

Staff con<lucte<l a before and afrer study by collecting 

transponarion data before and after the project and 

comparing the results of this data collection with the 

goa ls of the project. According to the ,tudy, both trav­

el speeds and tratllc volumes decreased afrer the com­

pletion of the project. Table I shows that approximate­

ly 3.000 vehicles appe:ir ro have been diverted from 

55th Street. 

A review of the peak hour craffic volumes at the inter­

section of Arapahoe and 55th Street showed reduced 
traffic volumes travel ing north-south through the inter­

section fo llowing the project (sec Table '.2) . 

A corresponding incre:ise in traffi c turning to and from 

55th Street north o f Arapahoe Road suggested that traC­

fic was di verting cast and wnt along Arapahoe K oad 
instead of trave ling north-south on 55th Street between 

Arapahoe Road and Baseline l\.oad. 

Travt! speeds in the corridor were sign ificantly reduced. 

and the 85th percentile speed in the corridor is closer 
to the speed limit th;rn it wa, p rior to project construc­

tio n. There was substantial traffic diversion as a result of 

the project , but it does not appe:u that this diversion bas 

caused any other issues in the area. The diverted traffic 

appears to have been dispersed to several different road­
ways o r e liminated. 

With the addi tion of several improved bicycle facilities . 

the amount of bicycle activiry in the cor ridor is sub­
stantially higher than it was prior to construction of the 

project. H owever. a safety i,sue developed at the inte r­

section of 55th Street and Arapahoe R oad. where bi­
cycles were being hit by turning traffic. 

Second Raised Cross ing on 55th St reet. 

Pedestrian improvement, appear to have met "·irh 

111ixcd success. The new underpass i, ,veil utilized, but 
there does not appear to be any other increase in pedes­
trian activity in the corr idor. Overall, the decrease in 
traffic speed, and volumes has increased pedestrian safe­

ty along the street. 

CONTACT 

Bill Cowern 

Transportation Operat ions Engineer 

City of Boulder 
PO Box 791 
Boulder CO 80306 
Phone: (303) 441-3266 
Fax: (303) 441-4271 
E-mail: CowernB@ci.bou lder.co.us 

Travel Speeds (85th Percent i le Speed) Traffic Volumes 

Before Project After Project Difference Before Project After Project Difference 

67km/h 61 km/h -6km/h 12,400 vpd 9,400 vpd -3,000 vpd 
(42 mi/h) 

Peak Period 

AM pea k peri od 
Noon peak period 
PM peak period 
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(38 mi/h) (-4 mi/h) 

Tab le 1. Speed and Volume Data. 

Before Project 

1245 vph 

660 vph 

11 62 vph 

After Project 

924 vph 
441 vph 
891 vph 

Table 2 . Arapahoe and 55th north-south through traffic. 
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-2 19 vph 
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ALLEGHENY COUNTY, PENNSYLVANIA CASE STUDY NO. 3 

Park Road Restriping 

PROBLEM ··---Throughout the 1990's, Lakeshore Drive, a park 
access road in North Park, experienced increasing 
volumes of motor vehicle, bicycle, and pedestrian 
traffic. In the 1980's, the open section, two-way road 
was striped with a 1.5 m (5 ft) bicycle lane on one 
side. Absent proper enforcement, over time this sub­
standard bicycle accommodation became overrun 
with two-way bicycle and pedestrian traffic, creating 
conflicts and confusion for all road users. 

BACKGROUND 

Pedestrian :m d bicycle safety concerns were first iden­
tified in the Allegheny Coun ty Parks system in the late 

I 98(J"s. In response co those concerns, the County 

completed a Trail Improvem ent Feasibi lity Scudy in 

1990. 1 lowever, the recomm endations of the study 

were never implemented . 

I n the ,pring of 200 I <lll accident occurred in ;m other 

COU!ll) park, South Park, w hich killed three pede,trians, 

the driver of an errant ca r, <rnd <1 pa senger in the veh i­

cle. Thi~ Kcidrnt brought the s<1fety of pl'destr ians and 

bicyclists to the forefront in Alll'gheny County. As ;i 

rernlt, the County revived its co111rnit111ent to increasing 

the ~afrty of pedc~triam and bicyclists in l'ach of the 
COLI 11 ty p<irk,. 

Specific safe ty concerns for North Park i11cluded the 
fol lowing: 

• Wrong way bicycle riding and the use of vehicular 

l:rnes by bicycli, ts due to congestion in the de,ignat­

ed bicycle lane. 

Prepared by John Buerkle, Pashek Associates, 
Pittsburgh, PA. 

• Bicycle and pedestr ian confli c ts in the designated 

bicycle l.rne. 

• rhe pn:~c11CL' of only one bicycle lane 0 11 a two-way mad. 

• T he presen ce of dan gerous intersection cros~111g,. 

SOLUTION 

Recon1me 11 dations in the 2001 M:ister Plan fo r North 

Park were bu il t upo n the concerns r.1ised in the ] 990 
plan . To reduce conflic t, the County designed and built 

,ep:1r;1tc> facilicie, for each travel m odt'. 13icycle lanes 

\Vcn3 prm·icled on e:ich side of Lakeshore Drive. giving 

cycli,r, the opportunity to travel with th e direction of 

motor vehicle tr:i ffic (;i requi rem ent of the Motor Vehi­

cle Code). In .1dditio11 , ;i 1.S 111 (.'i ft) pedestri.111 path­

way for wa ikt'r, :rnd joggers was located :idjacent to the 

bicycle b nl' o n the right hand side of thl' m:id. 

W here space was limited and tr:iffic pattern, permitted, the 

roadway was dcsi!:-,'llated as one- way, allowing contim1dtio11 

of.i ll three travelways for the bicycli~ts and pedestrians. 111 

this case. a bicycle lane w ith an adj:icenr pedestri,m path 

Striping of three trave lways- center lane for one-way 
vehic le f low, a parallel flow bicycle lane on the right, 

and a contra-flow bicycle lane on the left. 
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Bicyc le lanes are marked with words and symbols as shown to 
indicate proper t ravel direction. Note t hat this symbol is not 
what is currently recommended in t he MUTCD. 

was striped on the right side of the road and a contra- flow 
bicycle lane was striped on the lefi: side of the road. 

Lane widths were also adjusted. To free up spJce co 

acconm1odate wider bicycle lan e-s and pedestrian path­
ways, the width of the vehicular lane was reduced to 3.1 

111 (10 ft). In o rder to ensure that the w idth ofrhe bicy­
cle and pedestri:rn lanes were able to accommodate 

changes in pe-ak demand, the- nuster plan recommended 

taking regular peak period pe-destrian and bicycle counts. 

Finally, signs and markings were added to designate the 
respective corridors created for each mode and to edu­
cate travelers on proper use of the facility. This was 
accomplished through painting traditional traffic mark­

ings on the pavement as well as posting rules and regu­
lations that establish what is expected of each trail user. 

RESULTS 

Approximately 1.6 km ( 1 mi) of str iped pedestrian and 
bicycle lanes on Lakeshore Drive were installed in the 
summer of 200 l for a total cost of approximately 

$150,000 (for planning, design and construction). The 
project was designed and implemented in-house, by the 
Allegheny County D epartment of Public Works. Simi­

lar improvements were made later in South Park. 

Given thc short time the improvements have been m 

place, it is difficult to scientifically validate the results. 
H owever, field observations made in August of 2001 

indicate the improvements have been successful. M ode 

separation, wider bicycle and pedestrian lanes, and bet­
ter signage have made the North Park roadway safer and 
more comfortable fo r pedestrians. Not only have the 
changes resulted in reducing the conflicts between the 

various non-motorized modes, but the implementation 
of the recommendations has also resulted in calming 
traffic in the adjacent vehicle lanes and has made driv­

ers more aware of the other transportation modes oper­
ating within the roadway corridor. R esponse from the 

public has been very positive. 

CONTACT 

John 0. Buerkle, Jr. , RLA, AICP 
Pashek Associates 
619 East Ohio Street 
Pittsburgh, PA 15212 
Phone (412) 321-6362 
E-mail: jbuerkle@pashekla.com 

\ '~ .• 
1. P8DIESTIIIAN9 WALK LEFT FACtNG IIOTOR TRAFFIC 
2. IIICYCLISTS IIID!! RIGHT WITH MOTOR TRAFFIC 

' ,~'\ ' 
1 . NO MOTOR VEHICLES ON TRAILS 
2 . KEEP RIGHT 
3 . PASS LEFT AFTER SOUNll!IING WARNING 
4 . STAYONTRAIL 

Informational signs educate patrons about traffic safety. in the park. 
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PROBLEM ··---Downtown Clemson was once the vibrant cu ltural 
center of a college town. As the downtown lost many 
of the qualit ies that made it a desirable destination, 
pedestrian safety was jeopardized along with the aes­
thetic appeal and charm of the area. 

BACKGROUND 

The C ity of c:lemson is :i di stinctive small tuw11 ,1dja­

cent to Clemson University. This relationship attracts 
thousands of students to the C ity of C lemson daily, for 

shopping, din ing. :md entert:i inmellt needs. 111 the late 

1980s several of the well- known o ld brick ~ton.:fro1m of 

downtown h:id disappeared under heavy coats of paint, 
wood and ;iluminum facade,. Cro~swalks were faded, 

worn, and practically non-ex istellt. Citizen ~urvcy~ indi­

cated concerns w ith the impression left by the area, 
especia lly the ble;ik appearance coupkd with increased 

vandalism , tr:i,h and litter p roblems. \X/al ki11g is the pri­
mary meam of access to the restaura1ll~ a11d retail t:stab­
lishments withi n the corr idor for both students and vis­

itors, and there were m:rny potential pedestrian and 

veh icle conflicts to be addressed . 

SOLUTION 

Recognizing downtown C le mson as a major compo­
nent of the city's image, citizens, me rch:mts, and local 
government officials j ointly established the Downtown 

Development Corporation w ith the mission co i mprow 
the dowmown business area fo r bus inesses. p:itrons, and 
pedestr ians. An Appearance R eview 13oard was estab­
lished along ,vith performance standards :ind design 

Prepared by Arzu Yilmaz, City Planner, City of 
Clemson, SC. 

guidelines for the dm:v11town area and for ocher m ajor 
corridors in the city. 

As part of the initial efforts, a resource team presented a 
detailed report out lining the strengths and weaknesses 

of the downtown business dist r ict and the necessary 
revitalization steps. 1 n general terms. the lllJJOr recom­
mendations of the report included: 

• I mp rove rhc physical appearance of downtown, 
including unification o f design and streetscape 

improvcme11ts, providing more green spaces, and 
alleviating trash and litter; 

• l111prove pedestri:111 safety, includ ing inst:ill ing br ick 

surfaced pedestri:111 crmswalks. mandatory "stop for 
pede,trian in crosswalk" warn ing signs, enforcement 

of existing o n-,treet p;irking regubtions, enforce­

m ent of motorist yielding to pedestri:ins, :rnd advanc­
ing ADA acce, ibilicy; 

• Identify a retail 111ix that meets all existing markets 

using input fro 111 the focus groups, 111arkec data, and 
ret:i il m:irket fe:i sibility studic~: 

• lnwstigatc the possibility of extending the university 

parking ~huttle system route to include stops within 
the downtown are:i. 

Pedestrian act ivity on College Avenue. 
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Although it seL'rned to he ;111 ambitious program , these 
rernm1m·11datiom h:id the backing of C ity offici:ils. the 

University, and the C ha111ber of Comlllerce. The fir~t 
two plia,es of i1J1prove111ents took place during 1990 
and I 'J<Jl and cost approxi111ately $500.000. The C ity 
matched a $250 ,000 grant from the So uth Carolina 

Gowrnor's Otlicc w ith $220,(H)O in public fun ds and 

the ren1,nnder $30.!H I() ca me from donatiom by resi­

dents, students. and alumni . T hirty trees :ind fou rteen 

outdoor brnchL·s were pri v.1te g ifts. In addition, a S2.25 
mill ion do ll.tr. low inte rest. reYoh-ing loan pool was 

established by the local b:111b to expedite building ren­
ovations in accon.Lu1ce vy·ith the development plans that 

were approved by the Appearance R eYiew Board 

Pedestri an enhancements on College Avenue at Sloan Street 
include brick pavers, curb ramps, and new landscaping. 

Since then, improvements have expanded beyond the 
do\\·ntown bo undaries into the adjacent .ire:is. Project, 

h:we included the beautiticatio 11 of the arc,1 th rough the 

exte nsion o f streetscape improvcmcrm, realignme nt of 

,treets. insra lbtion of ma~t-arm signals, decorative 

pede,tr ian crossings. and landscaping. In the early 1990s 
a complem entary unified entrance to dow ntow n C le111-

5on and the University's ca1npus was crea ted , and the 
city improvements were mirrored on the u niver, itv 

prope rty directly across fronr downtown :i, an :i lunrni 
cLm project. Also during thi~ time. private down tm,·n 

m erchants invested in e:xtem1vc facade improvement,. 

RESULTS 

The C ity of C le1mon was :ible to identify the need fo r 

revitali zing downtown and providing a sat~ pedestrian 

environrncnt for local patrons. After th.: revitaliz,ttion 

effort was completed. downtown Clemson reduced tl 1c 
amount of pedestrian ;md vehicle conflicts, slo,Yed traffic 

through the downtown area, and significantly increased 
the awareness o f pedestri an safety via design and regula­

tion in its revived aesthetic and economic corridor. 

Today downtown is an attractiw, safe, and pedestr ian 
friendly urban space. A healthy mix o f clothier,, music 

, tores, bookstores, florim, banks. restaurants, and coffee 
houses provide numerous shopping options, per-;on,1I 

services, and dining opportunities for rcsidems, , tudents, 

:ind tourists. The pedestrian improve111ents suppo rt the 

economic revitalization effort and abo increase the safery 

and comfort of pedestr ians in down town Clemson, SC. 

CONTACT 

Arzu Yilmaz 

City Planner 
City of Clemson 

Department of Planning and Codes Administration 
PO Box 1566 
Clemson, SC 29633 
Phone: (864) 653-2050 
E-mai l: ayi lmaz@ci lyofclemson.org 
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Accessibility During Construction 

PROBLEM ··---Provid ing accessible pathways for al l pedestrians dur­
ing roadway construction and maintenance projects. 

BACKGROUND 

The N. Pe.1rl Street R eromtruction project was an cle­

ment of .. The C1pirali?t.' Albany Economic Develop-
111enr P!Jn· · to rebuild the c ity\ road\,·ay infra~tructure 

and establ i•d1 a p edestri ,111- friendly strcctscapl· . The 

reconstruction site w:i5 with in close proximity of 1- 787's 

exit and entry ramps, and it remains a 1naJor generator 

of vehicul.ir and pedestrian tr:iffic with in IJowncown 

Alb:rny. Suhst,mtd pedestr ian trat1ic i, generated by 
em ployees. tourist,. and rL·,1denl\ ,, ho,e de,tinatio ns 

include a fedn:il otTice building. off-street parking lots, 

a histori c distri ct. :i m:~or theater. and popubr e ,1teries. 

The A111 er ic,111s with Disabi lities Act (28 CFR. l)::irt 3:'>) 

,u1d the Americans with l)i,,1bilities An Arrcssibiliry 

Guidelines require that temporary pe<lestr i:111 fac ilities, 

including those associated ,vith construction :ind main­

tenance. must provide s:ife :111d conn·n ient :iccess for 

pt:rsons \\·ith di~,1bilities. rJ---IWA regulatio ns (23 C H( 
6:'>2 .:'>) require that provisio n fo r sa fe acco111111od,1tion of 

pedestri:im (:i nd b icycl ist,) i-; g iven full consideration 

during comtructio n. 

The 1996 Ne,,· York St::ite l)epan111rnt of l'rampo rration 

(N YSDOT) Bicycle And Pedestrian Policy extends this 

requi remellt to 111:1inte11:inn · ::incl protection o f traffic 

(MPT) for pedestrians in work zones during highway 

construction .md other con, truc tion activit1c,. N YS­

DOT. through ,1 number of pedest rian safet) 1111t1ativcs, 
is currently upgrading its st:111d:1rd spec ificatiom for the 

Prepared by James M. Ercolano, Pedestrian Specialist , 
New York State Department of Transportation. 

"Sidewalk Closed" and "Sidewalk Open" (with di rect ion 
arrow) signs were posted on N. Pearl Street. 

ADA compliant channelization to a pedestrian crossing 
was provided at N. Pearl and Clinton Street. 

MPT. The work zone at N. Pearl Street. Albany re,·eal, 

th::it p ractices h,1\·e ,drea<ly advanced significantly. 

SOLUTION 

Pedestrian- re la ted M PT at the N. Pearl Street site 

included the m e of signs to indicate closed sidewalks 
.rnd crossings ::is well a, alternate ~idewalk routes and 
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Cane-detectable fences were installed beside 
sidewalk widen ing and new curb work on N. Pearl Street. 

crossings. Cane-detectable orange construction fence, 
were intended to channel pcdestriam to temporary ,md 

existing sidewalks and street cros, ings. Or:lllge fenci ng 
vvas also installed Lo enclose the e ntire site ;111d cre,lte ;:i 

barr ier between building stoop,, their sidewalk,, and 

new sidewalk widening and curb construction . A tem­
porary mid-block crossing w ith a curb ramp ,,·a, also 
constructed co im prove access to tht' teder:il buildi ng. 

RESULTS 

The N. Pearl Street site p:issed N YSDOT inspection fo r 
pedestrian accommodation, :md scored above average 

for re tention of ADA-related public right-of-,yay acces­
sibility. The cmt of the specific pedestrian accommoda­
tions was not avaihble, but N YSDOT is exploring sep­

arating costs by mode for future construction and main­
tenance project,. NYSD OT's pedestr i,m - o rie11ted 
M PT plan , ucce,,full y provided ,I level of pedestrian 
s:i tery comi,tent w ith the type of work zone. location. 

duration of ;ictiviry. and pedestrian and othe r traffic vol­
umes oper:itions. T he plan also reduced the number of 
conflicts between pedestri an, motorist, and bicycle· traf­
fic movement, on N. Pearl Street in Albanv. 

CONTACT 

James M. Ercolano, Pedestrian Specialist 
New York State Department of Transportation 

1220 Washington Avenue 4-134 

Albany, NY 12232-0414 

Phone: (518) 485-8291 
Fax: (518) 457 -8358 

E-ma ii : jercolano@gw.dot. state. ny us 

128 Case Studies Pedestrian Safety Guide and Countermeasure Selection System 



EUREKA, CALIFORNIA CASE STUDY NO. 6 

Old Town Improvements 

PROBLEM ··---Improvements were needed to make Eureka's Old 
Town District more pedestrian friendly. 

BACKGROUND 

Inspired by Sacr,1111enro, C A and othe r c ities in the 

region that had beautifi ed the ir hi, toric d istricts, the 

C ity of Eureka Planning and Engineering D epa rtments 
and concerned cit izens of Eureb b egan to work 

together in 1972 to revitalize the C ity's ' 'Old Town " 

lJi~trict. T he area in cluded a w ide v:ir iety of Victor ian 

shop,, homes. and rhe histor ic Carson M ansion. A con­

ceptual plan and comtuction d rawins,s were developed, 

an d over the years. a variety of , treetsc:tpl.' improvements 

were made to beautify the area, making it more fr ic:nd­

ly ro pedestrians. sho pper,, :md to urists. 

SOLUTION 

T he C ity o f E ureka h::is inst:i ll ed ;:i v;:i r ie t y of trearn1ents 

alo ng 2nd Street fro m "C" treet to" M " Street includ­

ing bulb- ours. S-curve,, ra ised islands, trees, benches. 

pedescrian lighting, exposed aggrcg;:i tc/brick sidewalks, 

and specia l fe:i tures co cro,sw:ilks :ind intersectio ns. 

Additionally, park ing was re moved fron t po rtio ns of 
each sick of the street w here , idewalks and p lan ter) 

were installed. T he C ity of Eureb has been work ing on 

thi s concept thro ugh the years and expa nd ing th is treat­

m ent o n the side streets fro m Humbo ldt l3ay to 3rd 
Street "ith tht' last portio n being completed in 19()7_ 

Prepared by Laurie Actman, Patrick McMahon, Henry I 
Renski , University of North Carolina Highway Safety 
Research Center, and Gary Boughton, City of Eureka, CA. 

Looking down Second Street from L Street showing 
bu lb-outs, brick crosswa lks, brick and exposed aggregate 
sidewalks, traffic island , light ing, trees, street, and the 

famous Carson Mansion in the background. 

Since the e;irly 1970s the avn agc cost has been about 
$130,000 per block, w hich kt\ included sidew:ilks, 

plante r,, lighting. ,trect,. underground utili ties. etc. 
Approxirn:itely 27 blocks were co111pleted . In addition, 

Clark Pbz,1, ti1t' Gazebo, and numnous parking lo ts in 

O ld Town were also added. T h t' Eu reka R edewlop­

Jll ent Agency fu ndt'd Llic i111provelllents. 

RESULTS 

T he 2nd Street portio n of"'Old Town "' is now a signi f­

icant attraction for tour ists :ind local residen ts ro v isit , 
walk and sho p. The ;irea h;is :i v;:ir iety of establishments 

w irh , idewalk seating .ind high pedestrian volum es. 

M any activities, includ ing ;:tn :1111111:il Fourth oCJ uly fes­

Lival, wt'ekly fa rm ers markets, free weekly su111111cr con­

certs, and monthly Satu rday N igh t Art, Alive progran1s 

arc n ow centered in " O ld Town·· . 

Tr;:t ffic volume 011 ti ll.' corner of 2nd and " l" Streets is 

now 2,500 ADT, and Traf1i c Engineering Analyst Dan 

Moody e,ri mares ir to be h igher in the mo re developed 

Pedestrian Safety Guide and Countermeasure Selection System Case Studies 129 



portio n, of the ··old Town " distri ct. Despite the , uccess 
of the project, there has been sollle discuss ion o f' tea r ing 

out parts o f the 1w destrian improvements co install addi­
tional o n-street parking. Moo dy believes that this 

pedestrian environment took some time to create and 

wo uld be s,1dly m i,sed if rem m·ed. 

Pede,trian improvements continue to be used lo com­

plernent Eure ka \ historic distric t revitalization efforts. 
Wi th the help of pedestrian- fr iendly design. ,omc art 

gallery ,rnd studio businesses that closed after the devel­
o pment of a lllall in the late 1980s arc coming back, and 

11e,,· office , pace is being developed. Some of tht· , arne 

pedestrian treatments built in the 1970s are being 
extended towards downtown Eureka, with curb bulb­

o uts o n ➔th , 5th . "E", "F" and "(;" Streets. Although 
these project, ;ire nor identical ro the 2nd Street improvc­

ments, they havt , imilar curb bulb-ours and incorporate 

brick pavers, trees, and pedestrian-scale lighting. 

Looking west on Second Street from L Street showing 
curved street , bulb-outs, streetlights, trees, brick crosswalks, 

and bollards. 

The City is currrntly constructing ::i boardwalk alo ng 
the Eureka Waterfront between "C'. and ' 'G" Streets. 

This board\\'alk 11 1Corporates m any pe<lestrian- fri e ndly 
features, includi11g bricks, , idewalk e mbm,ing. pl:inters. 

benc hes, pedc,tria11 lighting. b:inner,, arts, and hiscoric 

interpretive sig11ing. 

Altho ugh i,,ue, , till complicate the redevelopme nt of 

Eureka \ wate rfront and many parts of downtown and 
the hi, to ric district , the director of Eureka ·~ Main Stre~'t 

prog r:1111 believes th.it the pedes trian-supportive e nvi­

ron I nent of the are,1 contributes greatly to the n:vital­

iz:ition process. 

CONTACT 

Gary D. Boughton 

Deputy City Engineer 
Ci ty of Eureka. 531 K Street 

Eureka, CA 95501 
Phone: (707) 441-4187 

Fax: (707) 441-4202 
E-mai I: gboughton@eurekawebs.com. 
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GRAND JUNCTION, COLORADO CASE STUDY NO. 7 

Solutions f~om Citizen Input 

PROBLEM ··---As urban growth expanded, a quiet country road 
became a major north-south street, and residents 
became concerned about increased veh icle speeds and 
heavy t ruck traffic, di fficulty entering and exiting drive­
ways, and the safety of bicyclists and pedestrians. 

BACKGROUND 

The G rand Junction Public Work, D eparrrnen t recog­

ni zed severa l years ago that f-ir, t Sn-ee t, a rural tw o -lane 

ro ad w ith no curb. gutter, or sidewal ks, w as beginning to 

develo p speed and congestio n proble ms. Tho ugh there 

was a posted , peed limit of 56 

km/ h (35 m i/ h), it wa, commo n 

fo r veh icle, co travel at over 8 1 
km / h (50 mi / h) o n First Street. A 

1992 road use study sugge,re d 

accommod ati ng the increasing vol-

ume o n the street by adding ,1 cen­

ter left- turn lane to remove tu rning 

traffic from the through lane,. 
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First Street was a two- lane road with no curb, gutter, 
or sidewalks before it was improved. 
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Initially. the plans to redesign First 

Street by expanding the r ight-of­

way for the road (most of whic h 

was alread y owned by the city) was 

,trongly o ppo cd by 111a11y of the 

residents. Al though 111mt residents 

recogni7ed th:n the congestion and 

speeds were o m of proporrio n w ith 

the road "s c1paciry and that there 

was o nly :1 paved , ho u ld n fur 
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The improvements to First Street included curbs and sidewalks, gutters that are used 
as bicycle lanes, ra ised medians, and ra ised crosswalks. 

Prepared by Laurie Actman, Patrick McMahon, Henry 
Renski, University of North Carolina Highway Safety 
Research Center, and Jody Kliska, Grand Junction, CO 

ped estri an access, they did not ,um rn encourage any 

lllOre vehicles to use the ir resicle 11 ti ,1l ,treet ~s a way i11to 
town. A black w,1lnut tree. w hich ,rood in rhe r igh t-of­

way needed to widen the road, becrn1t' the S) 111bol of 

project opponents. 
[ __:ansportation Engineering Department. 
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SOLUTION 

Several public 111eetings \Vere held and two nnvslcttns 

were distributed describing the issues surrounding the 

city's pbns for rhe First Street reconstruction. Through 

this process, tr:iffir ol111ing features were incorporated 
into the project. To reduce the project's impact on re\­
idents. the city offered to narrow the travel lanes to 3.36 

111 (1 1 fr) , rebui ld the ,tone walls in several residents' 

ya rds. build rct:iining walls, and m ove :i driveway. 

The final design involved the construction of two bne, 

plus a center turn-lane with raised 1J1edians in four lora­

t io m to slow traffic and provide for safer pedestrian 

crmsings along a 0.81 km (0.5 rn i) section of First 
Street. Curbs and 1.3 111 (5 ft) sidewalb were added 

adj:icenc to the road on both sides of the street, cutting 
back 1 rn (3 ft) at driveways to insure a level cro~s-grade. 

Cutters \ve1·e added with a w idth of 1.5 111 (5 ft) to dou­

ble as bicycle !:m es. Three speed tables were installed, 
two of w hich function as crosswalks. These rai~ed cross­

walks pass d iagonally through a 111edian. forcing pedcs­
tri:111s to look toward oncoming veh icles before crossing 

the second half of the street. At the same tirne as the 
road reconstruction , all of the local u tilities and irriga­

tion systems wne diverted underground and replaced 
by '•historic" lighting fixtures. 

RESULTS 

Afte r the project's construction, traffic volume rose from 

I O,J72 ADT co 12,3 13 A DT T he roadway sucres,full y 

:iccornm odated this traffic i11creasl', which wa, primari ly 
due to the overall population growth of Grand Junction. 

Although vehicle crashe~ also incrl',1sed slightly fi-0111 five 

in the 22 months before the project co seven in the 20 

months afterward. four of thl' post-project crashes 

Medians, speed tables, and raised crosswalks have 
been effective at reducing vehicle speeds. 

occurn:d when a vehicle st ruck a median island and the 
projl'ct effectively reduced ,peeds. The 8:ith percenti le 

speed decreased from 63 km/ h (39 mi / h) before the 

project to 55 km/ h (34 mi/ h) afrenvarck The total cost 
of the project was approxin1atcly $850,000. 

Pedestr i:in and bicycle use of the roadway abo 

incre:ised. Defore the project, one resident wondered. 

" Why are you putting in , idev,ralks' Nobody ever walks 
on th is street." Now rn;i ny pedestrians and bicyclists use 

che roadway to go to ;i middle school at the south end 
of the proj ect, and many re,idents walk for recreation. 

According to a resident, the pedestrian and bicycle 

improvements inspired other residents to take more 

intcrc,t in walking a ro und the neighborhood and main­

taining their property. Not o nly had he observed sig­
nific,1ntly more pede,tr iam o n the ,treet. but he saw 

life long neighbors out walking fo r the fim ti111e. 

The sidewalks, raised medians. and raised crosswalks on 
First Street accommodate pedestrians effective ly. 

CONTACTS 

Jody Kliska 
City of Grand Junction 

2551 River Street 
Grand Junct ion, CO 81505 
Phone: (970) 244-1591 
Fax: (970) 256-4115 

E-mail: jodyk@c1.grandjct. co. us 

T. Kent Herbert, P.E. 
City of Grand Junction 
2 50 N. Fifth Street 
Grand Junction, CO 81501 
Phone: (970) 244-1445 
Fax: (970) 256-4011 
E-mai l: kenth@ci .grandjct.co.us 
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PROBLEM ··---A more pedestrian-oriented design was desired for 
the downtown area of a rural village, particu larly 
along two state highways with heavy truck volumes. 

BACKGROUND 

Fort Plain, Nnv York is a ~1 11all village alo11g th e Erie 
Canal between Utica and Albany New York. T he vil­

lage is located w ithin the Mohawk Valley Heritage Cor­

ridor, a regio n that is redefining its local econo my w ith 
an emphasis o n tourism. The downtown includes the 

crossing of two State Highway~. R outc 80 ,111 tl R o ute 
5-S. Both have a posted speed limi t o f .+8 km/ h (30 
mi / h). R o ute 5- S runs down Main Street, has an ADT 

of about 6,000. and car r ies a high percentage of truck 
traffi c. Route 80 has an ADT of about 10,000. Since 
the construction of the Interstate systcm in the 1960s 

and 1970s, rural M ain Streets like Fort Plain have been 
effective ly bypassed by a majority of motor vehicle traf­

fi c. This has p rovided an o pportunity to revisit the 
design of these streets from a more pedestrian-oriented 

perspecti ve. Since Main Street is a part of the New York 
State touring route syste m. maintenance o f the street is 

shared, with the village respo nsible for sidewalks and 

NYSDOT responsible for the roadway. 

SOLUTION 

When ll..oute 5-S was progra1nn1ed for rcco11struction 
in the early 19')0s, New York Seate D OT's Reg io n ~ 

office saw che opportunity to incorporate a series of 
pedestri an e nhancemen ts. NYSDOT and the com 1m1-

r---
Prepared by Jeff Olson, R.A. , Trailblazer. 

Information provided by Paul Evans, Regional 
Landscape Architect , NYSDOT Utica Office. 

. "-" • ' .. .,-
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These construction documents show the curb extensions at 
t he intersect ion of State Route 80 and State Route 5S. 

nity worked together o n a solution that created wide 
sidevvalks, ne\\' marked pedestrian crossings, and a new 

fountain set in recycled br ick pavers in the village 

g reen. What may look like a relative ly simple project 
w hen com pleted was actually a complex effort that 
involved the relocatio n of u tilities, new street lighting, 

side,valks, and new pavement within the context of a 
histori c village. 

One of the key element, of the project requiring a design 
compromise was the me of curb extensions at pedestr ian 
cros,ing,. While a common feature in many New York 

State cornmunitie,, curb extensions were nevv to Fort 

Plai n. SDOT , nowplow operators were concerned 
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about hitting the extensions during the winter season. 
Even with extensive training and participation in snow­
plow rodeo competitions, a design con 1promise was 
needed before the extensions could be installed. 

The solution reached in Fort Plain required the curb 
extensions to he designed approximately 0.6 m (2 ft) 
less than the full ,vidth o f the adjacellt parking bays. 
T h is allowed snowplovv·s to drive para llel to the rows of 
parked cars without coming into potenti:il contact w ith 
the leading edge of the curb extensio ns. 

Benefits of the curb extensions mcluded sho rtening the 
crossing distance and reducing the amount o f time 
pedestrians were exposed co tratTi c when crossing the 
street. The curb extensions also provided additional 
sidewalk space. Within this additional space, curb ramps 
and period street lighting were installed, which other­
wise would have intruded on the sidewalk because of 
adjacent front steps at vario us building entrances. 

RESULTS 

T he installation of curb extensions has provided simple 
but important benefits to the Village of Fort Plain. T he 

total cost o f the proj ect, paid by New Yo rk state trans­
portation funds, was approximately $3.2 million. T he 
Village was responsible for maintaining the sidewalks 

and street lighting. After mo re than five years, the im tal­
lation still looks well maintained , w ith no evidence of 

damage to the curbing or other materials. Pavem ent 
markings are worn but no t significan tly different from 
other locations in the region. Traffic volumes and large 
vehicle movements have no t been adverse ly affec ted by 
the new design, and p edestrian m ovements are 
enhanced by the im provemencs provided. One resident 
w h o was interviewed during a recent field visit said he 
was a disabled veteran who liked to go the pose offi ce 

Curb extensions provide significant increased 
sidewalk space on Main St reet. 

each day, and that the new sidewalks and curb ramps 
were the best thing that ever happened in the village. 

Recyc led brick pavers from Main Street were used in 
sidewalk set backs and for the paving surface around the 

restored fount ain on t he vi llage green. 

New <.ksign guidelines not in place at che time of this 
project would suggest a few n1.inor modifications. such 
as an improved pattern fo r ladder-style pavement mark­
ings, the use of separate ramps fo r each side of the 
pedestrian crossings, and the addition of tactile warnings 
for pedestrians w ith visu;il impair ments. It is also pos­
sible that a more aggressive traffic calming treatmenc 
could be applied in a village of this scale. possibly 
including :i median and pedestrian refuge islands. H ow­
ever, knowing the budget, location. and conditions of 
th is stt·eet prior to the project, the pedestrian enhance­
ments provided 0 11 Main Stret't in Fort Pbin are a sig­
nificant achievement.. 

CONTACT 
Paul Evans, Regiona l Bicyc le/Pedestrian Coordinator 

New York State Department of Transportat ion , Region 2 , 
Utica 

Utica State Office Building 

Genesee St reet 

Utica, NY 13501 
Phone: (3 15) 793-2433 

E-mai l : pevans@gw.dot. state. ny.us 

REFERENCES 
Fid <l vis1t 11u tc, .rn <l phom~r.tph,. F.tll J•J<)c, NYSDUT/ FH W.'\ M o h,1wk 

Valley E11ha11c,·111c11t, Tour . .J.O l,011. w tth ths 11 k- m N YSDUT 

R egion 2. Utit,t. 
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MARIN COUNTY, CALIFORNIA CASE STUDY NO. 9 

Safe Routes to School Program 

PROBLEM ··---A low percentage of children were wa lking or bicycling 
to school, which contributed to poor physical health in 
chi ldren, traffic congestion, and air pollut ion. 

BACKGROUND 

M arin County i, looted Jc rw,, the Colden C :1te Bridge 

from San rr,u,ci,co. It has been tllL' home to 11w1y well­

known bicycle ,md pedestrian ,idvucacy i111twin-s. 

including the Sate R omes to School l' rogra111 of the 

M arin County Bicycle Coalition (MCUC). 111 1999. the 

Cali forni.1 Legislature passed a signific.un Sate R.outl'S to 

School l.m·, As,embly Uill 1-47:'i. which est,1bli, hed a 

stJtewide, $ 1,000,000 program which required •· ... the 

DcpartmL'llt of Trmspo rtation, ill comul tatio11 with the 

D cpart1m·1 1t ol the California H ighw,1y P:1trol. to estab­

lish and ad1niniste r a Safe ){.oute, to Sch ool Construction 

Program." Marin County has quickly developed a model 

program that i, alrt'.ady yielding significam changes in the 

m ode share of children walking and bicycling to ,chool. 

SOLUTION 

EDUCATION/PROMOTION 
Throughout the school ye,1r. MCIJC provides pcdc,tn ­

:m and bicyclt: ,afety ,kills training along \\'ith curricu­

lum 111.1tc rials to help ,cudents understand m odal choic­

es and the impact o f the ir cho ice, on the e11viro111ne11t. 

E\·ent, such a, W,1lk ,md Bike co School D,1y are tailo red 

by eac-h ,chool to meet their need,; . Some schools 
,cheduk evc llt, \\'eekly; others schedule them once a 

111011th. T\vo school, use volumeers as crosswalk moni­
rnVi 011 rhe,e d ay,. 

A significam ,ucces, of the progra111 is the FrL'quent 

Rider Mik, come,t rh,1r rew,inb ~tudc11 t, fur walk ing and 

bicycling to school. Scudc>nts use pre-111,,dc: ra lly card, to 

kel·p track of the number of times they \\·alk . bJCyclc. car-

</) .... 
ci 
w 
"' 0 

t 
:r: 

M C 13 ,\ S,1ft- R.omes to School, p rog r.1111 combine, 

pro111otional and educatio nal prog r.1m, with loc.1l lv­

based de,ign ,olutio m to improve physical conditions 

for childre n wa lking and bicycling to ,chool, provide 

sk ills train ing, and offer mock choice incenriw,. Devel­

oped i11 11 i11c pilo t co111mu11itie,, cduc 1tio 11 / pro motio n 

a11d engi11ccring/ infrastructurc arc the principal com­

ponents of the program. 

----- c.. 

Prepared by Jeff Olson, R.A. , Trai lblazer. 

Information provided by Wendi Kallins, Program 
Director, Marin County Bicycle Coalition . 

L_ 

Fairfax children walk and bike to school on International 
Wa lk to School Day October 8, 2003. 

pool. or bm to ,chool. l>oints arc earned for each trip, 

and a rafllc i, held w irh prize, at the e11d or tl1L' \Choo] 

year. The g r,md prize at each school i, a m·w bicycle. 

ENGINEERING/INFRASTRUCTURE 
Schools in two communities, M ill Valley and hurfax, 

mapped typical ro utL'S that student, used to walk and 

bicycle co school and proposed safety improvc1nc11t\ alo11g 
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these routes. Using this analysis, Fairfax applied for :111d 
received a Transportation Enhancements g rant fro m the 

County C ongestion Managem ent Agency to complt'te 
the gaps in the sidewalks along a 111:ijo r school route. Mill 

Valley has applied for funding to improve access to and 

from a local bicycle path anci to provide enhanced pedes­
trian crossing~ throughou t the communi ty. 

RESULTS 

Signific rnt changes in m,dent m odal shares have been 

docum ented by M C BC for the 2000-2001 school year. 

Data coll t'cted th rough studrnt surveys in 2000 show 

thJt Jbout 23 pcrcrnt of studrnts walked o r bicycled to 
and from school. Surveys given at the end of the sch ool 

year in 2001 found that the lllode share for wa lking and 

bicycling had increased to 33 pem : nt. This amounts to 

more than 3,500 children walking or bicycling to and 

from the nine schools included in the pilo t program. 

Equall y signifi cant, the data show chat carpooling 
increased fro m 12 percent to almost 20 percent, and the 

percentage o f children being driven alo ne in their pa r­
ents' cars dccreastd from about 66 pt rcent to 48 percent. 

Advantages favo ring Marin County include J climate 
that is generally mild and conducive to o utdoor recre­

ation , a progressive-minded population that is ope n to 
change and innovatio n , the we ll -organized efforts of 
M C 13C advocates. and the resou rces provided through 

the State of Cali forn ia Safe R .. outes to Schools legisla­
tion. The statewide program has received signi ficant 
support, and w c1s recently re-authorized w ith a substan­

tial budgt't appropr iatio n. 

CONTACT 
Wendi Kallins, Project Coordinator 
Safe Routes to Schools 
P.O. Box 201 

Forest Knol 1s, CA 94933 
E-mail wkal lins@igc.org 
Web: www.saferoutestoschools.org 

REFERENCES 
rvt.1r111 c:ounty 13icyL·lt· C:n.iliti1Jl1 S,tt~· R\)tltc, to School, \VdJ 'iill': \\'\\' \\:.'i.dl' 

rout,: ..,tt l'.Lllclol-..orµ.. 
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LAS VEGAS, NEVADA CASE STUDY NO. 10 

High Volume Pedestrian Crossings 

PROBLEM ··---A methodology was needed to guide the design of 
pedestrian crossings in areas with very high pedestri­
an volumes. 

BACKGROUND 

Pedestrian crossings are commonly designed to m eet 

existing conditions. Pavement markings are generally 

:digned co match the existing locationc; of curb ramps or 

to match sidewalk \Yidths, not conside ring the potential 

for large volumes of pedestr ians at high t raffic in tersec­

tions. The sidewalk<; and crmsings may not allow suffi ­

cien t space fo r large volumes of people, causing pedes­
tri;ins to walk outside of the marked crossing in adjacent 

motor vehicle lanes, and creating uns:.ifc condi tions for 

both pedestrians :111d m otorists. 

The Las Vegas Strip serves large volumes 
of both vehicles and pedestrians. 

Prepared by Jeff Olson, R.A., Trailblazer. 

Information provided by Richard Romer, Orth-Rogers 
Consulting. 

Clark County. Nev::ida includes the famous La, Veg<1s 

Str ip :111d m;rny other loc1tions "·i th high pedestrian 

traffic i11 its jurisdiction. M:.iny of th t' roadway, in these 

areas are six lanes and the intersect1om of the ,1rtcrial 

ro;idways are very w ide. creating dangerous con ditions 

where pedestria ns mix w ith veh icles. Therefore. safer 

and more con1 fo rtabk ,idcwalks and pedestrian cross­

ings were needed. 

SOLUTION 

ln the 111id- I 990's. Clark County e ngineer, and pbn­

ners developed a m ethodology fo r , izing pede,tri,111 

crossing facil ities based o n pedestr ian tratftc volumes. 

This m ethodology i, de,cr ibed in a 1997 Tramport;ition 

R esearch Uoard paper, rntitkd, " lntegr,iced System, 

M ethodology for Pedestri an Trafr1c Flow Analysis." 

The technjquc takes an analytical perspcctiw to quami(y and 

assess the safety and comfort of pedestrians. It rcqum·s three 

basic element, of the pedestrian transportation system to be 

consi<lere<l: I) ,idewalks or walkways; 2) mid-block or imer­

section com er. holding. or queuing areJ,; .md 3) pcde,rrian 

crossint,~ of ruacl,, railway lines. or other physical features of 

the n-ansporration network. The methodology take, .1 ,y~­

tems appmach tlut identifie5 key relatiomhips between these 

three pedestrian ele111cnts at J ,isi-n;:iljzed intersection. Ir can 

be used lo evaluate existing pedestrian conditions at an inter­

section, and to develop decision support tools lo evaJuatL· the 

porentiaJ need fo r new signalized at-grade intersecbo11 

pedestrian eleme1m or a grade-separ::ited pedestri:111 faci li ty. 

At che sam e time that this methodology wa, being 

developed. the Nevada Office of Traffic Safety c1nd 

Cbrk County hmted ::i ,veeklong ch,urette ent itled 
--creJt ing :i More W.1 lbble Las Vega, .. in April, 1996. 

Using the prupo\cd model .rnd a variety of an:ilytic:il 

tools. a broad-based serie~ of recommendat10m were 

made through <1 professional team led by Dan Burden of 

Walkable Communities. Inc. 
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This graphic shows the relationships between pedestrian 
elements at the corner of an intersection as defined in the 

Romer/Sath isan "Integrated Systems Methodology for 
Pedestrian Traff ic Flow Analysis.,. 

RESULTS 

W hile no si1wle event or technic,1I docurne11t c111 be ,.., 

solely responsible fo r creating c hange, the past decade 

has seen comiderable changes in the pedestri,111 envi­
ronmem in Lis Vegas. Public and pri,·:ite i11vi.:,t111e 11 cs 

have enhanced ped escri,rn m m·enH:'.nts. yet in som e 
ca~es. they have made them m ore ditlicult . At several 

major inn:rsectio ns, pedestrian bridge, have b~·en devel­
oped li11king large ca~ino properties o n all four corners 
of the i11tcrsectio11 at the second tJoor level. and pro­

hibitin" at -<•radc pedestr ian cro~sim!~. N e,v landscaped b b ~, 

111ediam have been provided along the strip. rnhancing 

!llid-block crossings in some locations. bm restri cting 
pcde ·tria11 cros~i11 gs at others. 

The methodology h,1s been m ed in 1"1, Vl'g,1, to 

Pedestrian bridges are provided across all fou r legs of the 
intersection of Tropicana and Las Vegas Boulevard South. 

Pedestrians may not cross at-grade. 

improve the de~ign of pedestrian fac ilities at all the new 
mcga-rc~orr, co nstructed over the last few years. This 

systems analysis ha~ been used o n several public roadway 

projects, ~uch as the ones fo r Flamingo R oad and Trop­
icana !toad. Also, the concept has been used to escah­

lish ,1 public safety perspective to suppo rt :111 ordinance 
that regulJtes the placement of newsracks. Similarly, it 

was used in an Obstructive Use ordinance chat escah­
lishes a specific threshold standard for sidewalk pedestri­

an traffic fl ow and regulates and prohibits mobi le :icciv­
ities, such ;is handbill solicitation and t-shirt vendor 

table~. on segme nts of sidewalks chat cm not adequately 

~uppon chose activities . 

According to Richard Rolllcr, one of the engineers w ho 

developed the analytical technique. the m ethod was cre­

::ited recognizing the need to de,ig11 pedestrian circula­
tion sy,tems that provided appropriate level, of service 

:incl comfort, c. pcci::dly relative to land mes that gcner­

:lte high volumes o f pedestrians. This systems approach 
cm :ilso be u,ed in the planning and design of other 

pedestrian faci lities, such as tnedian or refuge i, land areas 
for pedem·i:im and grade-separated facilities. 

While there are few communitie, \Yitl1 the same ro:id­
way :1nd pedestrian em·ironmenr :is the l.:is Veg:is Str ip, 

many co111n1un itil's havl" tr:insit st:itions, busy urban 

streets, and subu rban growth corridors w ith high pedes­
trian volu m es a nd many pedestrian-vehicle connict,. 
T hese areJs can bt>nefit from an analytical approach to 

determining the appropriate faci lities for pedestrians 

crossing~. There fore, the tools developed for high tr:if­

fic peck strian intersectio ns in Las Veg:1s can be used to 
improve the safety and comfort of pedestrians at cro'iS­
ing~ i11 other communities. 

CONTACT 
Orth-Rodgers Consu lt ing, Las Vegas 
Canyon Center 
1140 North Town Center Drive 
Suite 190 
Las Vegas, NV 89134 
Phone: (702) 233-4060 
Fax: (702) 233-4560 

REFERENCES 
fott{llllnf .'i)'.'IC/11.• .lfrr/1<1,/,,li:~) _,;,, f't,(,_,[fl<I/I ·1;,,1/i, n ,n,· : lu,il)'si,. R o111n. I\.T: 

"i,1thi,,H1. ~K .. Tr;u1"f1l lrt<llio 11 IZ.c..""t·,1rd 1 Uo.ird (TRU). Tr111,po rt.1tio 11 
R t.''-t\ln.. h Rl·tu1d I ~7X-Pl·(.k·,tri;m ,111d Bicyd 1..· R 1..•,4..•,1rch. J t)CJ7 . pp. JI 1-
."17. !Sil . 11:,111>11(, I i,~7 . 

C n ,1t111g ,1 .\ /me 11;,JL ,/ilc L.,., [ (:!.!•'·' · Fi11Jl Report fro111 tht: Apri l. J9<J<, L.1, 
Vega, l'cdc,t, i.111 S.,frt~ Workshop. W:ilk,,ble C:un111n111iti,·,. 111,· .. 

No\ e111b<:r 1996 . 
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PROBLEM ···--In the 1970s, residents of Oneonta wanted a pedes­
trian-friend ly alternative to urban renewal projects 
that had resulted in narrow sidewalks, high volumes 
of vehicle t raff ic, and the demolition of historic build­
ings in the downtown area. 

BACKGROUND 

Oneonta is a small upstate cw York city lo cated 
approximately 96.6 km (60 llli) southwest of Albany. It 

has two colleges (Hartwick and SU NY Oneonta) and a 
surrounding region of working agr irnltural landscapes. 
ln the late 1970,, U rban IZ.enewal was :in unpopular 
program in O neonta. The federal progr:im ro "n:'new 
urban blight" often resu lted in street, with fe:itures that 

were not pedestrian friendly, ~uch as narrow , idew:ilks, 

four lane sectio ns designed for high volumes o f motor 
veh icle traffic, and the den10li tio11 of histor ic build ings. 
f rustrated by this approach. Oneonta took a step back 
with its fin:d ro und of urban renewal funding, hired a 
local landsc;1pe architect and conducted surveys of what 

people wan ted downtown. T he result was that people 
wanted a place to walk, cross the street easi ly, ;:111d si t 

down in the shade. They wantt·d slow tra ffic, w ith easy 
places co park that were ,,lf"c and pleasant. 

SOLUTION 

Based on thi~ 111put, the C ity redesigned M ain Street 
with neckdow11s, protected 011- treet parking, only two 
lanes of traffic, wide , idew:dks, :ind mid-block slow 
points, all on a ,treer with :i ~ I m (70 ft) right-of-way 

Prepared by Jeff Olson, R.A., Trailblazer. 

Information provided by Joe Bernier, City of Oneonta 
Director of Community Development. 
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A wide sidewalk is combined a with curb extension to 
provide space for benches and shade trees. 

from building to buil<ling. The first phase opened in 
1980 and over th L: years. Oncont:i has continued to 

improve the design o f Main Street, adding period street 
lighting and developing a d eta iled p:ilette of paving 
materials. The original traffic calming features of the 
ea rly design have remaine<l and arl' now ,lll integ ral part 
of the ,treetscape. The primary f"cdcr,11 fund ing used for 

the improvements has been the H UIJ mall Ci ti es Pro­
g ram . which involves a revolving loan payback system. 

M ost recently. in the year 2000, a C larion hotel h:is been 
buil t on one of the former urban rl'newal sites, :ind the 
c ity has created J new urban square linki ng the hotel co 
M ain Street. Approximately S 1 millio n dollar, h:is been 
invested in Onconta 's Main Street program over the past 
20 years. 

Joe Bernier. Oneoma's Director of Community D evel­

opment. describes the evolu tion of M ain Street as an 
alternative to converting downtown into a c:ir-free 
pede,trian mall, and a compromise bt:twee11 111crcha11ts 
\'.rho ,vane parking, people who want to si t in a com­

mon , pace, and tratfic engineers w ho want through tr:if­
fi c. He adds that the city has learned a lot abou t build­

ing materials--they had done concrete cross,valks and 
replaced them w ith stamped asphalt became the con-
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A mid-block curb extension on Main Street in Oneonta, NY 
narrows the street to two lanes and cuts the pedestrian 

crossing distance in half. 

nete bec:une 'ilippcry and wa~ subject to frost mm·e­

rnellt. They :i re cur rently m ing brick pavers, set in a 
s:ind 'iub-base, as a decorative bordn fo r the concrete 

sidew:i lks. H owever, they grnerally try to minimize the 
use of too many 111atcrials due ro maintenance con­

Ct'rns. H e add, that ornamental lights art' requirt'd to be 
high quality fi xture, .111d that it would be ideal if these 

lights wt'rt' m aintained by the local elect ric utility com ­

pany in o rder lo n1 inirnize the C ity's maintenance costs. 

RESULTS 

Main Street in Ont'ont:i c:i rr ie, appruxi1nately l -+.rn I() 
ADT, according to a curre nt NYS DlYI corridor study. 

T he perception of rhe street J<; :1 <;Jfe µlac;: for pedestr i­

ans is confirmed by traffic ,afery data. T he 85th per­
centile speed<; are comi'itently 111a i11t,1med near the ..J.() 

km/ h (2.'i mi/ h) pmted <;peed limi t. Cround lloor com­
mercial occup:incy is near I I 10'¼,. :ind the de,ig11 ut' the 

street i'i helping the city evolw from :1 reta il center lu a 

new market :is a college town \\'ith clo,e-tu- l1 o rne 
touri'im desti n.1tiom includ ing the N :1tional Soccer H all 

of Fame and N.1tion,1l Oaseb:111 H:ill of Fallie. W ith the 
support of the I ncerm odal Surfacl' Transpurtatiun .Efli­
ciency Act (ISTFA) and T r:1n,porratio11 ELfuity An for 
the 2 1st Century (TEA-2 1 ), the NYSUOT ha, played 

an increasin g role. A recently fi.111dcd corr idor ~rndy 
reco mmended funding for an Oneonta Green\\'ay to 

connect with Main Street as well as ,evcral duwntown 

Gateway pr~ ject,. 

CONTACT 

Joseph Bernier 
Community Development Director/Engineering Ad ministrator 
Community DevelopmenUEngi neeri ng Office 
City Hall, 258 Main Street 
Oneonta, New York 13820 
Telephone: (607) 432-0114 
Fax: (607) 433-3420 
E-mai I: comm_develop@hartwick.edu 

REFERENCES 

City o f l)IH.'Ollt.l \Xlcb sttc: http: \\ w,\·.rnwont 1.ny u, 
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Park Trail Bridges 

PROBLEM ··---Four creek crossings were crucial to development of 
a 1.6 km (1 mi) t ra il in t he heart of Prescott, and the 
development of the trail was centra l to implementa­
t ion of the community's citywide bicycle and pedes­
trian transportation plan. However, severe funding 
constraints and signi ficant engineering cha llenges 
put completion of the project at risk. 

BACKGROUND 

Prescott is loc:ited ne:ir the center of Arizona . This com­

munity of 35 ,000 residents is joined by cwo sm aller 

c ities. Pn:•scott Valley and Chino Valley, to creace a tri­

ci ty area of j ust over 100.000. Prescott was Ar izona ·s firsc 

C1pitol, settled around seven creeks that descen d from 
the surrounding mounuins in to this lush basin . Wich 

fi ve colleges, a growing retirement communicy, pictur­

esque ope n spaces and innumerable am enicies. the 

Prescott tri-c ity :i rea popubtion is projected co balloon 
to over 20( l.000 by the year 20 I 'i. 

West Granite Creek Park (WGCJ)) is a w ild r ipari:in :irea 

cha t surrounds che confluence of Miller and G ranite 

C reeks. Owned by the City. the park is just :i few blocks 
from Prescocc's downtown , scve11 schools, many church­

es, and neighborhoods. M ,111y pedcstriam and bicyclist~ 
did no t use che park to travel be twee n the east and ,vest 

halves of the c ity because a S (i km / h (35 rni / h) , fi ve-lane 

connector road with 25 ,(H)(J ADT passed through 

WGCJ> blocking pedestri:rn and bicycle passage. 

Since the 1980s, many local groups had n:qucstcd trail 

imprm·ements thro ugh WGCI'. Afte r the co1H1en o r road 

,vas bui lt in th e early 1990s, WGCI' becallle the o nly 

Prepared by Sue Knaup, Executive Director, Prescott 
Alternative Transportation. 

potential non- mororized acct·~~ ro ulc across town. In its 
unimproved condi tion, pede~tri,11 1 and bicycle traffi c 

incre:i,ed in WGCP despite slippery and often imp:iss:i­

ble w.1ter c rossing,, primitive trails, and a transient pop­

ulation that h:id taken up shelter in the overgrowth. 

I 11 l 9'J7. Prc,cott Altcrnatiw Tran, port,1tio n (PAT). a 

11 011- prufi.t organ iLation , beg:m working toward a pedes­

trian and bicycle frirnd ly city. E1rly o n. PAT worked 

with the C ity of Pre~cott to develo p s;ife r trai l access 

th rough WGC l' a11d ~u ppo rt Prescotr', pedestrian and 

bicycle transportati on ~y,tem. 

In J l)98, C ity Council ,1pproved Prescott's first bicycle 

plan, developed by rhe Prescott 13icyck Advisory C o rn-

1111ttee and PAT. The pLrn described the existing bicycle 

and pedestrian use o f West Gr;inite Creek Park and the 

h·y conm·cting rol e chat the pbnned WGCP multi-use 

trail would play in Pre,coct\ proposed Bicycle and 

l'edc,trian Transpo rt:itio n System. A. a result, WGCP was 

idc11tifiL·d as a cargl't area fo r the first tr;iil improveme nts. 

SOLUTION 

I 11 I') ')'). C ity of l'rl'scott T r:ii ls :111d Ope n Space C o or­

dinato r. Eric Slllith , o rga nized g roups and individuals, 

including l'A I. into the WCC P Master Pbn Te;.in1 and 

created a facil ity 11ni-;ter plan to gu ide the development 

or tliL· tra il system within the p;.i rk. The comprehensive 

pb11 wa, passed by C iry Cou ncil in July 2000, bur with­

out dedicated fundin g. 13ohtered by the Council"s polit­

ical suppo rt and u11 cb1111 ted by ;i lack o f fi.111ds, trail 

developme nt l1t'g.i n im111ediately with Mr. Smith direct­

ing ,·olunteer tra il builder~. 

The first p hase of trail tu be built was approx im:itely I .6 

klll (I mi) long. It was con structed at a v:iriable wicltl,, 

2.-+ to 3 111 (8 co 10 fr) . of hard- packed crushed stone. 

Leach rock was used as a base alo 11g wi th roc k edg ing. 

It was built with I . I 00 hou rs o f volu11tccr labor over si x 

m o nths at a cost o fS8.000. 111 add1tio11 to the Lrnd tr:ii l, 
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The Miller Creek permanent bridge provides pedestrian 
access across West Granite Creek Park. 

four creek crm,ing, were cruc i,11 to ensure that the trail 
system connected to all of the adjaccllt neighbo rhoods. 

A lack o f dedica ted fu nd ing presented a challenge to 
prospective br idgt' builders. 

Fortunately. PAT fo und ways to pay for the trail and 
creek crossings with limited funds. O ne new crm~ing i, 
the Miller Creek permanent bridge. T his b ridge w;i~ 

constructed using 18.3 m (60 ft) glue- bminated wood 
beams, set o n sto ne abutments, ,vith Douglass Fir deck­
ing. When first installed, this bridge bounced w ildly 
when a pedestrian or bicyclist crmsed. M r. Smith and the 
Parks Department staff built a tension frame from scrap 

re-bar and plate steel. The plate steel support<; the center 
o f tl 1c bridge fro Ill below. holding tensio n at the t\'\"O ends 

by way of bolts welded to the rebar tightened w ith mm. 
They j acked up the center of the bridge w ith car jacks 
umil it could not bO\v any further, installed the tension 
frame and tightened the nuts before releasing the j ack,. 

The tension fra,m· removed 8() percent of the bounce 

The Miller Creek permanent bridge tension frame was used 
to steady t he bridge for pedestrians and bicyclists 

and made the Miller C reek bridge a stu rdy \\·ater-cross­

ing without furth er expense. It is not ancho red and thick 
cables allow the bridge to pivot in cm· of Oood. While a 

prefabricated br idge would k1vc cost over $20,000, the 
total cost of th is br idge was $3,500. 

Anothe r bridge wa, also created over Cranire C reek 
using an existing sewer pipe. \V hen C ranite C reek 

water levels rose above a few feet, this ah:mdoned sewe r 
pipe served as th e only poss ible creek croc;si ng for 
pedc·str ians. Tho ugh unsafe in it, or ig in:i l fo rm, it 
offered a turdy foundation fo r t he G rani te Creek E:igk 

Scout sewer pipe br idge. This bridge is conmucted by 
ancho ring 9 .1 m (311 ft) of 51 rn111 x 305 111111 (2 in x 12 
in) wooden boards to the concrete , ides and :ibu tmt·nts 
of the sewer pipe structure. These provided the base for 

the 1.2 m (--1- fr) \\·ide Trek arti ticial \\·ood decking. The 
narrow pipe prevented the bridge from being widened 
beyond 1.2 111 ( --1- ft). Concrete curbing fo r the tr,1il 

approaches preserves the trail surface wherL' it connects 
to the bridge.T he Eagle Scout, domted their labor, and 
the total cost ,vas $2.000. 

The Gran ite Creek bridge takes advantage of an exist ing 
sewer pipe as its foundation. 

T\'v·o te mporary bridges, o nt· :1eross M ilkr Creek and 

the other acros, Gran ite Creek, were .1lso constructed. 
Their combi ned comtrnction cost ,vas S201 I , and one of 

the bridges wi 11 eve11t11::i lly be moved and u,c-d fo r 
another trail project. 

RESULTS 

Ry keeping the o ut-of-pocket costs as low as $13,700 
fo r the 1 .(> km (1 m i) trail and four bridge cro~sings. the 
City , t:.1ff found previou~ly budgeted and approved 

fun d, in the Parks budgel fo r the projects. C ity com-
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micment to usL· already budgeted fund, was strength­
ened by a very '>Ucccssful fundrai, ing event. which 

garnered over S12,0IJO for the WCCP in o ne night. In 

the end, chese fund., did not have to be u,ed for phase 
o ne project costs Jilli were combined \Vith other indi­

vidual donations and foundation grant,. PAT also 

received ,l S500.0UOTra11sponation Enha11n·111e11t award 
and hired J greenway coordinator to , pe:irhead devel­

opment of an additional 3.1 km (5 mi) of trail :dong 
Granite Creek. 

This project w;:i, successful bec:iuse it was folly suppo rt­

ed by the community. Since t he day the last water cross­

ing was i mtalled. the re has been a constant flow of 
pedestrian ,rnd bicycle traffi c th rough WGC P 

By offering a safe route under the connector road. the 

completion of the WGCP traib h ,1s prompted the 

d evclopmem of Pre,coct's on-screet bicycle and pede,­

trian transportation system . It also represents the cor­
nerstone of Prescott's future greenw:iy traib systc1n that 

wi ll some day stretch to Prescott's border, and connect 
the tri-c ities via a rails- to- trails conve rsion project. 

CONTACT 

Sue Knaup 
Executive Di rector 

Prescott Alternative Transportation 
PO. box 2 122 
Prescott, AZ 86302 
Phone: (928) 708-0911 
E-mai I: sue@prescottb ikeped.org 
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TEMPE, ARIZONA CASE'STUDY NO. 13 

Fifth Street Traffic Calming 

PROBLEM ··---Neighborhood residents were concerned about 
increasing traffic volumes, excessive speeds, and air 
pollution on a major col lector st reet. They wanted the 
street to be redesigned to maintain the character of 
t he neighborhood, and improve the safety of pedes­
trians, bicyclists, and bus patrons. 

BACKGROUND 

A go.ii ofTempe\ transit program is to provick a livable 
co111111unity \Vith ,1 transpo rtation system that is envi­

ronmentally susta inable and preserves neighborhoods. 

To e nhance and preserve the physic:il characrer of 

Te111pe and pro111ote accessible transport;itio11 options. 

the City ofTempe institu ted the Fifth Street Pedescr i;rn 

E11h:rnce111ent and Traffic Calming Pr~ject. 

Fifrh Street is .1 111;tjor colfrctor SlITL' l in the 111iddle o f 

the Riverside and Sunset ne ighbo rhoods, and i, adja­

ccm to destinations such J S J ne ighborhood 111arket, 

Sc,1les Elementary School, J1ycee Park, and the ' k1 11pc 

Boys ;rnd Girls C lub ;rnd Co111muniry Center. 111 1995, 

re,idents of the nt>ighborhoods app roached the City of 

Tempe w ith concerns ;1bout incrca~ing traffic volumes 
and speeds 0 11 Fifth Strt~et. The residents wa11tc:d to 

lllove :iround their neighborhood safely and ea,i ly by 
hicvcle. bm, o r \nlking; rt>duce high-speed, cut-through 

tr;iffic :md vehicl t> emissions; and 111ai11tai11 the: character 

of the neighborhood. 

SOLUTION 

The City obtained J federal gra nt to ,1dd tr,1ffic cal111-

i11 g .ind pede,tri,rn e11hance111e11ts to the street. lc111-

Prepared by City of Tempe, Arizona. 

A median island and bicyc le lanes encourage slow vehicle 
speeds and wide sidewalks provide pedestrian access along 

Fifth Street. 

porary traffic calming device~ were placed o n Fifth 

Street so re,idents could c 11vi~io11 the look and opera­
tion of the fina l project design. rollowing a success/iii 

te5t pe riod th:it included narrowed lane, and traffic 
chokers. th t' City, with the hdp of neighborhood 

input, constru cted perman ent trafl_.ic ca lming and arcis­

tic fe:itures o n Fifth Street. 

ln the final project design. the exi5ting sidew:ilks \Vere 

widened to between 1.8 .ind l.-t m ((, .ind 8 fr) to allow 
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Art ist ic features were incorporated throughout t he project 
to improve the pedestrian environment. 

g reater pedestrian comfort, and 1.5 111 (5 fr) b icyclt' L11ws 

rneetin~ nationa l standards were provided . The street 

w as redesigned to include traffic chokers, in tersection 

b11lb-outs, pedestri,rn- level strt·et lighti11 g, shade trees, 

:111d low ,hrulK Medi,rn ch ica11es, speed table~. and 011-

street parking ,w1T .tdded next to Jaycee Park. 111 addi­

tio n, ,1rristic fL·atu res were .1dckd throug ho ut the project. 

T he de,ign elcl11L'nh were approved by a 111:uo r ity uf rcs­

idents ;1 t a ,cries of neighborhood llleetings. 

RESULTS 

In 1995, ,1frer the widrni11g 01· a n ea rby 111:ij o r .1rrer ial 

street and the o pening of a m ·arby freeway e ntrance, 

t raffic cou m s on Fifth Street were nearly l0,000 A DT. 

The narro\\·ed lane~ and traflic chokers cut traffic bv 40 
percent to 6 .(H )() AD T 

The Fifth Street Project has received a positive reaction 
f rom t he community. 

Traffic counts conducted after colllpletio n o f the p roj­

ect indicated signi fic:111t reductions in aver<1ge dai ly 

vehicle traffic. Fo r ex;imple , volulll eS o n Fift h Strl'Cl 

ea\t o( Ash Avenue dropped 21 percent fro m 9,808 
Al)T before to 7,789 A D T :ifter th e project, and vol­

umes berweeJI 11-.oo~cn·lt and Wilson fi.:11 63 percent 

fro m II 1, 186 A U T t o 3,80-t A DT. 

Following illl p lementation of the !0 11g-awaitcd pecks­

trian :111d traffic c.1 lming improwm e 11 ts to h frh Street, 

the City received numerous positive co111111c11ts from 

1-e,idenrs pra ising the en hanced w,t!kability and 

i11cre.1sed safety d ue to reductions in tr,tftic speed ,111d 
vo lunw. C 11 t-th rough traffic and speeds have decreased, 

bu St' rvice to the :irea ha, in creased, and the character 

of the neighborhood remained intact. 

T he Fift h Street Pedestrian E 11ha11 ce111ent and Traffic 

Calm ing Proj ect has bL·comc a m od d for 111:m y othe r 

citie, ,1Cross the country. T lt c C ity ofTempt> :111d its re,­

iden t, used pede~tr ian c11ltancc111e 11 t, to promote aes­

thetica lly-pleasin g, envi ro 11 m c1 ,tall y-fr ie ndly tL1 ns­

porucion alternative, while m aking Tem pe a more- liv­

.1hk C011111l lll1 ity. 

CONTACT 

Amanda Nelson, Community Ou treach & Marketing 

Coard i nator 

City of Tempe 

Phone: (480) 350-2707 

E-mai l: Amanda_Ne lson@tempe.gov 
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Roundabout for Downtown Revitalizat· 

PROBLEM ··--High vehicle speeds, limited sight distances, and inad­
equate sidewalk facilities made it unsafe for pedes­
trians to walk between Ft. Pierce's historic downtown 
and waterfront areas. The poor pedestrian environment 
negatively impacted downtown businesses. 

BACKGROUN D 

Fort PitTCe i~ .1 'it.'Jside co111111u11iry loc 1tl'd alo ng the 

inrercoastal \\·,1tnw.1y 011 the Atl.111tic C:0.1,t o l- 1-lo rid.1. 

Uy the ea rly J 9l)()\, the 011rL·-vibu11c street lilL· 111 

downtown Fort i'i LTCL' h.1d (1dl'd. 

A major block to do\n1to,, 11 rcv it.ili zat ion wa, an 

inhmpit:ibk 1w de,tria11 l'm·iru11111e11t, especi,1lly .lt the 

intersection of An:'lllll' A and lndi,111 ltiver Driw, the 

g::i tew::iy be t\\'l'l'll the hi,toric duw11lo\\'11 and the water 

fro nt :ire:i . Pedt",tria11s fo und crm,ing the intersection 

diffi cu lt du t' to high vehicle spet'ck blind corner,, :ind 

poor side\Yalk design. 

SOLUTION 

111 th t' mi<l- 199()·,, pr iv;He ;rnd public leaders dec ided to 

rebu ild the co111 11H111ity A corn111u11ity c harette, spon 

-;orcd joimly by the C:if\' of Fort l'icrce. th e M ,1i11 Street 

f ort Pierce p rogr.1111 . .111d the Tre.1, ure Co.1st R q!;ion,il 

Pla11 11 i11g Council, , ,·,1, org,1111Led 1n January of J l)95. A 

vision .md ph11 ti.ir rLTDll~tructing tlic dowmmvn \\';t'i 

cle,-eloped ;1t the meeting, and di rectivL·s were ,1dopted 

to nuke rlw dm\·mm,·11 rnore pede,trian friendl y by 
slm,·ing tr;1tlic \\'idl' 11i11g , idL·\\alb .. ind pro\·id ing m ore 

o n- street p.1rki11g. 

Prepared by Laurie Actman, Patric k McMahon, Henry 
Renski, University of North Carolina Highway Safety 
Research Center, and Ramon Trias, City of Fort Pierce, FL. 

The roundabout included spl itter islands, colored crosswalks 
with median refuges in the splitter islands, curb extensions, 

curb ramps, and landscaping to slow motor vehicles and 
provide a safe and enjoyable pedestrian environment. 

P,1rt of thl' pLm 111cluded the constructio n o f a round­

.1bout .lt the inter ,ectio11 uCAvcnue A and Indian R iver 

D r ive. Loc:1ted o n a Florida Departm ent ofTransporta­

tion ro,1d. the round:ibout cost around $200,000 and 

\\' JS the first ro be con tructcd accord ing to new state 

gu idelines fo r roundabou ts. The cornpleted round­

about i, both beautitiil :rnd func tio nal, bui lt with stone 

de taib. palm tree,, hi,toric lights, and brick pavers, and 

designed to :1cco mmoda te .1 brge ;1111o unt of inte rsect­

ing \"t'hi cu l:n ,rnd pede,trian traffic. 

C urb extemions ,111d ml'di.rn re fuge isLrnds were built 

011 e.1cl1 approaching kg of the round.1ho11t to make 

p1:de,tr ia11 crossing ~a fer ,llld c,1sier. T he cr(w,wa lks :irc 

clearl y co11 trasted ,1g.1inst the bLKk pavement by light 

colored brick pavcrs. 

lndi.rn Ri\"LT Drin·. \\'h ich \\'i nds alo ng the waterfront, 

\\·a, ~hifi:L,d inland ·digh tly ,lt its ,outlicrn end to termi­

n,lte .lt the ro un(fa bout. From the rou11Jabout to the 

\,·ater. ;:i large surfoce-kvd parking lot w as partially con ­

\·erted into a ci rcular extension of Av<:nue A. At its fa r 

end, lndi:in R..iver Drive o pem to a n ew waterfront park 

with wide b r ick sidew:ilks and curb extt'nsions. 
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RESULTS 

Bl'fore the project. vehicle\ often traveleci through the 

;ire.1 ;lt 36 to 6-1 klll i h (35 to -1-0 lll i/ h) :i lthough the 

,peed li111 ir 011 lndi.m R.i\'er l)riw wa, 40 k111/ h (25 

111i/ h). T he rn11 11d,1bout .md curb extemio11s haw been 

dc,ig11l'd co kel'p ,peed, to .1 maximum of 16 klll/ h ( I () 

mi / Ii) ,t, car, entcr or le,1ve the waterfrom :1re,1. ,ctti11g 

.1 ki,urely p,tn: for downrmv11 cirivi ng. 

T he rou11ci.1bo11t ,1Cco111mod:1tes about 1-1-.000 vehicles 
e,tcl1 day ,, h1ch i, ,i111 il.1r to the volume that pa,~cd 

through th<: trad itioiul inrer,enion before the project; 

however. thL· pl·lk,tri.111 volume at the intersectio n 

increased dram .me.illy :ifter the comtruction of the 

round,1bouc. from appruxilllatdy 50 pecie,triam per day 

to ,1hout 1,11()1 I pedestriam per day. Slower ,peed,, com­

plemented by the curb extensions and refuge i, bnci,, 

m:ike, cros,ing the strt't't ,.1frr for pede,trians :ind :illmYs 

the 111 to enjoy the downtown environment. 

The round,1bout. curb L'Xtemiom. :111d irnproveci side­

w ,1lb al,o helped re-energize the cco11ornic ,·it:iliry o f 

downtown Fort Pierce. The roundabout itself is comid­

LTl'd a me 111or;1hle l.111drn.1rk w ithin the town. e11ha11c-

111g the entirL' do,Y11tmv11 .1rea. W ith the i11 cre,1se 111 

pt.:dt·,tri,t11 tr.1flic. new re,t.rnr.mts, outdoor cafe, and 

stores h,1,·e op..:11cd 111 o nct· v.1c:111t ,p.1res. C ity offi cial, 

and business reprcsc11tati\l'\ comide r the project a huge 

, ucce,~ .111d comickr the pedt·,tria11-frit'11dly de,ign :1, 

the cornerstone o f their effort to br ing downtown b:ick 

to lifl'. 

CONTACT 

Ramon Trias, Director of Development 
City of Fort Pierce 
P.O. Box 1480 
Fort Pierce, FL 34954 
Phone: (772) 460-2200 
Fax: (772) 466-5808 
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Redesign for Streetcar Acee• 

PROBLEM ··---Pedestrians experienced conf licts with motor veh icles 
and bicyclists as they attempted to board streetcars 
at a transit stop. 

BACKGROUND 

Between the 1950s and 198( 1,, ,m:etcar netwo rks in 

many Euro pean cou11trie, d1,appeared. l3ut in towm 

where light r,111 ~urviH:d , the existing lines were 

im prowd and 11cw line~ were built. In l3ern , the cap i­

t:tl of Switzerland. the planning and civil eng ineering 

dep:irt111e1lt'; sought to improve the , Jfety for pedestri ­
ans and cycl i, ts alo ng the Thumtra,,e, ,1 1nain st reet ne,ir 

the city cente r. Before the reconstruction, the , treet had 

3.6 m ( 12 ft) sidew.ilb, 2.3 111 (7. 5 Ct) tree-l ined m edi­

ans, a 11 .1 111 (36 ft ) street surface, and 3 light rail lines 
that were each I 111 (3 .3 ft) w ide. A train pa~sed every 

6 minutes, and :).000 moto r vehicle used the street pe r 

day. Each weekday, approximately 1,35U pede~t ri am 

boarded the traim bet,Yeen 6 a. 111. and midnight in the 

direc tion o f downtown . Pas,engers w:i ited on the side­

,valks until the streetcars stopped, hut the tr.1i11 tracks 

were in the middle o f the street , . o p:issengcrs were 

fo rced to enter the street before bo,ird ing the streetcars. 

T his created conflicts between pede,tri:ins running fo r 

the streetca rs and motor vehicle, .md bicycle, tlut did 

no t wa it while the ,treetcar, stopped . 

SOLUTION 

Due to limited space, it \\"as no t pos,ible to add m o re ca r 

lane, and/ o r build ,eparate tram it ,tops. I mte,ul the 

sidewalks were widened and the ligh t ra il tr:ick, were 

Prepared by Juerg Tschopp, Verkehrs-Club der Schweiz 
VCS/Swiss Association for Transport & Environment T&E. 

moved to the curb, :ilong a -+5 m (1-+8 ft) ~tn~tch of the 

roadway to serve 1 igh r r::iil vehicles that are be tween 30 
m (98 ft) ;ind -+2 111 (138 ft) long. The , tn::et w idth 

be tween the curbs is now only 7 .9 m (26 ft). Space was 

marked bet\\"een the tr::ick w hich allowed pedestr ians 

co cross the street in two steps. M etal poles were placed 

in the middle o f the treet and on the sidew alk at the 

tramit ,top to preven t ca rs fro lll pa~sing waiting street 

cars. The 11,11-row , t reet width also prcve11ts cars fro m 

pa,sing the transit vehic les. 

Zebra crmswalk line, .1re marked :it both end, of the tran­

sit stop. According to the Swiss traflic law. pcdestriam 
have p r iority over car, when they st,rnd at the curb and. 

··obviously intend to nm, the street." l.kcause of the 

11arro,,· ~treet. no special fac ilities (b icycle lanes. b icycle 

paths) for cycl ists are provided. In gener:i l. the cycli~h 

share the road w ith car,. Only in the c:ise of a waiting 

strectcar are cyclists alJowed to use the combined sid l."­

walk/ tramit stop area. 

RESULTS 

The new tramit stop was built in the summer of 200 I 

at a cost of S380,UOO for p lanning and construction. 

Ob l:' rvations sh ow thJt the traffi c has slowed bu t con­

gestion ha, not increa~ed. Typically, 2 to 5 cars and I to 

2 cycl im 111mt ,,·air for 30 to 60 seconds when a , treet­

car is ,topped . During thc1t time disembarking p.1S\en­

ger, no" the , trcet o n the zebra lines in front of and 

beh ind the waitn1g ligh t rail vehicle. The C ity. resident,, 

streetc1r ~w;sengcrs, .ind the tramit company view ch i, 

project a, a ~uccl·s, becau~e it h::is increased s.1tcty and 

comfort. Together ,,·1th ne,dy inst.1lled she lte r, for 

w:iiting p:issenger,. ticket n1achines. and public tr::insport 

information (timetable~. 11etwork plan , fares) th:it m ake 

tr:imir t ravel mon: con ilortable for pedestr ians. the 

Thunstras e in B ern is a positive e xample of a 

redesig ned transit ,top. 
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Slower vehicle speeds in the area of the t ransit stop make 
crossing safer and more comfortable for pedestrians. 

CONTACT 

Juerg Tschopp, Senior Consultant 

Verkehrs-Club der Schweiz VCS/Swiss Assoc iation for 
Transport&Environment T&E 
P.O. Box 11 , CH-3000 Bern 2, Switzerland 

Phone: 011 41 31 328 82 36 
E-mai I: ju erg.tschopp@verkehrsclub.ch 
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WEST PALM BEACH, FLORIDA CASE STUDY NO. 16 

Street Redesign for Revitalization 

PROBLEM ··---The West Pa lm Beach area was considered bl ighted 
and unpleasant for pedestrians. 

BACKGROUND 

IJy t <NJ. We,c P.il111 lkach ·s do\\'11Cown was conside red 

co be a qui11tL'\Se11t1,1l blighted con1n1unicy. Roughly 

80'){, of I )ow11ro\\"!l properry was vacant, the streets were 

overrun \\'i th cr1111i1ul ,1crivicy. and the wide 111ulti- L111e 

om·- \\',ty ,n-eec-,. dc,igned ,o chat drivers could m ow 

quickly th ro ugh to\\·11 w itho ut h,1Ying co ~cop. Ac the 

ti111.:. th .: City \\·,1s also "Io 111illio11 in debt .111d h.1d only 
S6.000 111 cap1t,tl 1-c,cr,·e,. 

Aerial view of CityPlace along Okeechobee Boulevard. 

Prepared by Natalie Rush, Transportation Planner, City 
of Sarasota, FL, Laurie Actman, Patrick McMahon, 
and Henry Renski, University of North Carolina 
Highway Safety Research Center. 

Information provided by Chuck DeLeuw, City of 
Berkeley, CA and Mourad Bouaouina, University of 
California at Berkeley. 

Intersection of Clematis Street and Narcissus Avenue, 
eastern view. 

SOLUTION 

West Palm 13each \\·anted to rejun·nate its economy .111d 

communi ry by redesigning downtown to ,1cco111111odate 

and attract pedestrians. So in 1993. Mayor N ,111cy Gra­

ham turned her focus to an ambitious downtown revi­

talization. including traffi c calming m easures to entice 

pede~tri,ms to lmger in the area. 

In the he,l rt o f clw blighted Dm\'11tow11 a re.1, two kg, uf 

Clematis Street inrcr,ect ,Yith the North-Sou th N aret,­

sm ,treec fo rming a ·"K" ,haped intcr~cction. T he i11ter­

,ectio11 \\·a, rebu il t a, ,1 ra ised i11tersectio11 e 111ph;1, izi11g 

the pede,tr ian pr ioril). C k111ati, Street wa~ Cl)I IVlTtcd 

from a three-1.rnc, o ne-\\'ay street with parklllg LO . , 

t\\'O-L111e. t\\'n- \\'ay <,trL'L't ,,·1th pa rk ing. Mid- block 11,1r­

rowings, inrn,ecrion bulb-outs. ,1 raised inlcr\cctiu11, 

and ~treet,c.1pi11g rL'duced tllL' phy,ic1l and vi\u,d ro.,d 

width of C le rn:Hi, Street re,ttlting in ,lower vehicle lrar­

fi c. a 11,1rro\\'er pcdcstn,111 cro,~ing di-tance. wider ,1dc­

\\'alk, and ;1 general ,ofre11 i11g of the h.irsh tom· ol the 
,treer. N.irci<;<;m Street wa, .1bo narrowed fro111 <) Lo 6 

111 (30 to 20 fr) and redl'Signcd so that on every b lock, 

the e ntire street hilt twice lacerall y. The narrow ro,td 

and L1teral shifts reduce drivers ' lines of sight and force 
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vehicles to travel slower through the turns. l .;irge p:il111 

trees were also incorporated into the design to cre;ite :m 

optical narrowing that further reduced vehicl e , peed , . 

RESULTS 

At the "K" i11tcrsect1on. the C ity built a pede,t rian plaza, 

w ith a fountain at the cente r, and dr:1sti c1lly modified 

the fac,:ade of the City's Library at the cast e nd of the 

plaza. The fountain attracted adults and children ,, ho 

began returning to the Downtown area and patro11iLing 

the nearby business. 13usiness owners began renovating 

their fac;ides through a governmrnt g rant p rogram . 

New businesse, opened, and the area attracted 11101-c 

pedestr ians as a sh opping and cultural center developed. 

The City also started :i weekly block p arty with 111usic, 
food, and craft wndors at the plaza, known as "Clematis 

Uy Night," held every Thursd ay chat bring~ approxi­

mately 3.000 co 5.00!1 v isicors d owntown every week. 

Interactive fountain at the Nancy M. Graham Centenn ia l 
Plaza. eastern terminus of Clematis Street. 

Today, the area has an 80 percent comm<:rcial o ccupan­

cy rate, and pedestrian activity has increased trL· 11 1en­
dously sincl' the beginning of the revital izatio n effo rt. 

Property values, which o nce sold at S6-+ m ~ ($6 ft2). rose 

to over $430 111 2 ($..(() ft2) . T h t> C ity i, no\\' p Lrnning to 

cre lte a 24- hour D owntown hy c ncouragi 11 g Il l' \\' 

mixed use and residentia l developm ent to l'llhance the 

pedestrian- o rientatio n o f the· :ll'l'<l. 

T h rough the use o f t raffi c c ilrn ing crnd pedestrian 

am enities, West Palm 13each rebui lt it, l ) owntown into 

a safr, so ci:d. and vi t:il center fo r community acti\·ities. 

T here are several , uccessful projects that have already 

b een comple ted, and ma ny m ore are e ither in the pbn-

11ing or construction phases of implementatio n. 

The success o f the N arcissus & Clematis area has ope ned 

the gates o n a flood of new traffi c calming projects 

around the City. The City and Seate arl· curre ntly co l­

laborating o n a $S5 million project to recomtruct U .S. 

Highway l through the City. The effort consists of eight 
sections chat w ill include vario us traffi c calming ele­

ments. In the Downtown, the proj ect will narrow a pair 

of three-lane one-way streets to two lanes and provide 

raised inte rsections at e igh t key pedestr ian in te rsections. 

Slightly west of the C lemati s t'x N arcissus area, the C ity 

purchased a 31 hectare (77 acre) plo t of land, w hich had 

been le ft vacant by a bankrupt develo per in the 197()<;, 

The property has recently attracted th e ;1ttemion of 

SS(H) 1nilliu n worth or redevelopment a11d investme nt, 
known els "City!Jlace," tha t includes re tail , residential, 

office, townho u~es. a 20-screcn theater, grocery store, 
and over -+ ,00() structured parking spaces. The project 

opened O ctober :2000. Part of the rcdcvclop111c11t proJ­

ect includes the creation of pedestrian-frie ndly streets 

based upo n traffic calming principles. T he devclo p11 1c11 t 

has a M editer ranean them e and the sidewalk will be 

covered with arcad es as o utdoor pLtces ,vhere pedestri­

ans can stay dry during rainy days. T he proJect al\o 

includes a public plaza in front of the refurbished h is­

toric churc h that sits i11 the heart of the project. Anoth­

er key compone nt of the effo rt includes the reconstruc­

tion of R osemar y Avenue to connect CityPlace to 

C lem atis Street. Rosemary Avenue is the main street of 

Rosemary Aven ue 

C ity Place and C lc1 natis Street is the historic Illa in st reet 

of D owntow n \X/est J>aln1 l.kacl1. 

In an effo rt to connect the two distr icts, the C ity recon­

struc ted llosem ary Avenue to improve the pedestrian 

environment. The result is spectacular. T he street has 
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no curbs. The crown of the road is inverted and 

drainage runs to the center. The entire street was con­
structed wi th brick pavers. Street trees sep:irate the 

parking stalls. All intersections are raised p rovid ing 
pedestrian priority. Many of the design elements were 
created due co the limited right-of-way and the location 

of existing bu ildings. The ultimate goal of the project 

was to increase the sidewalk w idths and create an invit­

ing pedestrian environment. 

In addition to the newly redeveloped D owntown, the 

city of West Palm Beach now instaUs traffic calming 
measures every t ime the city performs an underground 

utility project that involves reconstructing the street. 
Traffic calming measures are now required as standard 

when streets are developed, redesigned , or under con­
structio n. The pedestrian environment has been 
improved immensely by the revitalization of the Down­

town area and the traffic calming strategies. 

CONTACT 

Timothy Stilli ngs, AICP 
City Transportation Planner 
City of West Palm Beach 
200 2nd Street 
P.O. Box 3366 
West Palm Beach, Florida 33402 
Phone: (561) 659-8031 
Fax: (561) 653-2625 
E-mail : tstillin@ci.west-palm-beach. fl .us 
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Bridgeport Way Corridor Improvement 

PROBLEM ··---A 1.6 km (1 mi) stretch of Bridgeport Way, a central 
arterial road in this smal l community, was the site of 
hundreds of traffic accidents between 1995 and 
1998, many involving pedestrians. Pedestrian travel 
through the corridor was made difficult and danger­
ous by narrow gravel shoulders. 

BACKGROUND 

In the summe r of 1996, the C ity o f U niversity Place 

decided co design Jnd construct sakty improvcn1 encs 

along :i portio n of 13r idgepo rt Way, a major arter ial 

roadway running through the heart of the city. Uridge­

porr Way proYides Jccess to C ity I Jail , a li brary, senior 

homing. J medica l facility, and multiple retail centers. 

B r idgeport \Vay carries the larges t dail y traffi c volu mes 

in the c ity, ranging fro m 18.800 vd1 icles per clay at Lhe 

south end of the city to 2-+, 100 vehicles per day nea r the 

city center. This 1.G k m (1 mi) sL retch o f Bridgeporl 

\Vay was the site of 301 accidents resulting in one fatal­
ity and 9 1 injuries between 1995 <rnd 1998. Trn crash­

es invoked pcde:-stria11s. Prior to comtructio n of the 

improvements, IX'L°kstri.111 travel through the corridor 

wa~ made di fficult by narrow, 0 .6 Ill (2 fr) w ide g ravel 

shou Ide rs tlut placed pedestrians dangerously clme to 
vehicubr trafli c. 

SOLUTION 

With a desire to pursL11: the goals outlined in the C ity's 

adopll·d Vi~io 11 State111rnt. the City of Un iversity Place 

saw an opportu 11 ity to rebui ld and tramform Br idgeport 

Prepared by Ben Yazici, City Manager, City of 
Sammamish, WA; Former Assistant City Manager/ 
Director of Publ ic Works for City of University Place, 
WA and Steve Sugg, University Place, WA. 

Brigeport Way before the redesign. 

\ X/<1y in to an inviting main street chat would allow 

pedestrians and bicyclists to move about com fortably 

and safely while st ill accommodating vehicular move­

m ent through the cor ridor. 

The propmed road\Yay design included the following: 

• R eplacement of the existing rwo- way- lefr- turn- lane 

\\"ith a ra ised. landscaped median, w hich would pre­

vent lefr turn, o ur of driveways. 

• Construction of wide sidew:ilks o n both sides of 

the ro.1d\Ya\·. 

• Const ruction o( bicycle la 11 L'~ 0 11 both ,ides o( 

the ro:id\\·av. 

• l'laccmrnt of planter ,trip, on both sides of the road. 

bctWL'L'II tl 1L' sidewalk and b icycle lane. 

• Street ligh ting. 

• Penni,sion ofU-tunh :it the sig11 ;1 li7ed intnseniom. 

• J>lacc111c11t o( uli lity line~ u11dcrgrou11d. 

Although access to loc1l bminesses was severely affect­

ed by comrruction of r:i ised median islands. the loc;il 

Chamber of Commerce worked with the C ity to con­

vince business mn1ers chat the new roadway would pro­

v ide:- a much be-teer business climate than the existi ng 
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Bridgeport Way after the redesign. 

road. W ith chis collaborative approach between the C ity 
and the C hamber o f Commerce, m ost business owners 

do nated the needed r ight-of- way to construct chis proj ­
ect. T he C ity spent less than l>30,001 I o n right-of- way 

acquisitio n co o btain an average 3. I 111 ( IO fi:) scrip of the 
front edge of each commercia l properry along the road­

way. Without cooperatio n from the busines,es, it ,vould 
have cost the C ity SS00,11011 to obtain the right-of- way 

at fair market \'alue. 

University !'lace ,1bo worl-,L·d w ith the loc1I ut il iLy com­

pany to place utility line, underground . T he uti lity 
com pa 11y ag reed to p;1y h,1l f of the cmt, if the C ity could 

provide a utility tre11ch a, part of the City's conscructio 11. 
proj ect. T h i, lowered the C ity\ cost o f bury ing the util­

ity lines by :i, m uch as SI m illion. 

The proj ect \\'JS completed i11 1999 at a total cost of$2.5 
million. including design. r ight-of-way ,md construction . 

RESULTS 

T he C ity ha~ analyzed ~PL'L'Ll, ,1ccicle11 t. and eco11on1ic 
development data collected befon.: ,11 1d afte r the co11-

scruct1o n o f the 13ridgepo rt \X/ay irn prove111e11t, 

between 35th c1nd -I-0t h Street,. The project's trJffic 
calming tt"<m11-c, reduced speeds and (.T,1she, w hik 

increa,ing business Jctivity. Aver:1ge ,pL·ed decreased by 
13 perc<:11t and tratlic ,1cnde11 t, werL· reduced by (ill 

perc<: nt (see table below). 

Safety Measures Before Af ter 

Prio r to the project's implem entatio n , very few pedes­
tr ians walked along or crossed the roadway bec1u,e 

there were no sidewalks. crosswalks, or paved sho ulders. 
I ncre,1sed pedestri:in :ictivicy is evidenced by the over 

3200 pedestr ians per month usage level, found at the 
two new m id-block crosswalks. The ,ouch cross\\":tlk 

has I 00 pede,triarn per day, w hich is eno ugh activi ty to 
w,ur,mt a pede,trian , ignal. The C ity is comideri ng 

upg rading the ,ouch crmswalk warni11g sig11 fbsher to 
a fully signalized cros,\\"alk to im prove safety at that 

location .Yet. despite a d ramatic incre;ise in the level of 
pedestrian activity o n the , treet and the increa,ed 

exposure to moto r vehicle tr:iffic. the freq uency of 
pedestrian crashe, h:1, rem :i ined comt:int at abo ut 2.S 

crashes pe r year. 

The Br idgeport Way proJect has also contr ibuted to 
econo m ic development. C itywide sales tax data ind i­
cate that ,ales revenues increased by 5 percem citywide. 

Yet, the businesses around the proj ect corridor exper i­
enced an increase of approximately 7 percent. 

When the 13ridgeport Way project was first presented co 

the public it included a num ber of roundabout, at key 
intersections. Public reactio n to the,e bold new focil i­

tie, was m ixed, and to achieve pu blic consensus, the 
design \\·as modified to include standard intersections 
\\' ith left-turn pocket, and a median. M aking th i, 

design 111odi fica tio 11 and creating a stronger comnwnity 

conscmm before construction helped the project gain 
positive commu nity support. M o reover, the p roject has 
been a great succc,s for the C ity of U11 ive r, ity Place 

based o n the ful fi llrnt'nt of its kt>y goak 

• To help reduce vehicle crashe,. 

• To contribiirt' to the t'cono mic vit:il ity of che 

!1ridgeport Way Corridor. 

• To provid <: in1pro,Td sa fe t y a nd co nve ni ence 

for pedestrians. 

Change 

Posted Speed Limit 
Average Actual Speed 
Average Annual Crashes 

56 km/h (35 mi/h) 
6 1 km/h (37 .6 mi/h) 
19 

56 km/h (35 mi/h) 
52 km/h (32.6 mi/h) 
8 (first year) 

Same 
-13 % 
- 60 % 

Table 1. Data from before and after the Bridgeport Way redesign. 
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CONTACTS 

Ben Yazici 
City Manager 
City of Sammamish 

486 228th Avenue, N E 

Sammamish, WA 98074-7222 
Phone: (425) 898-0660 

E-mail : byazici@ci.sammamish.wa. us 

Steve Sugg, Di rector of Public Works 

Pat O'Neill , City Engineer 

City of University Place 

3 715 Bridgeport Way, West 
Universi ty Place, WA 98466 

Phone (253) 566-5656 or (253) 460-2529 

E-mai l: ssugg@ci.university-place.wa.us or 

PONeill@ci.university-place.wa.us 
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ADA Curb Ramps 

PROBLEM ··---The City wanted to build curb ramps that were com­
pliant with t he Americans with Disabil it ies Act while 
guidelines were not yet f inalized . 

BACKGROUND 

Austin, Texas has an extensive curb ramp program that 
takes a systematic approach to creating ADA-compliant 
street crossings. The City's Americans w ith Disabilities 
Office has a fu ll time Public Works and ADA Compli ­
ance coordinator, and a multi-m illion dollar program 
guided by a cityv,;ide ADA Task Force. as well as an ADA 
Work Group within the Public Works Departmellt . 

The "state o f the art" in designing curb ramps can be 

understood by a comparison of Austin's program w ith 
current guidelines and regulations. As many communi­
ties actively \vork towards ADA compliance, new design 
guidelines, standards, and regulatory processes continue 
to evolve. 

The City of Austin has worked closely as the guidelines 

have evolved, and the City is continually adap ting its 
designs, not on ly achieve ADA compliance, but to cre­
ate th e best possible street designs fo r all m odes of trans­
po rtation. 

This case study provides usefi.11 background on both 

Austin's program and the current "state of the practice" 
to inform professionals, agencies, and citizens about the 
available resources and models ,vhich can lead to the 
development of new best practices. 

Prepared by Jeff Olson, R.A. , Tra ilblazer. 

Information provided by Barbara McMil len, FHWA 
Office of Civi l Rights and Dolores Gonzalez, ADA 
Coordinator, Aust in, TX. 

10· 1.V.X 

APS IN L'NDINGS 

ACC£PTABlE LOC'.ATIOI-J 

FOR AO$ 

/~ 
1 o· MIN. BET\'/EEN ,:.PS 

> 
,---,-"~• ' 32" X 54" 

L 
"- CLEAR GROUt-JD SPACE 

APS 
( [XAMPL[ LOCATION) 

Curb ramps at an intersection with Accessible Pedestrian 
Signal (APS) zones ind icated in plan. 

Source: Building a True Community: Final Report, 
Public Rights-of -Way Access Advisory Committee. 

SOLUTION 

Austin, Texas has had a proactive curb ramp program 
since the passage of the ADA. This program was fea­
tured in the U.S. Conference of M ayors 1995 report, 
J111p/e111 e11t i11j!_ rhe ADA : Case Studies ef Exe11tplary Local 
Progm 111s. Austin has a population of 500,000, of which 
15% are people w ith disabilities . The city appointed an 
ADA program manager in 199 1 and has 23 additional 

coordinators in each of the city's departments, along 
with a Mayor's Committee for People with Disabil ities. 
M ore than 4,000 curb ramps have been installed as part 
of a multi-year, multi -million dollar program. The pro­
gram vvas developed with the fo llowing process: 

• H eld public hearing to solici t input from persons 

with disabilities. 

• Met with transition plan review group to evaluate 

data and set priorities. 

• Scheduled development based on personnel and 
funds available. 

• Developed a map shmving highest priority fucilities 
services by walkways. 
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• l'riuritizcd areas based on map, in descending order 
radiating fro m the dow ntown area. 

• Divided the c ity into 12 sections. 

• Gave the highest priority co the downtown areas v,rith 

the most government buildings and pedestrian activity. 

• Dete rmined that the older part o f city had higher 

pedestri;rn activi ty than nl'wcr areas. 

Identified the need for access along rnajor ro;idways, 

especially along major bus routes. 

• Assigned the highest pr iority ramps and routes to 

fa cilities to be handled through the building modifi­

catio n prugra111. 

• E, tablished a citi zen request prog ram to handle ~pe­

cific identified needs. 

• Set an initial goal th rough the Plan to provide r;imps 
at intersections with sidewalb. 

Whi le Austin was creatiug its initial ADA Compliance 

prog ralll , new federal regulatio ns and g uidelines we re 

umler ckvelopmenc. Public righrs-of-\vay ;ire cove red 
by the ADA under T irle II. suhpart A. Th e U.S.Acccss 

Uoard initiated a rulemaking process in 1992, which is 
still in proces, tow;ird, est:iblishing ,1 flllal version o f 

Section 14: Public R ights of \Vay. Tli .: Access Uoard 

initi::i lly issut'd tht' Arncricam With Disabilitit's Act 

Acee sibiliry G uidelines (ADAAG) in 199 1 (36 CTR. 
1191. Appcndix. A). In 199-1- , tht' Acce,s Board pub­

lished an interim fina l ruk in the f ederal R egister that 

added several sections to the A DA , i nd uding Section 
1-1-. The response to the inrerim fi nal ruk clearly indi­

cated a need for subst:rnti:i l education and ou treach 
regarding the ,1pplication of guideline~ in this area. A 

Publ ic R.iglm-of-Way Access Advisory Committee 

(PROWAAC) was established in 1999, as a step towards 
resol\' ing the\e is~ue~. 

Thro ughout this process, the City of Austin Curb 
Ramp prog ram worked with the evolving guide li nes. 

Important changes, such as requirements for separate 

curb ramps fo r each directio n of pedt:strian travel , and 
the provision of detectable warn ing surfaces required 

adjustments to both designs and budge ts. A recent C ity 
o f Austin evaluation o f the C urb R.amp program ide n­

ti fied the following challenges based on their experi­
ence in developing ADA compliant st reet crossi ngs: 

• The number of ramps required was updated from 

1.500 to mo re than 6,000 based on an o n- the 
gro und survey o f the city's roads. 

• Drive\Yays cutting across walkways are included uuder 
ADA, but needs for these have not been estimated . 

• Existing utilities in the right-of- way create potential 

costs due to relocation and removal. 

• Curb ramp installations can conflict with tradition;::il 

placements for storm drains. 

• Existing sidewalks are 111 need o f m aintenance 

and repair. 

• Lack of sidewalks. 

C oordination with othe r ::igencies, including Texas 
DOT, and publi c tr:insit provider C MTA (Capital 

M etropolit::i n Transpo rr:itio n Au tho rity) . 

• Lack of funding resources and an increasing scope 

of work. 

• M eeting compliance deadlines under ADA. 

• Very complex log isti cal coordination o f c urb 
ramp work. 

• l11itiJ l lack of product availab ility to achieve 

detectable warnings. 

• Agency resistance ro ch:ingc. 

• Obtaining high visual contrast bt:tween r;imps and 

adjaceut surfaces . 

Austin's expe rience shows that a co o rdinated. pro-active 
approach c;in result in signi ficant public benefits. even if 

impo rtan t g uidelines arc part of an evolving process. 
The city successfu lly involved teams of individuals and 
o rg;inizario ns across institutional boundaries. To its 

credit, the C ity proceeded w ith the installation of thou­

sa nds of curb ra111ps based on the bes t information avail­
able at the ti111e. While early designs may not have 

included every feature of a " perfect" curb ramp (such as 
dctectc1ble warn ing surfaces). they provided impo rtJnt 

benefits to the public. 

It is important ro no te that curb ramps, even if they are 
no t absolutely .. state o f the art," are a major positive step 

tow:irds creJ ting accessible communities. Parents push­
ing strollers, postal carriers, children riding bicycles, sen­
iors, and 111::iny othe r citizen, benefit from curb ramps. 

lo st curb r::imp installatio ns can be character ized as 
"good'. design; even ifthc-y arc lc,s than perfect, they are 

a signifi cant improvement over the prior conditio n of 
not having r;imps at :ill. 

RESULTS 

Federal policy is ofren be-st evaluated in te rms of its 
implementation at the local level. Austin's experience 
shO\vs that the seemingly simple task of providing curb 

ramps requires a derailed under~tanding o(]egal require­
ments, intergovernmental coordination, and technical 
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best practice,. Coordinating slope,, drainage, tr.1ffic ig­

n al operations, utilities . concre te, asphalt. and pave ment 

markings demands a considerJble amount o f coordina­

tion. often involvin g multiple agencies .md intnc~ts. 

The community has been suppo rtive of the curb ram p 

program. In a 1999 report , the C ity of Austin cp1:111ti ­

fied its r::imp construction program :i, follo\\·s: 

:ince 130,1rd, 1.131 F Street. NW. Suite 1 ()()1 ). W.1shing­

to11 , DC: 20004- 11 I 1, www.:iccess- bo ard.gov. 

') V csi,1?11i11g Sidc11'<1//.:s 1111d "Ii-ails _t;,,- Arcc.ss, Am I <!( II: 
Rc11ic1/I cf Exisri11g C11idcli1w, 1111d Pmcricc.,. U.S. 

D epartm ent of Tr:im port,irion Publicatio n No.: 

rHWA- HEP-99-00(), Ju ly 1999. Av,1ibble online at 
h ttp: //www. fl1w;1.clot.gov/ e rw iro n 111ent/ bi keped/ 

pu bli catiom. htrn # I )esign 

Estimated Number of Curb Ramps Built by Various Entities or Programs 
3. Dcs((!ni11g Sid£'ll'alb· illlrl ·Ji-11ils _(c,,­
Acccss, Part II 4 II: Hes/ /1mrtiffs Dc.,(-.:11 
Guide. U.S. 1Jepc1m11cnt ofTramporta­

tion, Publication No.: FHWA-EP-0 I ­
nn, September 2001. Available onl ine 

at http://www.fl1wa.dot.gov / 

env ir onme nt / bikeped / 

publi catiom.htm#D e, ig11 

Cit izen Requests 
City Crews 
General Contractors under contract to the City 
Roadway infrast ructure alteration I improvements 
Bui lding Modifica t ion program 
New construction by private developers 

Estimated Tota l 

150 
700 
850 
450 

35 
2,000 

4,185 

Table 1. Estimated Number of Curb Ramps Built by Various Entities or Programs. 

D ocume nt J, The B est Practice~ 

Desig n Guide, provides an excellent 

overv iew of the state of the practice 

Actual construction costs have averaged $972 per ramp, 

\\·ith a total program cost of $2.25 m illion. funded by 

C ity bond,. A 1999 budget re4uest called for :rn ackli­

tional $4 mi llion in program funding. 

011goi11g ::ictivities of the Austin C urb lbmp progra111 

include meet ings of the ADA \X/ork Group. dissl'.1rn11at­

ing information :ibout Constructio n Standards for pub­

lic r ights-of-way and the ADA, continuing a C itizrn 

R equest Progr:im fo r curb ramps in the public rights­

of-way, :111d curb ramp construction in compliance w ith 

the approved T ransition Plan. 

One of Austin ·s challenge, wa, the implementation of 

cu rb ramps w hik the nacion:i l ADA regu latory process 
\Vas still evolving. The difficulty in developing and 

implementing conrplctc ADA gu idel ines comes from 
the intent of accon11nodating people of all abilities 

throughout a nation of var ied climates :ind construction 

conditions . This i~ part o f th e proce,, initi;iced with pas­

sage of the Americans With Disabilities Act of 1990, 

which is a civil rights statute. The United State, Access 

13oard, the U.S. lJcpartmt'nt ofTr:importation and ocher 

organizations haw cooperatively developt'd a ser ies of 
vital new docunrc nts that :idd re,, curb ramps :i, an inte­

gral part of street d es ign . Austin ·s exper ience .111d th e,e 

new toob hel p define th t' continua lly evolving state of 

the practice in curb ramp design. The most reccm ver­

sio ns of th<.:sl'. docwncnts are: 

I . B11ilrli11,I! 11 Thir r.01111111111i1y: fi1111/ Report. Public R.ights­

of-Way Acee" Advi,ory Committee,January I 0, 21 )( l 1, 
U.S. Architectural &· Transportation Barriers Compli-

in curb r:imp design w ith Table 7- 1. 

which includes the following BEST PRAC ­

T I CE/ RJtionalt': 

1. PROVIDE A LEVEL MAN EUVEIZ.ING AR.EA OR 

LANDING AT THE TOP OF THE KAMP Landing, 

are critical to allow wheelchair ml'Vi space to 

maneuver o n or off o f the ramp. Furthermore, peo­

ple w ho are continuing along the , ide\Y,1lk w ill no t 

have to negotiate a ~mfacc w ith a ch,mging grade or 

cross slope. 

2. CLF.AlUY [l)[NTIFY T H E BOUNDARY 
BF.TWEEN T l IE UOTTOM Of THE C U RU 
R AMP AND Tl IE STR.EET W ITH A DETECT­

Al1LF. WARNING. Without a detec table \\·arning, 
people w ith vision impairments 111;1y not be able to 

ide ntify the boundary between till'. side-walk and th <> 

5treet. 

3. DESIG RAMP Cl~DES Tl !AT ARE PEPJ>EN­

lJICULAR TO THE CURl3. As,iscive devices for 
m obility are unstable if o ne side of the device is 

lower than the o ther or if the fu ll ba,e of support 

(e.g. all four wheels on ;i wheelchair) are not in con­

tact w ith tht' surface. This cornmonlv occurs when 

the bortom of a curb ramp is not perpendicular to 

tl1 L· curb. 

4. PLACE T HE UR..B RAMP W ITI !I N T H E 

MAPJZED CROSSWALKAREA. Pedemians outside 
o f the marked cro~swalk are Jes, likely to be seen by 

d r ivers became t hey arc not in the expected 

loCJtion. 
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:> . AVOID HANGES Of G IW)ETHAT EXCEED 11 
PER.CENT OVER A 610111111 {2-t in) INTERVAL. 

Severe o r sudden g r;i de changes may not provide 

, uffi cient ckarance fo r thL' frarnc of a wheelchair. 

ca uslllg the u se r to t1p forward 

or bc1 ck\\'a rd . 

6. DESIGN RAMPS THAT DON'T RH . .,2UIH. ... E 

TUI ffNG OR. MANEUVERING ON THE RAMP 

SUllFAC:E. Maneuveri11g on a steep g r;ide G ill be ve ry 

haz.1rdo us fo r people w ith mobility impairmen ts. 

7. PROVIDE A C URB RA.Ml' GRADE THAT C AN 

BE EASILY DISTINGU ISHED FROM SUR­

R OUNDING TERRAIN: OTHER.WISE, USE 

DETEC:TA BLE WARNINGS. G radual slopes Illake 

it difficult for prnplc w ith vision impairments to 

detect the p resence of a curb ram p. 

8. DESIGN Tl IE RAMPWITH A GR.ADE OF 7. 1 + / -
1.2 PHlC F.NT. (DO NOT EXCEEJJ 8.33 PER­

C ENT OR 1: 12) Shallow g rades are d ifficul t for 

people w ith \' ision impairments to detect but steep 

g rade, ,lre diffi cult for those using Jd:iptivc dev ice, 

for mobility. 

<J DESIGN THE RAMP ANI) GUTTER WTH A 

CROSS SLOPE Or 2.0 PFll C ENT R :m1ps should 

h:l\·e minimJ I cro,s slo pe so users do not have to 11ego­

t i:1te :i ~tL'L'P grade and crm~ , lo pe simultaneously. 

10. t>RO VIDE ADEQUATE Dl"l...AINAGF. TO PR.E­
VE TTHE ACCUMULAT IO O F WAl 'ER OR 

DEBRIS O N OR AT THI:: l:3OTTOM OF TI II: 
l<....AMI~ Water, ice o r debr is accumulatio n \Viii 

decrease the slip resistance o f the curb ramp surfoce. 

11. TRANSITIONS FRO M RAMPS TO GUTT ER. 

AND STREET S SHOULD l:3 E FLUSH AND FREE 

Or LEVEL C HAN GES. Man euvering over :m y w r ­

tical rise such as li p, ;'111 (1 defects c 111 cause w·heel­

chair users to propel forward w hen wht'd s hit this 

ba rrie r. 

12. ALIGN T HE C U IU3 llAiv\P WIT! l T l IE C:ROSS­

WALK, SO T H ER.E IS A STRAIGHT 1>AT H O F 

TRAVEL Fl"l...OM THE TOP OF THE ll.AMI' T O 

Tl IE C:ENTER. OF TH E llOAUWAY TO T H E 

C:UR.B R.AMP ONTH E OTHEll SID E. People using 

w heelchair, ofi:cn build up mo memurn in the cross­

w alk to get up the curb ramp.This ;'! ]ignment 1my :ilso 

be useful fo r people with vi, io n impai rme nts. 

13. PRO VIDE CLEAIUY D .1:.HNEDANIJ EASILY IDEN­

T IFlEO EDGES OR T RANSIT ION ON BOTH 

SWES OF T HE RAMP TO C O NTRAST WITH 

SIDEWALK. c:Jearly defined edges assist users with 

---
~ ':"le.'~..:«1:-nw,.·--.:-u. 

- - ~ A. ~ ~ ~-

-t:"ll 5~ ~ Jllrl. I..~~ --...;.:::~~-

Source: But/ding a True Community: Final Report, Public 
Rights-of-Way Access Advisory Committee. This illustration 
shows many of the features that should be incorporated a 

curb ramp. However. it does not show detectable warnings, 
which are an important component. 

,·i sion impair m e1m to identify the prt'sencc of the 

ramp w h en it i, ;ipproached fro m th e side. 

The,e concepts are consistent w ith the exper ience 

mJny co mmuni ties have in developing successtt.il curb 

ramp progra1m. 111 th L· Summary to her 1999 Urban 

Symposium prcsem at1011. Dolores Gonzales su111 rn,1-

r i7ed both A ustin \ pn,pcctive 0 11 these issues (and a 

poin t of vie \\' likely to be representative o f similar 

effo rt~ 11atio 11 w ide), as fr,l low,: 

• Much work re111,1im before o ur roadways will be 

fLill y ::icce,siblc. 

• Technological so lutiom specifically targeted for per ­

~o m w ith disabi lities could h elp defray costly an d 

complicated co11 cretc ,olutio ns. 

• Continuin g education of the public and bu ilding 

profes,ionals are needed for e ffective implementation 

of the ADA . 

CONTACT 
Dolores Gonzales, ADA Coordinator 
City of Aust in Department of Public Works and 
Transportation 
Municipal Buildi ng, Fi fth at Colorado 
P.O. Box 1088 
Austin , TX 78767 
Phone: (512) 499-3256 
Fax: (512) 499-3278 
E-mail : dolores.gonza les@ci .aust1n.tx.us 

REFERENCES 
l11111l1'lll<'lltl!lf.! rl1t'. ·\J11crrt"'1,1., 11111/1 I )i,,1/i,firw_. .-la: ( ;,,,·c S,r,u/11·~ c;f L,f,il J)rc:1?.n1111.,. T l1 L· 

U 11 m.·.J )utn (.011t'~·rcnc'--· o f M,1yor-.. April 19•):,_ 
l'u/1/i, l l iirks , 111d.➔ D.➔ c ,,111p/i.111,,. pr,·,c11w 1011 .1r the Urb.111 Sy111po<1u111. D.11 

Lt, T ... ·x.1;;;. June ~(J. I 1J'YJ. I )olorc-;;; ( ;0 111.,l c.-•o;;, ( '.1ty 1.1f .A.u,tin Amt"t ir~111, 
Wirh Dis.1b1hrit·, Ufl-icc. 

U.S. Arc lrncctural Ix Trampmr.m nn llarrlt'~ Co mplimcc 130,ud. 133 1 F Street. 
NW. Smrc I 111 10. W,,sh111gro11. I)( : 21 ,rn>.J - 11 11. " "" "'' . ,iccess- bo,mi.~u, . 
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S~ PETERSBURG, FLORIDA CASE STUDY NO. 19 

Large Intersection Solutions 

PROBLEM ···--As roads are made wider, the crossing distances for 
pedestrians increase, creating a significant exposure 
of pedestrians to the high volumes of motor veh icles. 
With a typical pedestrian crossing speed of approxi­
mately 1 m (3.2 ft) per second, streets with four or 
more lanes in each direction can result in crossing 
times that requ ire more than 30 seconds. In addi­
tion , lengthy crossings can make it impossible for 
pedestrians to see signal ind icators on the far side of 
the crossing. Confusing multiple turning movements 
(often with protected signal phases) increase the 
potential for pedestrian crashes. 

BACKGROUND 

In St. Petersburg. Flo rid:1, the intLT~L'Ction of H iglm ::1y 

98 at 7--lth Avenue North presented a11 cxtrc1ne ve rsion 
ofthe,e conditions in che early ]<J<JO\. Widened to nine 

lanes in each leg ot the interst:ction , thi, intersection 
created a ,erio us chal lenge fo r engineers to design :i 

so lution ,,·hich could acco111111odate botb pedestr ians 

;u1d motorists. The adjacent land included Sc. Pt' te r, ­

burg Community College. :1 co11vc11ie11ce store. an auto 

parts store. <111d a training center for the disabkd . Sornc 

co111111unities would have tried to build expemive solu­

tiom (,uch ,ls owrhead pedestrian bridge,, for cxa111pk) 

or ,imply ignored the problem. however. the designer, 

of th i, project applied a combi11:1tion o( co1nn10n sense. 

innovation, :rnd crea tivity to c re:1 te ,1 solution that worb 

with in the ;1va ilahle resources. 

Prepared by Jeff Olson, R.A., Trailblazer. 

Information provided by Michael Wallwork, 
Alternative Street Design. 
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Provided by Dan Burden of Walkable Communities, Inc. 
and Jeff Olson, R.A. 

Initial Conditions, Highway 98 at 74th Avenue, 
St. Petersburg, Florida. 

SOLUTION 

Michael Walh\'ork, the street's designer, ,vas asked by 
several community representatives to look at the inter­

section and explore alternatives to make it more pede,­

trian friendly. Accessibility w:1s an import:111t isslle 

because a training cemcr for w heelcl1air usl'rs was in the 

area. Since the de, igner was Amtral ian , 111:iny of the 

design features came fron1 Au~tralia's best practices. 

The importallt i,sues included the following: 

• Provide median noses that extend bl'yond the cross­

,,·:1lk to provide refuges for pedestrians. 

• N:i1TO\\' the lanes to minimize speeds. to shorten 

pede,tr i:111 crmsing d istances, and to w iden the median. 

• Add Australi;rn , tandard right turn slip lanes, which arc 

dcsignl'd to keep pedestri:ins in the drivers' line-of­

sight, slow right turn veh icle, to around 29 km/ h ( 18 
mi/ h). and minirnjze the :111gle bet·ween turning vehi­

cles and approaching w hicles to increa,e capacity and 

to redu ce the angle drivers mllst to turn their heads. 

160 Case Studies Pedestrian Safety Guide and Countermeasure Selection System 



Provided by Dan Burden of Walkable Communities, Inc. and 
Jeff Olson, R .A. 

Design Solution for Highway 98, St. Petersburg, Florida. 

• Add a bend in the middle of the crosswalk to meet 

the above requirements. 

• M eet ADA stand::irds w ith cut-throughs and ramps. 

RESULTS 

For a retrofit of existing conditions, the pedestrian fea­

tures of the Highway 98 intersection provide an excel­
lent b::ilance between pedestrian and motor vehicle 

needs. By reduci ng the pedestrian crossing tim e, provid­
ing right turn , li p bnes, :md reducing the all- red signal 

phase slightl y. the 'green ' time made available to 

motorim was :ictually increased and pedestrian safety 

was improved. With reduced lane widths, refuge islands 
at each corne r and median refuges in the middle o f each 
intersection leg, the maximum distance that a pedestri­

an has to cross i now only five lanes, or approximately 
15 m (.=iO ft) . This is a significant improvem ent over the 

prior conditio n o t crossing nine lanes of traffic in one 
signal pha,e. O verall crossing distances were reduced 

from over 55 Ill (180 ft) to approximately 40 m (130 ft). 

CONTACT 
Michael Wallwork 
Alternate Street Design 
1516 Plainfield Avenue 
Orange Park, FL 32073 
Phone: (904) 269-1851 
Fax: (904) 278-4996 
E-mail : mjwal lwork@attbi .com 

REFERENCES 
Backgrouncl prm·ided through e-mail i11L~rvi<cw "ith Michael \1/allwo rk of 

Alternative Street D esign. O, ih~11al graphics provided by Dan Burden 
of Walkable 'onunun.ities. Inc. am! Jeff O lson, R.A. 
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Granite Street Traffic Calming 

PROBLEM ··---Neighborhood residents were concerned about 
speeding on Granite Street, a neighborhood col lector 
used by children to access a school and a park. 

BACKGROUND 

Gr:111ite Street is located in th e Can1bridgeport neigh­

borhood. ,rnd i, bordered by th<: Mors<: Elemenury 

Sd1ool, .1 playgro und. ballfidd\ 011 the ,outh , ide. and 

home, 011 the 11 o rth. In 1998, the Morse School wa, 

clmed for nujor renovation. 111 n J11ju11clion w ith the 

,chool re novatio n . rhe road wc1y and ~idewalk 011 Cr:111-

ite Street \\',1S recomtrucred. 

In rL",pomt' to ne ighbor<; · co11cerns about speeding 011 
G r,111ite Street ,rnd to improve the safety of 11eighbor­

hood children going to and from school, the C ity 
worked ,Yith re,idents to i111pkme11t a comprd1cnsive 

tr,1ffic ca lming de,ign during the roachvay recomtruc­

tion. Funding for the tratfic ca lming measure~ came 

from the City. 

SOLUTION 

St·veral traffic olrning m easure, imprO\·ed the pedestr ian 

c11v ironmt'nt in the Granite Street area. Curb extension, 

we rL' i11,t ,1 lkd .lt the intersectiom ot Granite and Maga­

zi ne Street, Cr.mite .md Pearl Street (at the main clllrancc 

to the ,chool) and at Gr.mite and R ockingham Street (at 

the e11tr,111ce co the p,1rk). A rai,t·d crosswalk was abo 

con,truned :1crcw; C r.mire Street at Magazine StrL'L'l. and 

,1 raised inrer,ection \\·,1, built at Granite and l'e,1rl Strcc.:t,. 

The rJ ised <leYi,c, were intended to provide a , Lrong 

vi,ual c11 e to drivers entering rhe corridor from Mag-1-

Prepared by Cambridge Community Development 
Department. 

zinc Street ,rnd Pea rl Street to he aware o f-11011-111oto r­

ized users . Further. vehicles would be , lowed, and pedes­

triam \\'Ould be prm·icied with a level crossing area. 

The r:i i,e-d crosswalk ,111d the raised inter,ectio n ,verc 

comtructcd w ith concrete p:tvt'rs to replica te the look 

and feel of br ick. Pave rs are slip-resi, tant and durablt> 

under t r;t11ic. Borh rJiseci de\·i ces used color contrast to 

increa,e their et1ectivenes~--the red color of the crm,­

walk and inteViection highlighted th e pedestrian arL·a 

against th e black asphalt of the street. 

Thi.' ,1ppro,1ch slopL·, to th<: ra ised devices were lined 

wi th highly visible, reflective. slip resistant. and long List­

ing i11l,1y t.1pe. Ami, both of the r;1i ,eci devices (the 

r,1ised nmsw.1lk ,lt M.1g,1zi nL' Street and the ra ised inter­

section :it !'earl Street) were combineci wi th curb exten­

, inr1', gi\· ing pcdestri,m, rhe the added bl'11dit of cross­

ing a 11 1uch 11,IITO\\'l'r street. 

I he rai,ed device, ;111d c11 rb extemions were p.irt of a 

cornprehemiYe traffic cal111i11g plan for C r:rnite Street. 

Additional eleme ms of the project were tru11c1tL'd 

domes, zebra crosswalk 111arki11gs. and the rernov::il of a 

trafiic ,ignal. All of rlw \·a rious measures wen: intended 

to work together co change the natu re of the rm.dway 

and to reduce vehicle' ~peed~. 
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RESULTS 

A, part of the ongoing evalua tion of this proJen, the 

C:ity conducted bdore and afr<:r sp<:ed studies. T he 

speed li111it 011 (; ra11ite Street is 48 km /h (30 m i/ h). 

Lkfore the i111provemem,, the 85th percentile speed o n 

Granite Street ,u, 45 km/ h (28 1111 / h) . T he 85th per­

cent ile ,peed wa, rl'dl!C(:d to 38.5 km / h (24 mi / h) .1fter 

thl' i111 provernents . 

On most re\idt:11 tial , treets 111 Cambridge, resident, do 

11 ot tl'el comfortable coexi,cing ,vith rr:1 ffic going 48 

km / h (30 m i/ h). A speed of 40 km / h (25 !lli/ h) fcels 

m ore co111fo rt:1ble and is 5afi:r for residencs, pedestriam, 

motorists aud cyclists. l3efore the improvements ,vere 

m ade 39 percent of vehicles wert' exceeding -1-0 km/ h 

(25 m i/h). O nly 1-1- pt>rcent o f vehicles were exceeding 

-1-0 km/ h (25 111i/ h) after the improvements. 

T he goal of tr:..ffic calming is to make streets safer fo r 

peop le to bike. wa lk, and drive, not to shift traffi c fro m 
011c ~treet o nto a11other ,treet. T he C ity conducted vol­

ume count, to determ ine if traffic was inadvertently 

shi fred and fou11d that traflic has not diverted off Gran ­

ite Street. Granite Street carried 4,470 veh icles per day 

before the project and -1-,-1--l-O vehicles per day afo:nvard. 

Altho ugh n o maj or 111ai11tenance pro blems have 
occurred, the C: ity conrin ues to 1110 11itor the improve­

m ent, closely, particularly through the winter. 13o lbrds 

were installed to help the snowplow o perator, loc.lte 

the raised crosswalk and r::i ised intersection . Thl' effects 
o f snow remm·al an d o the r llla intl'na11ce issues w ill con­

tinue to be monitored . 

In April 1999. the Ciry conducted a non-scientific sur­

vey co determine residents· perceptiom of the complet­

ed traffic calm ing project. Over 70 percent of residen ts 

who responded liked the proj ect, while only I() percem 

disliked it. More tlm 1 h~1l( of Cranite Street residents 

perceived t h:..t thL· t raffic ca lm ing treatment, had 

reduced rraflic \~ll·ecls and improved pedestr ian ,afety. 

Abo, 87 percent thought that the pr~ject improved the 

look o f che street, a nd 6S percen t approved o f the C ity 

doing simiLH project, in othn locc1tio1l',. 

Thl' C ity and resident, view th i, proj ect as a ,uccess 

because the goa l, of red ucing speL·cb a 11d improving 

safety \\·ere m er. T he project is visu:..lly pleas ing and i, 

an t'n h:111ceml'nt to the com mun ity. Residen ts ,rrongly 

support the traffic ca lming project and support more 

proj ects like this in Crn1bridge. 

CONTACTS 

Juan P. Avendano 

Traffic Ca lming Proiect Manager 

Community Development Department 

City of Cambridge 

238 Broadway 
Cambridge, MA 02188 

Phone: (617) 349-4655 

E-mai I: traff ic-calming@ci.cambridge.ma. us 

Web: www.ci. cam bridge. ma. us/ ~CDD/envirotrans 
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CATHEDRAL CITY, CALIFORNIA CASE STUDY NO. 21 

Pedestrian-Friendly Rede 

PROBLEM ··---A high rate of pedestrian and vehicle conflicts were 
occurring along a section of Highway 111 through 
downtown Cathedral City, CA. 

BACKGROUND 

Highway 111 is the major state highway linking the 

desert cities of the Coachella Valley from Palms Springs 
to Indio and beyond to the Imperial Valley. Many oftl1e 

cicies in the desert have developed around this highw;iy, 
including Cathedral City. wh ich lies to the east of Pali n 
Sprill6'> - Most of Highway 111 has been configured 

with two travel lanes in each direction, and iu accor­
dance w ith Cali fornia Department of Transportation 

(Caltram) plans. mmt cities along the 11 I corridor have 
pbns th:it show it eventually \Videned to three bnes in 

each direction. 

The City of Cathedral wanted to redevelop its down­

town area, through which Highway 111 passes. As part 
of this redevelopment , the City wanted to narrow 

Highway 111, also known as East Palm Canyon Drive 
through the city, and provide for a more pedestrian­

friendly street through the downtown area. This section 
of High way 11 1 had also had one of the highest rates of 

pedestrian conflicts and accidents in the corridor. 

SOLUTION 

In order to plan for ,1 design that would make Highw·ay 

111 safer and more pedestri:rn friendly, the city needed 
to coordinate with C :iltrans to determine w ho owned 

the road. The process for starting the design of the 
downtown area began in 199·1 when the City crafted a 

Prepared by Jerry Jack, City of Cathedral City. 

Looking west toward the San Jacin to Mountains after the 
installat ion of landscaped medians and enhanced parkways. 

broad \·ision for the new pedestrian- fr iendly env1ron-
111ent, w hich included measures to slow traffic along the 

highway. This vision included plans to keep Highway 
1 11 at two lanes in each direction and narrow the road­
way to increase pedestrian accessibi lity across tht· t raffic 
lanes and shorten crossing distances. W ith its plans to 

eventually widen the highway to three lanes in each 
direction, Caltram vetoed the City's plans. 

f- aced with a fi rm n:jt·ction of their plam by Cal t rans, 

Cathedral C ity successfully sought to have the section 
of I Iighway I I I that ran through Cathedral City relin­

quished to the City. With East Palm C rnyon Drive (no 
longer I Iighway 11 1 ,iftc r the reli11 quish111ent) owned 

by the rnunicipali cy, the C ity was :ihle to go forward 
w ith its vi,ion of J pedestrian-friendly re<lesign of its 

downtown area. Throughout th t' process, the city 
worked with a resident/ business desig n cornlllittee and 
a consultant. 

T he final step 111 the process of moving forward w ith 

the C ity's pbn for its downrmvn area included secur­

ing funding from the Riverside County Transpo rtatio n 
Commission for the redesign of East Palm Canyon 

Drive (formerl y Highw :iy 111 ). The entire project cost 

164 Case Studies Pedestrian Safety Guide and Countermeasure Selection System 



approximately $3.2 million (of w hich storm drain and 

r ight-of-way acquisition ,vere a large , hare) . This was 
funded th rou gh the City's RDA. c ity bo nd,, and region­

al trampurtation fund,. 

The new design for the roadway included a landscaped 

center median, two travel lanes in each direction 3.7 ,11 1d 

-LO 111 ( 12 md 13 ft) wide, a side landscaped median sep­

:irating :1 new p:irking :iisle wi th angled parking, and the 

elimination of numerous angular driveways and streets, 
,vhich h:id previously compromised the smooth traffic 

o per::ition of the ,treet. N ew bus shelte rs were provid­
ed and new traffic signals ,vith pede,trian crossings were 

installed to better connect the businesses on the somh 
side of the roadway \Yith the north , ide, w hich would 

eventually include a new ,hopping complex, movie the­
ater. and com munity park. T he ,peed limit on East 

Palm C rnyon Drive was reduced from 72 k m / h (.J.5 

rn i/ h) to Su km/ h (35 mi / h) in order to ernpha, ize the 
lraflic calmed natun:> of the new rt>de,igned roadway 

and promote the pedestr i:rn- fri endlines, of the new 
downto,,·n area. 

Looking east showing the use of protected/separated right 
turn and bus lanes. 

RESULTS 

While m3ny con1111uter, who rq,ri.d:i rl y tr:ivcled through 

the downrown are:i ,,·ere not p]e;1sed with the ro;idway'<; 

new des ign ;ind tr:1ffic c;il111ed char:incristics, pedestrians 

:rnd ci ry o ffi ci;i]s were , ·cry plc:iscd with rhe end re,ult. 

A stuciy of pedestri:m cra,hes wa, conducted after the 

rede, ign of the roadway wa, completed. From 1993-95 , 
there \Yere nine pedestrian cra,hes. and , ince the new 
roadway opened in 1998. no crashes have been report­

ed. In terms of pedestrian safety, the redesign of the 
street ha, been an ovenvhelm_ing success. The redesign 

ha, improved the aesthetic character of the downtown 

area, and it has also served as the first step coward remak-

ing the downtown arL'a into a pedestrian-friendly, cul­

tu rally ,·ibrant comrncrcial and civic district. 

CONTACT 
Jerry V. Jack 

Traffic & Development Manager 

City of Cathedral City 

68-770 Avenida Lalo Guerrero 

Cathedral City, CA 92234 

Phone: (760) 770-0329 

Fax: (760 ) 202-2524 

E-mai I: jjack@cal hedralcity.gov 
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PROBLEM ··---Motorists traveling at high speeds and refusing to 
stop at stop signs on residential and mixed-use 
neighborhood streets, especially those populated 
with large volumes of pedestrians (including chil­
dren), had consequently led to many pedestrians 
being hit my motor vehicles. 

BACKGROUND 

Berkshire and York Streets are located in the Welling­
ton/ Harnngton neighborhood of Cambridge, a resi ­
tknti;t! arl·a ,vith a mix of bmincs ·l·s and rl·tail shops. 

Berkshire i~ a neighborhood street w ith " 40 krn / h (25 
mi/ h) posted speed limit and 2,000-2,500 ADT count. 

A school, a playing field. a yomh center, and a library are 
adjacent co Berkshire Street. The mix of uses generates 

a large volu me of pedestrian traffic, especially from chil­
dre n. Berkshire Street is also a popular cu t- through for 

motorists, particularly as an alternative to Cardinal 
Medeiros Avenue, a much larger arterial ,vhich carries 

high traffic volumes during peak hours. 

eighborhood re~idents had complained over a long 

period of time about speeding vehicles. Pol ice checks 
confirmed the persistent speeding problem along Berk­

shire and also found a large number of drivers run ning 
the stop ,ign at the intersection ofYork ;md Plymouth. 

Several incide nts between children and drivers n1o tiv:i t­

ed parents and other residents to tackle the tr:ifTic prob­

lems in their neighborhood, nuking the streets safer for 

children co walk. 

Prepared by Cambridge Community Development 
Department. 

Raised intersection at Berkshire and Marcella Streets. 

SOLUTION 

The C ity of Cambridge chose the Be rkshire/ York 
Street area co demo nstrate the benefits of traffic calming 

for addressing neighborhood transportation problems. 
Working j ointly with the City Tratilc Department and 

the Public Works Department. the Community D evel­
opment D epartment publicized and facilita ted an open 
planning process, involving many neighborhood resi­

denb. school personnel, and emergency services per­
~onnel. The collaboration produced several traffic calm­

ing de~ign alternati,·es. \Yith the community and city 
agencies eventually using the design presemed here. 

The Public Works Department imple me nted th e 
improvements ming city fonds. 

The Berkshire :rnd York Street improvements wac pa rt 
of a co111pre lw11sive traffi c c1l111i11g pb11 . U11dn tlii<, plan, 

a p;:ircicular :ire,1 i, hl:rnketed by a v:iriety of treat111c11ts. 
which work together to ch:inge the nature o f ro;idw:iys, 

slow dmYn vehicle,. :ind improve pedestri:m ,afery. 

The traffic calming measures used in chis project 

include the following: 

• Curb extensions at three intersections: 1) Berkshire 

:ind York Sti:t>ets, '.2) Berkshire and Cambridge 
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Streets, and 3) Webster Avenue, H:11111in Street, and 

Plymouth Street. 

• H am.Jin Street w:is made one-way to alk vi.1te the 

problem of drivers entering Plymouth Street the 

w rong way at Webster Avenue to gee to H amlin Street. 

• A r:i ised crosswalk was ::idded :icross 13erkshire Street 
at Hardw ick Street. 

• Raised intersections were constructed at Yo rk & 

H amilto n and Bcrbhire & Marcella . 

• A chicane was added on Berkshire Street. which 

reduces the , treet \\·idth by 2. I m (7 fr) on each side 

and introduces a shifi: in the roadway alignment. 

• The fe nce o pen ing, for D onnelly Field \Vere relocat­
ed to line up wi th the enh::i nced pedestrian crm sing,, 

encour:ig ing pedestri;i ns. especi::i lly children , to cross 

w here it is safest to do so. 

In addition to the newly constructed treatments, all 
street- level crosswalks were repainted w ith zebra mark-

---Ii) 
Concept drawing of curb extensions at Berkshire & York Streets. 

Ra ised intersection used at York and Hamilton and 
Berkshire and Marcella. 

Curt>s to be remoYed 

A raised crosswalk used on Berksh ire Street at Hardwick St reet. 

20· 20' (l )'I).) 

6' 6' 

12' R 

12' R \ 

A chicane was added on Berkshire Street between 
York and Cambridge. 

ings to emphasize the presence of a pedestrian crossing 

for both drivers and pedcstriam. 

The ra ised crosswalk :rnd intersectio ns were construct­

ed \\"ith concrete pavers that replicate the look and feel 
of brick bur ::i re more dur:ible and have a , li p resistant 

fi 11 i, h. The :ipp ro:iching slo pes fo r the vertical c hanges 
\Vere co 11 srrucred :i r 8 pncent. The appro::iching slopes 

:ire cle:i rly 111:i rked , using highly visible. reflec tive, and 
sl ip resista llt inh y t:ipe :is p:1ve111ent markings. 

RESULTS 

Overall , the Berkshire/ York street neighborhood i, 110\V 

a much safer p lace for yo ung pedestr ians in the ne igh­
borhood. W hile aU of the m ea, ures combined to 

change the driving atmosphere of the street. the vertical 

traffic calm ing m easures have the m ost direct eHect on 

travel speeds. 

l..kfore the i111provc111c-11t. the 85th percentile speed o n 
Bnbhire Street was --1-8 km / h (30 m i/ h) , and only 41 
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Raised crosswalk at Berkshire and Hardwick. 

percent of vehicle, -;i1n-e,·ed \\'t're tr:wding at or bdo,, 

the -Hl klll / h (25 111i / h) , peed lilll it. Alter the illlprovc­

lllent,, the 8:ith percentile speed was reduced tu 3 -1 

klll / h (2 1 111i / h) Jt the verti cal traflic caln1111g device~ 

:111d J8.(, km / h (2 -1 111 i/ h) in between. and 95 pcrcrnt uf 

, ·ehic le, were goi11g :Hor belm,· the speL·d l1111it. 

The chic 111e provides an area for landscaping . . 111d for 

motorists, it disrupts the \·isual continuity of the , treet 

without a m easurable impact on traffi c. C:urh t'xtell\iom 

reduce the w idth of the pedestrian crm,ing di t,111ce, 
limit pedem·ian exposure time. improw ,·i,ihiliry, ,111d 

, low the turning vehicle~. While there have not been 

any n1ajur 111J111tenancc probk111,, the City continues to 

monitor the in1prove111cnts clmcly. particularl y through 

the winter. 

A post- improvelllent survey of neighborhood re,ide nts 

found that -1 -1 percent of-respondents liked the improve­

ments while only 28 percent d isliked them. Forry­

sev.:n p.:rc.:nt reported a perceived increa,e in pede,tri­

an sa t~ty and 39 percent reported feeling an improve­

ment in the sakry for childre n playing. I-lm,·ever, 6 1 

percent reported th<H it ,vas harder to find o n-,treet 

parking. despite the net loss of o nly o ne on-street park­

mg space. 

The C ity oi'" C ambridge consider, the 1.1r0Ject ,1 111:0or 
, ucces,, both fo r the i111pk 111e11tation of effi.:ctivc tr:1flic 

cal111i11g l11l'35ll lTS and for the abili ty or the public p,1rtic­

ipatio11 process to mobilize the neighborhood and gnu:r­

,llL' ,upport for the i1 11provc111cnh. The l.krk, hin: / York 

treet project ha~ k d co the devdop1m·1Jl of ~t·vcral other 

neighborhood projec t~ throughout the u Ly. 

CONTACTS: 

Juan P. Avendano 
Traffic Calming Project Manager 
Community Development Department 
City of Cambridge 
238 Broadway 
Cambridge, MA 02188 
Phone: (617) 349-4655 
E-mai l: traffic calming@ci.cambridge.ma.us 
Web: www.ci.cambridge.ma.us/-CDD/envirotrans 
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BEVERLY HILLS, CALIFORNIA CASE STUDY NO. 23 

Exclusive Pedes~ria11 Phasing 

PROBLEM ··---A high number of conflicts between pedestrian and 
vehicles were occurring at busy downtown intersections. 

BACKGROUND 

T he residenti:11 popul:ition of Ueverly 1-1 ills is about 

35,000. Howeve r, the daytime popubtio n is es timated 

at about I 50,000, mostly concentr:ited in the Business 

Di•m ic t, wh ich is informally oile d th 1e· " 13usines, T riJn­

gle.·· Dayt ime pedestrian activity is very heavy in the 

Business Distri ct due to the con centration of husines,es 
and serv ices and the high vol11me of to urists visiti ng the 

:ire:i :iround fam o us R.odeo Drive. T he primary con­

cern fo r the City was the high 1111mber of conflicts 

between pedestrians and vehicles J t 111:1ny of the inte r­

sections, especi:dly during holid:1ys and pt>ak to urist sea­

son,. L1rge pedestri :1 11 flows wt' rt' blocki ng crossw:1lks 

to turning tr:1ffi c during tlw t'ntire gn:'t'n signa l ph:ise. A 

review o f the :1ccide11t h istory revealed several report­

ed vehicle-pedesrri:111 :iccidents . Nu merous fi e ld obser­
va tio ns ::ilso conc l11ded many "close c 11ls" occ11rred. 

SOLUTION 

In 1987 , the C ity of Beverly Hills modified rr:iffi c sig­
nals at e igh t inte rsections within the l3usiness Triangle 

to include an exclusive pedestrian ph ase \\"here all 

approaches would stop to le t pedestrians cross the inte r­

section e ither diagonally or convention:illy. The im er­

sections included: 

• l\righ ton :rnd C anon 

• IJrighton and l3cvcrly 

Information provided by Bijan Vaziri , City of 
Beverly Hills. 

• Br ighton :111d Rodeo 

• 13righton and Ca111dc11 

• Brighton :111d Bedford 

• Uaytu11 a11 d C a11u11 

• D;iyton :1 nd Beverly 

• Uaycon a11d Rodeo 

Tablt' l shows th e pedestri;rn volumes :it each o f the 

e ight intersec tions co mpared to vehicubr volunws. 

Staff analysis indicated that if no pedestrians w ere in the 

inte rsection during the vehicular signa l phase, that traf'­

fi c would flow m ore smoothly. The :iddi t ion of :in 

exclusive pedestrian signal phase to the signal tirn i ng 

was considered to clear the intersection o f p edestri::im 

during the vehicular phase, allowing better 111ovc111c nl 

of vehicles and p ermitting pedestrians to cross w itho ut 

vehicle intt' r fe rence. This w o uld improve the sa te ty o f 

pedestr i:ins and reduce the potential for auto / pedestri­

an conflicts and accidents. At the time of implementa­

tion , ve ry few j urisd ictions were known to have th is 

type o f signa l oper.1tion . 

With exclusive pedestrian phases in place, p edestrians 
\Yere allmved to cross diJgon:ill y as well as conventio n­

ally. In that case, the lo nge r diagou ;i] pedestr ian path 
was used to determine the opti111,1] clt'arance time for 

that signal phase. A r:111ge of 20- :22 seconds of total 

ped estr ian signal phase ,vas dete r111in t'd to be c1ppropr i­

ate. At the t i111 e, ;ill Business Tri:ingle signals w ere o pe r­

;iti ng on 50- second cycles, and the i11troduction of the 

ped estr i:in pluse incre:ised the cycle to (,() seconds to 

clear vehicles through the in tersecti o ns. 

Pavement m arkings were added to indicate that di:.igo­

nal c rossing was permitted at each o f the imersections, 

and special " di;igonal crossing OK" signs were added to 

each corner. Fo r better visibility, ped estr ian signal heads 
were :idded to face the di;igonals of the inte rsectio n so 

they co uld be seen for di:igonal crossings. 

Pedestrian Safety Guide and Countermeasure Selection System Case Studies 169 



Intersection NB SB WB EB Total East West South North Total Peds. 
Veh/hr Veh/hr Veh/hr Veh/hr Veh/hr approach Leg Leg Leg Leg Cross/hr 

Peds/hr Peds/hr Peds/hr Peds/hr 

Brighton/Canon (1) 500 550 300 0 1350 270 250 400 230 1150 
Brighton/Beverly (2) 750 700 750 0 2200 500 500 600 400 2000 
Brighton/Rodeo (3) 450 650 600 0 1700 500 800 650 550 2500 
Brighton/Camden ( 4) 500 0 500 0 1000 350 450 600 400 1800 
Brighton/Bedford (5) 0 700 550 0 1250 300 280 370 400 1350 
Dayton/Canon (6) 250 350 0 550 1150 150 200 200 300 850 
Dayton/Beverly (7) 700 750 0 550 2000 400 300 250 450 1400 
Dayton/Rodeo (8) 350 500 0 300 1150 400 550 4 50 500 1900 

Table 1. Vehicle and Pedestrian Volumes. 

The :1\·eragc: cost pe r intersection \\':1, very low com­

pared to other i111prow111e11ts . ranging from $500-$700 

per i11tc>rsc>ction. 

With exclusive pedestrian signa l phases, diagonal crossings 
are allowed as well as conventional crossings. 

RESULTS 

D ur ing the planning of this project, there was concern 

tlut an exclusiw pedestr ian phase would be confusing 
for both rnotorists and pedestrians. Afier i111ple111e11ta­

tio n. it see rned that people became accustomed to the 
new o peration. Public opinion has been ,·ery favo rable, 

and other commun ities have contacted the C:i ty .1bou t 

the ir successful o peration. 

A o pacity Jnaly, i, w.1, co11ducted a, pan or the c\·alu­

:.i tion of the new sig11:.i l operatio11. Using the ··1cu·· 
method, a level of ,ervi,e (LOS) w:1, L·alrnl.itl:'d lwfo rc 

and after the i111ple111ent:1tio11 of the exclmive pl:'de,tri­

an phase. T he fo llowing table ,how, the , u 111111:1ry of 

the LOS c1lcul:i tio11s. 

Intersection Before LOS After LOS 

Brighton / Canon .40 A .63 B 
Brighton / Beverly .69 B .92 E 
Brighton / Rodeo .48 A .71 C 
Brighton / Camden .40 A .66 B 
Brighton / Bedford .34 A .57 A 
Dayton / Canon .31 A .54 A 
Dayton / Beverly .55 A .81 D 
Dayton / Rodeo .34 A .57 A 

Table 2. LOS Calculations Before and After Implementation. 

The analysis indicated that fo r most i11 tcl"',ectiom, the 

change in LOS would be \vi thi 11 :111 :1ccept.1ble r.rnge. 
I lowewr, for two imersectiom. Ur ighton / Be\·erly and 

Dayton/ Beverly. the LOS \\"ould be dropping to unac­
ceptable leYels (LOS E and I ) re,pecti\·ely) . C: ity , taff 

had concerns about the successful operation of these C\\·o 

incer,ectiom. Scaff noted that implementation was very 

succes,ful ,H the other ,ix intersections, and the :.ifore­

mentioned two experienced an increa,e in del:.iy, on thl:' 
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Intersect ion 

Brighton/Canon 
Brighton/Rodeo 
Brighton/Camden 
Brighton/Bedford 
Dayton/Ca non 
Dayton/Rodeo 
Total 

Before 
# of % of total 

accidents accidents 

3 18% 
5 18% 
2 22% 
2 11% 
4 3 1% 
2 13% 
18 19% 

After 
# of % of total 

accidents accidents 

1 10% 
3 11% 
0 00% 
2 18% 
0 00% 
0 00% 
6 7% 

Overa ll percent red uction of auto/pedestrian acc idents = (18-6)/18 = 66% 

Table 3 : Summary of Auto/Pedestrian Acc idents Before and After the Pedestrian Phase. 

REFERENCES major 11orth-,outh street through the Busi11es, IJi,trict, 
Beverly Drive. This analysis rernlted in the pedc~tri,111 

signal b~·i11g re111m·ed at these two intersections. Tlte 

remaining six continue to be operatio nal today. 

V,1tin. Uij.u1. ··Exclu,1\e Pcd1:'\tn,111 Ph.1,;;,e tOr rlw Bu'im t''ii'ii I )t~tn ct Signal.; in 

lkvcrly Hill,. I 11 Yc.11, I .11,., .. C:,ry of lkw rly 11111,. < :aliforn1J. 1 ')')h." 

Since the primary objecti, L' of this pro jeer was to 

improve sali:ry. derailed c,·aluat1on of accidents of :i ll 
eight imersecriom wa, conducted. Accidl'llt data from 

the ye.m 1978, 1987. :ind 19% werL' used for comp:iri ­
son. T he prim:iry focus \\';i-; to ex,n nilll· the ,1uto/ pedes­

trian type accidents befon: and alter the implement:i rion 

of the project. The following table ~hows the awrage 

change in accidents over the comparison periods. 

The table ind1c1tes a reductio n in auto/ pedestrian acci­

dent~ by 66% between 1987 :i11d 1996 for the six inrer­

~ectiom that maintained tlw pedestrian phase. Data have 

sugge~ted unequi,·ocally that this p r~ject was a success. 

Further, ovL-raU acndents i11 the Business Triangle were 
reduced by 26%. However. :it those two intersections 

w hae the pede~tri,rn ph:ise w:is eliminated (13righto n/ 
Beverly and Dayton / Beverly), auto/pedestrian accident 

rares n:1 na111ed the '>amc or e,·en increased. 

In general. t:xclusive pcde,trian ,ignal phasing i\ .1 low 

cost ,md dfrcrive tool to 11ttprow \:1 fety and reduce the 
potential for ,1uto 111obilc ,rnd pedestrian conflicts . 

CONTACT 
BiJan Vaziri 
City of Beverly Hills 
Engineering Department 
455 N. Rexford 
Beverly Hills. CA 90210 
Phone: (3 10) 285-2504 
Emai I: bvaziri@c1 . beverly-h 111s.ca. us 
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HENDERSONVILLE, NORTH CAROLINA CASE STUDY NO. 24 

Main Street Redesign 

PROBLEM ··---Pedestrians in the downtown shopping district had a 
difficult t ime crossing a wide street with heavy traff ic. 
The vitality of the downtown shopping district was 
threatened because of this uncomfortable environ­
ment for pedestrians and the addit ion of new shop­
ping opportunities on the outside of town. 

BACKGROUND 

I 11 the mid- 197( I\ the mountain Lown of Hc.:ndc.: rson­
ville faced .1 clile111111a common to 111any rural A111er ican 

communitie,. Strip , hopp ing <TIHcr, were beginning to 
locate on the out, kirt, of town. and the re wa-; a concern 

chat a Luge regional ,hopping m;ill wo11lcl be dcvdopc.:d 

in the future that might lure more , hopper :iw~1y from 
downtown busine<;<;es. On M:iin Street, the tr:id it ional 

commercial and social center of the com m un ity, 17 
businesses had closed their doors and Main Street was 

clc.:clining . At night Main Street becam e a r;Ketrack. 
w he re teenagers would drag race their cars down the 

wide.: and straight road\\'ay. During the day the roar of 

traffic on M .1in Street endangered pedestrians t rying to 
cros~ four lane~ of traffic and parked cars. 

SOLUTION 

C ity Counci l rnembers. commun ity leaders, :rnd down­

town m erch:um traveled to Grand Junction, C.olo r:ido 

which had ~ucce,sfu ll y revived its downtown m ing tr:if­

fic ca lming and pedc.:,trian-orientc.:d des ign. Inspired by 

Grand Junction. the town leaden returned to North 

CJroli11a ready to implem ent ,om e o f their own ide;is 

for the rebirth of do\\'nto\\'n. ln o rder co provide a 

l Prepared by Laurie Actrnan, Patrick McMahon, and Henry 
Renski, University of North Carolina Highway Safety 
Research Center and the City of Hendersonvil le, NC. 

Lateral sh ifts in the roadway slowed vehicles traveling on 
Main Street, making the street safer for pedestrians and 

giving drivers a chance to see the local businesses. 

co111pcu ti \'\: ~hopping c.:m·ironment, the.: le.icier, deter-

111ined th.n ccrtJin improvements and am e nities needed 

to be provided, including slower trJflic, easier pedestri­
an cro. sings. parking, and beautification . 

Located at the junction of several major mountain 
roads. H endersonville had plenty of automobile traffic 

from tr.1veling Yacationers. The community w;intecl to 
develop Main Street into an environment where tr;ivel­

ers would be enticed o ut of their ca rs to stroll :iro und 
comfortably and shop. Main Street wa~ originally 

d..:signcd w ith a r ight-of- way in exce,s of .12 111 ( 100 ft). 
wid..: e11ough for a team of oxen to turn around w ith­

out backing up. Prior to its redesign, M:i in Street h:id 

two lanes of travel in bo th di rections :rnd paral lel pa rk­

i11g on both sides of the street. The conversion to :1 one­

way pair of t\\"O streets on either side of Ma in Street 

reduced rhe traflic- load o n Main Street, g;ive through 
travekr~ a convenient alternative route, and ;illmved the 

town le,1ders to pursue their new vision fo r downtown. 

The improvem en ts to th e downtown area were 

financed by :1 special tax di trice requested by the mer­

chan t themselves. M ain Street was narrowed from four 

lanes to two. In the middle.: of each block a quick bend 
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Curb extensions, or " bulb-outs" red uced the crossing 
distance and the amount of t ime that pedestrians were 

exposed to traffic wh ile crossing Main Street. 

111 the street creates a late ral ~hi ft of th e entire street. 

The street winds back a11d forth through a six-block 

area, with transition blocks at cacl1 rnd. T he mid-block 

curves are fo rmed by curb bulb-outs that open o nto 

marked crosswalks at the peak of each curve. At these 

points traffic moves slow ly and the peckstrian crossing 

d i, tan ce is reduced to two lanes. The alternating lateral 

, hifts also opened space fo r diagona l parking, while the 

opposite side of the street offers parallel parking. 

Each intersection is also marked w ith crosm,.alks on a ll 

four legs, wich curb bulb-ours on the t\\·o Main Street 

legs. The bulb-outs shorten pedestrian c ros'iing distance 

at intersections, improve pe'.'dc-strian visibi li ty, force 

tighter and ~lower right turns onto Ivlain Street, and 

reinforce the 11otio11 that the driver has entered a traffic 

calmed are,t. The entire area has been enhan ced w ith 

landscaping m ainta ined by contract. Drick p l:rnteVi were 

installed along the length of st reet :md are filled w ith 

spectacular flower displays that c hange th rougho u t the 

The Main Street Pedestrian environment has been enhanced 
by street f urniture and landscaping. 

year. Street crees planted 25 years ago have grown tall 

and provide a sickvv·alk canopy ;rnd shade for pedestrians. 

RESULTS 

According to the Executive D irector of Downtmvn 

H e ndersonville , Inc., the ~crpcntinc byout of Main 

Street offers m any aesthetic and sa lcty adva ntages. The 

layout slows traffic, making the SOTel safer for pedestri ­

ans, and gives drivers a chance to ~ec the local business­

es. Vehicles now cend to travel at or near the 32 km/ h 

(20 m i/ h) speed limit on Main Street. In addition , the 

mid-block crosswalks on Main Street arc shorter than 

regular street crossings, making cros~iug the scre t> t safer 

and more comfortable fo r pedestrians. The improve­

m ents to the six-block section of Main Street were 

achieved at an initial cost of about $235,000 in I 975 

and approximately $72,000 per year for m,1intc11ance. 

In addition , the peckstrian improvements in dmvncown 

Hendersonville have helped M :i in Street achieve eco­

nomic success. While the null lus :i rr ived-and has 

gone through t'vvo ba11kruptcie5- downtmY11 Hender­

sonville has experienced a renaissance. It was nam ed a 

" Main Street C ity" by the National Trust fo r Histor ic 

P reserva tion in J 985, and was c·n tcn:d in the Nation;'ll 

Register of Histor ic Places in 1989. Proptrty values 

increased afrer the roadway wa~ illlprowd, and many 

downtown buildings were renovated and restored. 

There are currently I 00 retail businesses downcown , 

including 1-1- restaurants. specialty shops, and regionally­

o riented ancho r scores. and a waiting list exists fo r Main 

Street locations. Offices and apartment~ occupy lllany 

of the ,econd floors in two-story buil<lings, and most 

bui ldings have been rc:novated. New buildings have 

been built as wel l. Today, over 25 years latn, th e stores 

are all occupied and downtown H endersonville is alive 

and bustl ing w ith pedestrians and shoppers. O nce vir­

tually empty, Main Street now averages 1,750 pedestri­

ans per day. 

CONTACT 

Jim Castetter, Executive Di rector 
Downtown Hendersonvi I le, Inc. 
401 N. Main Street 
P.O. Box 536 
Hendersonville, NC 28793 
Phone: (828) 697-2022 
Fax: (828) 697-2 124 

E-mai l : dhinc99@aol.com 
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Illuminated Crosswalk 

PROBLEM ··---The New Jersey Department of Transportation 
(NJ DOT) needed to improve pedestrian safety adja­
cent to State Route (SR) 46 in Denvil le, New Jersey. 
In Denville, SR 46 is a major highway that includes a 
jug-handle style intersection adjacent to the entrance 
of a large recreation fac i I ity. NJ DOT needed concepts 
that were easy to instal l in a short t imeframe, to miti­
gate th is high vehicle/pedestrian crash location. 

BACKGROUND 

As part of an on-call planning assignment with NJ DOT, 
The lU3A Group was asked co develo p methods co 

improve pedestrian crossing accommodatio ns at the Sav­
age P. .. oad/ SR -1-6 jug-handle and Franklin R oad. Near 
this location, SP. .. 46 carries over -1-0.000 w hicles per day 
along its fou r- to six-lane cros~-seccio n. The posted 

speed lim it on SR. 46 is 80 km/ h (50 mi/ h).The posted 
speed limits on SavagL· and Franklin H..oads are 56 km/ h 

(35 mi/ h). T he surrounding area h as residential and 
commercial land uses. public and private ~chools, as well 
as the recreatio n facil ity mentioned above. 

T here are signalized intersections along the highway, 
including .1 signal at o ne of the subject imersections. 

\Vestbo u11d left turns off of the highway are accommo­
dated via a jug- handle that connects to Savage R oad, a 

local strLTt. Savage R oad and Franklin R oad form a 
three-legged , or ·'T- i11tersection" adjacent to the recre­

at ion fa cility, which generates a large volum e of pedes­
trian traffi c. This intersection i~ just a half a block from 
th e four-legged , signalized intcl'S(:ction of Franklin 

R oad a11d SR 46 . 

A field inventory of the site revealed that westbound 
traffic 011 SR 46 seeking to turn ~ouch (left) o nto Frank-

Prepared by Mike Dannemiller, RBA Group. 

Jin R oad. fim exits SR -+r> to the right onto the jug­
handle, which me, a ,hort o ne-way portion o f SavJgt· 

R oad to acce,, the Savage/Frc1nklin intersection. This 

we,tbound approach has two travel lanes, one for left 

turns headed south on Franklin and one for through 
traffic on co S:ivage Road and other local destinations. 
East of tlw FrJ 11 kl i 11/ Sc1vage T-intcrsection , Savage I t oad 

is one-w:iy we tbo und: west of the- intersectio n, Savage 
R oad i, two-w:.1y. ADT on Savage R oad is 7,000 . 

This creates a multiple threat situation for pede,tri:im 

attempting co cross the jug-handle leg of the inter ec­
tion to the recreation facility (n orthbound), bec:iuse the 
left turn ing traffic o n the jug-handle is often hackerl-up 
at chi~ intersection (from the Franklin / SR 46 incer,ec­

tion back through this inte rsection). blocking the 
pedestrian 's view of the fast- moving traffic on the jug­
handle. interviews reported that mo torists traveling 

through the inte rsection alo ng the jug handle were not 
likely to yield co petbtrians, due to poor visibility and 
a lack of awarrncss to pedestr ians crossing the road. The 

fre quency of pcdc~trians crossing Savage R oad is esti­
m:itcd at approxi111atdy 25 per hour. 

SOLUTION 

To better inform motorists when pedestrians are ;mempt­
ing to cross this multiple threat intersection, :.111 illumi n:it­

ed crosswalk treatment was proposed. Public p:ircicipation 
included a presentation before the Town Council, which 

passed a resolution in support of the proposal. 

The proposed design was imtalled as .1 test location for 
NJDOT to determine if this tream icnt would generate a 
more appropriate shar ing of the roadway, over 111ore trd­

ditional high-visibili ty crosswalk striping. Thi~ ~ystem is 
extremely useful at stop controlled or mid-block crossing 

locations, but it is not appropriate at signalized intersec­
tio ns became of the potential for conflicting message 

being presented to the m otorists, such as a green traffic 
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In-pavement lighting at crosswalk 

light instructing the motorist to proceed, and yellow flash­

ing p;we111enr light, instructing the motorists to yield . 

The chosen ,y,tem uses ultrasonic passive actuation . 

which doe, not require pcdc,;t ria11 users to take ;111y 

action fo r rlw ,y,te111 to understand that they arc there. 

Thi, ensures chat the pedestriam arc detected by the sys­

tem w ithout having to push ,1 signal ,Ktivator. When the 

signal detect~ the pre,encc of a pedestrian, the p.1\·e-

111ent-111ounrcd lights illu111i11.1tc. The light, ,tay 0 11 for 

I I I sec, tL1sh i11g at ,t frequency o( about .+ pu l~es/st:·c. 

Thc,L' li ghts an:> si111il.1r in size to the typica l highway 

p.wemem 111ounted reflector,. and ,11T d irected towards 

the 011co 111 i11g motorist,. 

When tilt' sy,te111 i, illu111i11aced, mocoriscs are present­

ed with a series o f flashing ambL·r lights sp,Ked ~everal 

feet apart along either side ofche crosswalk.These light, 

are easy co see, even in di rect sunl ight , ;.ind inform 

motorists chat ;.i pedestrian is actiYely crossing the road­

way at char 1110111e11t. 

Project co,t, are e,ti111atcd at 152U.O()() for nu teri:1ls, ;md 

$12,000 for inst.1llation equipment (labor is excluded fro n, 

chis e,cirnace, ,,, imtalLition was do ne in- house by NJ l)OT). 

Illuminated crosswa lk at night. 

RESULTS 

Whik a full cunllict a11 ,1ly,i, ha, 11 o t yet been complet­
ed, personal cxperi l'11ce ha, ,hown th ,1t con fli c ts 

between rnotori~t, and pede,tri:111~ have been g rea tl y 

n:duced ,1t the two cro,~walk, retrofirted with the illu -

111i11c1ted croc;swalk ,y,tc.:1m. R L'Sl'arch conducted by the 
U niver,ity of ortl1 Carolina Highw:1y S,,fery ll e,earch 

Cente r in 1999 on a Hurida DOT instalbtion showed 

111otorim yield ing o r stopping for pcdl'striam staged to 

crms the roadway increa,ed fro111 13 percent to 35 per­

cem ,1fi:er ,1 fl,1s hing cro,s\valk was 1mtalkd. 

It is expected that illumi11,1te<l crosswalks \Viii be used to 

encourage m otorist~ to more appropriately share the road 

\\'i th pedestrians by improving ;.iwarcness for motorists 

that they an,·, indeed. sh:uing th e> ro;.idw;.iy with non-

111ocorized user,. 

After im tallatio11, feedb,1ck gathered from the local trans­

portation agency suggested that Denville resident~ arc 

wry ple.1,e<l w ith the.: improved "high- tech" crossw,tlk. 

CONTACT 
Mike Dannemi ller 

RBA Group 
One Evergreen Place 

Morristown , NJ 07962 
Phone: (800) 722-9524 
E-mail: mdannemi l ler@rbagroup.com 

REFERENCES 
Hu,111g. I knn.111: I ln)!h,·,. llon.,kl: Ch.irb Zcgccr .11 1d M.1T\h.1 NiCLliurg. "An 

r\·,1 lu ,n,011 ofth .. .- l.1µhr( ;u.1rd " Pcdc,rri.m C:ro~ ... w:ilk \.V,m1i11g Sy,tt:111." 

l'rl'p,in'rl by U111\'l'1'JI'\' of North C:Jrolin.1 Highway S.1fo ty R.e,e,11d1 

C:l'lller a11ct ( :,·111cr tor 1\ pphcd Research for Florid,1 Dcp,1m11elll uf 
Tr,m.;,port.ltltrn S.1t~'r-y ( ) flict' . Junt' 191)9. 
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CLARK COUNTY, WASHINGTON CASE STUDY NO. 26 

Traffic Calming and Emergency Vehicles 

PROBLEM ··---A traffic calming device to accommodate emergency 
vehicles was needed to reduce speeds near a school 
and park in Clark County, Washington. 

BACKGROUND 

In 1998. Clark County approved ;:ind impkme11ted a 

neighborhood tr<lffic calming project for an ,1pproxi-

111ate I mi (O.J 111) ,egm enr of NW 9Jrd / 'J.+th Street 
between NW 2 I , t Avenue and NW Lah·sliore Drive. 

NW 9Jrd/ 9-lth Street is ,1 collector street (lowest ,irte­

rial cL1ssificatio 11) located in ;1 11 1111 i11corporated area 

outside of the City of Van couver in Cbrk County, 
Washington. This street was eligible fo r traffic ca llll i11g 

became o f its location near a ,chool and :i park in a rL·,­

idemial neighborhood . 

No b icycle bm·s existed alo ng tl1c street corrido r. ln 

the o lder eastern hal f of the corridor, no sidewalk, 

existed. I 11 the nc>wer sections, sidewalks were present. 

h ut little direct d r ivewav accc,, to the street existed. 

Before traffic cal llling was implemented, the street 

::ippeared to ha\·e functioned a, an arte ri.11 roadway 

instead of a neighborhood ,treet. 

The posted speed lin1it on chi, road i, -1-0 km / h (25 

mi/ h). While the incidence of speeding was; grncrally 

lo\ver fo r th is street ,egmem th.rn for o ther~ 011 the tr,,f ... 

Prepared by Charles P. Green, Parsons Brinckerhoff, 
Portland, Oregon. 

Information provided and contributions made by 
Charles P. Green, Parsons Brinckerhoff; Jenn ifer 
Green; Steve Green; Don Williams, Clark County; 
Gerald Morris, formerly with Clark County Public 
Works, now with Collier County, Florida Public Works; 
Carl Switzer, Parsons Brinckerhoff. 

fie calming proj<:ct list, NW 93rd/ 94th Street was ;:idded 
because of it, prnxi1nity to the school and park resul ting 

in higher an1ounts of pedestrian and bicycle traffi c and 

s;:ifcry concerns than o n typical neighborhood streets. 

The N\V 9.1rd/ 9-lth Street project was in11ov,1rive became 

it wa, C:lark Coumy·s first test of cmergn1cy whiclc- rype 

traffic calming de,ign on a collector roadway. Another 

street , NE 76th Street. al,o lwJ \i111ilar design treatments. 

bur it wa, ;1 lmn·r cb,,ilicnio11 roadway. 

SOLUTION 

A traffic cal111i11!:,! tre.1t111c1ll was i11st,ilkd that con, isted 

ot an e m ergen cy re,pome , peed bull\p and a 111 <:diJn 

slow po in t. T h e hump h;1, a rncdian a11d w h <:dtrack 

ch,mnd cut in the cen ter or the bump to allow <: mer­

gency vehicles to pass unilllpcdcd th rough the center 

\Vhile general traffic must legally use the bu111p, a11 d thus 

slow do,Y11. 13urnps h::n-e been oflset by direction ,vith­

in the device to allow for ,1 pedestrian crosswalk to be 

installed adjacent to the bump. 

Prior to installation, the d..:vices were tested in a closed­

em·ironment .lt the C lark County Maintenance and 

Oper.1tions facility. A lire truck was used to te,t differ­

e r it \,·heel track .111d channel layouts u. ing railro,td ties. 

Spacing and 11 1L·dian w idth specitications were devel­

o ped frolll tl1 L'~l' te,t,. A closed-environment te,t \Y;\, 

al,o conducted ming a si ll\ibr tire truck at the County 

M ,1i ntena11c<: yards. These resul ts indicated th:it w ith the 

spec ified design \\ ·heeltrack/ m edian w idth , lire trucks 

would be slowed by, ar mmt. 1-2 s per device w hil t' the 

d river aligned and mant'uvered throu~h the ch:mncl. 

Clark County Public Works and Clark County Fire 
l)i~rrict 6 ,raff .11,o te tt'd the ,peed bu111ps in 1996- 97. 

Speed runs \Wre conducted before and afte r regular 

speed bump i11 stallario11s 011 NE I 29th Street in the 

Salmo n C rec-k area. The results indicated that a typica l 

speed bump slowed fire trucks -1-6 s per device. 
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View of the median slow point with pedestrian crossing in 
the center of the median. 

T he projec t cost approxi111atc>ly $ -+0,00 0 and wa, funded 

throu gh the county 's Neighborh ood f'rafiic Program. 

RESULTS 

Pr io r co instal lacio n, a ~peed study was condu cted 111 

A ug ust 1990 by C:lark C:ounty. T he results ,vere: 

• M ean ,peeds varied from 37- --Q km/ h ('.23-26 111i/ li) 011 

the project 's ea.,t end to .. Q km / h---6 kin/ h (2o- 28 

111 i/ h) u n the west end. 

• 85th Percentile speed w as -+8 - 52 km/ h (30-32 mi/ h) 

alo ng the e nti re street. 

• Speeds ra nged from 2-t- 55 km/ h ( 15- 3-+ 1ni/ h) 011 t he 

L'ast e nd to 2.+-(,3 km / h (1 5-39 mi / h) on the west end. 

• The I (i km / h ( I O rni / h) pace speed, or the 16 kti1 / h 

( I() mi / h ) ra nge which included the most veh icles 

varied fro11 1 32--+7 km / h (21)-29 rn i/ h) o n the ea,t 

end to 40- 55 km/ h (25-34 111i/ h) 011 the west rnd. 

The variation i11 '>peed~ reflects difference.>s in , rre.>er 

c harac te r. On the \\·est end of tht: project ~eg111e11t. t h e 

street is more of :1 typ ical " co llector" because fe\\· drive­

way-- e.>xi t to p rovide d irect ,JCccs,, .111d 11 0 spec ial pedes­

trian trip generators, such as sch ool, o r p:irk,. ,He pres­

ent. The east e nd features land me,, includi ng a school, 

a pa rk , and an ath letic club, whic h generate pedestrian, 

bicycle, :i nd veh icle traffic. 

A speed , tudy w:is conducted in Octobn 200 I fo llow­

ing imt:ilbtio n of the de\·ices. The remi ts were: 

• M e,m ,peed ,,·as 35-39 k, 11 / h (22-2 -+ mi/ h) 

m e ,1s u red between d evices. 

• 85th l'e rccrnilc speed was 42--+3 km/ h (2(i-

27 mi/ h ). 

• The speed r:m ge was generally 27-42 km/ h 

(17 to 2(, m i/ h) . 

• The 16 k11 i/h ( I() 111i / h) p:ice , peed \\'JS 

26---W km / h ( 16-25 111i/ h). 

Fo urteen househo lds fro nting NW 93rd/ 9-tth Street, rep­

resenting :ipproxinutely =iO percent o f the househokb 

alo ng the calmed street segment, \\·ere surveyed to m eas­

u re p ubli c opinion of the improvem ents. 

Tlic residents w ho lived on the ,treer p r ior to tl1 e calm­

ing project felt that speeds were s0111ewh:1t slower than 

before. 011 a ,calc of I to 5. with l lw ing "dislike ver y 

much·• ,111d 5 being " like very much ," their opinion of 
the speed bu111p, w ,1, 3. -+ w ith a stand:ird d cvi.Hion of 
1.3 (like sume\\'hat) . 

View of the emergency response speed hump on the east 
end of the project. 

O pinio n w," nrixed 011 the worthiness of the crossw,1lk 

in the center o( the speed bumps. M:iny felt ch ar pede,­

tri,111 ,afi: ty wa, i111proved , especially for ,chool ch ild ren 

and tho,e walking tu o r fro m th e adj:1cent pa rk on the 

north side of 9-+th ~lrcct. Othe r, felr th:it the cro,swalk 

may be so111cwltat hidde n by the bump, che1meh--e,. or 

tlut veh icles would be w atching for the bump, :in d 

ignore the crossw:1]k. Sti ll o chers felt that the crossw alk 

did im prove s::ifety bu t d id somewhat e 11cou r,1ge u ser<; to 

''dart across the street ." 

The devices achieved the ir go,1ls o f ,lowing rr:iffi c 

speed, tu ,natch the ne ighborhood ch.ir:icrc r, providing 

for a ,ali:r pedestrian crossing of the roadway, :111d .1llmv­

i11g tor emergency response veh icles to tr:ivel throug h 

u11i1npL'ckd. According to field observariom :111d the 

upinium or neighbors. the a11101111t of pedestr idm :111d 

~c houl childrrn c rossi ng the street h :is also increased as 
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well :is the 11u111bn of bicvck trip~ to the adjo in ing 
houses, schools, and park. 

CONTACT 

Chuck Green, P.E. 
Supervis ing Transportation Planner 

Parsons Brinckerhoff Quade and Douglas 
(formerly with Clark County Department of Public Works) 
400 SW Sixth Avenue, Suite 802 

Portland, OR 97204 
Phone: (503) 274-7223 
Fax: (503 ) 274-1412 

E-mail: greenc@pbwor ld.com 
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CUPERTINO, CALIFORNIA CASE STUDY NO. 27 

School Zone lmprovemen 

PROBLEM ··---Between 1995 and 1997, 32 traffic col I is ions 
occurred in the McClel lan Road corridor. Given the 
confluence of comm uter, school , and other traf f ic 
generated from a nearby junior college and a jun ior 
high school , t he City and its residents were con­
cerned about pedestrian safety for the students of 
an elementary school and a high school located on 
the busy roadway. 

BACKGROUND 

Lincoln Elementary School alld M onta V i,ta High 

School, with an enrollment of Jlm ost 3000 students, are 
adjacent to each other o n McClellan R oad. ,1 co llector 

w ith single- family residential frontage. McClelbn R oad 

i, a three- lane m ajor collector w ith bicycle lanes, two 3. 1 

111 ( IO ft) w ide t ravel lanes and a narrow crntcr le ft- turn 

lane. T he speed limit is 4() km/ h (25 mi/h) in the school 

A crossi ng guard helps Lincoln Elementary School 
students cross McClellan Road. 

Prepared by Michelle DeRobertis, Wilbur Smith 
Associates, San Francisco, CA and Raymond D. 
Chong, Assistant Director of Public Works, City of 
Fairfield, CA. 

zone. McCle llan R d carries about 8,500 vehicles per day 

traveling at ,peed, (8:ith percentile) of 58 km/ h (36 

mi / h), an d it h,1s a high tra ffi c accident rate. 

SOLUTION 

T he C ity developed a multi-pronged project to improve 

pedestri;:in safety for· students in the school zone. The 

objectives of the project were: 

• R educe traffic coll isio ns. 

• R educe vehicle speeds. 

• Promote driver awarene~s o f the school zon t', includ­

ing crosswalks an d speed limit. 

• Educate students on pedestrian ,afrty J t school zone 

cro smgs. 

Obtain p ublic op1rnon about the pedestrian safety 

improvem ents. 

• Collect data before and after installation o f pedestri -

an sJft> ty improvements. 

T he projec t w:i, conducted in partnership with the 

C upertino Union School Distri ct , Frem ont Union High 

Sch ool Distr ict , Santa Clara C ounty Sheriff D epart­

m ent, :ind the Sam a Clara C o unty H ealth D epartment. 

E ngineering, educat ion and enforcement activities were 

implem ented si111ult .1 11l'ously ,vith partner ,1gencies lead­

ing the activities that fe ll under their jurisd iction, such as 

t>nforceme nt of traffi c laws during peak hours, educating . 

students on p edestri ;:i n ,afety, collecting before and afte r 

data, and conducting a public opinion , urvey. 

Fo r e llg i11eer i11g ch;:inges, the City propmed the installa­

tion of In- R oadway Warning Lights (I RWLs) as the best 

w ay to increase protectio n fo r students c rossing the 

street. I R.WL syste ms include lights that :ire located in 

the roadway along the edges of the c rosswalk markings. 

The lights create higher visibility cro~swalks to improve 

crossings and reduce veh icle speeds. 
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How it works. 
The lights are activated by a 
button pushed by pedestrians 

Under direction of the C ity Traffic Engineer, the design 
chosen for the IRWL ,y,tem utilized high intensity bi­

directional halogen lights. The IR.WLs at the croSS\"-'alks 

are in operation 24 hours per day, 7 days per vveek, and 
are activated automatically using "Smart Walk" pedestri­

an detectors, a microw:ive technology to detect the pres­
ence of pedestr ians waiting to cro o r in the crosswalk. 

Flashing school zone beacons 
complement the in-roadway crosswalk 

warning lights . 

l n addition co 
installing IRWL sy,­

cems at t\\'O cross­

walks in the school 
zone, o ther engi­
neeri ng measures 

included placing 
flashing school zone 
beacons to indicate 
40 km/ h (25mi/ h) 
signs and enhancing 

roadway signs and 
pave111ent markings. 

Total cost for the 
two IRWL ,ystems 

was $68,000 :ind the 

Traffic S:ife C:orn-
munitie, et,York 

(TSCN) of S,11m 

Clara County provided funding for the IRWL system,. 
The TSCN, sponsored by the Sama CIJra County He,1l th 

Department, is a consortium of public agencies. org;mi­
zations, and businesses working rogether to impron: traf­

fic safety. 

RESULTS 

T he C ity collc>cted data on motor vehicle speech before 

the project, in May 1 <J<JCJ , aud after, in May 2000. The 
re ults sho,,·ed a reduction 0185th pc.:rcrntile speeds from 
58 km/ h (3(i mi/ h) to 53 klll / h (33 mi/ h). Median 

speeds were reduced from 
.'iO km / h (J I 111i / h) to 43.5 

km / h (27 111i / h). Because 
a reduction in vehicular 

traffic Yolu me or an in­
crease in pedestrian trc1t1ic 
was not a specific goal of 
the project, data ,, as not 

collected 0 11 Ll1cse factors. 

The installation of the two 

crosswalk IRWL systems 
o n McClellan near Lin­

coln Elementary School and Moma Vi~ta High School 
has succcs,fully im proved pedestrian safety. Response 
from the community and users has been positive. 

The supplement:d use of speed limit warning flashers 
h:is enh:inced the dlecrivcncss of the IRWLs by draw ­

ing dr iver attention to the pcdc~trian crossing, thereby 

reducing speeds. I 11 addition to improving the pedestri­
an environment by slowing traffic speeds, w hicle crash­

es dc>ne:i,ed from 11 per year before the project to 7 in 
the year afrenvard. 

CONTACTS 
Diane Arrants 

Traffic Techn ician 

City of Cupertino 

10300 Torre Avenue 

Cupertino, CA 95014 
Phone: (408) 777-3245 
E-mai l : Dianea@cupertino.org 

Michel le DeRobertis 

Associate Civi I Engineer 

City of Alameda 

950 West Mall Square 

Alameda, CA 94 501 
Phone: (510) 749-5918 
E-mai l : mderober@ci.alameda.ca.us 

Raymond Chong 

Assistant Director of Public Works 

City of Fairfield 

2000 Cadanesso Drive 

Fairfield, CA 94533 
Phone: (707) 428-7632 
E-mail: rchong@ci.fa1rfield .ca.us 

REFERENCES 
Cahfornu Tr.1tlic Control I )L'v1cc, ( :0111111itt L'l'. 

.\lt111lltil tf { 'ni/~•rm 1;,,[Jic C<1,rn(1/ /)('1•1tc-. .':!tH)O Edit1011, ~rnd /11 l<.ti,1d11uy i:!11-,lli11,\!_ 

L,:~111, ,II C,,,_._.,,.,i/b .. m l11 for111.1t1011.1I Report puhhshcd lw the Immure 
ofTr.111-..port.1Ci011 E11gi1H..·c..·r-.. 
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PROBLEM ··---Pedestrians were not safe or comfortable crossing in 
crosswalks at unsignalized intersections and mid­
block locations due to traffic congestion. 

BACKGROUND 

The real and perceived inability o f pedestr ians co safely 

and comfortably cross unsignalized in tersections and 

mid-block crossings o n M ain Streets and in C entral 
Business Districts (CI3D's) throughout N ew York Stace 

was. and continues to be, a growing pro blem due to 
veh icular traffic congestio n. W hile signalized pedestr i­

an crossings and separate r ights-of-way were more 
appropriate in major cities and metropo li tan areas, many 

retail- and to urism-oriented main streets in suburban 
and rural centers were seeking low cost, fl exible, and 

seasonal pedestrian- oriented traffic control measures 
that 'vvould enhance their sidevv·alk- based eco nomy and 
restore "curb appear· fo r residents and tourists alike. 

Since no statewide standards o r speciticatio ns for such 

devices· use on state and local roadways existed befo re 
1997, many municipali ties custom-designed o r pur­

chased their own stand-alo ne dcvicesand/or sig ns to 
place near crosswalks w ith in the centerl ine of the road. 
M ,rny of these " no n-conforming/110 11-standard ized 
channelizatio n devices" ,vere either manufa ctured fro m 
mate ri::i ls th::it could become ;i h::iz;i rdo us o r potentially 

deadly projectile if hit by a motorist. Often the signs 
contained language that was inco nsistent with N ew 

York State vehicle and traffic laws. 

Prepared by James M. Ercolano, Pedestrian Specialist, 
New York State Department of Transportation . 

SOLUTION 

Based on a device tested by the N ew Jersey State Police, 

the N ew York State D epartment oITransportation (NYS­
D O T) developed specifications for Supplementary Pedes­

trian Crossing Channelization Devices (SPCCD's) in 
·1996. An SPCCD is a pedestr ian safety cone placed in the 

centerline of the road, immediately in advance of, or 
immediately beyond, a marked crosswalk. It is used to 

communicate pedestrian r igh t-of-way laws. Initially, 
SPCCD's were deployed in Upstate N ew Yo rk and on 

Long Island to assist FHWA-sponso red testing of the 

effectiveness of pedestrian safety cones by the University 

o f North Carolin:i H ighway Safety R esearch C enter. 
When this device and a miniature version o f the STATE 

LAW sign explaining the N ew York State Velucle and 
Traffi c Law regarding pedestrian r ight-o f-way at marked 

crosswalks were approved for use in 1997, a tv,o-year 
SPCCD permit was required to install the devices on 

state-ow ned roads. 

NYSD OT was initially concerned the devices might 

become a proj ectile if struck by a motorist, but testing did 
not find this to be a 

problem . T he 
agency also found 

rhe presence o f the 
devices made 
motorists aware o f 

their respo nsibi l­
ities when encoun­

ter ing pedestrians 
crossing a roadway. 

Therefore. SPCCD 
pernucs issued for 

insra llatio n and 
renewals after June 
1999 have been 
extended fo r a 

fi ve-year duration , 
and the devices 

A SPCCD was placed at a ladder 
crosswa lk on Fall Street in 

Downtown Seneca Fall s, New York. 
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have been authorized for inclusion in the N ew York State 

M:inual on Uniform T raffic Control Devices. 

RESULTS 

One o f th e most remarbble features of NYSDOT's 

S P C D design :ind m:ite ri al specific:itions (especially 

the "soft-shell" traffic cone stand:n ds) is the resili ence of 

these devices ,rnd the ir abi lity to take occasional hi t, by 

m otor ists. Most SPCCD hits requi re only replacem ent 

of the cont's, and the soft- he ll sign panel are often 

reused. Since their initial testing five years ago, no inci­

dents of the devices cau ing harm or i,tjury to eithe r 

pedestr ians or motorists have been reported on two­

lane, slow-·peed roadway with le' than a posted 40 
km/ h (30 mi/ h) speed limit . Vehicle h its that do occur 

only reinforce th e p ublic h ealth and t raffic safety ju tifi­

cation for their appropriate and specified use. 

While a formal study of SPCCD effectiveness was not 

conducted exclusively for New York State, positive public 

response continues to warrant support for "Main Street," 

school zone, temporary seasonal. and ,vork zone crossing 

applications. At a cost of $200 to $300 per device, 

SPCCD\ are a cost-effective, portable countermeasure. 

The satisfactory performance of the devices were fur­

ther supported by an fHWA report, "Th t' Effect, o f 

Innovative Pedestrian Signs at Unsignalized Locations: 

A Tale of Three Trea tments," FH WA-R.D-00-098, 

August '.2000. The study collec ted data on moto rist and 

p t"destrian b <:'havior at seven c rosswalks in ew York 

State and Portland before and after SPCCD s were 

installed. Overall, more than 2000 pedestrians crossed 

Vehicles yield to a pedestrian near an SPCCD on New York 
Avenue in Downtown Huntington, New York. 

during both the before and the afrer periods. T he pro­

portion of ped<:'str ians w ho ran, aborted, or hesitated in 

th e crosswalk decreased from 35.-1 percent before to 

33.3 percent afte r the cones were installed. A statistical­

ly significant increase in motorists yielding to pedestri­

ans was also observed. Only 69.8 percent of m otorists 

y ie lded in the before period, but 81 .2 percent y ie lded 

after the SPCCD's were ::idded. 

CONTACT 
James M. Ercolano, Pedestrian Specialist 
New York State Department of Transportation 

1220 Wash ington Avenue 4-134 
Albany, NY 12232-0414 
Phone: (518) 485-829 1 
Fax: (518) 457-8358 
E-mai I: jercolano@gw.dot.state.ny.us 

REFERENCES 

Huang. H .. C. Zegeer. R. Nass1. and B. Fairfax. ··The Etfccts oflnnov,uivc l'cdcs­
tnan S1g111 Jt C11>1g,iahzcd Locrnons:A Tak ofThrccTrcJc111cms." Fed­
eral Highway Ad1111111mat1011. FHWA- l~D-OIJ-0')8, August 21Kl1 I. 
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BELLEVUE, WASHINGTON CASE STUDY NO. 29 

Gateway Treatments 

PROBLEM ··---Over the past fi fteen years, the significant business 
and residential population growth in Bellevue, Wash­
ington has resulted in negative traffic impacts, espe­
c ially where congested arterial streets surround resi­
dential neighborhoods. The City has found that 
motorists carried their high driving speeds and risky 
behavior from arterial roadways into residential 
neighborhood streets, decreasing the safety and 
comfort of pedestrians. 

BACKGROUND 

T he srndy of streetscapes and traffic calming has shown 
increasingly that motorists'speeds and driving character is­

tics are greatly influenced by cues given in the street 
design and surrounding environment. The City addressed 

this problem through its Neighborhood Traffic Calming 
Program. To p rotect neighborhood streets that connect 
directly to arterials, the C ity decided to look for a treat­

ment that would indicate co motorist~ they were leaving 
an arterial street and entering a residential neighborhood. 

Gateway treatments such as neighborhood signs and 

physical roadway fea tu res such a~ landscaped islands or 
colo red- textured pavement were considered . 

SOLUTION 

T he C ity bq;an experimenting with the use o f ga teway 
treatments i11 the late 1980's. Altho ugh developers were 
using gateway trcatlllcnts to identify their subdivisions, 

littk was being done with th is concept by lo cal agen­
cies. In 1<J8<), the C ity worked wi th the Surrey D owns 

Community to develop a plan that would help reduce 

Prepared by Karen Gonzalez, City of Bellevue, WA. 

Neighborhood signs are located on th is landscaped median 
island at the entrance to t he Surrey Downs neighborhood . 

vehicle speeds ;1 nd mah conditions safer for I-JL'Lfrstri­
;1 ns, while :lt the same time, ide ntify a neighborhood . 

T he Surrey Downs N eigh borhood is located o ne block 

south ofche Central Business D istrict (CBD).The com­
m u nity is su rrounded by a collector street o n the west 

and by minor arteria l st reets on the north. east, and 

south, w hich serve as access to ~everal freew:iy inter­
changes. Because of these roadways ;1nd the neighbor­
hood's close proximity to the C BD, the protection .rnd 

preservation of the neighborhoo d's w.1lbbility :ind liv­
ab ility was very imporc;mt to the re~ide nt~. 

Plans were made to use physical changes to the roadway 
environment to reduce traffic i111pact and illlprove 

pedestr iw conditions in the neig hborhood. Land,c,1ped 
med iam and colored-textured pavcn1 c11t trearn 1c1 its 

were designed. T he medians were approxi111atcly :2.-Hl 
m (8 ft) wide by 9.15 Ill (30 ft) lo ng, wliic li 11arrowed 

the travel lanes to 3 m ( IO ft). Colored-textured pave­
ment et beh ind the crosswalk area adpce11t to the 

median measured l(_) ft (3 m) wide, and sloped to <1 50 
111111 (2 in) vertical rise at its center to Illake drivn s lc·cl 
a slight ri se as they travel over the colored pavement and 
enter the ne ighborhood. 
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A landscaped island with pavement treatments 
at the entrance to the Surrey Downs neighborhood. 

Five gatewdy tredtment~ were cl csig11nl fo r the Surrey 

Dowm n eighborhood. Three locations included land­

,c1pcd m ediam with pavelllellt tre,1t111cnt,, w hile two 

other~ rcCL'i\·cd only pavement treatJllL'llh to allow 011-

,m~er p,irking. Posted speed limits for rhc neighbor­

hood streets re1mined --rn km / h ('.25 mi / h). Ar the time 

thi, proj ect w:i, developed, de,ign .md comtru ction 

averaged $ I O,(H )() for c .1ch e 11 tr:i11ce w ith a la11Lhc:i ped 

m edian ,rnd ap proximately $5,!HH) lor the colored-tex­

tured p,1ve111e11t treatm enc. Two budget lines in the 

C ity\ Capi t:il Investm ent Program. Neighborhood 

E 11ha1lcc111ents (NEP) and N e ighborhoodTr:1flir C:ilrn­

ing (NTCP), provided fu11di11g. and the design was 

completed in- house. 

RESULTS 

T he pro jeer's effrcti\·ene,, \\ a, detcrn nm·d 11101-c O il 

public perceptio n than Oil acrual speed reduction. 

Speed stlld ic\ conducted at th e gateway trc,1t111e11ts with 

lalllbcaped lllcdiall s \howcd speech reduced J.5 km / h 

(2 to 3 111i / h), po,sibly attributed co the narrowi ng of 

th e travel !:inc,. Veh icle speeds did not clw1ge ,lt loca­

tions where colored-texturt'd pave111c11t was insta ll ed 

despite the ,l ight rise of the pavrn1L·11t. 

Although the , ~we'd studies shmn'd limited impact, 

publi c perceptio n of the positive bc11clil, produced by 

the project wJs widespread. Like other m edian projects 

in Dellevue, residents feel that the gateway intersec tions 

to the Surrey IJowm neighborhood are safe r for pedes­

trians because they must only cros, one lane of traffi c at 

a time. Further, residt'nts' concerns about vehicles cut-

ting corrn:rs as m otorists entne<l the neighborhood 

were eliminated by the rnediam. Residents also felt the 

gateway trL".lt1 ne 11t, helped to identify the vital ity of 

their co rn mu11ity. c11h,rnci11g tl1c rcsidc11tia l character, 

and improving the pedestrian environment by making 
ic les, appealing to 11011-local traffic. The success of thi~ 

project has led to the construction of many m ore gate­
way treatments as part of traffi c calming efforts through­

out Bellevue. 

CONTACT 
Karen Gonzalez 

Neighborhood Programs Manager 

City of Bellevue 

301 11 6th Avenue SE, Suite # 150 

Bellevue, WA 98005 
Office Phone: (42 5) 452-4598 

E-mai l: kgonzalez@ci.be1levue.wa. us 

184 Case Studi es Pedestrian Safety Guide and Countermeasure Selection System 



BELLEVUE, WASHINGTON CASE STUDY NO. 30 

Raised Crosswalk at School 

PROBLEM ··---The City of Bel levue, Washington identified lack of 
sidewalks, excessive vehicle speeds in school zones 
and vehicles parked too close to crosswalks as three 
primary problems that reduce safety on city streets 
for children walking to and from school. 

BACKGROUND 

Improving s,1tety for child h icycl i,t, :ind petk, tri ,111 i, 

jmt one o f' m ,rny i,sues addn:,,ed by Bellevue', long 

st,111ding bicyck ,111d pedestr i. lll progr:1111. Sincl', the 

early 198()\ the C ity h.1s been ,111 ,1<lvocare for planning 

and dewlop111e11t of pede, rr i:in :ind bicyck 1:1eilitin, 

including education progr.11rn pro 111oti11g trat1ic , ,1fcty. 

To Jddre,~ ,.1tery i,,ue, for ki <l, w,1lki11g and biking to 

,chool the C:iry forme<l :1 pJrtnership w ith rL·,idem,, 

school .1drninisrrator, .rn<l PTSA representative, tu focus 

011 these is,ues. Two elem e11t:1 ry ,chools--S01ncr,L·t and 

13ennert Elen1t:·11ta ry--\\·ere chmen for a demomtr,nio11 

project. referred co ;i, rhe chool Crossw;ilk E11ha11ce­

menr Project. 

At both ol thc,c ,chools the m ajority of srudc1m live 

\\' ithi11 \,·alking distance. As a resu lt, the crossw.1l k, a<lj:1-

cem to the ,chools are heavil y used. Both loc.ttiom 

ha,·e ,1 hi,tory of 1noror isrs ,peeding and vehicle, p,trk­

ing ron clo,c to the cro,,\\".il k areas. ere.Hing ,lll umafe 

,itu:1tio11 fi.)r pl'dl'str ian,. pri111arily childrl'll. T.1rger 

c 11 force 11w 11t by pol icl' hdpcd, bur the re was ,lll ongo­

ing concern that phy,ici l change, to the roadw:1y e11,·i­

ro11111e11t \\'l'l'l' needed. 

Prepared by Karen Gonzalez, City of Bellevue. 

SOLUTION 

Ali:er re, IL'\\. o( th<: roadway conditions and discussions 

\\'ith \tc1k<:holder\, a plan was developed. This plan 

inclmkd the 1mtallarion of a raised cross\\'alk co reduce 

\'l'h ick spe<:ds and improve pedestr ian vi,ibility. The 

r,11\t·d crOSS\\'alk is a 3 i11ch h igh (76 111111), '.2'.2-foor long 

((i.7 merer), in the di rectio n of tr,ivel, ,1sph:il t spee<l 

hump with crosm·.1lk 111,irkings. St,111d,ird nms,va lk 

,ign, are loc.ned ,lt th<: r.1ised cros,w,1lk. but the 

,tlh-,111Ced \\',1rning ,ign re.id, " R .1isl'd Crmswalk Ahe,1d" 

\\'ith a "IS MP! I" ,tth·isory speecl sign . There are also 

"Uump" pawmem 111,irkings 0 11 both sick, o f the cro,\­

walk, 11otif)· ing drivers chat the roaclw:iy i, r:1 ised . 

A raised crosswalk and curb extension along a street in the 
Bennett Elementary School Area. 

Curb t'Xtt·m1om \\l'l"l' ,tl,o included in the pl,m to serve 

t\\O purpo,t''> . hr,t. the curb extensions shorten pedes­

tr i.111 crm,ing di,t.t11tT. ~econd, rhey el iminate parking 

011 ;111 d ne,u thl' cro,,\\,tlk . improving sight disr:111ce for 

pede,rri;1m. e,pt-ciall) ch ild ren . The curb extensions 

11:11-ro\\· the roadway by bumping the curb into the 

parki11g Lrne. Thc,t· \\'l'r<: built in concrete and fi nished 

\\'ith .1 one-loot (.3 11 1. ) ,cor ing p,1ttern fo r aesthetics. 

Dr:iinage incluclt-d a 3-rnch (76 mm) PVC drainpipe 
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installed to ha\·e water flow th rough the curb extension 
at the or igin :i l curb line. In additio n to the raised cross­

walk and curb extemions, bollards were installed in the 

c urb ex te nsion to keep young pedestri;ins from hud­
dling around thl' crosswalk. 

In :iddition co the p hysical ch,rnges mJde to the road­

way environment, an educatio n c:impaign was launched 

:it Somerset Elem entary Schoo l. A s:itety day was 

pbnned, which included , raff from the City's Tr,1m ­

portation :ind Pol ice D epartments. This effort included 

working with the ,chool ,afery patro l and parents. 

Together, the childre n were taught tr,1fli c ,afety basics. 

such as crossing rhe street ,::1fely. At the time the new 

crosswalks and bolbrds \Vere installed, an educational 

plaque was pbced on rhe bolbrds, which depicted the 
City of' Bellevue 's pedestr ian 111;1,cot •· Ped Bee" and ,afe­

ty tip~ on how to cross the , treet ,afely. PedBee also 

made a 11 appearJnce 0 11 safety day ;ind gave o ut prizes. 

The cost to build the crosswalks was approxi 111ately 

20.500 w ith an ;iddicional '9,500 ~pent i11 projl'ct 
de, ign and public involvement activities. Overall, thl' 

awr:ige cost for each location was S 15.000. 

This crossing has a student-oriented pedestrian safety 
in formational plaque with "PedBee," 

the City of Bellevue·s pedestrian mascot. 

RESULTS 

The projt:ct \\'a, designed and built in three mo nth,. 

Since the imc.1IIJtion of the r;med cro5'walk and curb 

extensions. speed ,tudit:\ have bel'II conducted .rnd 
compared to before ~peed~ at o ne of the locatio n . The 

roadway's posted , pet:d limjt is 25 mph (40 kph) w ith a 

20 mph (32 kph) linut whrn children .ue present. Dur­

ing the hours before and afrn chool, the 85th per­

centile speed dropped from 29 to 26 mph (47 to 42 

kph). Over a 24-hour period the 85th percentile speed 

after installation was 28 mph ( 45 kph). Field observa­
t ions also confirm that t lt t: project successfull y eliminat­

ed parking near the cro~swalk. g iving pl'destrian, 

increased sight distance and improving tl it:ir vi,ibility to 
driver,. Many positive com111e1w; wert: rL'CL·ivl'd fro m 

pare nts and school district oflicials showcasing the over­

whelming mccess of chis project. 

Evaluation of this project i continu ing, however the 
Htcct:ss tu date has resulted in similar imtallatiom being 

designed and constructed at several other elementary 
school, in Bdlevul'. 

CONTACT 

Karen Gonzalez 

Neighborhood Programs Manager 
City of Bellevue 

301 116th Avenue SE. Suite #150 
Bellevue, WA 98005 
Office Phone: 425-452-4598 
E-mail : kgonzalez@ci.bellevue.wa.us 
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PROBLEM ··---Safe, highly visible pedestrian crossings were needed 
between airport terminals and parking structures. 

BACKGROUND 

A, 111:rny airport p~1ssengers know, trawrsi11g thi: di:par­

turi: and arrival road\',,ays benveen the terminal and the 

parking lot. hotel. o r ground t ransportation can be a 

challe nge. Uusy p.1ssi:ngcr drop-off ,111d pick- up zones 

for bme,, taxis, ,md private vehicles C lll c reate a chaotic 

roadway environment. C rmsing such a road , e,pecially 

\\·hen carrying luggc1gt: or ,vhen tra,·eling with a fami­

ly. C,lll be an unpleasant experience. Traditionally, air­

ports h,m! tu rned to cmtly pedestrian bridges over their 

roadway~ or h,1,·c attem pted to provide becter surface 

crossings and enhanced signing. Such treatments are ;in 

improvement m·er unmarked, unsigned cross ing loca­

tions, but their abilitie~ to safely and easily manage large 

vo lumes of tra\'elers and vehicles are still limited. 

SOLUTION 

Several airports, including R eno-Like T;ihoe lnterna­

tion,11, Lis Vegas Mc .arra n. and 13alti111ore / W:hhi11gto11 

International (B\V I) comtructed ,peed ta bles co more 

dfrctivd) l1JI1dlc pa~~e11ge::r ,md vehicle m ovements at 

pedestrian crossings. The speed t;ihles ;it BW I ;i re locat­

ed het,Yeen the h,1ggage claim arc,1 and the 111alll pa rk­

ing g.irage. The road,,·ay at this location has two through 

tra ffic lcmes plus two parking/ lo:iding area l.llles. Curb­
side parking ,md drop-off zones include shuttle buses to 

Prepared by Jeff Olson, R.A., Trailblazer. 

Information provided by Ali Logmanni, BWI Ai rport I 
Authority and Timothy Ryan, URS Consulting~ 

This speed table at Reno/Lake Tahoe International Airport 
provides a level crossing for pedestrians and makes them 
more visible to drivers. It also requires vehicles to drive 
more slowly. Pedestrian crossings at BWI airport provide 

similar pedestrian benefits. 

parking and transit connectiom along with t:-ixi / lirnou­
sine services and personal car acces,. 

O rigi11,11ly. the airport terminal roadway had stop signs 

at certain locc1ciom with conventional m arked pedestri­

an crm~mg, and ,candard yellow pedestrian safety cross­

ing ,1g11,. 111 1999. airport management was concerned 

about dri\'l-r~ ~peeding through the terminal area and 
wanted to improve vi~1bi lity. ~afr·ty, and accc·ssibility for 
pedt',tri,111, cro~,ing between the new ~cructun:· and the 

termin,il baggage clai111 arc,1. 

Since cratltc c.il rning guidelines were stil l unde r devel­

opment at that cirnt'. UWI and their comulr.mr~ worked 

w ith both Scace and MUTCD-based design gu idelines. 
The cho,cn de,ign included raised speed t:ihlt' crms­

walks supplemented by t]uorescenc yel low-green pedes­
trian crossing ,igm. The STOP signs were maintained 

at the speed cables along \\·ith corresponding pawrnent 
markings, al though these are not typic;i lly imcalled 111 

combination with speed tables in other locations. 
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The speed tables at BWI improve crossing conditions for 
pedestrians. Note that the speed table 1s complemented by 

strong yellow-green pedestrian markings and STOP signs 
with flash ing lights and pavement markings, which typ ically 

are not used in combination with speed tables. 

RESULTS 

Although dct,ulcd dJta on cmr and pede,trian me are 
not a\·ailablc, UWI Airport , taff :i re ,:itisfied with the 

speed table imtall.ition. Morori, ts drive more , lowly 

through the tc rn1i11a l area and pedestri:111 visibi li ty is 
greatly enhanced. Not moving up and down across 

ramps o r curb, i a noticeable improvement for pa,sen­
gcrs with luggage. and i, the added benefit in terms of 

ADA compliance. The application of speed tables at air­
po rt p:menger terminals is an innovative use of traffic 

calming that dernomtrates sound transportation plan­
ning and traffic engineering. 

CONTACTS 
Ali Logmanni 
Baltimore/Washington International Airport Facilities 
Phone: (410) 859-7768 

Tim Ryan 
URS Consulting 
Phone: (410) 785-7220 x204 

Daze Lazo 
Reno/Tahoe Airport Planning Department 
Phone: (775) 328-6458 

REFERENCES 
I\L1ryl.111d I lcp.1rtlll<'llt 01· I ri11,1,nn.mn11: l i,11/i, (,',r/1111,rg .l/,11111<1/, MDOT I ')')11. 

B.,lumon: lim .. ·r11.1t1011.1\ Airport ,, 1.·b..,1tt:: http \\'\\ ,,.b,, iairpo rt.co111. 

Rc...·110 'T.1hue Au pn1 t ,,1...· lh1tt..' http: wwwn'1h1.11rpon.crnn. 
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Trail Intersection Improvements 

PROBLEM ··---Safe intersection crossings were needed for a trail 
that intersects with several roads. 

BACKGROUND 

The Springwater Corridor is a 16.8 111i former rail co r­

r idor co nverted in to a recreational non- motorized 

co111n1uter trail in 1996. Located in souclwast Po rtland, 

Oregon, the corridor extends eastward to the City of 

Gresham and links to the small, uninco rporated com­

mun ity o f Bo ring. The route it travels fr.icurcs a variety 

of landscapes ;ind includes industrial, commercial, and 

residential areas. 

Master planning for the project began in ·1992 after the 

l ntcnnodal Surface Transpo rtation Efficiency Act 

(!STEA) \Vas passed in 1991. Based upon 1990 census 

data , surrounding population d ensities, and a recent 

City of Portland P arks & R ecrea tion D epartment park 

user survey, use levels were proj ected for the corridor at 

an annual rate of approximately 400.000 people per 

year. Amicipated uses included bicycling (56%) , walking 

(36%), jogging (9%), and equestrian (3%). The trail 

v,rould be 111ultit1sc. and include a 3 .7 111 ('12 ft) w id e 

paw d surface w ith 0.6 111 (2 fc) wide soft shoulders and 

a separated equestr ian tr;ii] w herevn feasible. 

T hL· Spring-."rater Corridor is unusual because it docs not 
fall into a road right-of-way. This eliminates the conflicts 

bet\-veen trail users and automobiles fo und on most road­

way bicycle lanes. The corridor, however, does intcr~l'.ct 

w ith several road,. Addressi 11g these i11tersections was 

Information provided by George M. Hudson, 
Landscape Architect, former City of Portland Park 
Planner, Trail Program Manager. 

A typica l maJor intersection treatment. 

A typical minor intersect ion treatment. 

essential co ensure trail user ~afi: ty and to minimize auto­

mobile and trail u,er connicc,.With growth i11 the Portland 

metropolitan region projected to increase automu bilc traf­

fi c, the situ.1tio11 would only become more aggravated. 
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A bicycle-act ivated Signal Loop Detector. 

A pedestrian-activated signa l button in a refuge island . 

SOLUTION 

The intersections were broken into three categuril·,­

major intersections. minor i11tersections, and privatL· 

driveway cro,sing,-based upon type of use, roadway 

width, traffic gaps available for pedestrian cross111g\, 
auto mobile volume, and :iutomobile speed. 

Minimal i111prove111e11ts at al l intersections included: 

• Vehicle comrol bollard, to prevellt vehicle, frolll 

accessing the trail. 

• Center removal bollard to allow fix n1aintL·n,1nce and 

c111, rgencv ,en·icc vehicle access to the trai l. 

• R em ovJI or thinning of vegetation to 1ncrea,e v1s1-

bility at the inter,cction. 

• U,e o f natural stone basalt boulders ::is needed to 

prohibit vehicle access into the trail right-of-\vay. 

• Stop sigm. 

• Stripi 11g. 

• C rossi ng warning signs. 

MAJOR INTERSECTIONS 
Due to high :iutomohile traffic volume resulting in a 

high degree of crm sing difficulty, six major intersections 

,wre identified alo ng the Springw:i ter Corridor Jt 

Jo hnson C reek Boulevard-SE ➔5th , 82nd Avenue, 

9 2nd Avenue. Foster R._o;id , I 22nd Avenue, and East111a11 

Parkway in the City of Gre,h::im. Eighty-second Avenue 

is ::i St:ite-owned route. The Oregon Departme nt of 
Tramportation requi red m eeting trafl-1c signal \varrants 

to justi~· the inst<t!Lition of a sign;i] :it the trail and ro::id­

way intersection at 82nd Avenue. U er cou nt, of ;i min­

imum of I 00 tr;ii] users per hour for any -+ hou rs w ith­

in a day had to be m et. T rail user counts were carried 

out on an exist ing improved segme nt of the trail with­

in the C ity of Gresham. Warrants were mer ::ind the 

state approved ;i , ignal insta!btion. 

Improvements imt::i lled at major intersections included 

pcdc\trian- ;rnd bi cycli, t-:ictivated signab, median 

re ft.1ge i, land, w ith a sig11:il-;ictivati 11 g button. signage 

forewarning both the trail rner<; Jnd motori,ts of the 

appro::iching intersection , and cro~s,valk striping. In 
addition . curb ex temions and a realignment of tlic trail 

to minim ize cross ing di,r:ince were incorpo rated into 

the intersection cle\ig11. 

MINOR INTERSECTIONS 
D efined as crossing, at pub] ic roadways that present a 

low to m oderate degree of diffi culty in crossing, 28 

minor intersections along the Springwater Corr idor 

were ide mified due to their low traffic volu111e :rnd 

minimal width. Minor intersections were treated simi­

br to major intersectiom with the dele tion of the 

pedestri:111-:ictiv:ited signals. A few i11tcrsectio ns deemed 

c hallenging to cross received overhead flashing yel low 

pedestrian warning ,igm. 

PRIVATE DRIVEWAYS 
Private driveways \\'en: defin ed :is vehicle crossings pro­

viding acce,s to private property and busines,e, :idj::icem 

to the tra il. w hich ,erve a pr ivate citizen or a group o f 

citizens. lmprovcl!lents imtalled to prevent ::i private 

property from being Jami locked included fixed ::ind 
removal bollard,, stop signs for autolllobile t raffic, a 

rai,ed trail surface with warning ,triping to act a, a 

~peed table for lllotorists, :ind phcement of locally 

found basalt bo u lders to restrict vehicle ::i ccess to the 

corridor. The C ity decided to restrict future additions 

o f privace driveway crossings ;ind to combine private 

driveway crossings w herever feasible. 
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RESULTS 

The installatio n o f trJil improvements was completed in 

19W>. inn: that ti111e, thne has been o nly o ne reported 
accidem at an 111tersectio 11 resulting in an irtj ury. This 

, i ngk accident ,, a~ between an equestrian and a car. The 
hom· became ~tartle<l. bucked o ff its rider, and holted 

into :rn intersectio n . T he accident clearly was not due to 
:i fou lty design, but perhaps an inexpe rienced r ider. 

Ua,ed o n the interim m er cou nts to establish warrants 

at the 82nd AYenue imer ection, m e k vels o f the 
Spr ingwater C:orr iclo r :ire now exceed ing the use level 

projectio m made during the m.lster planning effort. 
Plans curren tly underway to Lnk the pri11gwater C or­

r ido r from southeast Portland to downtown Portland 
w ith a Clas, I bikeway :i re anticipated to b<.: in place by 

early 2003. U ,er projectio ns at that tirn<.: are expected 
to exceed o ne mill ion me r, per year. 

In conclusion, the intersection designs alo ng the 

Spn11g,Yater Corr idor ad equately addressed public s:ife­
ty c1nd reduced potential confl icts between trail u,crs 

and auto mobiles. 

CONTACT 

George Hudson, Senior Associate 
Alta Transportation Consulti ng 
144 NE 28th 
Portland, OR 97232 
Phone: (503) 230-9862 
Fax: (503) 230-9864 
E-mai I: georgehudson@altaplanning.com 
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ROCHESTER, NEW YORK CASE STUDY NO. 33 

Safe School Route Mapping 

PROBLEM ···--The City of Rochester School District needed a sys­
tematic and cost effective method to confirm and 
upgrade maps of children's walking routes to school 
each year as part of its pedestrian safety program for 
school children. 

BACKGROUND 

Roche, ter, e\\ York 1, the third l.1rge,t city in the Sun:. 
The C ity\ d1wr,l' u rb.rn public school district serws 

m ore th,1n 35,()()(l ,tudents in ;1ddition to the owr 5,000 

studc,m i11 pri,·:1tc ,111d p,1rochi.1l schools. R ochestl'r ha, 

establ i,hl'd a highly succes,fitl lo11g- term partneVihip for 

1111pro,·i11g pcdc,tri.111 tr,1mportarion sakty for ch ildrl'11. 

A School Trat11c Satery Committee \\·ith repn:·srntativc, 

fi-0 111 the school di,tr in. law L'lltorcl'ment, transporta­

tio n , and s:i tery organ izatiom. coordinates a 111ulli­

E1ceted safety program. Unlike many new ' ·Safe R.oules 

to Schools" prog r,1111s. R ochester ha, been managing thi s 

program continuomly since 1984. and its roots were 

established in tht' I %Os. 

SOLUTION 

Thro ugh cmt-etfrcciw ust' of ex1,t1ng re,ourcc, and 

pl.111ning, the route, rl1.1t children \\'a lk to ,chool arc ,y,­
tematic :illy confirmed ,111 d upgr,1(kd each year, pro,·1d­

ing the 11 ecess,1 ry infr.1,trucnrrL' for a s,1fc conJ11 n111i ty. It 
1, 11 o t the 111 .1ppi11g technology th,1t n1,1kes tlii, a " UL·,t 

Practice, .. but th l' imegrated process that h,1, crca tl'd 

long-term succL·,,. 

Prepared by Jeff Olson, R.A., Trailblazer. 

Information provided by Andy Wheatcraft, Rochester 
City School District. 

In 196:i, the Ci ty of R ochester T raffic Enginening 

Division, the Rochester Police 1Jeparll11L·11t, ,111d the 

Rochester City School Dim·ict developed a program to 

plan safe walking routes to ~choob , to idcntif) appro­

priate loc.itions for crossing guards a11d control sigm, 

and to pro\'ide craflic safety education i11 school clw,­
rooms. The program was reorga11izL·d in 1984 and 

exp:inded the part11ership co include tl1L' R ochester 

C ity School Dim·ict. M o nroe County Uep,1rt1 nem of 

Tr.importation. rtochem:r Police Depan1m•1Jl. Auto-
111ohil e C lub of R ocheo;ter/ AAA, ,11H.l thL' 1(0111,rn 

.,1tholic Dioce,e of Roche,ter. The progra111 played ,111 

i111port.111t role in plJ1111i11g ,111d training fo r ,afL' , tudenl 

pedcstri a11 accivirie, a11cl continues to providL· lcader•d1ip 

in educatio nal progra1111111ng. 

The School Tratlic Safety Committee w;1s L'Stablished to 

perform traffic. faci lity. :rnd ed11catio 11:1l fu11cti o11s ,up­

porti 11g th l' \af'e p:l\,:1ge o f v hool stude nts between 

thei r lio111cs J11d schools. A11 :111alysis and study of chil­

dre11 \ routL·, to school :i re performed in prep:iration fo r 

the 11 1011thl) Co1111nitree meeting,. T he Committee is 

charged w ith the fol10\\' i11g ta,k,: 

• Dt'velop recommended policies and safe walki11g 
ro ute, for ,chool \\':i lk trip sa tety. 

• Provide periodic revie\\' of safl' wa lk ro ute concli ­

tion, ,111d supporting progratm a11d polic ic,. 

• Coordinate suggc,t iom and concern , regard ing 

school pede~tria11 ,,tf"ct y. 

• SL'r VL' a, a providn. cn1111nt111icator, and coordin ,1ting 

group regardi ng pede,trian safety educ.1tio11. pro­

gra111, ,111d impro\'l'lllt'rH,. 

• Prm·ide i11put to the deci,io11 - 111aki11g procL·,, for 

,chonl faci lity i111pro\'\:111e1m. 

• A-;sist in develo ping recon 111u:11ded school bus/ pedes­

trian ,ervice area boundarie, b,1scd 0 11 p ropost'cl ,afe 

school routes. 

• Maintain a good public relations program regarding 

school pedestrian sc1 fe ty. 
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Pleose do not use pari< cut through! Will you pfea1 
his or her he 

It is suggesh 
answering on! 
point.no out · 
signals. ect. 

P~ ose keep t 
child from ti, 
school route. 

* 
Sample School Safety Ma p. Provided by Rochester School Safety Committee. 

The School Traffic Safety Committee produces tlic the 
products discussed below to imp leme nt, proI1Jotc, and 

im prove the program. 

SAFE WALKING ROUTE MAPS 
Safe walking routes for children have been map ped for 

each of the 49 elementary schools and five middle 

schools in the City. The m aps are updated annually :md 
distributed to the schools in the fall of each year alo ng 

with a cowr le tter outlining safe walking habit, , safe 
driving by pan."1HS, and e nco uraging parent particip;i tio n 

in the review o f safe routes with their childre n. The let­
ters ;i re provided in both English and Spanish. The m aps 

include the locat io ns of a ll traffic signals and crm , ing 

guards. Stud ent, mark their routes on hand-drawn 
maps, w hich the County translates into color-coded 

AutoCAD fib. 

Rochester develop, its maps based on clw accual " feed­

er pattern" of chi ldren walking to each school , not 
b:ised o n spccificd radii for the are;i surro unding each 

schoo l. T he feeder m ethod reduces the number of loca­
tio n that need to be reviewed e:ich ye:1r, w hile th e 

rad ius method wou ld requ ire all streets w ithin a certain 
distance from the school to he evaluated. R ecc11t 

improvements based on the Committee's ongoing 

process include installation of approximately 8 new 

flashing be:icon school zone warning signs each year, 

imta llacion oC , tro ng yellow- green warn ing signs a t 

schoo l cro,,ing,. the annual pl:tcen1ent o f 161) ,choul 

crossing guard, , ;inc! cre:itin g high-visibility crosswalks a t 

certain loc:1tio ns. 

EDUCATIONAL LITERATURE ANO PROGRAMS 
The Rochester Automobile C lub/ AAA adminim ~rs loc:il 

program~ at the schools and distribute, safety literature tu 

all elementary schools fo r their use. 1 he delivery of chi, 

sen ·ice ,upports the Walk S,1tdy to Schoo l Program. 

CROSSING GUARD LOCATIONS 
T he C o mmittee analyzes and recommends cros<;in g 

gu:i rds for the C ity of R ochester. R econ1rne 11c!:i tio 11s 

arc fo r\\'ardecl to the Pol ice Department who coo rdi­

nates the placeme nt of the guards. Locations arc no ted, 

,111d sa fe wa lk ing rou tes are adjusted co reflect change, in 

the cros\111g g u,ird loc.1tio 11 s. 

STREET SIGN AND IMPROVEMENT 
RECOMMENDATIONS 
The Comm ittee recommends tra ffi c improvements 

affecting schools :1 nd s.1fc walking ro utes. The C om­

rnittt'e reviews street parking regulatiom, street con­

strnction p rojects, and ocher sig nals and ~ignage. 

C hanges are rcflt>cted o n the safe walking route map,. 
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RESULTS 

After more th:111 15 years of effort. the City of 

IZ.ocheste r h:is nor had a srudenr traffi c fata li ty or sc:ri­
o us injury among children who walk to school. This is 
in1pre,\ive. bec1me it i, estimated that approximatc.:ly 

<JO'¼, or elementary ,chool children walk o r take the bus 
to ,chuul in R ochester. De t::ii led mode share data is no t 

available, but anccdot:d evidence indicates the high 
mode , hare and ,afety record are a combination of 

ne ighborhood-b.iscd school locatio ns and the Safe 
R o ute, to Schools progr:1111. Rochester's Walk Safe to 

School t>rogram was no minated by NYSDOT for the 

1996 U.S. Secre tary ofTr:111sporcation Community Part­

nership A\\·ard, and receives continued recognition as a 

model program. 

CONTACT 

Andy Wheatcraft, Facilities Planner 

Rochester City School Dist rict 
131 West Broad Street 
Rochester. New York 14614 

Phone: (716) 262-8384 
Fax: (716) 262-8394 

REFERENCES 

I ')kH Ad111111 htr.mw Rq" tl.\tlom. ~d100I ~alety C:011111 tittl'l'. P .. och,-.ter. N,·w Yi,rk 
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Staggered Median 

PROBLEM ··---A five-lane urban arteria l with heavy t raffic created 
difficult crossing conditions for high school students. 
Moreover, student crossing behavior was varied and 
erratic, and a number of minor collisions involving 
students and motorists had occurred. Student use of 
a nearby intersection crosswalk was neit her the norm 
nor in a direct line between the school and an after­
school, restaurant hangout across the street. 

BACKGROUND 

Twelfth Avenue is :i four- lane arter ial w ith a center 
two-way left-tu m b nc that carries approximately 
19,500 vehicles per day. The posted speed limit is 56 
km/ h (35 mi / h). Over 220 pedestrians per day cross 
nearby, but not necessarily at the intersection of' 12th 

Avenue and Veterans' Boulevard. The side of Pueblo 
High School closest to 12th Street contains one of the 
school's major pedestrian exits as well as student pick­

up and drop-off :treas. A restaurant is located across the 
roadway from the school and attracts a large number of 

students before and after school. 

111 the years p rior to installation of the imp rovement, 
conflicts between pedestrians and mo torists became a 
significant problem. Several mino r coll isions involving 

students and motorists had occurred along with other 

instances of vehicles quickly braking fo r students in the 
roadway. T h <: area was also aggravating for 12th Avenue 
<lrivers bccam<: studencs would often meander o r stop 

in the ro:idway. delaying traffic in both directiom. Offi­
cials were concerned chat th is situation would eventual­
ly lead to serious confrom ations between studems and 
aggravated drivers. 

Prepared by Laurie Actman, Patrick McMahon, and 
Henry Renski , University of North Carolina Highway 
Safety Research Center. 

SOLUTION 

The C:ity Tr;iffic Engineering Department worked 
closely with the school administrators and the school 
transportation committee to analyze the problems and 

develop alternatives. 

Staggered median wi th HAWK beacon (MUTCD 
experimental device) at bus stop. 

Design drawing of a staggered median and spli t crosswalks. 

In order to address the diverse issues, the existing cross­

walk between the high school and the restaurant vvas 
removed and replaced hy a split crosswalk, each leg 

Pedestrian Safety Guide and Countermeasure Selection System Case Studies 195 



approximately 24.5 m (80 ft) from the other. The sec­
tions of th<:: split crosswalk were connected by a fenced 
pedestrian refuge median, installed in the center turning 
lane. At one cud of the i, land, the fence opens to the 

crosswalk connecting to the high ,chool exit. At the 
other end. the fencL· opens o nto the second leg of the 
crosswalk. w hich connects to a tramit stop waiting area. 

j ust south of the restaurant parking area . The fence itself 
works successfully as a channeling barrie r. Because the 
crosswalk is staggered, crossing pedestri ans are forced to 
look at o n- coming traffic while walking down the 
fen ced median. 

The crosswalk i, clearly marked in both directions with 
overhead mast-arm cros,walk signs and flashing lights 

that are turned on by quick-response crossing buttons. 
Traffic is halted o nly on one half of the roadway when 
the flashers are activated . The C:icy and school district 

split the cost of the project, and the material used by the 
City to construct the median fence replicates a fence 
that surrounds the school. 

RESULTS 

The split crosswalk ,uccessfully addresses several of the 
site's previous problems. Most i111portan tly, it gives 
pedestrians a safe haven from automobiles in the road's 
center and fo rces pedestrians to look at o ncoming traf­
fic while crossing. It also helps co minimize the m1111-

ber of , tudents me:mdering back and forth acro,s the 

street, giving them a p lace to socialize in the frnced 
median , rather rhan in the street. Unfortunately, because 
the fence is the o nly median constructed on this straight 
five-lane road, a few drivers who ,vere not paying atten­
tion have run into the fence at the end of the median . 
D espite this problem, the Council M ember from chi, 

Close-up of fenced pedestrian refuge median. 

district and Pueblo High School administrators are very 
pleased with the result. 

CONTACT 
Richard Nassi 

Traffic Engineering 
City of Tucson 

201 N. Stone Ave. 
Tucson , AZ 85726 

Office Phone: (520) 791-4259 
E-mail : rnassil@ci.tucson.az.us 
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ARLINGTON COUNTY, VIRGINIA CASE STUDY NO. 35 

Curb Extensions For Transit 

PROBLEM ··---Heavy traffic and high vehic le speeds made it d iffi­
cult for pedest rians to cross Wilson and Clarendon 
Boulevards near Court House Station on the Metrorail 
Orange line. 

BACKGROUND 

In th t: su1111ner of 1999, the Arlingto n County Depart­
m t:nt of Public Wo rks lau nched a Pedestrian Initiative in 

the R osslyn-Ballston Co rridor. ;1 high density, m ixed­

use area withi11 the C ounry. The Ini t i:itive was devel­
oped as a response to di rect public interest in street 

improvements around this corr idor and Coun tywide 
concern fo r overall pedestrian afety. 

T he corridor is served by fi ve u nderground M etrorail 

O range line stations as vvell as Wilson and C larendo n 
Boulevards, su rface arte ri als that form a one-way cou­

plet, each of which were com prised o f three lanes pri or 
to the pedestrian initiative. T he in itiative env isio ned a 

ser ies of small projects to improve conditions fo r pedes­

trians. H eavy traffi c and high vehicle speeds made it 
difficult for pedestrians to cross each of the roadways to 

reach the nearby transit statio n. The first p roj ect 
reduced rhe number of vehicle travel lanes o n these 

roadways fro m th ree to two. w hich created space for t he 
co nstructio n of curb extensio ns. 

SOLUTION 

In the fa ll of 2000, Arli ngton County built ~even curb 
extensio ns o n major roads w ith in 152 m (500 ft) o f the 

Court T louse Metrorai l station. The station has 11,000 
to 12,000 users per day, and 80 pt: rcent o f these peop le 

Prepared by Richard Viola, Arlington County 
Department of Public Works. 

Curb ext ension and crosswalk on Wilson Boulevard. 

arr ive by foot. Thousands of people work in the Court 

Ho use :irea and ,,·:ilk to the numerom restaurants and 

othl'r services in the :irea. The curb e xtensio ns were 
in tended to improve pedestrian safety by shortening 
cros~ing dist:i nces, c:ilming tr:iffic. :ind p roviding more 
visible cro\sing poinrs for pede,t r i:ins. In addition , the 

curb extensions le ft space fo r tr:imit buses to pull to the 
~idc of the ro,1dway o ut of the travel l:ines rather than 

01 1 the edge of the tr:iwl lane to load and unload 

Clarendon Boulevard and N. Wayne intersection, 
where a confl ict wi th delivery vehicles was eliminated. 
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passengers. Higher-visibility ladder crosswalks were 

installed to upplemem the curb extensiom. Strong yel­
low-green pedestrian crossing warning signs and new 

" Yield to Pedestrians, S100 to SS00 Fine for Violations" 
signs were also installed. 

Finally, the pedestrian initiative eliminated an unneeded 
driveway chat intersected the I Sch Street sidew·a lk and 

addressed the problem of stopped delivery vehicles 
blocking the crosswalk at c:Jarendon noul evard rnd N. 

Wayne Street. 

RESULTS 

The total project, w·hich included the cmb extensions, 

c rmswalk marking,, and pede,trian crossing warning 
signs, cost approximately $50,000. Before and after 

measures of pedestrian conditions are not ava ilable, but 
Arlington County ,taff and others report a noticeable 

increase in the number of cars yielding to pedestrians in 

c rosswalks in the Court House Area. Community reac­

tion has been very positive and Cou nty Board members 
have commented that the project provides a good exam­
ple o f how a relatively small expenditu rc can result in 

clear improvements for pedestr ian safety and comfort. 

CONTACT 
Richard Viola 
Planning Division Supervisor 
Arlington County Department of Public Works 
#1 Courthouse Plaza, Suite 717 

2100 Clarendon Boulevard 
Arlington, VA 22201 
Office Phone: (703) 228-3681 
E-mail: rviola@co.arlington.va.us 
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Double-Ladder Crosswalks 

PROBLEM ··---On wet and icy days, the Salt Lake City Division of 
Transportation frequent ly received calls from pedes­
trians concerned about ladder style crosswalks being 
sl ippery. The marked surfaces of ladder crosswalks 
can be slippery when wet, especially as the crosswalk 
surface wears smooth. Complaints about the cross­
walks often came from school crossing guards 
because many of the ladder crosswalks were near 
schools in Salt Lake City. 

SOLUTION 

To resolve this p roblem , the Salt Lake C ity D ivision o[ 

Transportation testl'<l a new cro~swalk design . Afrcr lis­

tening to the co ncerns raised by the crossing guards, city 
engineers brainstormed and then tried an experim ent 

with an alternate design. 

T hi , n ew design e limina tes the 111 :i rkings from the m id ­

d le th ird of the crosswalk so that there is 1.2 111 (-1- ft) of 

w h ite c rossb:ir, 1.2 111 (4 ft) of sm ooth p:ivem ent, then 

1.2 m (-1- ft) of' additional crossbar. T his d e, ign is called 

a '·double ladder" crosswalk. The do uble ladder cross­

walk maintains the same visual appn rance o f the , ingle 

ladde r crossw:ilk fro m th e d r iver \ poin t o f view, but 

allow pedestr ians to walk in the p:ived su rface between 

the two ladde r, of the crossvv:dk. It is used o nly at m id­

block locations and around schoo ls. 

Prepared by Laurie Actman, Patrick McMahon, and 
Henry Renski, University of North Carolina Highway 
Safety Research Center, and Kevin Young, Salt Lake 
City, UT Division of Transportation. 

Alternate views of double ladder crosswa lks. 

RESULTS 

The separation beC\wen tli1.: lo ngit udi na l line, doc, not 

decrease the a<lvance visib ility of the Cro\,w,1lk for 

motor ists. Sctlt Lake C ity te,ts have , how n that th e dou­

ble ladder cro~swalk appear, the ~an1e to a 1notori,t a~ a 

standard laddl' r cro~~walk un til the mo to rist is w ith in -1-6 

111 (150 fr) o f the crosswalk. By the time the lllo torist 
no t ice~ the d ifference, they arc already aware of tbc exis­

tence of the crosswalk. 
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T he separation between the longitudina l lines of the 

double ladder crosswalk provides pedestrians a ll 

u nm:i rked are;:i to walk during those ti111es when the 

crosswalk is wet and the potential for a pedestr ian to slip 

is increased. T he separation remove, the h azard of the 

slippery surface at the crosswalk and i11 1proves the safe­

ty for pedestrians u,ing the crosswalk. 

Salt Lake C:ity has had g reat success w ith the u se of 

double ladder crosswalks. The new 111:i rking proces, is 

less exp ensive and does not take more time th:m previ­

ous crosswalk instalhtions. Use of the double bdder 

design b egan in the m id I 990 's. Since their init i:d test 

and adoption, city crew, have been routin ely replacing 

worn cross\valks of the o ld style with the new design at 

approp1-iate loc:itions o n repaving proj ects and nc,vly 

constructed roads. 

Comments received from the traveling public regarding 

d ouble ladder crosswalks have been un iversally favo r­

able. Sc hool crossing guards. who are ofte n older. like 

the new crosswalk design and have reported feeling chat 

they are less likely to slip during wet and icy weather. 

CONTACT 

Kevin Young 
Transportat ion Plann ing Engineer 
Salt Lake City Division of Transportation 
349 S. 200 East, Suite 450 
Salt Lake City, UT 84111 
Office Phone: (801) 535-6630 
E-mail: Kevin. Young@ci .slc.ut.us 
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NEW YORK, NEW YORK CASE STUDY NO. 37 

Zebra Crosswalk Markings 

PROBLEM ···--Incremental improvements to crosswa I k design and 
increase of aggressive drivi ng throughout New York 
City created a situation where the crosswalk marking 
used to delineate safe walk-to-school routes (the 
MUTCD " ladder") was the same as the marking for 
dangerous intersections, sending a conflicting mes­
sage to school children and others using the city's 
sidewalks. Moreover, neither crosswalk was providing 
adequate safety for t he large volumes of pedestrians 
found on many New York City streets. 

BACKGROUND 

Ddim:ating crosswalks with thcrn1oplastic striping is 

intended to communicate a message to both drivers a11d 

pedestrians. For years there wne only two types of 

nurkings used by the New York C ity Ucparrmrnt of 

Transportatio11-si111plc parallel li11cs and the ladder. 
Parallel lines were used at \ignalized i11tcrsect1 011s and 

other locations where driven arc expected to stop for 
pedestrians. The ladder was used to highlight a partic­

ular location such as a preferred route to school o r a 

dangerous crossing poi11t. !11i tially, crosswalks warra11 ti-

11 g ladder treatment\ (school or dangerous) occurred in 

separate parts of the city so there was little overlap. 

The use of the ladder crosswalk to mark dan gerous 

intersections increased, with th e spread of aggressive 

driving behaviors, changed attitudes about crosswalks, 

and the D epartment's increased response to the co11 -

cerns of the walking public. T he different crosswalks 

created conflicti ng 111cssagcs and made it irnpossiblc for 
the public to determine \vhethcr one sh o uld cross at a 

ladder crosswalk or avoid it altogethe r. 

Prepared by Michael King. 

Overlapping del ineating crosswalks sent conf lict ing 
messages to New York City pedestri ans. 

SOLUTION 

In 199:'i, the Pedestrian Projects unit of the Department 

ofTra11sporL1tion worked with the Roadway Engineer­

ing D ivisio n to introduce a third crosw,ralk m:irking 
call ed the "zebr:1 ." sole ly for dangerous locations. This 

involved altering the \vidth. use. and warrants for stop 
lines. l11 addition, it was o ne of the first instances where 

an IST[A- ti.mded uni t c reated specifically to address 

pedestri c111 issues atl:ected a change in citywide pol icy. 

The "zebra" crosswalk is an adaptation of the ladder, 
which has two 305 mm (12 in) li nes running the length 

of the crossw:ilk th:i t close each end of the 305 111111 ( 12 
in) b :i. rs. I 11 contrast , the zebr:i crosswalk has open-ended 

bars and uses a 610 mm (24 in) stop- li ne in advance of 

the crosswalk. This stop line is set back at least 1.5 m (5 

ft) from th e crosswalk. Ladder markings are now 

reserved solely for the school rou te network. 

Previously, :1 dangero us loc::i tion ,v:1s defined w hen two 

or more pedestr ians h:id been hit by vehicles fo r three 

ye:1rs in :1 row in J specific crossw:i lk. To :iccount for 

data irregubrities ;111d under reporting, the de finition 

was ch:inged to :111 average of two injurie, per year 
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within a five year period fo r an entire inte rsection. T his 
also m ade it possible to install zebra crosswalks for a11 

emire inrersectio n instead of singl ing o ut a specific 
crosswalk. In new o r reconstructed locations, intersec­

tions that were considered potentially dangerous could 
receive zebra crosswalks. Each of these po licy changes 

allowed the agency to act proactively. 

T he i,sue of competing pedestri:rn pl:-itoons w ithin a 

given crosswalk width was al,o Jddressed. C:ro,swalks in 
Nevv· York C ity are defined by law· as the exte nsion of 

the sidewalk across the rn:id . C.e ner::illy, the width of this 

extension is from the building or fence line to the par­
allel curb, though there :ire some instance, ,vhen this 

width is not sufficient to handle all of the pedestri:111s 
using a crosm,.a lk , , uch as w hen two o ppming platoons 

of pedescri ::ins m eet in the middle of rhe street. 

When a signal turns green, pedestrians cross en masse 
and m eet their counterparts in the m iddle of the streer. 

With larger pla toons of 7,000 per hour, the sheer quan­
tity of people exceeds a staudard crosswalk's capacity 

and people an: fo rced to walk into traffic. This concli ­
tio11 is exacerbated when vehicles block the crosswalk, a 

frcque 11t occurrence. 

R oughly two out of every three people hit by vehicles 
:it , ignalized intersections in NewYmk C ity are crossing 
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Opposing pedestrian platoons meet in the midd le of a street. 
Volumes such as this represent 7000 pedestrians per hour. 

\\' ith the light. If a pede,tri an is crossin g with the light, 

he or ,he 111ay be ,truck w h en a vehicle is turning (most 

co11m1on). \\' h L· n a driver rnm :1 red light (m ost deadly), 

or v,he n he or she is \Valking in traffi c b ec.1use the 
cro,S\\·alk i too 11;11-row. 

Stop lines addrt'SS t'ach of these simatiom. They effec­

tively widen the crosswalk without alte ring the legal 

de finition of a crosswalk . Further, by removing the slop 
line fi-0111 the crossw.1lk. it is free to be positioned imlc­

pe ndent of the crosswalk. It ca ll be placed relative to 
the travel I.me .. tligned \\·ith a stop sign, street fi.1n11ture 

or corner rad ius. or set fu rther b.1ck co allow a larger 

truck turning L1dius. Essentially the design i, now 111ore 

;1daptive to the situation. a11d stop lines are being used 

more o ften in the city at all types o f crosswalks. 

Stop lines solve many of the ci ty's various crosswalk 
problems. 

RESULTS 

PEDESTRIAN SAFETY 
To evaluate the impact of crosswalk striping on pedes­

trian safety, a very limited test was conducted at nine 

intersections in lower Ma11hattJ11. Each of th<:"se inter­

,ectiom qualified a, a high crash location where the 

vehic lt>-pt>destr ian crash rate awraged 4.2 per year, yet 

no ne were m arked \'lrith t>ither l;idder or zebra type 

crosswalks. The ~peed limit on the streets w:is 4 8 km / h 

(30 mi/ h) and ADT and functional cla~~i fication v;:i r ied. 

Four of the intenections received bdder crosswalks, 

,vhile five received zebra crossv,,alks ,vi th ~to p lines. A 

year l:1te r crash data were compared. 

Vehi clt>- pedescr ian cra~hes decrea~ed fi-0111 I (l in th e:" 

yea r before the ladder crosswal ks were install ed to 8 in 

t!I L' year after. C r.1shes :it inte r,ections that received 

zebra c rosswalks d l'crcascd from 20 to 13 over the s;11ne 

study period. Uefore the ladder crosswalks vvere add t>d, 

perle,trian incidems represented 1 1.6 percent of all 

c rashes. This proporti on shrunk to 7.2 percent after the 

cros~\\'alks were added. At the zebra cross,,·alk loca­

tions, pedestrian crashes made up 7.5 percent of all 

crashe before, but o nly 5.3 percent after the markings 

were :idded. 

The val ue of both ladder and high visibility markings i11 

tenm of ;1bsolure cr.1sh reduction is positi\·e; the num­

ber o f vehide-pcde ·tri;rn incidents J t the nine test inte r­

St'Ctions fe ll from 36 to 21. a decrease of 42 perce nt. 

VEHICLE STOPPING POINT 
To ev.tl uate the effect1 veness of 111arkings in keeping 

vehicles out of the crosswalk area, a limited ~urvey \\JS 

conductt>d at th ree intersections in lower M anhattan. 

Except for the marking typt>, ;:i ll of the sites \Vere sin1i­

hr in terms of direction, volume, lanes, and turning 

movements. T he stopping locatio ns of 72 tota l w hiclcs 

were noted. 

The ladder cros~walk wa~ the most d fec ti w m;i rking for 

keeping vehicles o ut of the crosswalk area. Whil t> o nly 

20 pcrcem of w hicks at the unmarked crosswalk and 23 

percent :it the st;:inrlard double line crosswalk srnpped 

behind the crosswalk are;1, 59 percent of vehicles at the 

ladder cros~w.ilk ~topped at the appropriate location. 

Additionally, drivers did not ~er io u~ly encroach upon 

the ladder crosswalk (7 percent) as much as the others 

(31 percem ::i t the dou ble line crosswalk and 60 percent 

at the unm:irked crmswalk) . A stop line would likely 

improve dri ver bd1avior further. T he 111:i rked crossw;ilks 

also provided g rea ter room for pedestrian pla toon 
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where it was needed the most, in crosswalks. 

PROJECT COSTS 
Typical the r111oplatic costs (not including planning, 

design and installation): 

• Double Line Crosswalk 

• Ladder C rosswalk 

• Zebra Crosswalk on tv,:o-,vay St. 

• Zebra Cross,v;ilk on one-way Sr. 

$50 

S250 

$20() 

S250 

The project was funded using federal Conges tion Mit­
igation and Air Quality (CMAQ) fun ds programmed 

for Pedestrian Network D evelopment. 

CONTACTS 

Michael King, Architect 
Traffic Calmer 
126 Second Street 
Brooklyn, NY 11 231 
Phone: (718) 625-4 12 1 
E-mail: miking@trafficcalmer.com 

Ms. Randy Wade, Director 
New York City Department of Transportat ion Pedestrian 
Projects 
40 Worth Street 
New York, NY 10013 
Phone: (212) 442-7686 
E-mail: rwade@dot.nyc.gov 

NYC DOT Pedestrian Projects Web site: 
www.nyc.gov/htm 1/dot/h tm 1/get_arou nd/ped/pedest. htm I 
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PROBLEM ··---Through its routine technical analysis of pedestrian 
safety around Portland 's publ ic schools, the City's 
Traffic Calming program proactively identified Sabin 
Elementary School as a high priority for intervention. 
In particular, safety issues existed at two arterial 
streets that were crossed by many of the chi ldren 
walking and bicyc ling to the school. 

BACKGROUND 

Over 500 children attend Sabin E lementary School. 

The school is loca ted in an older, predominantly low­
to middle-i ncome neighborhood that is experiencing 

some revitalization. The n eighborhood is generally well 

se rved by a traditional g rid street pattern, with both 

north-somh and east-west arterials well-spaced among 

the narrower residential streets in the grid. Hmvever, 
the school itself is not located on an arterial street. 

In 1997, the Portland Traffic Calming Program (TCP) 

undertook a School Safety Project on the streets adja­

cent to Sabin Elementary School to improve student 

pedestrian safety. After initial discussions with the school 

staff, parents, and neighborhood residents, it became 
clear that those using the school everyday had identified 
additional traffic safety hazards chat TCP asses)ment had 

not identified, including school- related bus and auto 
traffic congestio11 directly in front of the school ;ind on 

its surrounding streets. Another concern wa parking 
problems, such as the screening of kids crossing the 

street to/ from school by parents parking in no-parking 
zones to drop-off, or pick-up, their own children. 

~-P-re_p_a-re_d_b_y_S_c_o_tt_B_a_t_so_n_, -C-it~ of Portland 0--;:~ Transportation. _J 

SOLUTION 

To start the plan11i11g process, C ity staff convened the 
Sabin School Safety Co1111nittcc. The committee ,va, 
made up of various stakeholders from the community, 
including the school principal, imcrested persons from 
the community, and representatives of the Sabin School 
PTA, Site Council, Local School Advisory Committee, 
Portland Pol ice, Portland Fire Bureau, Sabin Communi­
ty A,sociation. The committee was particularly sensitive 

to th e adverse effects of autom obile congestion on 
pedestrian safety. 
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Working together, the T CP staff and committee e,tab­

lished goals for the school safety project, wh ich includ­
ed the overall goals of min imi zing tra ffi c congestio n and 

enhancing the safety of younger pede,tr i:ms as,ociated 
w ith the elementary ,chool. Additiona lly, the co111111it­

tee adopted the , pecific objective, of decreasing speeds 

on 17th and 18th Avenues, improving visibility at 17ch 
and Shaver, and improving c1w;,ing ,afety at the nearest 

arterial streets of Prescott and Fremont. 

To achieve these objectives the committee proposed 

several strategies: 

Semi-diverter would be installed on 17th and 18th 
to encourage a clockwise circulatio n patcern around 
the school. Thi, would create predominant north­

bound traffic 0 11 17th and southbound traffic o n 18th 

in the two-block region between Mason and Fai ling 
Streets. The expected increase in speeding due to the 
clockwise circubtion ,vould be mitigated by includ­

ing speed bu mps 0 11 17th and 18th, between Mason 

and Failing. 

• Parking restrictions would be modified on the we,t 

side of 18th between M ason and Failing. 

• An older semi-diverter at 17th :111d Shaver chat 
obscured pedestr ians cros,ing the street ,vould be 
removed and a marked sc hool crosswalk wou ld bt' 

added at chis location. 

• A pedestrian refuge islands ,vould be added at the 

,chool crmswalks on both Prescott and Fremont 
Streets near 18th Avenue. 

Residents around Sabi n Elementary were invited to an 

open house to review· and comment on the proposed 
project. The open house wa) converted into a regular 
community foru III for discm)ing the project and 

obtaining citizen input. 

Concern) ,vere expressed during neighborhood meet­

ing\ that the modification of the traffic would force 
drivers to shi ft to adjacent streets. in creasing rhe tr:i t1ic 

volumes 0 11 these streets to unacceptable levels. Con­
cerns were also arti culated that the device, would not 

be effective in modif)·ing the beh:ivior of p.uents and 

guardiam and the clockwise p:ittern might ,1ctuJllv 

result in m o re speeding. 

Test divcrters were installed for three 1110 11 th, before fo l­
low-up d,1ta were col lected. In February 1998, advisory 

ballo t~ were mailed to residents and non-resident prop­

er ty owners o n the affected streets. To emure that J suf­
fic ient number of the ,1ffected resident, expresst'd th t'ir 

opinion regarding the comtrunion of permanent struc­
tures, committee member, circulated :1 second ballot. 

Out of -+ I affectt'd propt'rties, .30 rt' pomes were 
obtained and 22 favored permanent construct1011. 

Construction costs ,wre paid for by the City of Port­

b11d using firnds budgeted for neighborhood traffic 
calming. Total cost for the project was $54,000. A proj­

ect breakdown fo llow<;: 

• Trafl"ic Diverters and Circulation around che school. 
$25,000 

• Improvements ,lt 17th & Shaver. $:i.000 

• Fremollt Crossing Improvement, S 16,000 

• Prescott Crossing Improvement. l; 8,00() 

RESULTS 

Because traffic diverters were installed, traftic volume 

data was collected from several streets that arc parallel to 
the ,treets around Sabin Elementary. Thi) data collec­

tion provides a better picture of what effect diversion 

had 0 11 the general neighborhood. 

The Sabin Elementary School Safety Project has suc­
ceeded in meeting its prirnarv goals. Traffic flow around 
the school has been changed from a t\Yo-,v;1y pattern to 

a predominantly clock-wise pattern. The poremial for 

two-way traffic confl ict , where space exist, for only onr 
vehicle, h:i, been significamly reduced . Thi, change also 
allows pedestriam to crm, only one direction of tra t1i c at 

a t ime imtead of trying to negotiate two ,eparate flows. 

A~ a n:sult of testing the divercers. it was determined 
that speed did not increase as teared, so speed hump, 

,,ere eliminated from the proj ect. Vehicle speeds remain 
similar co pre-project mea,urement, . On ·17th Street, 

85th percentile speed, changed from -t'.2.6--i-i .3 km/ h 

(26.5- 27.:i mi/ h) ,ouch of Shaver. and from -i5- -t2 
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km / h (28-26 mi/ h) north of Shaver. On 18th Street, 

83th percentile speeds changed from -+5-36.2 km/ Ii (28 
m i/ h-22.:1 mi / h) south of Sh:l\·er, and speed 1·ernai11ed 

at -+ 1 km / h (2:1 . .=i mi/ h) north of· Shaver. 

Pedestriam also benefited fi:olll tht' rt'moval of ;111 o lder 

semi-<livcrlcr that obscured pedestrian visibil ity on 17th 

Avenue.") he new divcrtcr does not have the same inten­

sity of la11d\caping that was the c w se of the preYiou, 

visibil ity problt' 111,. 

Fin:il ly. median refuge i, land, were imtalled at two 

inter,t'ctiom o n 18th Avenue to improve crossing safety 

o n Pre,cou .md f-remont Streets. the t\YO major ,1rterial 
,treet, ~u rrounding the school. The primary benefit of 

median refuge islands i5 to allow pec.kstriam to co11 ce11-

trate on crossing one direction of traffic at a time. When 

a gap appears in the nearest lane, they ca11 ,af"cly cross to 
the middle of the street. wbcrl' they c111 sh ift their 

attention to traffic coming ti-0111 the orhn direction. 
Refuge, are al,o very helpful for the ckkrly, people 

with a variety of disabil ities. or any pedestrian, becrnse 

they help o rganize the crossing task into a simpler two­

step process and provide ,ome physica l prott'ction in tht' 

interim. This i, especially i1npo rtant for ekment:i ry­

aged children \v ho arL' j ust learning to accur:itely judge 

the speed of o ncoming vehicle\, and art' pbcccl at seri-

o us risk when they :ire required to judge the speed of 

multiple vehicle, from two directions and/ or curning 

into the strt'et at the intersection. 

Afrer implememation, the Sabin Elrn1rntary School 

principJI discussed the project with several adjacrnl resi­

dents. They Jgn:ed that the new rrafEc pattern has 

reduced congestion Jnd speeds at the opL·11i11g and clos­

ing time of school. PJrking has improved, and couflict5 

between buses and automobile traffic have been reduced. 
Owrall. traffic calming at Sabin Elellle11tary has enhanced 

,treer ,afety, livability. and pedestrian conditions. 

CONTACT 

Scott Batson 

Senior Engineering Associate 
City of Portland, Office of Transportation 

1120 SW Fifth Ave, Suite 800 
Portland, OR 97204 
Phone: (503) 823-5422 
E-ma1 I: scot!. batson@pdxtransp.org 
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Thi rd Street Promenade 

PROBLEM ··--A pedestrian mall in downtown Santa Monica had 
become unsafe and lacked economic activity. 

BACKGROUND 

The Third Street Promenade WdS a commercial district 

I11adc into a pL·de,tri.m mall in the 1960,. O\·er the yea r, 
it had beco1m: neglected and h,1d fa ll en imo disrepair. 
!Jy the early 1980,, competition emerged from a 11C\\' 

regional shopping cemer nearby. Twenty yea r, ,1fter it 
was created. the Third Street Mall, or "The Old M all," 
as it was k11ow11 , was un ,ate. blighted, and considered .111 

economic di,astc r. Effort, to restore economic health to 
the district and the greater "Uay,ide Di,crict" commu­

nity su1Tou11ding it \\'erL' badly 11cclkd. 

Third St reet Promenade. 

Prepared by Kathleen Rawson, Bayside District 
Corporation. 
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SOLUTION 

The Thi rd Street l' ro1 nc11adt: was developed in the lace 
l 98(J's by the City o f Sama Monica to revitalize the 

dctniorat<:d dow ntown area and create a vibrant center 

for community life and retail activity. f inanced through 

a citywide bond m easure. the Third Street Development 
Corporation hired architectural firm Roma Design 

Group to pbn the redesign the 25-year-old o utdoor 
Santa M onic:i M:ill. The 1-c11Jrned fhi rd 'treet Prome­

n:ide opened 011 September 16. 1989. 

A three-block ,egment o f Third Stree t wa, closed to 

vehicle tr;iffi c to en hance the pedestrian experience on 
the Prornen:ide. Shop owners said that they initially felt 

that prewnting c:i rs from ,1ccessing their front doors wa, 
destroyi ng their bminess. As :i result. when the project 

w;is bu ilt. the C ity constrnctcd a road through the 
Prome nade, but placed removable bollards at the ends of 

e:ich block. The bollards were put in place the first 
weekend to test it :is J pedestr ian m all. and the experi ­

ment was so successful that it was eventually closed for 
good . Now. T hird Street competes with local shopping 

centers by providing a festive pedestrian sp,1ce protect­

ed from auto traffic in the heart of downtown Santa 
M o nic1, w hich i, ;1 frequen t destination for tuuri,t, vis­

iting the Los Angeles .1rea. 

T he Uayside District Corporation w;is created by the 
C ity of S:inta M o nica to e nsure that the Pro menade is 

maintained. On beh:1l f of the C ity, Bayside pro111otes 
econo mic stability. grovv·th :md co1m11u11ity li fe with the 

area through responsible planning. development , ma11-

agen1e11t and coord ination of progr;ims, proj ects and 

service,. The nonprofit is fonded through several assess­
ments on businesses in the district. The C ity appoin ts 

the IJoard of Directors and the IJo;i rd emplor the staff 

The l3ayside Distri ct Corporation maint:i im the C ity's 
improvements. ;issists in tht' irnple111cntatio11 of the 

des ign guidelint's, ,rnd represents the entire Downtown 
Santa M onica area in marketing, promotions, special 
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l'Vents,T li ..: 111:uor ity o f the project involYed the c reJtio n 

of a ,et of design guidcli 111.'S. w hich pro 111ore th e preser­
vation of historic building, alo ng Third Strt'et. nun da te 

a pede,tria11 scale to new l-kvdopment, :rnd encourage 

the addition of pedestrian a lllenitics by proper ty own­

ers. So m e o f rhe,c a111c11itic, include ,treet trees, 

New design guidelines mandate a pedestrian scale to new 
development and encourage pedestrian amenit ies. 

benches, fou 11taim, land, caping, decorative and firnc­

t io n:11 light ing, lam ppost,, h:rnne rs, textured pavem ent. 

stree t vendo r,, ou tdoor di ning. and st reet performers. 

Street w ndo rs :rnd per fo rm e rs are regulated by the City 
.rnd arc li cemcd for business 011 the Pro111enadc. 

RESULTS 

T he D i,t r ict h.1s more tlun sur p.1\sed the C:icy·s o r ig inal 

The Dist rict has become an award-winning downtown 
revitalization project. 

objectives and has bc.:comc 0 11 t· of the m ost u cce,sfu l 

award- w inning dO\\'ntown revitalization projects in th e 

country. Not o nly ha, the Third Stred Pru1 11..:11:1de been 

an econom ic boost to downtow n bu, inc.:,,c.:,. its o ut­

, tand ing success ha, made Santa M o nica a major South­

ern C ali fo rn ia destination. The Bayside U i, tric t 

includ e, m ore than 70 restaurants. 17 m ovie screens i11 

-1- c ine mas, ;ind more than 16!1 specialty shops, sc.: rvice,, 

:111d e ntertai11 111cnt venues open year ro und. 

Local rcside11ts and to urists fro 111 arou 11d the l·ountry 

come co Santa Mollica to enjoy the pcdestr i:111 experi­

ence on the Pro11 1enade. \Vccke11d crow ds are of'ten very 

dense ,,·itl1 c1 swarn1 of pedestrian activ ity rad i,1ti ng fro m 

the Promenade tu o ther downto \\'11 cstab li, hme rm, Pal­

isades Park. and the ~a11t,1 M onica Pie r. IJ.1rking in va r­

ious C ity lots surrounding the T h ird Street Promenade 

is pkntiful but can be difficult to find dur ing peak ho urs. 

It is o ften sa id that nobody w;ilks in Los Angeles , but at 

the T hird St reet Pro111enade in Sant:1 M onic:i. pedestri­

an ac ti vity i, everyw here. Do n't be surprised to find a 

crowd, c~pL-c ially o n a Fr iday o r Saturday night. 

although prac ti cally :m y time of the d:iy it is ;i popular 

place for bo th locals and tour ists. 

CONTACT 

Kathleen Rawson 
Execut ive Director 
Bayside District Corporation : 
135 1 Third Street Promenade, 
Su ite 201 
Santa Mon ica, CA 90401 
Phone: (3 10) 393-8355 
Fax: (3 10) 458-3921 
E-mai I: krawson@baysided istrict.org 
Web: http://www. th i rdstreetpromenade .com/ 
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SAN DIEGO, CALIFORNIA CASE STUDY NO. 40 

Vermont Street Foot 

PROBLEM ··---In 1979, the City of San Diego had to demolish the 
aging Vermont Street footbridge for safety reasons. 
Absent an immediate replacement, pedestrians 
were required to cross Washington Street, a high­
speed comm uter artery, at grade. Th is route was 
especia lly dangerous for many elderly residents and 
shoppers with small children. Addit ionally, loca l 
controversy emerged around issues of crime and 
neighborhood connectivity. 

BACKGROUND 

San D iego's g r id street pattern Ill pre-war ne ighbor­
hoods is frequen tly interrupted by w hat arc known 

locally as ''finge r canyom,'· oF steep, often '"''ooded 
ravine,. Wooden pedestrian bridges, built in the early 

190(l's by streetcar companies, kn it these ne ighborh oods 
together and provided them with streetcar 5ervice to the 

rest of the city. 

Thl' Ver111011t Strl'l't footbridgt: had snved the cornmu­

nirv for (1() years. Crossing over \X/ashin!:,rt:On Stree t, it 

linked a rc5idrnti,1l co111111u11ity. Uniwrsity H e ights, 
w ith it~ clmcst co11 m1c::rcia l district. Hillcrest. \Vashing­

ton Street, classified as a Prim ary Arter i,d, had a posted 
speed li m it or 6:'> km/ h (-+O mi/ h). but :ictual spec::ds of 

h:'>-90 km/ h (-+0-55 mi / h). ALJT counts totaled 38,000. 
Adjacent Lm d me, wcrl' highly urban izt:d and the road­

w;iy w:1s ckprcs,cd i11 a canyon with stl'<:p sides and had 

frecway- t ypc access ra111ps locatn.1 inrn1ediarely under 

the o ld bridge. Thl· at-gradl· routl' required a 0.25 m i 

(-tOO 111) detour on each ~idc of the ro.id to rc:ich a small 
co111111crcial 'str ip w here an at-grade crossing t:xisced. 

Prepared by Andy Hamilton, WalkSanDiego, Kirk 
Whitaker, City of San Diego, and Stone/Paper/Scissors, 
San Diego, CA. 

-~(··. 

~~:.: . .-

At the time the bridge w;:is removed, the neighborhood 

debated whether to request the city to rt:plact: it. So me 
argued it provided e::isy access for criminal activity. The 

city procec:>ded. commissioning a dt:sign in 1982, but a 
lack of fun ding delayed thl' projt:ct. In 1990, the city 

launched a progr::im to integratt: public art into new 
infrastrncture. Pro-br idge rt:si<.lt:nts st:izt:d the opportu­

nity to shO\.v their skeptical n L· ighbors how a new bridge 

could be :111 artistic landmark for the nt:ighborhood. 

SOLUTION 

The city agreed to make the bridge its firs t publ ic art 
infrastructure project. H owever, the selected art con­

sultant, Stone/ Paper/ Scissors, initially did not e njoy 

una11i n1om support. First, the opponents preferred to 

" hide" the bridge by keeping it plain and paintin g it 
grern to match the e ucalypcus groves at either end. 

Second, since the bridge had already been completely 

designed , the structural <::ngineering consultant resisted 
ch anges that might weaken the structure. 

To overcome these obstacles, the artists worked closely 
w ith the residents to select design themes. After gai n­

ing the residents support, the artists suggested that the 
bridge should stand out as a g::iteway to the co11m1uni­

ty. Their concept won out. and a bold cobal t blue color 
was chosen . Positive theme, o f bipedal, h istoric:il , and 

transformative movement would be incorporated ::is 
quotes and artisti c flouri shes , sandblasted into the deck , 

and carved in to the stainless steel panels on the r:i ilings. 

Gateway columns at e ither end would retlect the two 
ne ighborhoods, one m odern , the o ther histori c. The 

artists then worked at length w ith th e engineering con­
sultant to ensure these elements cou ld be incorporated 

w ithout compromising structur:i l integrity. 

The project cost of $ I .2 rnillion was funded through 

TransNet, ::i region:il half-cent sales tax for transporta­
tion projects passed by the region 's voters in 1988 

(expires in 2008). 
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The new Vermont Street Pedestr ian Bridge 
over Wash ington Street. 

Anticipating the new bridge, a large Sears department 

sto re at the southern end of the bridge was redeveloped 

as Southern California's fir5t N ew Urbanise develop­
ment, known as the Uptown District . The project 

Artistic details and the cobal t blue color 
add intrigue to the structure. 

The Vermont Street Pedestrian Bridge gateway. 

includes a mix o f trendy shops, a major g rocery sto re, 

small offices. and 310 dwelling units. All residen tial 

parking and 37 percent of the commercial parking is 
underground, leaving much of che surface for sidewalk 
cafes, plazas, and landscaping. Upcown's inviting pedes­

trian orientation and mix of uses became an instant 
draw fo r nearby residents. 

RESULTS 

Ac the b ridge's December 199-+ unveiling, 450 people 
accended. A year later, the bridge received a coveted 
"Orchid" design a,.,1ar<l from the San Diego Council of 

Design Professionals . The Uptown District owes much 
of its success to the bridge and to the m ix of pedestri­
an access and pleasant walking environment w ith in the 

development a combination w hich resulted in a 10 per­

cent lower vehicle trip generation rate and a corre­

spond ingly higher pedestrian mode-share than compa­
rable shopping centers in the region. T he grocery store 
is consistently in the top five in sales volume of its loc1-

tiom in California, although the footprint is only 75 
percent of the chain 's standard square-footage only gen­
erate~ 11 0 vehicle trips \,;eel<ly per 93 1112 (1000 ft~) of 

store, as compared co the typical l20 vehicle trips per 93 
111

2 (1 000 ft2
) . 

C ommunity support for the project is strong. The 

neighborhood sponsor~ bridge clean up and repair by 
providing both fun ding and volunteer . What began as 
a ·'replacement bridge" project has become a key part of 

the neighborhood's identity. 

CONTACTS 

Andy Hamilton , Vice-Chair 

Wa lkSanDiego 
2522 Boundary St. 
San Diego, CA 92104 
Office Phone: (858) 650-4671 
E-mail Address: andy.hamil ton@sdcounty.ca.gov 

Kirk Whitaker 
Traffic Engineer 
City of San Diego 
San Diego, CA 92101 
Office Phone: (619) 533-6601 
E-mai I: kwh itaker@sandiego.gov 
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Greenway Pedestrian 

PROBLEM ···--A safer crossing was needed for school children to 
reach a school located near a new seven-lane parkway. 

BACKGROUND 

In the early 1990s, two elementary schools in Phoenix 

needed pedestrian bridges to accon1111od;ite , tudents' 
daily commute to school. Near M ercury Mine Ele­
mentary School, Squaw Peak Parkway wa, under con­

struction to replace a four-lane divided higll\vay, \Yhich 
made an existing pedestrian bridge too narrow for the 
new roadway width. 

At roughly the same time, Greenway Parkway was also 
under construction through an open field w here stu­

dents previously enjoyed di rect acces'i to Ai re Libre Ele­
mentary School. After the Parbvay v.:as built, tudents 
had no safe way to cross the busy seven-lane arterial. 

To address this situation, Aire Libre Elementary School 
hired two crossing guards to assist children acros5 the 

street du ring peak school cmmnutc periods and the Ciry 
established a 2-1 km/ h (15 mi/ h) school zone in the area; 

r-.vo 111e.1surcs that did not pro\·ick sufficiem safery for 
those crossing the street. T he crossing guard, were in a 
difficult position of slowing and/ or stopping vehicles 

that had been traveling 80 km/ h (50 mi/ h) or more. 
Many close calls occurred, and an oppo rtunity to make 
improvements \vas prcsemed with che rcn ioval of the 

pedestrian bridge at Mercury Mine Elementary School. 

Prepared by Mike Cynecki and Ralph Goodall, City of 
Phoenix, Arizona. 

SOLUTION 

To address the problem ac Aire Libn: Elemrntary 

School, Phoenix M ayor Skip Rimsu, at the time a City 
Councilman. led efforts to begin whac a local newspa­
per labe led as one of the world 's largest recycling proj­

ects. The C ity o pted to move the 14-ycar o ld , 65.3 M g 
(72 T), steel-truss bridge from the Mncury Mine 
School to a new site over the Greenway Parkway near 

Aire Libre Elementary School 9.6 km {6.0 mi) away. 
The proce,s involved closing a m :tjor road for two hours 
before dawn o n June 2 1, 1992. The total cost of the 

bridge relocatio n project was only S12,000. 

The Greenway Pedestrian Bridge at its new location near 
Ai re Libre Elementary School. 

ew ramps, spiral staircases, and footings were designed 

to comply w ith ADA standards . The bridge was recon­
structed , and minor artistic additions designed by a local 

arti st improved aesthetic appeal and created the appear­
ance a, though the bridge had always bern located 
there. The r:imps cantilever over an adjacent drainagc 
channel to make effi cient use of the available space. 
Additionally, a block wall was bui lt to mitigate concern~ 

of the neighbor ing property owners abo ut privacy and 
to reduce tr:iffic noise of che Park way. 
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RESULTS 

The project i, an excelle nt example of how cooperation 
bet,veen different pub lic agencies and community 

members can produce creative solutions that improve 

quality of life while saving valuable public fonds. 
According to the Aire Libre Elementary School's prin­
cipal, over 60 students use the pedestr ian br idge every 

school day. Thc " recycled"bridge is not only useful and 
visually pleasing, but cost approxi1mtely $500,000 less 

than building an en tirely new bridge. The primary costs 
of the bridge relocation were the construction of the 

spiral staircase and ramp, aesthetic improvements to the 
structure, decorative walls, and extensive landscaping, 

which totaled $484,000. 

New ramps, spiral staircases, and foot ings 
were constucted to comply with ADA standards. 

Before the installation of the b r idge, two crossing gu:irds 
were statio ned at the 20th Street intersection. Now 

only one crossing guard is stati oned for the mo rning 
and :1fternoon school commute periods to ensure that 

students are crossing G reenway Parhvay via the pedes­
trian bridge rather than crossing at the intersection. 
Several years after the bridge was placed, a traffic signal 

was installed :it the intersection of Green,vay Parkway 
and 20th Street, but pedestrian crossings at the sig nal are 
prohibited. Signs are posted alerting pedestr ians co cross 

via the pedestrian bridge. 

Because the Parkway was built roughly at the same time 
that the bridge was installed , no before an<l ::ifte r acci­
dent or speed co111p:irison <l:it:i is avai lable. However, 
sa fety appears to have been signific:intly improved , espe­

ci:illy for the dozens o f students crossing the busy Park­
way eve ry day. 

CONTACT 

Mike Cynecki 
City of Phoenix 
Street Transportation Department 
200 West Washington Street 
Sixth Floor 
Phoen ix, AZ 85003 
Phone: (602) 262-7217 
E-ma i I, m ikecynecki@phoenix.gov 
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PROBLEM ··---An existing historic bridge had high traffic congestion 
and sidewalks too narrow to accommodate pedestri­
ans safely. A pedestrian and bicycle access across the 
river was needed without affecting the historic char­
acter of the bridge. 

BACKGROUND 

One of the major bridge crmsings in downtown Austin 

is the Lamar Bridge. This four-lane, art deco bridge 

constructed in 1941 - 1942 crosses a 210 m (700 ft) sec­

tion of the Colorado River. Unril 2001, the bridge pro­

vided an important link in the City's 111:iin hiking and 

cycling trail system, but it v,,as not an ideal crossing. T he 

bridge had high levels of automobi le congestion , and 

both of its sidewalks were only 1.1 m (3.5 ft) ,v ide. The 

nea rest r iver crossing for pedestrians and bicyclists was 

over 1.61 km (1 mi) away in eithe r d irection . Pedestri ­

ans \:vho used the bridge were forced to walk single-file, 

and bicycl ists often d ismounted for the crossing. 

Because pedestrians were so close to the heavy traffic, 

there were m any near misses and occasionally automo­

biles scraped people's arms. Tragically, a bicyclist was 

killed in 199 1 whe n struck from b ehind by a drunk 

driver and a pedestri an was kill ed in 2000 w he n a vehi­

cle jumped the 0.31 111 (1 ft) curb. 

The lo cal community ini tially wanted to expand the 

bridge and provide cantilevered patlrn,.;:iys fo r pedestri­

ans and bicyclists at the sides of the br idge. H owever, 

the:: bridge:: h ad been designated as a histor ic site by the 

Texas H istorical Commission in 1994; therefore, t he 

t'Xisting bridge structure could not b e m o dified . 

Prepared by Robert J. Schneider, Sprinkle Consulting, 
Inc. (SCI}. 

Information provided by Kalpana Sutaria, City of Austin. 

The sidewalk on t he congested Lamar Bridge was only 
1.1 m (3 .5 ft ) wide. Photo provided by the City of Austi n. 

SOLUTION 

ln 1998, tht" C ity of Austin held pub lic and design 

worksh o ps to generate ideas fo r a new pedestrian and 

bicycle b r idge to be constructed about 6 1 111 (200 fr) 
east of the Lamar Bridge. After the workshops were 

held , four design o ptions were presented to the C ity 

Council , and the final design was chosen . C onstruction 

began in May 2000 and the Pfluger Pedestr ian/ Bicyc le 

Bridge was completed in June 2001. 

The bridge is accessible to all pedestrians, and i s wide 

e no ugh to serve a large number of pedestrian an d bicy­
cle commute rs as well as recreational trips. Observation 

decks and benches were included in the d esign so that 

the br idge itself is an enjoyable desti nation for pedestri ­

ans and bicyclists. 

RESULTS 

Pfluger Ped estr ian / Bicycle Bridge has been extremely 

successful. T he bridge design and construction won 

awards fro m th e American Council of Eng in eering 

Companies, the Texas Council of Engineer ing Compa­

nies, and the Austin C hapte r of Ame rican General 
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The Pfluger Pedestrian/Bicycle Bridge allows pedestrians 
and bicyclists to avoid crossing Lamar Bridge. 

After opening, 1t was used by 4000 to 5000 people 
per day, numbers which continue to rise. 

Contractors. The tota l constructio n cost of the bridge 
was about $7 111illio11, w ith $1 million provided by fcd­

er:i l I ntermodal Surface Transportation Effic iency Act 
(!STEA) funds and $6 lllillion paid by the City of 

Austin's C::ipital Improvement Prugra111. 

Some people have complained that the bridg;e came at 

an extremely high cost. providing accon1111od::niom for 
pedestrians and bicyclists while doing little to relieve 

automobile congestion on Lamar Bridge. 

Pedestrians and bicyclists use Pfl uger Pedestrian/ 
Bicyc le Bridge for commuting and recreation and 

also enJoy it as a destinat ion. 
Photo provided by the City of Austin. 

Yet, 111m t of the public reactio n co the br idge h;i, been 
very positive. The C ity has received many olls and e­

mails from citizens saying how much they enjoy t he 
bridge. People \vho had stopped using the r iYer cross­
ing portio n of the C ity's hiking ;md cycl ing trail ,yste rn 

because it was so dangerous are now using it ag;iin. 

One of the most notable impacts of the bridge has been 

the increase in the number of pedestr ians and bicyclists 
who cross the river. Approximately 700 co I 000 pedes­

trians and bicyclist, cro,sed the La Illar Street Bridge each 
day before the Pfluger Pedestri;in/ Bicycle Bridge w;is 
built. Cou1m t;iken after the pedestr ian / bicycle bridge 

was opened found th;ic it was used by -WOO to 5000 
pedestriam and b icyclists each day, and chi, number con­

tinues to rise. The clr:1 111;itic increase in ri ver crossings is 
the mmt obv ious benefi t of a bridge constructed to be 

both ,afe and enjoy:ible for bicyclists :rnd pedestrians. 

CONTACT 
Ka lpana Sutaria, Arch itect/Project Manager 

Public Works Department 
505 Barton Springs Rd., Suite 900 
Austin , TX 78704 
Phone: (512) 974-7225 
Fax: (512) 974-7239 
E-mai I: ka lpana.sutaria@ci .austin .tx.us 
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HUNTINGTON, WEST VIRGINIA CASE STUDY NO. 43 

Grade-Separated Trail Crossing 

PROBLEM ··---An at-grade crossing of a busy arterial road exposed 
users on one of the most heavily used recreational 
trails in West Virginia to potentially dangerous motor 
vehicle traffic. 

BACKGROUND 

R esidencs, visitors, and students from Marshall Univer­
sity enjoy the m ature shade trees and beautiful view s of 

nearby hills fro m the flatlands o f Ritter Park o n the 

southern edge of Huntington. West Virginia. One of the 
most popular attractions of the park is a pathway that 

circle~ th e lower ponio n o f the flatlands along Four L'ole 
Creek. [n its application for a ll...ecre ational Trails Pro­

gram gran t, the Greate r Huntington Park and ll...ecrc­
ation District stated. '·The pathway circling ll...i tter Park 

and extending westwa rd to H arveytown ll...oad comti­

tutes -1- .8 km (3 .(1 rni) of argumentatively tl1 L· n 10s t heav­
ily used walking/ jogging trail in West Virginia.•· 

H mvever, the trail crossed Eighth Street. the main traf­

fic artery leading south of I Iuncingcon to the city's hill­
top res idential neighborhood and the I luntington 

Mmeum of Art. When the G reater I luncington Park 

,md Recreation District was confronted with the issue 
of pedestrian and vehicle confli cts at this crossing, cre­

ative solutio ns \Yere needed. 

SOLUTION 

C hallenges facing chis appro:ich included mitigating the 

pote11tic1I fl ooding of Four Pole Creek and providing 

lo ng ;ipproach ramps to keep the angle of descent rea-

Prepared by William Robinson, West Virginia 
Department of Transportation. 

son;ihle for dis;ihled individuals. Brase Thom as, design 
e ngineer for chi, project, supplied ,1 c re;itive solution to 

both the flooding problem ;rnd access challenge by 
designing the trail structure to re,t on the bridgt''s 

arched concrete supports. This :illmved the path way 
underpass to be at an ele\·atio n o nly inches below the 

·100-year flood h eight. 

The pedestrian trai l bridge utilizes the space beneath the 
Eighth Street roadway bridge at Four Pole Creek. 

Work began in Septe m ber 1991
) and wa~ fi nanced by a 

R.ecreational Trails Program grant totaling S2-l.360 

from the West Virginia Division of High ways with 

S I 2, 180 from fede ral gran t funds, and $ 12,180 provided 
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by a local sponsor match. A wo rk cre,v from the local 

park distric t , under the rnpervision ofTho rna, C:ompa­
ny and Ankrom Associates (now Enviro11111e11t<1I De,ign 

Group, Inc.). con,trucred the tr.1il structu re. 

from an e ngineering sta11dpoi11t, 11 0 u11u, u,tl 111cthods 

or m aterials were c111ploycd, but the cco110111y of de,ign 

was evidenced i11 linking tl1c two structures. 

To reso lve the safety issue pre,ented by tr:iil mer, cross­

ing Eighth Street :-i t-grade, .J;11nes McClell:rnd , 1Jirec­

tor/ Scnec,1 ry of the Greater Hunringto n Park and 

R ecre:1 tio 11 District and a regular jogger 0 11 the path­

w.1y. suggested buildi ng a bridge to t:ike the pedestrian 
traffi c unde r Eighth Street, using th t' , pace be nt>:ith the 

Eighth Street roadway bridge at Four Pol<' C ret'k. 

The extensive use of wood made the structure strong, 
practical, inexpensive, and aesthetical ly pleasing. 

RESULTS 

Public re,po me to the new bridge k1, been very posi­

tive. The tr:iil itsel f e11joys stro11g public , upport as a 

g r::i,s root, projen o r ig in:illy bo rn fro m the effort, of 
loci! trai l users and advocates. 

T he design was severely tested w hen, ju, t week, after 

co111pk-tion. tJoodwater, ass:iulted the nt·w ,tructure. 

Even though the Hood nearly reached Olll' hundred- year 
lt'vels, washing and clearing a ~mall am ount of floo d 

dt>bris ,vas all that was reL1ui rcd co return the bridge co 
service. and interference with strea111 flow wa, 111i11irnal. 

Whl::'.n the people o f I-1uncingto11 come to Ritter P:1 rk 

to see che rose garden, the , cone bridge .. rnd the iirfr,t­

dcsigned playground. they also discm·er .1 11e,v ,ecrer­
the Pede,trian Bridge beneath Eighth Street over Four 

Pole Creek. 

CONTACT 

Wil liam C. Robinson 

Grant Program Analyst 

WV Dept. of Transportation 
WV Division of Highways 

1900 Kanawha Blvd. East 

Build ing 5, Room 863 

Charleston, WV 25305-0430 

Office Phone: (304) 558-3165 

E-ma i I: wrobi nson@dot.state. wv. us 

Pedestrian Safety Guide and Countermeasure Selection System Case Studies 217 



MADISON, WISCONSIN CASE STUDY NO. 44 

PROBLEM ··---Many cities in the Un ited States have attempted to cre­
ate pedestrian malls, but few have been successful. 

BACKGROUND 

Througho ut Europe, pedestr ian streets and malls are a 
re latively common feature. Cities as diverse as Trond­

heim, Norway: Florence, Italy; and Graz, Au ·tria haw 
pedestrian zones that act as central featu res of the com­

munity. In the United States, numerous communities 
have atte mpted to create similar environme nts. but with 

much less success. Many cities have recently rem oved 

pedestrian and transit malls in favo r of conventio nal 
street designs for motorized traffic. Ithaca, ew York; 

Boulder, Colorado; Burlington , Vermo nt; and M adison, 
Wisconsin are among the few places that have success­

fully managed their downtown pedestrian malls. This 
case study loob at Madison , Wisconsin 's pedestrian 

mall, i11 place since the 1970s, which continu es to 

e nhance the area as a vital pare of the city. 

SOLUTION 

State Street is e ight b locks long. connect ing the Uni­

versity ofW isconsin Campus with the State Capitol. It 
is Madiso n's " M ain Street" in te-rms of downtown shop­

ping and, increasingly, dining and e-nte rtainmcnt. In the 

early to micl- l 970s, State Street and the Capitol C on­
course (the streets around the per imeter of the Capitol) 
were conve rted to a transit m all in the 100-6()() b locks, 

and a pedestrian mall i11 the 700 and 8(H ) blocks nea r the 
U niver ·ity of Wisconsin campus. 

Prepared by Jeff Olson, R.A., Trailblazer. 
Information provided by Arthur Ross, Pedestrian/ 
Bicycle Program Manager, Madison WI. 

The 100-600 blocks of State Street are c losed to vehicle 
traffi c, with the exception of buses, bicycles, and authorized 

vehic les. At the end of t he street is the State Capitol. 

The State Street r ight-of-way is 20 m (66 fr) w ide fro111 

bui lding face to building face. lu the I()() - WO block~. 

the street i, 7 .3 111 (2-+ ft) wide and cc m ered i 11 rh i, 
ri ght- of-way w ith 6. -+ 111 (2 ] ft) of ,ide,,alk 011 each 

side. H alf o f each sidewalk in chi, area is thl' pcdL·,tr ian 
zone, and the other half has bet'll dL·,ig11cd to have 

pedestr ian amenities, such as street fi.mnrurc , , idc ,,alk 

cafes, public art, bus shel ters. light poles. and trLT,. The 

I 00 - 600 blocks are not completely clost·d to vd1icb. 

but vehicular use o f the street in thi, are<1 i, restricted to 

bmes, bicycles, and authorized vehicles. Authorized 
vehicles include ddivery vehicles, taxi,, :111d , ·chicle, of 

contractors and business owner<; . These vehicle, ,ire 

closely regulated to minimize the i111p,1ct 011 the pede,­

trian enviro11111e11t of the street. 

The 700 and 800 block, of St.He St reet ne::ir the U ni­

versity of Wisco11si11 canipus arc a pede5tri :rn ndl. 

Bicycle, in cl1cse block, arc to be walked , and bike park-
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a pedestri an mall. At t he end of the street 
is t he University of Wisconsin campus. 

ing is only permitted at bike racks. T he 700 block 1s 
typically fu ll o f food and crafts vendors. 

The restaurant. entertainment. :m d shopping es tablish ­
ments on State Street are supponed by activities taking 

place nearby. Free concerts are given one night each 
week during the summ er on the Capitol lawn, a 
fa rmer's market is open around the C apitol Square 
every Satu rday morning, and other vveekend events arc 
often combined with the farmer's market on Saturdays 
or Sundays. Po rtions of State Street are often closed 
completely for the,e special weekend shopping o r 
entertainment events. T his allows pedestrian traffic, 
vendors, and others to use the entire right-of-way fo r 
the activity. 

e: The State Street sidewalk provides a pedestrian zone and s a zone for sidewalk cafes, bus shelters, trees, and 
6: other pedestrian amenities. 

RESULTS 

As has been the experience of most U .S. pedestrian 
streets, there have been attempts to re-open Stace Street 
co general car traffi c, get r id o f the buses, and :idd on­
street parking. Yet, State Street continues to be success­

ful. G round floor occupancy rates are co nsisten tly near 
100 percent, and lunchtim e restaurant business has been 

excellent. T he success o f the street has provided con­
tinued support to keep pedestr ians, b icycles, and buses 
as the pr imary m eans of n1obility on State Street. 

When the City's current pbn to improve State Street 

was drafted, it indicated that the character o f Statc Stn:ct 
should remain much as it is, bu t with fewer bus shelters, 
more flexible street fu rniture, a cleaner look, and new 
trees. T he plan wa~ reviewed by 12 City boards, com­
Illissions, committees, and local neighborhood and busi­
ness associations. This plan was u nanim ously approved 
on April 9, 2002, and calls for fimding from City, Fed­
eral, State, p rivate, University, Business Improvement 
District, and foundation sources. 

State Street's success is due in part to supportive land use 
in the surrounding areas. The University of Wisconsin 

Campus on the west end and the Capitol Square (a majo r 
employment center) and Capitol Building on the east end 
act as anchors on both ends of the street. The distance 
between these two anchors is less than 1.6 km (1 mi), so 
the en tire length is a comfortable walking distance. 

State Street is a un ique public space that attracts both 
residents and tour ists, and its pedestrian- friendly or ien­
tation is an essential component of ics success. The 
pedestrian-only environment in close proximity co the 
U niversity and downtown residential neighborhoods 
creates a place where people can enjoy an evening out 
w ithout worrying about dr inking and driving. In addi­
tion , holding special events on State Street and in the 
surrounding areas helps maintain the street's reputation 

as one of the cultural centers of Madison. 

CONTACT 
Arthur Ross, Pedestri an/Bicycle Coordinator 
City of Madison Department of Transportation 
P.O. Box 2986 
Mad ison, WI 53701 

Phone: (608) 266-6225 
Fax: (608) 267-1158 

E-mai l : aross@ci.madison .wi .us 

REFERENCES 
-~1 adison \ Stzite Street 2 000 webstte: http:/ / www.ci .rnadi..,u11. \\'i .u)/ )tatt')tret·t/ 

state,tn."1..'t . ht111 

State Street Str.itegic Pim. 1999: hnp://11ww.ci.nL1<hso11.wi.us/ planni11g/ 
searest. pdf 
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Th is Plan of the State Street reconstruction project shows how the street runs between 
the State Capitol (lower right) and the Un iversity of Wisconsin Campus (upper left). 

State Street looking towards the State Capitol. 
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Street Traffic Calming 

PROBLEM ···--Pedestrian safety and comfort suffer when a neigh­
borhood street designated as a col lector must carry 
sign ificant bicycle, pedestrian, and motor veh icle t raf­
f ic as a cont inuat ion of an arterial road, gateway to a 
major university, and access route for a luxury hotel . 

BACKGROUND 

As :in extension of Pim:i Street, a heavily traveled col­

lector in the city o fTucson, El111 Street was designated a 
collector road. Although 111uch of the tra ffi c on Pima 

Street had diverted before it beconH:~ Eh n Street, aver­
age daily rraffic (A DT) for Elm st ill totaled 8,000 vehi­

cles. The street also car ri ed heavy and constant bicycle 

and pedestr ian traffi c. 

At the for end of Elm Street w;is ;in entrance to the 

University of Arizona campus. T he street w3s located in 
a high-t:nd n:,idemial neighborhoocl :ilso ho 111e to the 

Arizona Inn, one of the City's mmt e,clusive hotels. 
T he property owners along El111 Street were concerned 

with speedinu tr:i tftc 0 11 the ,treet Jnd battled over how :-, 

to reduce speeds. The posted speecl lim it w:is -tO kni/h 

(25 1ni/ h), and because of the street's clesign,ition as a 
collector, speed humps were not ;illmwcl. A traffic light 
was imtalled at the Pima intersection , bu t tr:ivel vo lumes 
increasL'd ,1s evl·n 111o rt: drivers began using the street as 
:1 11 alternative entrance to the University. Some proper­

ty owners wauted to close its far end and el imin:ite the 
s~ret't ,i s :i route for throu gh traffic; however. surround­

ing ,wighborhoods were concerned th:it the diverted 

- --- I 
Prepared by Laurie Actman, Patrick McMahon, Henry 
Renski, University of North Ca.rol ina Highway Safety 
Research Center, and Vincent Catalano, City of 
Tucson. 

traflic would merely shift onto th eir streets. Forced tu rn 
device, were installed, but e mergency servicl' vehicles 

had <litriculty getting onto the street. 

SOLUTION 

After 20 yea rs of controversy, the property ow 11er~ o n 
Elm Street peti tioned to initiatl' the N eighborhood 
Traffic Mana<>ernent Program fo r thl'ir strl'l'C. ·1 he pro-:-, < 

g ram allows J majority of resident~ i11 a neighborhoo d 
to designate a Neighborhood l111prove111e11t District and 

charge a spec i;i] :isse,sment upo n p roperty owners in the 

di5tr ict to fu nd in1prowments or other proj ects. Upon 
City approval of the request, a neighborhood traffic pro­
grJm was instituted fo r Elm Street. The residen tial Traf­

fi c Advisory Committ ·e then h ired a local architect co 

design ;i tr,1fl-'ic mi t ig:ition plan. 

T he · Ji-affic Advisory Committee wo rked w ith the 
property O\Vners, surrounding neighborhood a,socia­

tio11s. the U niversity of Arizona, the bicyck advisory 
co111mittee, and rhe C ity of Tucson. All agcnne~ and 
committee~ approved the fi n:il pb11. D:ita was collcctl·d 

The slight slope and contrasting brick design of t he raised 
crosswalk ind icates the designated space for pedestrian 

crossing to approaching motorists. 
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ELM STREET BEAUTIFICATION 

Drawing of the approved plan for Elm Street's traffic calming and beautification. 

in 1990 prior to construction and afcer construction in 
199-L Speed data was also collected from counte rs set 

after comtruction. 

The design 's goal ,va~ to use beautifi catio n along w ith 

direct en gineering Illl'asures to reduce the speed of traf­
fi c without diverting it imo adjacent neighborhoods. 

The approved plan consisted of sever;i l , m all chicanes 

on both sides of the street , several tree- lined m edians, 

and a raised crossvva lk. Parking is allowed on both side~ 

of the street. The chica nes extend sligh tly fu rther than 

Tree-lined medians and small chicanes reduce 
drivers' perceived speeds on Elm St reet. 

the , ide street parking co provide grc:iter vi, ib ility fo r 

pedestrians wishing to cross the street and to ch ange 
d rivers' perceived speed of the street by frac turing its 

, traightness. The median, we re added 111;1 inly to further 

fracture the perce ived speed of the , treet rather th.m to 

ac t as pedescria II refuge islands. 

T rees \Yen:> planted :ilong the street and 111 the chic1m·, ro 

creatl" a c:inopy for the strel"t. The tree canopy provides 

shad l" for parked cars, pede,trians, and bicyclist, ,vh ile 

enhancing the ,1ppearance of tht· ,trect and Kl'l'ping 

spl"ed5 dmvn. T he raised cro,~walk is , lightly sloped .rnd 

at g rade with the sidewalk c,1ming nw1y driw r, ro ,lmY 

vvhile approaching the crosswalk. ThL· brick de,ign add, 

to the ,creetscape and provides contrc1st aga imt the p.1\·e­

menr. indicating to drivers the de,ig11.1ted ,p.Ke for 

pedestrian cros,ings . At night, the crm~1 11g 1~ illu111i 11atl"d 

by reflectors. The neighborh ood re fu,cd to imrall rhe 

usual pedestrian cross ing signage, statll l!,! that it \\·o uld 

d etr:ict from the L111dscape and scencr) uf the m·eer. 

RESULTS 

T he traffic volume after construction l1a, incrca,ed o nly 

a small percent:ige since 1990. The 85th perc~· nti lc> 

~peed is -+8 km/ h (30 rni / h), w hich i, desirabk f'ur chi, 

type of stree t. No hefo re speeds or volu1 nL''> were 
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fL'Corded. but ,peed reductions haw been noticeable. 

Although 11 0 reduction in vo lume has been noticed, 

traffic vo lu111es have not in creased at pace w ith the rest 

of the city. and surrounding neighborhoods have not 

L'Xpc.:rieJJLTd any increase in traf11c. 

Afrer 1 11 ye.1rs o f dispute, the Elm Street comrovcrsy 

ended \Yitl1 the construction of a be 1utiful and effective 

project. To pay for projects of this nature, which an: over 

and above ,d1.1t the city on provide as rou ti ne traffic 
c:1l111i11g ,rnd stret'tsc:1pe enhancem ent, T ucson establish­

es loc:il Improw ment Districts (ID s). The $120,000 cmt 
for the project wJs bonded over ten years, and i~ funded 

by th e property taxes ofloc:il property owners. Because 
the luxury ho tel owns the la rgest propt'rt}' in th is ID, it 

funded -10 p ercent of the overaU costs. 

According to V11icc.:nt Catalano of the Tucson Traffi c 

Engineering Department. pedestrians crossing between 

,1 nearby ho tel and parking lo t have reported feeling safe r 

.rnd m ore comfortable when using the raised crosswalk. 

\Vith a11 i111pron:d pedestrian environment, walk ing 

continue, to be a popular ac tivity in the neighborhood. 

CONTACT 

Vincent V. Catalano 
Traffic Engineering Manager 

City of Tucson 
201 N. Stone Avenue 

Tucson, AZ 85726 

Office Phone: (520 ) 791-4259 
E-mail: vcatalal@ci. tucson.az.us 
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Leland Street Redesign 

PROBLEM ··---High vehicle speeds posed a safety hazard for local 
residents and pedestrians on an arteria l roadway 
located in a densely settled inner-ring suburb popu­
lated primarily by single family homes with driveways. 

BACKGROUND 

Lebnd Street is an arte rial roaJway with closely con­

centrated residemial frontage ks~ th ,n1 .8 I k111 (0.5 m i) 

from the Bethesda M etro Station o utside of Washing­

ton, DC Leland Street serves as a backdoo r to IJL' the,­

d a, an access route betwet·n Wood111011L Ave11ue :rn<l 

Bradley Boulevard, two busy co111111erc ial streets. Wh ile 
ADT is not high on Ldand Street (approximately 1200-

2000). p rior to its redesign in ] 9<)9, the street ha<l expe­

rienced problems w ith excessive moto r vehicle speeds. 

Although the postt·d speed lim it is -tO km / h (23 mi / h). 

vehicles frequently traveled d own the street in exces, of 

56 km/ h (35 m i/ h). R eside-nts ofte-n experienced diffi­

culty backing cars out of th eir d riveways and walking 
across the strl'l't. L'edestri:ins traveling along both Wood­

mont Avenue and Bradley Boulevard to access the tran­

sit station and downtown I3ethe,rla. faced a dangerous 

crossing at rht· Leland Stree-t intersec tions. 

Whe11 a new eight-story apartment building was pro­

posed on nearhy Woodmont Avenue the potc11ti:il 

i ncre-ase in traffic alo ng Leland Street gave ne ighbor­

hood resident, an opportunity to raise the ir co11 c(-r11s 

about pedestrian and traffi c safety. A ser ies of 1m:etings 

allowed residents, the developer. the Maryland- Nation­

al Capital Park and Planning Co111missio11 , and the-

Prepared by Robert J. Schneider, Sprinkle Consulting, 
Inc. (SCI). 

Information provided by David A. Loughery, Montgomery 
County, MD Public Works and Transportation. 

Mo11tgo111ery Cou nty De-pa rtment of Public Works and 
Transporution to begin working together to reduce 

traffic peeds and improve the safety of the street. 

SOLUTION 

P. .. 1.·,idrnls initia lly requ e-sred ,peed humps, but M ont­

gu111cry County pol icy prohibits hu111ps on arterials. 

Thi, ob,taclc led designer, to :i 111ore rre:itive solution . 

h ,·c ce11tn tra ffi c i,Lrnd-;, two serv ing .1s gateways at 

Wood111o nt Awnul' :ind Bradley Boulevard, ,md six curb 

ext1.·11sio11, were comtructed to cre:ite :i ,erpe11tine tr:if­

fi c flow along the ,trl't't. At the intersection o f· Leland 

Street and Wood111ont Ave m1e, the curb radius was 

reduced fi-0111 1 S m (SO ft) to 9 111 (30 ft) to slow vehi­
ck, making right turm fi-0111 Woodmont Avenue onto 

Le Lrnd Stre-e- r. This .1lso shortened the crosswalk d istance 

Jt rlw Leland Stree-t intersectio n fo r pedestrians w;dki11g 

:ilong \Voo<l111011t Avenue. The curb radius reduction 

w:i, co111ple-111e11ted by the center island gateway to 

Leland Street, ensuring that right- turning vehicles did 

not ,wing \\'ide to m ake a faster turn into the street. 

According to David Loughery of Montgomery County 
O epart111e11t of Public Works and Transportation. the 

Gateway island at intersection. 
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Chicane with median island creating serpentine design. 

county's pri 111:iry , tratcgy w,1s to reduce turning speeds 

onto Leland a11J reinforce slower speeds with a serpemine 

trafr1c flow: ··If you c.in get \·ehicles ro enter the street 

, lowly, ,ate speech can be 111aimai11ed along the street." 

The project , which cost around $-Hl,000, would nol have 

been pmsihle w ithout the help of several diffe re nt 

groups. R.esidrnts ralkcJ to the deYeloper w ho agreed to 

ii.1ml comcruction of the improvement, ;'.llld bndsc1pi ng. 

The Montgomery Coun ty Depan111c11t of J>c..:rn1itting 

Services created the design and pulled the major playe rs 

together to strca11 dine the i111pkrnentJtion proce,,. Tlw 

Cou11ty provided a concr:ictor to reconstruct the srreet 

and re tained turning restriniom du ring pL·ak l1our~. The 

re,idents arranged fo r delivery of the landscape plantings 

and n1:iterials lo r the islands. planted them. and continue 

to maintain the plam, and shrubbery. 

RESULTS 

The redes1gm·d •Meet resulted in slower speeds :md safer 

conditions fo r pedestrians \\·alking ;'."! lo ng the street and 

crmsing ar rhe inrer,ectiom of LeLmd Street with Wood­

mo m Avenue :m<l Br:idley Boulevard. 13efore and after 

tr:iffic speed ~tudi c~ showed that the highest spee<l \V:ts 

lmw1·t'd from 71 to 6 1 km/ h (-+-+ to 38 m i/ h), 8:ith per­
CL'lllik ,peed was reduced from :'i2 to-+-+ km / h (32 Lo 27 

111i/ h), and mean speed dropped from 48 to 38 km/ h (30 
to 2-+ nti / h). Became tr;iffi c volullll' wa~ 11ot determined 

ro be a critical element in rhc- safety evaluation and dec i­

sion process, full before and afrer ADT coums were nor 

generated for the project. Two 011e-<l:iy. pe;1k-hour 

counts were taken to co11fir111 the low volu1J1cs. 

Prio r ro the project. approxim ately 60 household,, or 

over two-thirds of the ne ighborhoo<l , , igned a petition 

in support of the design. Oppo nents of the design were 

concerned .1bo11 t lo •;,; of p,1rki11g and obstructing em er-

gc11cy vehic le,, but only o ne resident compl:iined open­

ly about the project afrer it was completed. C omtant 
b:dback from the neighborhood duri11g rhe design 

process resulted in a de,ign th:it i, \t1pported by re, 1-

dents and w ill no t require expensiw retrofitting. 

Key, to the success of this project were good street 
desig n and co111111u11ity parrner<;hip. T he design used a 

combination of traffi c calming m casun·s to slow traffic 

:it the entry points. The: partnership included re,idents. 
:i developer, and two public agc.:n cie, ,rnrking together 

in every pha~e from pLmning to design and throughout 
construcrio11. In the end. traffi c speeds \Vere reduced to 

lcvds more appropriate fo r a resident ial comnrnnity, 

safety wa, e nhanced for m o torists ;md pedestrians, and 

the streetscape was improved with no n eg::nivt' imp:icrs 

on tr:it11c operations. 

Curb extension. 

CONTACT 

David A. Loughery 
Transportation Systems Safety Manager 
Montgomery County Department of Publ ic Works 
and Transportation 
101 Monroe Street , 10th Floor 
Rockville, MD 20850 
Office Phone: (240) 777-7161 
E-mail: dave.loughery@co.mo.md .us 
Web: www.co.mo.md.us 
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PROBLEM ··---Cut-through traffic and speeding was a problem in 

this coastal residential community. 

BACKGROUND 

N aples is a re latively aillucnt coasta l residenti;il commu­
nity that stretches 11.3 km (7 mi) along the beach in 

Florida; however it is o nly 1.6 km ( I mi) wide. Seventh 
Avenue is an east-west residen tial street that historically 

had problems w ith high traffic volumes and speeding. 

Beach- bound east-west auto travele rs o ften cut through 
residential neighborhoods at exces,ive speeds. l3efore 

the improvemen ts, 7th Avenue had approximately 8,000 
vehicles per day. with average speeds of approximately 
53 km/ h (33 mi/ h). 

SOLUTION 

In respo mc. Naples completed numerous traffic calming 
proj ect~ in order to , low down speeds and improve the 
ae~thetic appear:111ce o f the community. The C ity's 

approach to tra ffi c calming was a response to the 

demands o f residents in the affected neig hborhoods. 
T he re~idcnts were required to circulate petitions and 
hold pub lic he u ings to initiate the process. 

Afte r the neig hborhood re~idcnls had decided that 

:icti o n must be taken , they approached the C ity fo r 
:i,si, tance. The C ity conducted a study o f the t raffi c 

conditions of the street and prcsL·ntcd the information 
to the residents alo ng with potcmial alternative t r:iffi c 

solutions. The City also determined that the t raffic 
calming treatments ,vould not only slow down th ro ugh 

Information provided and contributions made by Dic:-7 
Gatti , City of Naples, Florida. I 

Median island and intersect ion roundabouts were 
installed on 7th Avenue. 

traffic, bu t residential traffic as well. After pre,enting the 

ne ighborhood rc:~idcnts with info rmatio n and alterna­
tives, the neighborhood chose w hat types o f improve­

m ents would be installed . 

A 111 1111be r of different treatments were i111plcmented 
along 7th A,·enue. T hree medians were added to nar­
row the I .6 km ( I_ () mi) ,treet and reduced its perceived 

design , peed. A median was added at the street 's 

Intersect ion roundabouts slow t raff ic on 7t h Avenue. 
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entrance alo ng with brick pavers to narrow the strl'l' l 

and ind icate tu dri, ·e rs that they \\'ere entering a rc~i­

dential neighburhuo<l. Some inte r,ection roundabout~ 
were installed along the street. Another inter<,ectiun was 

rai ed 0 .9 111 (3 ft) into a speed table and was e nhanced 
by brick paving. Intensive land,caping w:i, also added 

co makl' the ~tren appear narro\\'er :111d m ore ae,tl,eti­

cally pk.1~ing. 

RESULTS 

After thl· i111plem entacion of the in1 prove111e11t~. the Jrea 

exper il'nced an initial drop in traflic volu1rn: although 

volumes ,vere ,oon back to pre- i111prow111ent icvds. 
H owewr. traffic speeds dropped ,ign ifi c:1ntly by 18 km/ h 

( 11 mi/ h) tu an awrage of .1:i km/ h (22 mi / h). Despite 
the drop i11 average vehicle speed, , the co111111unity"s reac­

tion wa~ mixed about the traffic c:ilming trl'atments. T he 

nl'ighborhoods were very pk:t~l'd w ith them. but 

n 1utorists, particul:irl y thme driving ,crvin: vehicles des­

tined for the m any e:xpe1l',i,·e residence, that are located 

in the area, found the improvem ent, burdensome. 

CONTACT 

Dick Gatti 
Development Services / Engineering 
295 Riverside Circ le 
Naples. FL 34102 
Phone: (941) 213-5000 
Fax: (941) 2 13 -5010 
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Main Street Rounda 

PROBLEM ··---An intersection in Montpelier, Vermont had a confus­
ing traffic pattern and lacked a pedestrian crosswalk 
for one of the streets. A group advocating the bene­
fi ts of roundabout design asked the City to do a 
roundabout demonstrat ion project. 

BACKGROUND 

111 the early 1990s, the M o n tpd ie r C ity C o uncil ,va~ 

approached by a lo cally stationed statl' transporta t ion 

pl:111ne r and some local residents w h o w i, hed to fi nJ a 

loca tion to do a roundabo ut dem o nstration projc.:ct . I 11 
respom e to th is reque,t , the C ity Counc il orgJ n i7ed a 

roundabo ut steer ing com111ittee co dete rmine a locatio n 

to te, t ch i, intervention. 

T he group in itially conside red a , ignali zed inter,ectio n 

u nder con tructio n for the roundabo ut. but a d em o n ­

stratio n projl'ct t11;i11 g lum ber and pavem ent m arking, 

reve:iled nu merous geo111etr ic ,rnd u til ity relocatio n 

isrnes at the site . The roundabout ,tccring co111111ictee 

had to consider o ther inte r,ections. 

The unsignal ized inte rsec tio n of Main and Spr ing 

treet, , \·a, ano the r optio n bec:ime it wa, o n the con­

struction consideration list . but it was a low prio r ity. 

The veh icle flow ,ll the imer,ection functioned wi th in 

reasonable leve ls. but the intnsection d id have a confus­

ing tra ffi c pattern and the pedestr ian accomm od:itiom 

\\·ere ve ry poor. No crossw:i lk wa, provided for petlcs­

trian, to crm, Spring Street . T he committee ,elected 

L
Prepared by Laurie Actman, Pat rick McMahon, and 
Henry Renski, University of North Carolina Highway 
Safety Research Center, and Thomas J. McArdle, 
Montpelier, VT Department of Public Works. 

-- --

thi~ loc:ition fo r th t: dem onstratio n project :inci , uccess­

fulJy lobbied the City C o u ncil for funds based o n thei r 

own co,t estimate. 

SOLUTION 

Aftn working w ith the roundabout steering co111mit­

tee. a roun dabout \\as im tJ lled in Augu st of 191)5 and 

pa id for e 11tirely by local fund ing. It consisted of a 

single roundabo u t with ;i rad ius ranging fro m I (, .1 m 

to 16.5 m (52.7 ft to 54.2 ft), th ree single lane 

app ro,1ches, a co n1111 e rc ial d r iveway, and a single c ir­

culat ing lane. T he roundabou t has a \\' ide aspha lt 

apron co accornrnodate l h e roug h ly ·10 heavy trucb 

p ,1~!>111g thro ug h th e inte rsect io n 0 11 we~·kdays, a lan d ­

scaped center w ith :i rree, and a g ran itt: cu rb. Sp lir­

ter/deflecto r islands o n the b ranc hes are inte n ded to 

fo rce veh icu la r tra ffic co e nte r the ro unci ;ib ouc using 

o n ly r ig ht tu rns. T h e approaches were designed to 

\low vehi cular traffic to y ield ro ped estriam i11 the 

cros~walks. The c rmswalk, are pa in ted 6. 1 m (20 ft) 

back fro m the yield line an d cross th rou g h the ~plitte r 

isb n ci, at :ill th ree app roaches. 

RESULTS 

Com truction o f the roundabout, o rig i1ul ly est im ated 

by the roundabout ~leer ing committee co cost ~62.000, 
had a ti11Jl cmc totaling 160,()(Hl. The committee\ 

o rig inal estim ate was low because d rai1uge system s lud 

ro be relocated and the C ity h:id to purch:ise property 

to fi t the circular roundabo ut w here the "T'' intersec­

tion was located . Som e residen ts did n ot like the 

ro undabout because of it~ cost and the face that i t was a 

"proj ect looking for :i place to happrn ... Further, som e 

truck d rivers avoid It because of its restric tive approach­

e~ and it, :ib rnpt edges o f g ra11i tL' rnrb, and som e eld er­

ly dr ivers have compbined becau,e they c1 rc 111ti 111 idat­

ed by the yield ru les. 
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Overall , the roundabout improved cond itions for both 
pedestrians and vehicles at the intersection of 

Main Street and Spring Street. 

Yet, the overall reaction to the roundabout has been 
pos1t1ve. 1 n a follow-up survey conducted one yea r after 
the project's co111ple tio 11 , 85 percent of the respondents 

had a favorable o r neutral opin ion of the roundabout. 
U11fortu11::itely some Juto111obile tires were d:i m:iged 

when drivers cu t too close to the g ranite edge of the 
round::ibout or p:issed through at speeds higher than 

intended. After completion of the proj ect, citizens sug­
gested installing signs that require lower speeds within 

the rounda bo ut and providing more cfTectivc landscap­
ing to the apron to clarify the roundabout's size. 

In many w::iys, the roundabout is working better for 

vehicular traffi c than a signalized in tersection. All three 
approaches to the intersection have a posted speed limit 
of 40 km/ h (25 rnj/ h), and actual speeds may be even 

slovver because of the approach and departure geometry 
of the roundabout. While most area drivers still use the 
same routes (the average daily traffi c levels continue to 

be about S,000 on Main Stree t south o f the round­
about, 2,.S00 on Main Street north of the rou ndabout. 
and 6,000 on Spring Stree t), the m edian peak hour 

delay reduced from 11.o s co 2.2 s and w er:i.ge peak 
hour delay dropped from 6.:1 s to 2.7 sat the intersec­
tion. Also. th<:'. roundabout was one o f the o nly design 
alternatives for the intersection that could accommo­

d ate a commercial driveway without creating inconven­
ient turning restrictions. A number of vehicles have 

been observed making "U- turns" around the round­
about and obeying the no U - turn sign on Main Street 
i tself. Additionally, an adjacent street, Elm, ,vas tem­

porarily closed due to a rockslide and the roundabout 
e ffectively absorbed this traffic, proving its effectiveness 
at higher volumes. 

The benefits of the roundabout have also extended to 

pedestrians, especially students and staff who walk to 

Main Street Middle School. The school, with roughly 

340 students and 50 staff members, is located down the 

street from th e roundabout. While the " T " intersection 
created conflicts between fast-moving vehicles and 

pedestrians using the in tersection to go to school, the 
roundabout improved safety for the students and staff 
because vehicles were slowed within the roundabout 

and entered Main Street at slower speeds. [11 addition , 

the pedestr ians used the new marked crosswalks to cross 
the approaches to the ro undabo ut. 

According to Assistant Principal Tom Lever, the pedes­
trian crossings at the roundabout are significantly safe r 

for his students. Because the roundabout is built co pre­

vent drivers from speeding through the intersec tion , 
they are better p repared to yield at the pedestrian cross­

ing. H e also estimated that this intersection, prev iously 
avoided by most pedestri:ms, now has 30 to 50 students 
w:i lking through the roundabo ut in the morning and 

ro ughly 150 walking through in the afte rnoon. 

CONTACT 

Thomas J. McArdle, Assistant Di rector 
Montpelier Department of Public Works 
39 Main Street- City Hal l 
Montpelier, VT 05602 

Phone: (802) 223-9508 
Fax: (802) 223-9508 

E-mai l : TMCARDLE@montpelier-vt.org 
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GREEN BAY, METROPOLITAN AREA, WISCONSIN CASE STUDY NO. 49 

School Zone Round 

PROBLEM ··---A highway near a school complex contributed to high 
vehicle speeds and the proposed solution of adding two 
modern roundabouts was met with public skepticism. 

BACKGROUND 

Prior to 1999, 1.3ayView Middle School and forest Glen 
Elementary School in the Creen Bay suburb of 

I loward, WI were bounded to the south by a county 
highway that carried whicles at very high speeds. Since 
the county highway runs directly in front of the middle 
school ,md v<:ry closl· to the ek111c11tary school, a 2-1-
km/ h ( 15 mi/ h) ~chool zone had been in pbce for sev­
eral years. H owever, the regular posted spt'ed limit wa, 
72 km/ h (-+5 mi/ h), and 111:111y rnotorist5 traveled elmer 

to t his speed ,vhen children were present and well 
above it v.r hcn children were nor. For th is and ocher 
reasons, the county sheri ff\ department designated the 

higlnv:1y as a hnardous area co force the ,rhool district 
to bus kids across the ro;id. To make a bad situation 
worse, the high ,chool that was to be bui lt on the cam­

pus in '.2000 was expected to add hundred, of inexperi­
enced drivers to the hazardous highway's growing daily 

traffic load, 50 the county needed to ;ice quickly. 

The county could have simply accomrnodated the new 
traffic by expanding the highway to four lanes. con­

structing turning lanes and signals at the intersections, 
and adding several other fcatun.:s that would maintain 

the high vehicle speeds and virtually guarantee that 
children would never walk or bike to the schools. But 
the Brown County Planning Co11u11ission instead rec­
ommended a solution that ,,·ould slo,, traffic and make 

the highway safe and accessible for pl'lkstrians and 

Prepared by Cole Runge, Principal Planner/MPG 
Director, Brown County Planning Commission. 

bicyclists of all ages . The solution was to install a nar­
rov,' stree t and two modern roundabouts. 

SOLUTION 

In 1998 and 1999, the county p lanning commission 
vvorked with the county highway department and rwo 

communities to plan, design, and build Wisconsin 's first 
modern roundabouts at the east and west ends of the 
school campus. The roundabouts were believed to be the 

best method to slow drivers in the school zone and enable 
children to reach the schools safely o n foot or by bicycle. 

-- --- ---

An approach to one of t he modern roundabouts near the 
Howard school campus. 

Even when suppo rted by enforcem ent, the mne iden­
tification of a school zone does not guaran tee that 
motorists ,viii travel at o r below 24 km/ h (15 mi/ h) 

because people rend to drive at speeds char feel co111-

fo rtable to them. The best method of ensuring that 

drivers wi ll travel at a lower speed is to design streets 
that discourage higher speeds and make them feel com­
fortable when traveling slower. This goal was acco111-

plished by retain ing the highway's two lanes. adding 
bicycle lanes and sidewalks, and constructing two 
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roundabout~ to force drivers to travel at low speeds 

when approaching and traveling throug h the campus 

intersectio n ·. In additio n co lowering vehicle speeds. 

roundabo uts m ake intersec tions safer for pedestri ans of 

all ages by m inimizing co nflicts, e liminating cra, hes 

caused by drivers disregarding red lights and stop , igns. 

and mi nim izing pedest r ian exposure co cr;1ffic by 

enabling people co cross n arrow t ravel lan es that an: sep­

arated by a median refuge at each approach . 

RESULTS 

During the year between the planning con111uss1o n 's 
recommendation for the roundabouts and the proj ect's 

completio n in the fall of 1999, people prote,ted this 

locally untested devi ce. D espite years o f rnccess 

througho ut the world , rnm e reside nts were convinced 

that the rou ndab out,- o fren confust>d with much Lu g­
er traffic circles-would create t raffi c cou gt>stio n, cause 

severe crashes, :ind lead to the i1tj ury or death of the 

child ren they ,vere designed to protect. But this rcsi,;t­

ance began to d isappear as they ,vcre being bui lt and 

people h:id the chance to see that the rourn.bbout~ were 

much srn:ill e r, effic ient, and m ore attractive than they 

had thought. 

Three months afte r the proj ec t was completed , the 

planning commissio n found that co ngestion d id no t 

exist at che intersec tions even tho ugh che Yasc major ity 

of vehicles appro aching the roundabouts were traveli ng 

at o r below 32 km/ h (20 n1 i/ h) before re:ich ing the 

crosswalks throughout the entire day. lncre:1sed tra/1-ic 

volum e was also accommod;i ted effectively. At o ne o f 

the roundabout location-, the numbe r of vehicles entn­
ing the inter,ectio n inc reased from 5 ,( ,()() per day in 

1998 before the round;ib o ut construction to 10,800 per 

day in 200 I . 

R epor table c rashes and injuries also decreased signifi ­

can tly w hen the roundabo ut was constructed . Between 

1996 and 1998, the inte rsection averaged three c rashes 

and fi ve inj ures per year as a two - way stop. Although 

the number o f e nter ing w hick s increased signifi cantly 
afte r the high school open ed in August 2000, no crash­

es were reported at the round.1bout bet,,·ce11 August 

1999 and O ctober 2001. 

Before long. the plann ing com n11ssio 11 and 1 loward 

began receiving letters an d ca lls from the sh eriff's 

departmen t, middle school, school bus co mpany. and 

o thers d irectl y afit ·cted by the p roject that expressed 

h ow pleased they were w ith the project's results. In fac t, 

the sher iff \ departm ent was so pleased that it rem oved 

the highway 's haz:i rdous desigmtio 11 in 2000. Students 

are now able to walk and bike to scho ol instead of being 

fo rced to be bused o r dr iven by their parent~. 

T he co,c o f one roundabout w:i, abo ut $180,000 and 

th e ocher vvas sligh tly less . The co m were shared by 

Brown C o unty, the V illage o f H oward. :ind the Town of 

Suamico. T he succe<;<; of this p r~ ject has tu rned 111:iny 

crit ics into supporte r, ;ind has led to the co m tructio n of 

three additional rou n<labo 11 cs next to a m id dle scho ol 

and high schoo l in the metropoli t::in ::i re::i communities 

of D e Pere :m d Ledgeview. R o und:ib o uts arc c1lso being 

pl;in11 ed o r di,cussed fo r school zones in other par ts o ( 

Brown C o unty bec:w se the roundabo uts do m ore than 

j ust tell people to drivt' s:ifely in schoo l zones - they 

fo rce them to drive s:i fely. 

CONTACT 

Cole Runge, Principal Planner/MPG Director 
Brown County Planning Commission 
100 North Jefferson Street , Room 608 
Green Bay, WI 54301 
Phone: (920 ) 448-340 0 
Fax: (920) 448-3426 
E-mail : coleru@ci.green-bay.wi.us 
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Harold Street Traffic Calming 

PROBLEM ···--Residents ident if ied problems includ ing excessive 
speeds, cut-through traffic and unsafe b icycle and 
pedestrian conditions. 

BACKGROUND 

The Traffic Calming Section of the Portland Office of 

Transportatio n bega n a project in January of 199 1 to 
add ress problerrn iden tified by residents alo ng SE 
Harold bl."tween 52nd Avenue :rnd 72nd A\·enue. Fur­

ther investigat io n prompted the expansion of the proj­
ect to include SE Harold be tween 72nd Avenue and 

Foster Road. 

The project\ goals were to reduce traffic speed, o n SE 

Harold Street, to improve safety for vehi cle~. bicyclists, 
and pedestrians, and to reduce no n-loc 1l t rafl1c volume. 
Traf11c calming strategies would include m easures that 
encourage slower vehicle speeds, increase pedestrian 
cro,sing o ppo rtunities, and improve sight di,tances for 

driw rs, cyclim, ;111d pedestriam alike. 

The speed limit o n SE H arold is -H~ kn1/ h (3flmi / h); 

however, over the length of the street, SE H arold's 85th 
percentile speed was measured to be 60- (,-1 km/ h (37-
40 mi/ h). The daily traffic vo lume was J11 easured in the 

range of 3400 to -1800 vehicles per clay. T his vo lume of 
traffic is considered high for a street like SE Haro ld. The 
volume of traffic. combined with retail u,es and pedes­

trian generators, m ade the excessive speeds on SE 
H arold a significant concern . In additio n. J large por­
tio n of the average dai ly traffic 011 SE Harold. prior to 

this project, was believed to be cut-through traffi c. 

Informat ion obtained from the City of Portland's 
official Web site and reviewed by Scott Batson, 
City of Portland. 

Curb extension on Harold Avenue. 

SOLUTION 

A traffic committee was formed from residents in the 
surrounding neighborhoods to discuss planning . Inpu t 
was Jlso g,ithe red through required o pen house, a11d 

ballots from residents and landowners ul properties 
adjacent to the street. Bureau ofTraffic Ma11agl' J11Cnt 

staff developed sever,d ,dternati , ·c·s for ~trategically locat­
ing device, to achievl' thl' projl'ct goab. 

The median island on Haro ld east of 52nd Avenue 
slows turn ing vehicles. 
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T he devices choser1 fo r SE H arold included o rr e 111edi­
an island to reduce corner c utting and turnin g speed 

from SE 52nd , ek vrn 6.7 111 (22 ft) speed bumps 
spaced 91-27 5 m (300-900 ft) apart, and curb exten­
sio ns at 5 intersections. 

T he Bureau of M;i inten;rnce constructed the speed 
bumps be tween July of 1993 and M:iy o f 1994 . 

Copenhagen U til ities and Constructi on , Inc . con­
structed the proj ect's median isla nd and curb exten­

sions between July :ind October o f 1994, at a cost of 
:ipproxi rnately $117,000. 

RESULTS 

Traffic Volume on SE Harold, p rior to proj ect construc­

tion ranged fro m 3400 to -1800 vehicles per day with a 
steady i11 crcasc in volu r11e toward the East end of the 

project segment. This increase in volume is likely due 
to f oster Avenue's higher classification and the fact that 

the closest freew·ay, 1-205. is co the East. 

Total volumes on SE H arold have decreased to the 
range of 2000 to 3500 vpd. T he trend of traffic volume 

co increase coward the East has not changed since the 

reasons for the increase, Fos ter and 1-205 , have also not 

changed. The 1600 vehicle per day (average) drop in 

daily traffi c volume is J reductio n of 37 percent. T h is 
drop presumably represents cut-through drivers who 

found the speed bumps co be inconvient. This am o unt 

of volume decrease is considered very signi ficant. 

H owever this level reduction is unusual and most likely 
due to the numerous adjacent and more appropriate 

alternative rou tes. M easuremen ts o f traffi c volumes on 
adjacent stree ts show an increase on the streets adjacent 

to SE H arold, while the total traffic volumes, including 

H ;irold, have decreased. N o ne of the adj acent side 
streets showed an identifiable traffic volume increase 

exceeding allowable thresholds. T he 85th percentile 

spc-c-d on SE Harold prior to project construc tion 

ranged 60- 64 km / h (between 37-40 mi/ h). Measure­

men t since speed bump construction shows an average 

decrease in th e 85th percentile speed o f 10 km/ h (6 

SE Harold Street Volume Profile 
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mi/ h). The graph above shows that the peak in speeds 
has shi fted from :iS- 58 km/ h (34-36 mi/ h) to 45-48 
km/ h (28-30 mi / h). The shape of the after curve indi­
c;:ites ;i concentr;itiou of the vehicle speeds . Also, a high­
er percent of vehicles are now traveling below· the post­

ed speed limit, wh ich remained at 48 km/ h (30 m i/ h). 
A check of :ivaibble Dep::irtment of Motor Vehicle 

records fo r the 15 mont11'; before the speed bumps were 
constructed a, comp:ired to the s::ime tim e period after 

construction shows the number of reported accidents 
dropped from 17 to 13. The number of injuries report­

ed in those accidents :ilso dropped from ·1 (, to 8. 

A 6 .7 m (22 f t) speed bump on SE Harold. 

Traffic Calming o n SE Haro ld has been very successful 
and neighbo rhood livability has been enhanced. When­

ewr the average speeds and vo lumes of vehicles are 
reduced an associated reduction in the number and 

severity of acc idencs can be anticipated. Additionall y, a 
redu ction in speed allows drivers more time to observe 
the roadway for conflic ts and permits shorter stopping 

distances. Fewer drivers using the street creates more 

and longer gaps for pedestrians to cross. 

CONTACT 

Scott Batson 
Senior Engineering Associate 

City of Portland Office of Transportation 
1120 SW 5th , Room 800 
Phone: 503-823-5422 

Fax: 503-823-7576 
E-mail: Scott.Batson@pdxtrans.org 
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Curb B~lbouts with Bicycle Parkin 

PROBLEM ··---The rate of crashes involving pedestrians experienced 
a sharp increase in the downtown area. 

BACKGROUND 

In 1995. Corvallis had a total of six pedestrian crashes, 
the majority o f w hich took p lace w ithin the downtown 
area. In 1996. the number of pedestrian crashes rose 

unexpectedly to ?2, again with the majority in the 
downtown area . T he City needed to devise a plan to 
increase the safety of the downtown area for pedestrians 

as well as address the needs of the numerous cycl ists 
who live there. 

Monroe Avenue at 21st Street. 

Information provided and contributions made by Steve I - 1 -1 
Rodgers, City of Corvallis and l im Bowey, former chair 

I of the Bicycle/Pedestrian Advi ory Commission . 

SOLUTION 

The 13icyck/ Pedestrian Advisory Commission deter­
mined that curb extensions fu rnished ,vich covered 
b icycle racks would help both pedestrians and cyclists 
while slowing down traffic. T he Ci ty decided to install 

three curb extension bulb-ollts 0 11 Monroe Street. the 
main commercial strip next to the O regon State U ni­
versity campus, to maximize the in1pact in an :=t rea with 
h eavy bicycle and pedestr ian traffic. The total cost of 

the three intersection bulbs ;:i nd covered bike racks was 
$ 140,000. The Oregon Department ofTr:rnsportation 

funded S I 00,000 of the project and the City of Corval­
lis fu nded the re1mining $40,000. The bike rack cover­

ings were designed specific::ill y to blend in with the 
:=t rea's ;irchicectural style. The Bike lanes already in exis­
tence along Monroe Street pri or to chis project were 
not ch;mgecl. 

Sidewalk bulb-out with covered bike parking. 

The new bulb-out, were the beginning ofan attempt to 
focus on pedestria11 safety with in the do,vntown area. 

As such , the City has been pleased with the curb exten­
sions, and is already comidcring funding for three more. 

They C ity is also very plca~ed w ith the current design 
for the covned bike parking and bulb- out. 
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I nici:illy. -;orne of the business owner, along chis street 
were not enthusiastic about the bulb-outs and bike 

p:i rking, but now, they are quite ,upportive of these 

project<;. In fact. Jim Dowey. fo rmer ch:iir of the Bicy­
ck / Pcde tr i:in Advisory C01n111i,,ion, ,:i id th:it he has 

never he:ird anyone say anything baci :ihout the project 
since its implemenution. 

RESULTS 

Stew Kudgcrs, l'ruject M an:igcr w ith the Public Works 

Deparnm·nt of the C ity of Corvallis, believes the proj­
ect had a pusitive impact in the communi ry. The bulb­

o uts helped direct pede,crians to cro,swalk5. im re:1d of 

crossing at morc dangerous mid- block locations. T,Yo of 
the bike racks are constistantly full and one is regularly 

half full. Locating the bike racks 0 11 bulb-uut curnc rs 
also encouraged users to cro,s at the cro,,w,tlk adja<.:ent 

to the bike racks. And, in a surpr ise to ;111 ,nvulved. th e 
covered areas for bike parking have.: ,c.:e11 regular use as 

transit stops by partons of the bus service. ,01ne ur 
whom tho ught that they were de,igncd ,ts tramit ,top,. 

Although no specific data is availJble to m ea,ure th e 

effecrivenes, o f this project, anecdotal cv1dence ,uppurt, 
the project's succe,s in contributing to the ,,,fc ty of 

pedem·ians in the downtown area of Con·alh,. 

CONTACT 

Steve Rogers 
Publi c Works Direc tor 

City of Corvallis Public Works 
P.O. Box 1083 

Corval lis, OR 97339 
Phone: 541-766-6916 

Fax: 541-766-6920 
E-mai I: steve.rogers@ci .corval I is.or. us 
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rJattic Calming Program 

PROBLEM ··---Residents of Sarasota were concerned about speed­
ing vehicles, motorists cutting through resident ial 
streets instead of using arterials, and pedestrian safe­
ty while crossing streets. Specifically, the Gillespie 
Park neighborhood was concerned about the safety of 
chi ldren crossing the st reet to play at the local park. 

BACKGROUND 

Sarasota was one of the first communities in the coun­

try to develop a traffic calming program. The City's 

Traffic Calming brochure states: 

The fu nction of local residential streets is not just ro act 

as a corr idor for vehicular traffic. They are also for 

social interaction. walking and bicycling . Each residen­

tial street w ill have these ingredients in different pro­

ponions but no one function should dominate over all 

others. Tr;iditional Traffic C1lming ;idheres to this 

assumption and can be defined as: the combinatio n of 

mainly physical m easures that reduce the negative 

effects of motor vehicle use, alter driver behavior and 

improve conditions for non- motorized street use. T raf­

fic Calming changes the look and feel of a street. lt 

does not discourage vehicle travel but it encourages 
;iutornobile drivers to operate safely with consideration 

for others on the street. It works to improve the quali ­

ty of neighborhood lite by creating safe attractive 

streets, and providing, and promoting pedestrian and 
cyclist activi ti e,. 

Prepared by Natalie Rush, Transportation Pl.anner, City 
of Sarasota, FL. 

SOLUTION 

The Sarasota Traffic Calming Program involves public 

participation in the p lanning and design process. IZ.esi­

dents also conduct before and after studies to ensure 
that the devices are effective. When speeding and pedes­

trian safety problems arise in a ne ighborhood, the Engi­
neering Department fo rms a list of neighborhood resi­

dents that would like to participate in a Traffic Calming 

Task Force to help design a neighborhood Traffic Calm­
ing M aster Plan. 

To a id them in creJ ting the plan, this T:isk Fo rce is pre­

sented with design optiom, ,uch as ,peed t:ibles, neck 
outs, mediam, etc., :rnd is given a significa nt amo unt of 
b:i,eli ne information, including: tr:iffic counts, resident 

,rnd business input, current street clesign dimemions and 
conditiom , funding guidelines. and traffic calming vvar­
r:rnts. Upon approval by consensu, of the Ta,k f orce, the 

p lan is presented to the neighborhood :H an open house 

for t he co111111u11ity to view. comment, :md vote on the 
p l:111. finally, a public he:iring is held before the City 

Co111111is,io11. If the pbn i, ;ipproved at the hearing and 
funding is avai lable, the pl:.111 is implememed. 
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One location where resident~ identified the need for 
traffic calming was near Gillespie Park. Using the 

process described above, the neighborhood Task Force 
decided to install raised crosswalks at the intersections 

near the park and speed tables at a mid- block location 
on an adj acent street. In add ition to slO\ving ve hicle 

speeds, raised speed tables improw the visibility of chil­
dren crossing the street and provide a highly accessible 

crosswalk for pedestrians with disabilities. The improve­
ments near Gillespie Park cost SJ l.500 and were paid 

w ith C:iry funds. Similar projects have been comple ted 
throughout the C ity. 

RESULTS 

TRAFFIC CALMING PROGRAM 
To date, the C ity has planned and i111pleme nted 12 rr;if­

fic calming project,, including more than 90 speed 
humps on its streets. In recent ye:irs. the publi c has 
requested more traffic calming project, than can be 

accommod:ited by the> budget o f the progr:1111, only 
S 150,000 per year. 

Public response to traffic calming measures ]us been 

predornin:intly positive. In several cases. resident, of one 
neighborhood have heard about the pedestrian safety 
benefits and speed reduction effects of traffic calming 

proJects in anothcr neighborhood, and started thl· 
process in their own area. 

In addition to budget constraiut~, o ue challenge for the 

program is deter111in i11g the best pbcc111ent of speed 
tables on road~ fronted by narrow. 15.2 111 (50 ft) wide 

reside ntial lots. It can be difEcult to avoid placing the 
devices in front of driveways, mai lboxes, and 11 cxt to 

drainage inlets in neighborhoods ,vitl1 lo t sizes this small 
or smaller. 

SPEED TABLE EFFECTIVENESS 
lktwecn 1996 and 2000, the City documented the 

effects of speed table projects on traffic speeds. traffic 
volu111es. and cut-through traffic at n ine locations 
throughout the city. All streets had a posted speed limit 

of 25 mi/ h (40 km / h) and carried between 240 and 
1460 vehicles per day. 

Traffic speeds decreased at all nine locations. C onsider­
i 11 g :ill sites. the aver:ige 85th perce nti le speed before the 

speed cable insulbtion was ">6 km/ h (J"i. I mi / h). After­
ward, speed lowered to 48 km/ h (28.9 mi / h), a decrease 

of 17 pe rcent. 

Speed tables had a mixed effect on traffic volumes, 
increasing at three and decreasing at six of the lo ca­

tions. Although the change in traffic level at each site 
ranged fro m a 29 percent decrease to a -42 percent 
increase. over all nine locations the traffi c levels 

decreased by about I I percent. 

Finally, Sarasota studied the effects of the speed ubles on 
cut- through traffic. Before the speed tables ,vere con­

structed, the proportion o f traffic using the street for 
cutting through ranged between 1 () and 88 percent. 
Whi le cut-th rough traffic incre;ised at three of the sites , 

it decreased at the ocher six. C hange in cut- through 

traffi c ranged fro m a decrease of 49 percem to an 
i ncre;l';e of 87 percent. 

In summary, thi, study showed mixed results w ith reg:ird 
to speed t:ible impacts o n tr:iffi c volumes :ind cut­

through traffi c, but signific:int benefits in the area of 
speed reduction. Slmver speeds and lower traffi c volumes 
should contribute to ;1 s:ifer environment for pedestrians. 

especially in areas where many people cros, the street, 

such J S near G illesp ie Park. 
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CONTACT 

Natalie Rush 
Transportation Planner 
City of Sarasota 

1565 First Street 
Sarasota, Florida 34236 
Office Phone: 941-954-4180 

E-mai I: Natalie_rush@sarasotagov.com 
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PROBLEM ··---As the City of Seattle's arterial routes become more 
congested , motorists look for quicker routes and often 
choose to use non-arterial streets through residential 
neighborhoods. Communities have increasingly 
cal led for traffic calming device installations on t heir 
neighborhood streets to discourage cut-through traf­
fic, reduce veh icle speeds and improve pedestrian 
safety and comfort. 

BACKGROUND 

Seattle's Neighborhood Transportation Services (NTS) 

b egan as an o u tgrowth of p rograms to improve dett' ri­
orating neighborhoods. Reside nts of Seattle approved 

the Forward Thrust B ond Issue in 19(18 w ith a major 

emphasis reducing traffi c imp:-1c ts a nd supporti ng for 

street improvem ents to re-vitalize de te rior;iting neigh­

borhoods. D e mo nstr:ition projects testing a v;iriety of 
traffic control devices, such as traffi c circles, diverte rs, 

chicanes and partial and full closures began in 1973 and 

continued througho ut the 1970s and 1980s. 

Since then, the NTS continues to e111phasize citizen par­

ticipation and has grown into a popular an<l highly visi­

ble prog ram. Chicanes are one device List·d by the City's 

Neighborhood Traffic C ontrol Program to reduce vehi­

cle speeds and improve pedestrian safety and com fort. 

To date, Seattle has installed chicanes at 13 locations. 

SOLUTION 

Seattle's chicanes are a series of tw-o or three curb bulb­

outs, placed on alternating sides of the street and stag­

gered co create a cu rved one-lane segment o f roadway. 

Prepared by John C. Marek .and Shauna Walgren 
City of Seattle, WA. 

Chicanes on NE 70th Street . 

C hicanes help reduce vehicular speeds by requinng 

m o tori sts co maneu ver through the curb bulb- outs, one 
vehicle at a tim.e. The spacing bet\veen the curb bulb­

o uts and the di stance they extend into the road·way deter­

mine how easily m otorists w ill be able to maneuver 

th rough the chicanes. T hese devices have a calming effect 

o n streets (particularly if they arc la11clscaped) by crea ting 

a visual 11arrowi11 g o f the street. They also enhance the 

local neighborhood appearance and improve com fo rt 

and safety for pedestr ia1 1s using the roadway. 

T he C ity of Se:1ttle studied th ree chicane installations 

for th e ir effectiveness at reducing vehicle speeds and 

discouragi ng cut-through traffi c. 

In 1984 , two sets of chica11es were i11stallcd 011 NE 70th 

Street bet,vee11 12th Avenue N E and 15th Avenue NE. 

Each st·t consisted of three curb bulb- outs extended 

approximately 4 111 (13 ft) into the street. The bulb-outs 

were spaced 15-2--1- 111 (50- 80 ft) apart. w ith the two sets 

of chicanes located 128 111 (420 ft) apar l. 

Two sets of chicanes were also installed o n NW 55th 

Street ;md NW Sfah Street between Jrd Ave nu e NW 

and 1st Avenue NW in 1992. T hese chicane curb bulb­

o u ts are sp:iced :ipproximately 18 111 (60 fr) ap:1rt , 
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Chicanes on NE 98th Street. 

narrowing the travel lane to 3.6 111 (12 ft) . The distance 
between the sets of chicanes is approximately 9 1 m 

(300 ft). 

A single chicane w:is installed o n NE 98th Street 
between 20th Avenue NE and 23rd Avenue NE in 1994. 
This device has 23 m (75 ft) between curb bulb-o uts. 

RESULTS 

The chicanes have sign ifican tly reduced the speeds of 

vehicles traveling on th e streets. At all the study loc1-
tions. there ,vas an initial reduction in 85th perce ntile 

speeds of 13-21 km/ h (8- 1.1 m i/ h). R esu lts of follow­
up studies for NE 70th, N W 55th , :ind NW 56th Streets 

show that over time initi:il speed re<luctions ero<led by 
only 1.6-5 km / h (1-3 mi / h) after the chic rnes h:i<l 
been in place for a few years. Over:ill , speeds remaine<l 

18-15 percent lower tlun be fo re inst:i lla tion. The slight 
increase nuy reflect motorists' fami liarity with the 

devices :ifter driv ing through them repeatedly. 

Chicanes also reduce speeds be tween sets of devices. 
While not as great as wichin the device itself~ the speeds 

between sets of chicanes were reduced by up to 13 
km/ h (8 mi / h), or 28 percent. Northwesc 55th and 
56th Streets showed the greatest change with reductions 

of l0- 13 km/ h (6-8 rni / h) perhaps due to the relative­
ly close spacing between the curb bulbs and the short 
distance between chic:1nes at these locations. 

Ve hicle volumes on NE 70th. \ X/ 55th , and NW 5(1th 
Streets ranged between approxi111:1tely 1400 Ave rage 
Weekd:iyTraflic (AWDT) and 2000 (AWDT) before the 
chicanes were installed. A WOT decreased by -18 percent 

on NE 70th , 32 percent on NW 55th, and -13 percent 011 

NW 56ch ati:er installation . lnterescingly, the volume 011 

NE 98th Street remained relatively unchanged (increase 

from 1 %5 AWDT to 1993 AWDT) perhaps because no 

easy altern;itivc routes exist. 

Overall, Seattle has found that the chicanes have been 

very effective at reducing speeds and bringing m id­
block speeds closer to the non- arter i;tl limit of 40 km/ h 
(25 mi/ h). This benefits pedestr ians because slower 
speeds reduce the probabi lity of se rious injury in the 

event of a coll ision :md incre:1se comfort fo r pedestrians 
walking along or crossi ng the street. Chic:tnes have also 

e ncouraged motorists to me nea rby arterial routes, 
thereby lowering rn t-through traffic. 

CONTACTS 

John Marek 

Senior Traff ic Engineer 
Phone: (206) 684-5069 
E-mail: john. marek@ci .seattle. wa. us 

Shauna Walgren 
Senior Transportat ion Planner 
Phone: (206) 684-8681 
E-mai l : shauna.walgren@c i.seattle.wa.us 

Seatt le Transportation Department 

8 10 3rd Avenue 
Cen tra l Bldg., Room 754 
Seattle, WA 98104 
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PROBLEM ··---Residents felt it was unsafe to cross a city street in their 
neighborhood and requested a mid-block signal and 
crosswalk. An engineering study showed that existing 
signal warrants could not be met to justify the signal. 

BACKGROUND 

fn 1997, the Penn South C:o-op Board, on the upper 

West side of M anhattan, requested a mid- block signal 

and crosswalk on West 24th Street to improve the safe­

ty of ped estrians crossing the street destined for a play­

g round in o ne direction or a subway station in the 

other. New York City's Department ofTr::insportation 

(NYC DOT) found that the crossing location did not 

m eet warrants for a signalized, mid- block crossing . 

However, observ;itional studies and neighborhood testi­

mony confirmed that a signifi cant number o f cr'O';,ings 

were lllade at the location of interest and along the 

entire block. 

The Penn South housing developmcm is c lraracterizccl 

by towers set back from the street in park- like 

,uperblocks. To create the superblocks, West 24th and 

West 28 th Streets between Eighth and Ninth Avenues 

were widened to 15 m (SO ft) , as oppo~cd to the llOnrral 

9 .2 m (30 fi:). The posted speed limit on West 24th (clas­
, ified as a loc::il road) was 48 km/ h (30 111i / h ) and week­

day ADT was 5450 vehicles. T he street's extr:io rdinary 

w idth m eant m ore lanes and more capacity, but actual 

vehicle volumes were similar to unwidened streets in the 

neighbo rhood. The result: drivers drove faster. 

On West 2-lch Street two heavily traversed mid- block 

passages intersec t- o ne le::ids to the Penn South play­

ground, the other to a subway station. In addition , other 

Prepared by Michael King. 

> 
< 

w 2':i ':,1 

This d iagram shows pedestrian desire lines 
in the Pen n South area. 

pedestrians take ad vantage of the bend in the road to 

shave time off their journeys. Taken together- w ider 

road , faster cars, reduced visibility due to the bend, rnid­

block passages and desire lines, :ind multiple crossing 
points proved the location was ripe fo r intervention . 

A ye.1r prior, NYC DOT had begun a comprehensive 
speed hump program. In a three-year period, about 300 

humps were installed, mostl y at mid- block locations 

using a flat-top design (a speed cable). D OT planners 

looked to the traffi c calming program for a solutio n that 

could be applied co a mid- block location . 

SOLUTION 

A fla t- top speed hump was p roposed fo r 24th Street, 
and the project w as recognized as a test case for a raised 

mid- block crossing. NYC DOT's ;:icceptance of the 

speed t:ible desig n embled creation of a de facto mid­
block c rosswalk, without form:illy and legally cre:iting a 

cross\valk :it :1 mid-block location. The concept design 

was presented to the Penn South Coop Do:i rd and they 

:ipproved the propos:1I. 
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This is an initial d iagram of t he proposed 
speed table crossing area. 

The speed cable is 102 111111 (4 in) high and 9.2 111 (30 ft) 

lo ng ,-vith 1.5 rn (5 ft) ramps. f3y locating it where the 

two mid-block passages meet, drivers would be slowed 
at the poin t w here most people cros the , treet and at 

all ho ur, of the day and night. I3y not estJbli bing ;:i for­
mal cros,walk, other pede crians would still be free to 

cross the 240 m (800 ft) lo ng street according to their 
dc~ire lines. By using a speed table. which is wider than 

a normal crosswalk, the two o pposing mid-block pas-
,1gnvays could be connected. even tho ugh they did not 

line up exactly as a perpendicular intersection; and thc­
pccle, tr ian mcl inatio n to cro,s 0 11 ,1 diagonal l111e would 

be accommodated by the table's generous length. 

Pedestrians use the speed table as a raised crosswalk . 

Additionally. the street was narrowed at the cross ing 
point co reduce pedestr ian exposure. And to increase 
visibility, .. N o Parking" zones were established befo re 
the crossing. Flexible bollards were installed co rein­

fo rce the parking regu lations. 

The proJL'ct cost was approximatdy S55(Hl. including 
planning, design and comtruct10n , and wa, funded 

through th e.: C MAQ program (frdcral ISTl::A/ TEA-
2 1 funds earmarked for congestion relief and pollu­

tio n reductio n). 

24th Street was narrowed at the crossing point 
to complement t he speed tab le. 

RESULTS 

A post construction study wa, conducted. Comparing 
prior , peeds measured ,1long the st reet "1th peed 
taken at the speed t,1blt-, , hmwd mean , pceds and max­

imum speeds wne red uced by 43 percent. peed Jt the 

crossing point fd l 40 percent. between the 85th Pcr­
Cl'lltile Speed o( 53.1 km/ h (33 nu / h) fu r the l'll lirc 

street w ith the 85th Percentile Speed at the new speed 
table o ( 32.2 km/ h (20 mi/ h). A pn,011 hit by ,1 vehi­

cle tr,1vcl111g 53.1 km / h (33 111i/ h) h,1, an 80 pcrcrnt 
likelihood o( de,tth or scriou · injury. \\·lulc 32.2 km/ h 

(20 111i/ h). thL' likel ihood Jrops to 35 perccnt. Uy this 
111earnre. one ca11 infer th,tt pedestri an safety more than 

doubled at the WL'~t 24th Street rai~ed-c.-ros,ing. 

The 8.1th percentik speed along the enci re ,treet w;-" 
reduced by 15 percent, improving pedestrian safety even 
beyond the bound, o f che improvement. Speeds for che 

entire street in the :ifrer condi tion were cJlculated by 
averaging the lo,v speeds at the hump with the high 

speed elsewhere on the block. 

The project ,uccessfu lly demomtratetl the clfrct1vcncs, 
of the treatment to improve pedestr ian safety. a, \Yell as 

proving that innovative traffic ca lming devices can be 
tested with in existi ng policy and liability constr,11nts. 
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Speed Measurements Before Speed Table After Speed Table 
Over the Entire Street Instal lation ( Ent ire Street) Installat ion (Ent ire Street) 

mi/h km/h m i/h km/h 

Maximum Speed : 40 64 34 55 
85th Percenti le: 33 53 28 45 
Mean Speed: 28 45 2 1 34 

Table 1. Speed data before and after installation. 

CONTACT 

Michael King, Architect 
Traffic Ca lmer 
126 Second Street 
Brooklyn, NY 11231 
Phone: (718) 625-412 1 
E-mail: miking@trafficca lmer.com 

Ms. Randy Wade, Di rector 
New York City Department of Transportation Pedestr ian 
Projects 
40 Worth Street 
New York, NY 10013 
Phone: (212) 442-7686 
E-mai l: rwade@dot.nyc.gov 
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After Installation 
(At the Speed Table) 

mi/h km/h 

23 37 
20 32 
16 26 



Emergency Vehicles and Traffic 

PROBLEM ··---Clark County needed traffic ca lming measures that 
wou Id slow speeds on neighborhood streets, yet 
accommodate emergency response vehicles. 

BACKGROUND 

NE 76th Street is a neighborhood collector (non-arte­
rial cb ssification) in Cbrk County, Washington, an 

11nincorpor:1ted area o utside of the ity of Vancouver. 

The street is an eastern extension o f an arterial roadway 
at Ward R.oJd. and it connecb two arteriab, Ward and 

162nd Avenue, at each end. The posted speed limit is --HJ 
km / h (25 mi/ h) . 

The street is a community place, :1 tnnsport:1tio11 facili­
ty not o nly for motor vehicle, bu t for bicycle, and 

pedest rians. Since the neig hborhood street lack<- con­
t inuous sidnvalks and has no bike lanes o r pathw:1ys, it 

was critical to improve pedestri an :md bicycli t safety 
and comfort by maintain ing slmv veh icle speeds along 

the street. Children ;ire frequently observed walking or 

riding o n or acrms the street :m d to school (and school 
bus stops) . 

SOLUTION 

In 1997-98, C lark County approved and impleme nted 

a ne ighborhood traffic calming project for an approx i­
mate 1.9 km ( l.2 mi) segm ent of N E 76th Street 

Prepared by Charles P. Green, Parsons Brinckerhoff, 
Portland, Oregon. 

Information provided and contributions made by 
Charles P. Green, Parsons Brinckerhoff; Jennifer 
Green; Steve Green; Don Williams, Clark County; J 
Gerald Morris, formerly with Clark County Public 
Works, now with Coll ier County, Florida Public Works; 
Carl Switzer, Parsons Brinckerhoff. 

An emergency response speed hump. 

between Ward I toad and E J 62nd Avenue. The N E 
7 6th Street project is innovative in that it has C lark 

County's first two tests o f emergency vehicle- type traf­

fic calming design. The first device, an l'm ergency 

response speed bump, has a m edian and wheeltrack 
c han nel cut into the center of che bump to allow em er­

gency vehicles to pass through the center, unimpeded. 

while general traffic is to legally slow down and use the 
bump. The ~cco11d device, an em ergency response tr,1f­

ftc circle, ha~ w heeltrack chan11els cut thro ugh the ce 11-

t er of the traffic circle co also allow for emergency whi­

clc passage, while general traflic must tra,·el arou11d the 
circle. The circle'<; emergency veh icle cha11nel i, ofEet 
15 degree, ro discour,1gc general vehicles fro m il legally 

shorrcutti11g through the center of the device. 

Prior to installation, these devices ,vere te,ted 111 :i 

closed-e11viron 111ent test as \Yell as ,1 fi eld test. The 

closed-environ111ent test was at the Clark County 
Mainte11J11ce ,l!ld Operatio11s fac ility, w here a fire truck 

wa, med to te,t d iffe rent w heeltrack and ch,mnd lay­
outs ming rc1il road tie, . The spacing a11d median widch 

~pecilications wnc developed from these test<;. 

Speed bump testi11g was also conducted in ;1 fi eld re,t by 

Clark Cou11cy Public Works a11d C lark County f ire Dis-
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trice 6 staff. A set of speed runs ,va, made before and after 
regular speed bu111p i11stalJations 011 NE 129th Street in 
the Salmon Creek area. The result of the spt'ed run indi­

cated that a typical speed bump slowt'd fire trucks 

between -+-6 per device (5 per device. on average). 

A closed-enviro nment test was made using a similar fire 

truck at the Coun ty Maintenance yards. The re ults 
indicated that w ith the specified des ign w heeltrack/ 

median width , fire trucks should be slowed. at most. by 
1-2 sec per device co allow the driver to align and 

maneuver through the channel. 

RESULTS 

Prior co installation, a speed srndy was conducted in July 
1996 by Clark Coun ty. 

T he result was: 

• Mean speed was -+5 km/ h (28 mi/ h). 

• 85th Percentile speed was 52 km/ h (32 m i/ h). 

• The speed range was generally 2-+-63 km/ h ( 15-39 
mi/ h). The 16.1 km/ h (10 rni / h) pace speed (range 
which included the most vehicles) was -+0-55 km/ h 
(25-34 mi/h). 

SPEED BUMPS 
• M ean speed was 35-39 km / h (22- 2-+ m i/ h) meas­

ured between dev ices. 

• 85th Percentile speed was -+0--+2 km/ h (25-26 mi/ h). 

• The speed range was generally 27-47 km/ h ( 17- 29 
mi / h). 

• The 16. 1 km/ h ( 10 mi / h) p:1ce speed was 26-40 

km/ h (16-25 mi/ h). 

TRAFFIC CIRCLE 
A speed study was conducted in September 20U1. The 

resu lts were: 

• Mean ,peed wa, 35 km/ h (22 mi/ h) measured 
between de,·icL·,. 

• 85th Percentile speed was -+O km/ h (25 mi/ h). 

• The speed range was generally 27- -+0 km / h (17-25 
rni / h). 

• Tht: 10 mi/ h pace speed was 2(,-40 k 111 / h ( 16-25 
mi / h). 

Doth types of devices slowed traffic speech to match the 
neighborhood character and street de~ignatio n, and 

allowed for em ergency response vehicles to travel 
through them unimpeded. T he dt:vict:s have reduced 
speeding, thereby imprm·ed pedestr ian Jnd bicycl ist 

safety .111d comfort. The only point of concern for bicy­
cles a nd pedestriJns appears to be the traffic circle. 

Some resident, have remarked that the circle rt:quirl·s 
vehicle, co maneuver around it, passing through w hat 

would be comidered the pedestrian crosswalk. Addi­
tiona lly, some res idents mentioned that the trJtfic circle 
appears to be an atcr<Kti\"e ·'play area .. for neighborhood 

children, which is a safety concern. 

With the reduced speeds around the traffic circle and 

the improved around the device. there doe, nor appe:i r 
to be any evidence that the circle has increa,ed conflicts 
between vehicles and pedestn<u1s. The c ircle 's design is 

simi lar to the design used i11 nearby Portland , Oregon 
and elsewhere, w hich also experience vehicle maneu­
vering i11 the cro~swalk are,1. To d,1 te, the re is no known 

data that would indicate thJt pedestrian ,afety is com­
promi,cd by the circle·, design . 

The results of the testing are critical. Emergency servic­

es agencies generally sec a response rate frolll time of calJ 
to time of arriva l at the site varying fro1n 3-6 minu tes. 
C lark County adopted a policy 0 11 emergency response 

routes that traflic calming devices should not delay 
emergency response times by more than 30 ,econds per 

emergency route. Tl1i~ policy was supported by the lo cal 
emergency service providers. At a 5-,econd deL1y per 

speed bump, this allo\\"~ for only 6 rt'gul:ir- design speed 
bumps to be instalJed 011 any given rL'Spomt' route. T h i, 

would essemially prohibit placing additio1d tr:iffic cal m­
ing de\"ices on that route or 011 irnersecting streets. :i, 

they would extend emergency 

Measure Before After Installat ion: 
re~po11se t imes beyond th e 
cbired 30-sccond thn,·,hold . 

Instal lation Emergency Response Calming Devices 

Speed Bump Traffic Circle 

Posted Speed (mi/h) 25 25 25 
Mean Speed (mi/h) 28 22-24 22 
85th Percent ile Speed 32 25-26 25 
Pace Speed (mi/h) 25-34 16-25 16-25 

Table 1. Before and after traffic speeds with the two case st udy devices. 
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With the te'iting resu lt'i shown 
.ibm·e. ,1 minimal delay of 1-2 
sec per device over the length 
of the e mergency response 

route was expe rienced. T his 

allows fo r traffic calm ing 
devices to be installed on adja-



cent streets, or 0 11 an e mergency response route, w hi le 

sti ll preserving e mergency rcspomc tirne~. 

l'ublic opinio n, compared to the ":ifter" result, of the 

devices, seems to indicate that the county b cks 3 11 ed u­
cational program to inform re,idem, about the effec­

tiveness of the devices. Some residents believe that 
speeding has not been controlled after the installatio11 of 

these devices. While speeding has been show n to be 
significantly reduced, often below the posted speed 
limit, there is a prevailing pe rception ;1mon~rst rc~idc11ts 

that the devices could be more effec tive. 

CONTACT 

Chuck Green, P. E. 

Supervising Transportation Planner 
Parsons Br inckerhoff Quade and Douglas (formerly with 

Clark County Department of Public Works) 
400 SW Sixth Avenue, Suite 802, Port land, OR 97204 

Phone: (503) 27 4-7223 
Fax: (503 ) 274-1412 
E-mai l : greenc@pbworld.com 
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PROBLEM ··---Maintaining pedestrian and traffic safety on neigh­
borhood streets requires addressing the dual prob­
lems of speeding t raffic and intersection accidents. 

BACKGROUND 

Seattle's Neighborhoo<l Transporr::ition Services (NTS) 
began as an outgrowth of programs to improve deter i­

orating neighborhoods. Residents of Seattle approved 
the Forward T hrust Bond Issue in 1968 with a major 
emphasis on reducing traffic imp::icts and supporting 
street improvements to re-vitalize deteriorating neigh­

borhoods. D emo nstration project, testing a var iety of 
traffic control devices, such as traffic ci rcles, diverters, 
chicanes and partial and full closures began in 1973 and 
continued througho ut the 1970s and 1980s. The NTS 

emphasizes citizen parti cipation and has grown into a 
popular and highly visible program with its most suc­
cessfu l dev ice being the traffi c ci rcle. 

Of all the devices use<l in Seattle. traffi c circles haw 
proven to be the most effective ::it ,olving neighborhood 
concerns about speeding traffic :md traffic acc idents 
with J minimum of controversy. In addition, by slow­

ing vehicle speeds, these devices make streets safer for 
pedestrians. Since 1973, over (iOO tra ffi c ci rcles have 
been constructed in Seattle and the TS staff receive 

about 700 requests fo r traffic circles each yea r. The pro­
gram is currently funded to construct 30 traffic circles 

per year. 

l Prepared by J;m Mundell, P.£., c;ty of Seattle, w~ 

SOLUTION 

Potential traffic circle locations arc ide ntified through 

community request, or investigation of high accident 

intencctiom. In order to ensure that the City's traffic 
safety funding is allocated co the intersections with the 

greatest need, a prioriry point system is used to rank the 

intersections v,rhe re tr:iffic circles are requested. T he 

ranking is based 011 the number of acci dents that have 

occurred at the intersection in the lase three ye;i rs, the 

speed of traffic (85th percentile speed). and the volume 

of traffic. R.cside nts ;ire required co submit a petition 

w ith signatures representing 60 percent of the house­

holds within one block of the proposed traffic circle in 

order to compete for funding. Funding is allocated start­
ing w ith the intersection with the v,:o rst combination of 

p roblems and proceed, as funding allow,. The cost to 

construct each circle ranges from $3,000 to SG,000. 

Each traffi c circle is individually designed to fie the 
intersection v,,ithout having to modify the treet width 

or corner radii. Most o f Seattle's local streets are 7 .5 m 

(25 fr) wide or less, and traffic circles are usually 3 .6-4.9 

111 ( 12- 16 ft) in diameter. While traffi c circles are 

designed so that fi re trucks should b t' ablt' to pass 

around them, they are constructed w ith a 0.6 m (2 fr) 
wide 111o u11tabk curb tl1Jt allow, fire trucks or larger 

vehicles. such as moving vans, to run over the curb 

witho ut damaging the veh icle or the circle. 
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Ground cover am! one to three trees are included in all 

the traffic circle5 cur ren tly being constructed. T he 

pavement inside the traffi c circle is re moved during 

comtruction to :illow fo r d rainage and accommo date 

tree roots. The landscapi11g makes the circle more 

:i ttr:ictive to the nt·ighborhood residents le,s appeali ng 

for h igh speed driv ing. The loca l residents are required 

to maintain the plantings ;md are :dlowed to add their 

own l0vv growing plants tha t won·t block visibi lity of 

pedestrians or traffic. 

RESULTS 

.l:ktWt't'll 1991 and 199·1, a total of 1 19 traflic ci rck s 

were constructed th rough Se,1ttlc\ NTS. The number 

of :1 uco111obile :iccidcnts at these inter'it'Ctions fell 9-1-

percent from 187 in the year before to I I in the year 

after co11structio11 . The reduction in injurie, wa, even 

m ore dram atic, dropping from 153 injur ies i11 the year 

before construction to a single injury in the yea r fol­
lowing comtruction. Accidt'nt reduction w,1s ,1lso 

found in subseque 11t years. The reduction in :iccidents 

is evc 11 Ill Ort' impressive. most of the intersect ions had 

cxpcrienct'd an was an increa,e in th l' number uf acci­

cit'nts du ring the years prio r to the in~tallation of the 
traffi c circle. 

l11 addition to reducing acc idents, traffi c circles have 
been found to be effective Jt reducing vehicle speeds but 

have not signifi cantly reduced traffic volumes. The effect 

o n speed generall y continues to the middle of the block. 

The reductions in veh icle speeds also benefi t pedestri­

am. According to Shau11a Walgren , Senior Planner in 

the N T S Divisiu11 , com111unity residents often request 

traffic circles from che C ity bec:rnse they :ue concernt'd 

about children w ho live in the neighborhood. "When 

motor vehicle speeds :ire red uced, the frequency ;ind 

severity of collisio ns involving pedestrians are ,1lso 

reduced . \Xie work with a great many schools. and the 
,c1fety of c hildren crossing the street is thei r main con­

cern. Traffic circles are a solution that worb." 

Seattle 's traffi c circ les have also rt'Ct' ived stro n g com­

munity ,upport. Respome~ on surveys mailed to re,i­

d ent, following co11struction of traffic circles ind ie1re 

8 () percent tu ')() pt'rCt'nt of resident, fee l the ci rcles 

have been effective and want to keep them p,:rn1a-

11cntly. Only two circle, have bet'n rl' lllovcd out o f 
m o re than 600 comtructed , aml n o ne have been 

re moved in the last 12 years. 

Afte r nearly 25 years of exper ience imtall ing traH1c cir-

cles, Seattle has found them to be an effective device fo r 

controlling n eighborhood traffic and improving safety 

and co111fo rt fo r the residents of residential streets. 

CONTACT 

Jim Mundell, P.E. 

Senior Traff ic Engineer 
Seattle Transportat ion Department 

810 3rd Avenue 
Centra l Bldg., Room 754 
Seattle, WA 98104 
Phone: (206) 684-0814 
E-mail: james .mundell@ci.seattle.wa.us 
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TUCSON, ARIZONA CASE STUDY NO. 57 

Speed Humps for Cut-Through Traffic 

PROBLEM ··---Two residential streets provided a classic cut-through 
situation for motorists avoiding a major arterial inter­
section. Moreover, late-night drinking drivers used the 
route to avoid police on the arterial streets and sever­
al accidents occurred, involving speeding vehicles 
crashing onto lawns and into houses. 

BACKGROUND 

Langley Avenue and King,to n Drive are connecting re,­
identi,t! ,trects that .ire often used a, a cue- th rough rou te 

for co1111m1ter,. U,ing the two connecting streets 

allowed 11 1otorists to bypass o ne of the busiest intersec­
tions i11 town . the Broadway Uoulevard / Kolb l(oad 

imersl'Ctio n, \vhere there \\·ere estimated volume~ of 
1 OU,0[)() vehicles per d,1y and almost daily accidents, fu r-

Prepared by Laurie Actman, Patrick McMahon, and 
Henry Renski, University of North Carolina Highway 
Safety Research Center, and Vince Catalano, Tucson, 
AZ Traffic Engineering Division. 

ther increasing delay. Volu111es through the Langley/ 

Kingsto n neighbo rhood were rough ly 2.1100 AUT \\'i th 

85th percentile spetd~ of 50 km/ h (3 1 mi / h). T he 

neighborhood ,treets have no sidnvalb. ,111d the re'il­

dents were so Jfraid o f , peeding m otorists that they 

avoided \\'alking or biking on their own streets. 

SOLUTION 

In Tucson. ntighborhood, :ire re,ponsible for fu ndmg 

thei r own neighborhood improvc mc,rn. T he C ity facil­

itate, a neighborhood process w here rt'sidents arc able 

to p,1rticip,1te in the planning and dc, ign of appropri,1te 

solu t1011 s. Originally. the neighborhood res ide11t~ ongi­

nally wanted stop signs, but the C iry·, Engi neering 

Department recomme nded , peed humps a, a 111urc 

d tectiw solution. T he C ity pro,·ide, pb1111ing .1ssi,r.rnct' 

and technical support, which include~ profc-,,ionJ I 

expertise fo r the cngi neeri ng of etTectiw traffic ca lming 

solutions. 111 additio n to the Neighborhood AwKi:i­

cion. C ity outn:ach included involvement of the Cou11-

cil Member who represents the neighborhood. R.e,i­

dents agreed to try the speed hump,. 

The project cost was $12JH)O. Financing is urnally done 
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dropped co 31 km/ h (1 CJ rni / h) . 

e ighbo rhood t raffic vo lumes were also reduced 
because commuters chose to ,tay o n the arterial streets, 

Kolb and Broadway, instead o f cutting through the 
neighborhood. The volumes on the south e nd of Lan­

gley Avenue dropped by 100 veh icles fo r northbou nd 

travel , but there was n o sign ifica nt change for so uth­

bo und travel. In the middle locatio ns, volumes dropped 
by m ore than :')0 percent fo r bo th no nhbound and 

southbo u nd t raffi c. Vo lu m es o n Kinsto n Drive 

decreased by :')0 vehicle westbo und and increased by 50 
ve hicles eastbound, wh ich was not a significant change. 

Slower speed~ and fewer vehicles have improved com ­
fo rt for pedestrians. T he neigh borhood has no side­

walks. but residents now feel safe walk ing, pushing 
st rolkrs, and letting ch ild ren ride bikes in the st reet. 
T he speed hump prog ram has been ,vell received , the 

traffi c engineering office has no t had co return to the 
neighbo rhood with 011 c request to re- address the prob­

lem or rem ove the humps. 

CONTACT 

Vince Catalano 
Traffic Engineer ing Manager 
City of Tucson 
201 N. Stone 
Tucson, AZ 85726 
Phone: 520-79 1-4259 
Emai I: vcata la 1 @ci. tucson .az. us 
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Raised Intersection 

PROBLEM ···--Cut-through traffic that did not obey stop signs and 
traveled at unsafe speeds jeopardized local residents 
on a neighborhood street in Brooklyn. 

BACKGROUND 

R esidents of Brooklyn's Prospect Park Sou th neighbor­

hood had long complained of d rivers using thei r streets 

to avoid congested arte rials. In 1996, the New York 

City D epartment ofTranspo rtation (NYC DOT) began 

a comprehensive speed hump program, u ing mostly 

flat-topped speed tables at mid- block lucatiom. [11 

1997, Slocum Place, in Prospect Park South, was iden­

tified a, a locatio n needing traffic calming and a disin­

centive for cut-through traffic. Slocum Place was cho­

sen because it was one of the few entries in to che neigh­

borhood and one of the most used cut-thro ugh routes. 

Slocum had 75 vehicles per ho ur at peak times, and an 

estimated 750 ADT. Stratford Road, one of its cross 

streets. had 150 vehicles at the peak hour and an esti­

mated 1500 ADT. l3oth roads were classified as local 

and had a 48 km/ h (30 mi/ h) posted speed limit. 

A site visi t to investigate placement of a NYC DOT­

standard speed table 011 Slocum Place, reve;iled problems 

with install ing ,peed tables at mid-block locatio ns, 

including shortness of the blocks, closely spaced utility 

openings, driveways. and stop signs. Yet, the intersection 

of Slocum Phce and Stratford R oad presented an 

opportuni ty for a creative tr::i ffic calming 111eamre. espe­

c ially because it lacked the typical utility open ings com­

mon to most city street intersect io ns. 

Prepared by Michael King. 

SOLUTION 

The inter,ection of Slocum Place and Stratford l~o::id 

is all-way stop controlled, but the communi ty per­

ceived the stop ,igns to be often ignored. It did not 

meet \varrant, for a signal , so a speed cable was imrall ed 

in the m iddle of the intersection creating a de facto 

raised intersection. 

The raised intersection at Slocum Place and Stratford 
R oad followed similar contours of other speed tables in 

the city, 102 111 m (--1 in) high w ith 1.5 111 (5 ft) long 

ramps. I 11ste.1d of tapering the sides and offsetting them 
from the curb, all four , idc~ have ramp,. This ensures 

that a vehicle cannot avoid the hump by driving in the 

cross,v:ilk, yet even a curni 11 g vehicle 11 1ust have o ne et 
of wheels 0 11 the hump to round the corner. Further­

more, because curbs \\'Crc not :iffecred , dr:iinage was not 

an issue. 

Because the ,ta11dard speed t:ible could not be used, ic 

became a test case for a raised i11tcrscctio11. Its succe,s 

has shown that innovative traffic calming devices can be 

tested w ithin existing pol icy :ind liabili ty constraints. 

RESULTS 

A post- i111prove111rnt survey was conducted in 1997. It 

, howed clue 89 percent drivers ,topped at the ,cop line 

after the raised intersection was installed, a, oppo,cd to 

only 64 perct:nt before the improvement for a 25 per­

cent increase. Additionall y the number of peak hour 

\-chicles decre:ised from a combined 227 for both streets 

to 152 after for a 33 percellt reduccio11. showing chi~ 

route to be less attractiVl' ,1, a cut-thro ugh. 

In terms of pcdestr i.rn s:ifety, driver, in the habit of 

obeying stop signs are more apt to yield to pedestrians. 

More import:inrly. the raised intersection physic 1lly 

fo rces all drivers to moderJte their speed. Even the I I 

percent o f drivers that ignon:d the stop line had to slow 
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The raised intersection reinforces the all-way stop. 

Turning veh icles must round the corner with one 
set of wheels on the hump. 

down in the inter\ection area or r isk a snious j o lt to car 
and driver. l3ecame t!w incidence o f death o r ,e r ious 

inj ury as a rc:sult o f bei ng hit by a vehicle decreases 

exponentially as ,peed i, reduced, ,w infer that the slow 

vehicle speeds the raised intersectio n requires, g re:i tly 

reduce, the porenti:d fo r ,eriom injury co pedestriam at 
and near this intersectio n. 

CONTACT 

Michael King, Architect 
Traffic Calmer 
126 Second Street 
Brooklyn, NY 1123 1 
Phone (718) 625-4121 
E-mail : miking@trafficcalmer.com 

Ms. Randy Wade, Di rector 
New York City Department of Transportation Pedestrian 
Projects 
40 Worth Street 

New York, NY 1001 3 
Phone: (212) 442-7686 
E-mai l: rwade@dot.nyc.gov 

NYC DOT Pedestrian Projects Web: 
www.nyc.gov/htm 1/dot/htm 1/get_arou nd/ped/pedest. htm I 
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BOULDER,COLORADO CASESTUDYN0.59 

Woonerf-Style Developments 

PROBLEM ··---There was a need to create residential neighborhoods 
that supported pedestrian activity. 

BACKGROUND 

Many residential developments built in Boulder and 
throughout the United States dur ing the I %Os and 

l 970s were constructed with wide street,, deep building 
setbacks, and with low- density housing, conditions that 
allow vehicles to travel at fast ~peeds through neighbor­
hoods and d iscourage pedestrian activity. Hovvever, in 
the rnid-1980s, two moderate-income housing devd­
opmellts v:ere built in Boulder ba,ed upon the Dutch 
woonerf, or " living street." Both were built by Won­
derland Hill D evelopment Company and consisted of 
loop street, connecting dense, condominium-style 
housing. The Cottages was bu ilt first. It was solely a 
product ofWonderland H il l. Bridgewalk w as built later 
in conjunction w ith the Boulder Housing Authority. 

J im Leach, an engineer and Presidenc of Wonde rland 
Hills Development Corporation, says that when design­
ing projects he trie~ to ensure that "the car docsn 't have 
a negative impact on the neighborhood." He incorpo­
rated the woonerf framework within the design of these 
two housing proj ects. The lanes through each of these 
housing developments arc fairly narrow concrete sur­
faces bordered by landscaping and bollards to provide an 
edge. The streets meander back and forth co encourage 
slow speeds, making conditions safer for pedestrians. In 
each case, the housing is at modera te densities (seven 
units per acre in The Cottages). 

Prepared by Laurie Actman, Patrick McMahon, and 
Henry Reoski, University of North Carolina Highway 
Safety Research Center. 

SOLUTION 

The Cottages, bu il t in 1983, consist~ o f a ~ingle Lrnc that 
loops in a half ci rcle from Utica Avenue. It i, located 
w ithin three blocks of Boulder's Foothill, P,1rk and 
includes -1-0 units of owner- occupied, ,nodnate income 

housing. The sidewalk along Utica rema in, lewl across 
both branches o f Cottage Lant· so driver, entering the 

The narrow street and landscaping of The Cottages 
development encourage slow vehic le speeds. 

The curves in Walden Circ le were designed to slow vehicles 
traveling through the Bridgewalk development. 
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development must dr ive up a11 incli11e . This is intended 
to give the perception of entning .i calmed environ­

ment. Slow vehicle speeds :11-e encouraged because the 
,creel 1~ fa irly short and curves slightly. 

l3ridge\\':1lk, built i11 1986. is significan tl y largt:r chan 
The C:otc;1ges, \\ ith 123 ren cal uni ts. I ts strec·t , Walden 
C ircle, is a loop attached to Tantr::i Drive with a short 

extcnc;ion. Because of the project's proximi ty to large 
parks ,1nd .i pl:urne<l office building, it was intended to 

be perlestri:in-oriented while :1lso fun ctio ning ::is a 
11ei[>;hborhood with a sense of commun ity. The design 

.i lso prewnt, cut-th rough traffic. 

RESULTS 

IJridgewalk lu~ had some difficulties with the street 

design over the la~t dozen ye:irs. T he concrete bolbrds 

were bui lt in such a way tl1.1t when vehicles (usually 
moving vans) hit and crack t he m. the concrete surface 

of the roadway also cracks. Fin:tlly, u11like European 
woonerts, where the sharecl pedestrian/vehicle space 

becon1L', the primary area for residents to play :ind 

rebx, B ridgewalk includecl b:ickyards, a pond, porche,, 

and othc-r area, for people to congregate. As a result, the 

shared automobi le/pedestri:in space tends to be used 

,1]1110,t <:xclmiH·ly by cars. Finally, Walden Ci rcle is fa ir­

ly long in ci rcumfe re11ce and there are some portions 
that arc rel.nively straigh t a11d free of obscructio11s. [ 11 

thesl' areas driver~ naturally accele rate and the m anagers 

of Bridge\\',dk are consiclt>ring the installation of spet>d 

bumps to de,11 with excc,si\"L· ,peeds. 

The dense housing and narrow streets of the 
Bridgewalk development are in tended to encourage 

pedestrian activity and create a t ight-knit community. 

111 the past 10 ye.1rs, tl1cn: was only one repont:d crash 
on Cottage Lane and one reported cr:i,h 0 11 Walden 

Circle. Neither of these collisiom involved pedestri :im . 

D t:spite some difl"irnltit's, both of these developments 

crt:ate the fee ling of J tight-knit community and pro­

vide some guid:ince for fi.1ture woonerf-style projt>cb. 

Marty Frick, Project D irector of the 13oulder H ousiug 

Authority during the comrruction of Bridgt>walk. said 

that the use of wooncrfs i11 developments m ust be well 
tho ught out. She ,-;_,]c that the provision of sufficirnt 

park ing space ,vas essential. as was ere.icing mmc walk­

ing areas that are disti11gui~hed by the pavem ent color o r 
texture. Roger Lewis, of Diversi fied Properties, w hich 

m anages 13ridgewalk, ,,1id that the landscaping irnprove-
1nents over the past ck cade have shown chat creating an 

edge is essenti::tl in a proj ect w ithout curb and gutter. 

Finally,Jim Leach of the Wonderland Hill D evelopment 

Company feels that for these types of proj t>cts to work, 
it is essenti;:11 that citit:s have flexible st:indarcb to a llow 

site-specific v:i riation and innovations. 

CONTACT 

Jim Leach, President 

Wonderland Hi II Development Company 
7 4 5 Poplar Avenue 

Boulder, CO 80304 
Phone: (303)449-3232 
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ASHEVILLE, NORTH CAROLINA CASE STUDY NO. 60 

Wall Street Revitalization 

PROBLEM ··---The city was looking for ways to revita lize its aging 
downtown and take advantage of an alley behind a 
major commercial street that was already evolving 
into a pedestrian-friendly space with both retail and 
commercial orientations. 

BACKGROUND 

Wall Stn:et in downtown A$hcville, orth Carolina. 
located betwe-e- n O ris Street and D:ittery Park Avenue. 

originated as a delivery alley, ,crvic ing the backs of the 
buildings facing Patton Avenue. It is one block long 

w ith :i sharp bend o n the east end and was opened co 

through traffic in the first p:irr of the 20th Century. 

During the second hal f of the 20th Centu ry, Wall Street 

beca me home to severa l businesses and develo ped a rep­

utation as an entertainment enclave. The narrow street 
and human scale suppurtt'd one- way m otor vehicle traf­

fic trweling at slow speeds and Wall Street ga in ed a 
pedestrian- fri endly reputation. 1 lowever. the aestheti c 

ambience was defined mo re by its lift' as an aging :illey 

than as a charming urb:rn enclave. 

SOLUTION 

The mid- 1980s and revit:1li zatio n o f the buildings on 

P:m on Avenue and Wall Street led the comeback . A 
dmvnrow n-w ide e111ph:1sis \>v·as placed on prese rving 

Asheville 's historic ,md architecturally significant b uild­

ings. A development company specializi ng in h i, toric 
renovation rehabilita te-cl the b uildings fronting Wall 

Prepared by Laurie Actman, Patrick McMahon, and 
Henry Renski, University of North Carolina Highway 
Safety Research Center and Christy Edwards, City of 
Asheville, NC and Leslie Anderson, Leslie Anderson 
Consulting, Inc., Ashevi lle, NC. 

Glave Newman Anderson Architects. 

Street as we ll JS the facad es facing Patton Avenue and 
College Street. The develo per raisL·d $3.(, million for 

the project and the C ity appropr iated -tS0,000 for 
landscaping, stre-e-t and sidewalk irnprovernent, as well as 

,1 pedestrian pass-through ro co1111 c-cr Wall Street w ith 

Patto n Avenue :md College Street. 

The redevelopm e nt of buil<ling, along the ~trcet began 

in 1986. A strectsc 1pe plan was adopted, w hich led to 
the complete resurfac ing of the streets with cobble,rone­

paving, placing elect ri c service- and w ires umkrground. 
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and providing new storm drainage system. Sidewalks, 

brick paved areas. historic era stn:ctlights. benches, and 
landscaping were installed shortly thereafter. 

In addition, the historic wall of Wall Street, which col­

lapsed during con~truction, was rep:iired and replaced. 
The final <;tage ofWall Street 's evolution was construction 

of a parking garagi: at the end of the street. giving easy 

walking access for patrons of the businesses on the street. 

Upon request of W:ill Street's merchants mete red 011-

strcet parking was added in 1993 on one <;ide of the 

street, helping to lower driving speeds and making the 
street accessible to more vi~itors. 

RESULTS 

The grand re-opening of Wall Street occurred in 1988 
fea turing approxilllatdy 6 -+ 17 1112 (o9,0( )() ft2) of retail 
shops and rest:rn rams at street level :111d :idditio11al office 

-pace o n the lipper levels of the buildings. Wall Street is 
now a charming shopping district, catering to locals and 
to urists alike. 

Wall Street continue, to h:we J fr iendly pedestrian envi­
ronment. It averages -+02 ADT, with an average vehicle 

speed consistently below 32 km/ h (2() rni / h). The street 
is home to many unique shops, restaurancs, an o utdoor 
climbing ' '-'all w hich was pbced by a merchant on the 

parking deck ·with the C ity's permission , and a c hurch. 
A section of Ashc.:ville ·s Urban Trail interpreting Wall 
Street's history was added in 2000. 

Its quaintness attracts heavy pedestrian traffi c. making 
Wall Street a popular shopping and dining destination 
in downtown Asheville. "Wall Street is truly one of 

downtown Asheville's gems," stated Leisa Barnette, 
Executive Director of the Asheville Downtown Associ-

ation. " On any given day, the street is crowded with 
locals and tourists alike making it a great people watch­

ing spot and simply a wonderfu l place to be." 

The physical characteristics of the street that are con­
duc ive to slow automobile speeds combined w ith the 

pedestrian friendly streetscapc cle111ents enable Wall 
Street to prosper. 

CONTACT 

Christy Edwards 
Communication Coordinator 
City of Ashevi l le 
29 Haywood Street 
Ashevi lle, NC 28801 
Phone: 828-232-4500 
E-mail: christye@mail.ci.ashevi I le.nc.us 
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Church Street Mark 

PROBLEM ··---The City of Burl ington wanted to create a commer­
cially viable center of pedestrian activity in the down­
town area. 

BACKGROUND 

\Vhat bcg:in :i, ;i o ne-day e:s.pcr iment blos<;omed into 

o ne of the m ost successfu l and w idely emulated urban 

pedestr i:m mall, in the country. Tht' redevelopm ent of 
the downtown ::i. rea that eventually included the C hurch 

Street M arkNphce began in the yea r, of urban renewal 
projects in the 1950s and 1% 0. Burlington ,VT sought 

to rcvit:ilize its downtown area during thi s tim e. 

SOLUT ION 

In Janu;iry 1959, major urban renewal projects wcrt' 

approved for downtown Burlington and two through 

streets were pe rmanently closed. In July 1970, th l' busi­
nes, communi ty hosted a o ne-d;iy street fair on Ch urch 

Street t0 explore the fc::isibility of a multi- block, open­
ai r pedestrian mall in the heart of the city. An cstimat­

l'd 15,000+ people took part in the day'5 festivi ti es . A 

second midm mrner street fa ir the following year was :i 

full week long. entailed traffic rerouting, increased p ub­

lic tran,port;i tion. and created outdoor retail displays, 

and temporary aesthetic enhan cem ent<; on Church 

Street. The fa ir at tracted 50,000 people downcow11 . 

111 1976, the City of Uurlington received S I .(, million 

from the federal government for the construction of a 
•-WO- space parking gar:1ge near Church Street. 11urling­

ton was awarded design :md planning m o ney :ifter being 
chosen as an au to-re,rricted zone demonstra tion , ire by 

Prepared by Ron Redmond, Executive Director, Church 
Street Marketplace. 

the Urban Mass Transit Adminim·ation (UMT A). w hic h 

is now called the Federal Transit Administration . The 

city turned davvn the fundi ng, partly because stipula­

tio ns accached to it would have required the city co 
repe::it ;i significant portion of the planni11g th:it had 

already been completed. In :i seri es of actions during 

1978- 1979, Burl ington officials appealed to UMTA. the 
U.S. Environr11e11tal Protectio n Agency, H o using and 

Urban D evelopm ent Agency, and l leritage Conserva­

tio n and R ecreation Service fo r financial support for a 

mall concept. T h e name "Church Street M:irketplace" 

w:is chosen. A new, o ne-level mall design was unve iled 

and in May 1979. the C hurch Street Steer ing Commit­

tee applied to U MTA for a $5.4 m illio n gram. The 

g ram was awarded in June. 

In J special electio n in August, city voters :ipproved the 

creation of the C hurch Street Marketplac<:: D istrict and 

Commission , but failed by the slimrne<;t of margins to 
p:1ss a S 1.5 million bond issue w ith the required two­

th irds of th <:: vote. The bond issue was needed to fund 

the city\ sh:1re of the M :i rketplace construction costs. 

Acting o n w hat ::ippeared to be increasing public sup­

port. M ayor Paq uette :iske d for another election ;ind, in 

O ctober. voters passed the bo nd issue with th <:: required 

two- thirds m;tjority. In 1980, the C hurch Street M ar-
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ketplacc Co111111ission \\·a, formed in January. In March, 

the Marketplace Commission Jpprowd the final pbns 

for Church Street . 

Construcrion of the Church Street Marketplace pedes­

trian mall beg:111. Si rnultam:ous with the st,irtup ofrun­
srruction , CCTA bus ro utes through the city center 
were also rerouted. 

The C hurch Street Marke tplace oprncd i11 September, 

1981. as a culmination of a 10-year collaborative effort 

between Burlingto n's busines, communi ry, C ity H all , 

city re,ident5, a11J the State and national governments. 

RESULTS 

T he Church Street Marketplace has been called ""the 
gem in the crown·· of Burlingcon. Framed by two 

National R.egistry hi~toric districts. th is four-block 
jewel in the heart o f the city has re,cently celebrated its 

Emerald Anniversary, marking 20 years as a nationwide 
rule model for downtown development. 

Today. more than 20 ye:i r, afln it, completion in Sep­
tember 1981. the original vision h:i, become a11 excit­

ing reali ty that is a couchsrone fo r downtown redevel­
opment nationwide. The M:irketplace draws 3 mi ll ion 
visito rs to downtown l3urlingron each year. fueling the 
C ity's economic engine and effectively meeting the 

challenge of suburban "sprawl'" that threa tens to damage 
preciom natural enYironmenr and the vitality and liv­
ability of our downtown cenrers. 

Both the C hurch Street Marketpbcc and the C ity o f 
Durli11gron have consistently garnered nationwide 

acclaim for quality, borh i11 the form of awards :ind of 
citations in n,1tion:d ml'dia. Burlingron has been listed 
near the top of a wide range of ·'Top Tei I Cities" lists in 

recent years-and the communitv ·, vibrant downtown 
and its centerpiece pedestrian Marketplace arc fr<.: -

quently cited for their essemial roles in 111aki11g Burling­
ton distinctive. Some examples of the acclaim the City 
of 13urlingtun has received :ire listed below·. 

June, 1988- T ied fur first place as Most Liveable C ity 
by U.S. Conference of M ayors for populations under 
100,000 (Portland, 0 1( for larger cities.) 

June, 199 1-Voted " Best in the Northeast" by l11r. M r~1;­

a;:i11e as one of the top five cities in the nation in which 
tu grow a successfu l busi 11ess. 

June, 1993-Uurlington rares as the best place in the 
nation for rai, ing children in a report released by Zero 

Popubtio 11 Growth . 

1995-The book A Goud Place to Live touts Burling­
ton as one of the fourteen most livable cities in the 

United Stace,. 

April, 1997-Burlington receiw, the prestig ious Great 
Alllcrican Main Street Award from the National Trust 
for Historic Preservation . The unique collaboration 
be tween the governrnent, busines, community, and pri­
vate citizens that led to the rejuvenation of C hurch 
Street and the development uf the 1vt1rketpbce is cen­
tral to the city's being honored. 

I 997- Ilurli11gron is one of IO g reat places to raise a 
family according to the maga7i nt> flarc11ri11,1;. 

I CJ97-0ne of the 25 Must Livable C:ities in America 
(w ith populations under 100,000) by U.S. Confe rence 
of Mayors. 

M:iy, 1998- Cited "one of 1 S n est Walking C ities 111 

Am t>rica" by I ~alki11,i: Max11::i11e. 

May/June, 2000- 0 nc of the ··50 Best Pbces to Live." 
1\fot11rity .\ fa1;az i 11e. 

CONTACT 

Ron Redmond, Executive Director 
Church Street Marketplace 
2 Church Street, Suite 2J 
Burlington, Vermont 05401 
Phone: 802-865-7254 
E-mai I: red mond@together.ne t 
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MONTEREY, CALIFORNIA CASE STUDY NO. 62 

Pedestrian Countdown Si~ 

PROBLEM ··---Confusion and conflict between pedestrians and 
motorists existed at intersections with high pedestri ­
an volumes. 

BACKGROUND 

The City of Monterey h:is :i downtown area that expe­

riences :i high volullle of pedestrian activity. Some of 
the intersectiom in the city are <1lso r:ither large and cre­

ate large distances for pedestrians to cross. Accidents had 
not been an abundant concern, but confusion and con­
fl icts between pedestri:ins and motori,ts were a com mon 

problem during periods of h igh pede~trian traffic. 

Countdown signals show pedestrians how many seconds 
of crossing t ime remain. 

SOLUTION 

The C ity of Monterey decided co take advantage of :.111 

exper imental program by the Federal Hig hway Admin-

Prepared by Dessau-Soprin, Inc. and Rich Dea~ 

Monterey. __ j 

istration to test pedestrian countdow n signals at select­
ed intersectiom. The new experimental device was 

designed to enhance the effectiveness of pedcstria n sig­
nals to clear the crosswalk be fore the sig11als ch:m ged. 

Initially, two intersections were chosen fo r the experi­
mental pedestrian signal countdown. These were Del 

Monte Aven ue at Washington Street :rnd Del M onte 
Avenue at Figu t'roa Street. T he first intersection ha, an 

extraordinarily long crosswalk that is 38 m (124 ft) lo ng. 
It also serves as an access between the downtown area 
and the Mome rey R ecreational Trail , :1 !'ta ils-to- Trails 

project. The existing median on Del Monte Avenue 
provides a good refuge area with a pedestrian push but­
ton to activate pedestrian signals . 

The crosswalk at the intersection of IJel M o nte Avenue 

and Figueroa Street is 32 111 ( I OS ft) across and guides 
pedestrians betwee n the dovintown area and the com­

mercial fishing wharf The Monterey Rccre:itional Tra il 

can also be accessed at chis intersection . Iloth of the 
intersectiom had the minimum amount of crm,ing time 
allotted to the sign:il, making them good ca ndidates for 
a signal countdown. 

T he first two signal countdo wm w ere insta lled in early 

1999. A study of pedestria11 and rnocori st behavior in 
response to the new device was conducted ~hortly 

after imt;illation. 

RESULTS 

Since the conclusion o f this study, even more intersec­

tions were equipped with the dt'vices . A study of the 
pedestrian and motorist responses to che signal count­

down was performed by IJessau-Soprin , Inc. for the 

City of Monterey. Previous studies indicated that a 
large number of pedestrians began crossing during the 

flashing "do n't ,valk" phase and become caught in the 
crosswalk when the solid "don 't walk" indication lights 

up. After observing pedestriam m ing the crosswalk 
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locations w ith the new , ignal countdown , rn m t pedes­

trians rh:it arri ved at the intersection w ith less than 10 ~ 

shovving on the countdown at Washington / D el M once 

and less than 6- 7 s at Figueroa/ Del M onte did not i ni­

tiate crossing and decided to wait for the next phase to 

come up. Of these pedestriam. the majority were sen­

iors ( 13 percent) and adults (83 percent) . 

Another purpose of the countdown device is to invite 

pedestriam to stop on the medi ;:i n refu ge strip and wait 

fo r the next phase if they find thl· time left to be too 

short to fi11i~h crossing. T his behavior was observed 28 

times during the study o bservatio n . However, most of 

them did not wait fo r the next pedestrian phase to walk 

the remaining distance and crossed as soon as there was 

a sufficient gap in the flow of traffic. Very few· people 

either got caught in the crosswalk wi th no time left (2 

percent) o r showed no concern for the pedestr ian sig­

nal indication . 

Most people m isinterpret the meaning of the fl ashing 

hand of the signal. According to previous studies, most 

people th ink th::it it m eans to hurry up or to turn back 

to the sidewalk, instead of not to initiate crossing if not 

al ready in the crosswalk . Of chose pedestr ians in ter­

viewed, 87 percent said that having the pedestr ian 

countdown device helped in understanding the pedes­

tr ian signals. 

T he results of rhe study indicate chat pedestrian count­

down signals do not represent any signific mt safety haz­
ards. The coumdown sig nal did not prevent pedestr ians 

from initiating a crossing at the beginning of the clear­

ance in terval any more than conventional signals; hmv­

ever. it was successful in discour::iging some pedestrians 

from crm,ing w irh frw ~ecomb lefi:. T his would not 

have bet·11 possible with conventio nal signals. The 

cou ntdown fea ture also dem onstrated be nefits in 
encouraging pede,trians to wait on the median refuge 

for the next phase or accelerate their pace w hen time 

was running out, preventing the m from being stranded 

in the m iddle o f the crosswalk . 

Fro m this study, some gu idelines were o utlined for the 
fmure implementation of pedest r i:in signal cou11tdown 

devices. T he following situations would j usti fy the use 

of this d evice: 

• Any crosswalk requiring a clearance interval o f more 
than 15 seconds. 

The followin g circumstance, may j ustify the use of 

signal cou11tdown even if the interval is le s than 

15 seconds. 

• High pedestrian vol ume. 

• High levels of vehicular traffic presenting hazardous 

pedestrian crossing. 

• High percentage of pedestrians \Vith walking disabil­

itie, and / o r seni or citize ns, for ex::impk near health 
centers, hospita l,, and retirement conn11unities. 

• :::;chool zone~. 

Monterey's countdown signals have been successful in 
discouraging some pedest rians from crossing with on ly 

a few seconds left in t he phase. 

CONTACT 

Rich Deal 

City Traffic Engineer 
City of Monterey 
City Hall 
Monterey, CA 93940 
Phone: (831) 646-3920 
E-mai l : deal@ci.monterey.ca.us 
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PROBLEM ··---Pedestrian and vehicle conf I icts were occurr ing 
almost daily at several intersections in San Francisco. 

BACKGROUND 

The C ity and Cou nty of San Francisco. alo ng with 

other ci ties around the country, has been concerned 
about pt'destr i.111 s:if'ety :it intersections in the City. T he 

C ity is home to :i bmtling pedestrian-scaled landscape 

where tho usands \\·:ilk to ,vork, shopping, dining. and 

o ther activities. T he rhous:rnds of tourists that com e to 
Sa n Franc isco each year increase the number o f people 

,valking in the City. After a tirne when pedestrian con­
fl icts w ith cars were occurring almost on a daily basis. 

the C ity's Departm ent of Parking and Traflic looked 
in to ways to increase the safety of pcdc,tria11 cros,ings at 

signalized inte rsections. 

Pedestrian interviewees found the countdown signals helpful 
in understanding the amount of t ime left for crossing. 

Information provided and contributions made by OKS 
Associates and Frank Markowitz, Department of 
Parking and Traff ic, City and County of San Francisco. 

L_ 

SOLUTION 

San Francisco D epartm ent o f Parking and Traffi c (DPT) 

i\ currently conducting :i test of pedes trian countdow n 

signab citywide. The pi lot program involves 1-1 inter­
sections, with a ra nge of physical and socio-cultu ral 

c11viru11n1ents. Installation began in late March 200 I. As 

of June, insta llation had been completed at nine inter­
sections.Two were add ed in August ~001. The rem ain­

ing th ree locations ,vere to be installed in fa]) 200 I 
under a City and County o f San Francisco signal mod­

ificatio n contract. 

The Cali fo rnia State Au to Associatio n (CSAA) is the 

primary fu nding entity o f the pilot program and also i5 
taking responsibi lity for installation and main tenance at 

I() in tersections. CSAA also assisted w ith public info r­
mation . and the o rganiza tio n is v,mrking o n a video and 

Public Service Anno unceme nt about pedestrian inrer­

scctio 11 safety, vvhich wi ll add ress countdown signals. 

As a condition ofCTCDC and FHWA approval, DPT 
was requi red to do an evaluatio n of the effectiveness of 

the countdown signals (C D S). DPT did substantial pre-

Pedestrian countdown signal heads show the 
time remaining for each phase. 
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installation and post- inscallacion daca collection regard­
ing pedestri an be havior and attitudes, as well as drivc-r 

behavior. Data collectio n was performed by DPT 

employees. primarily college scudent interns, under the 
directio n of DPT professional staff. With a,sim nce 

from che Metropolitan Transportation Commission 

(MTC), the consulting firm o f DKS Associates was 

retained to perform the evaluation. This case study is a 
brief summary of their preliminary evaluation. A mo re 

extensive evaluation is expected to take pbce G to 12 
months after i nstalJacion. 

RESULTS 

"Before and after '· comparisons may have been 3ffected 

by seasonal factors and fi eld cre,v diffe rence~ that were 

impossible to avoid. T he pre-imtallation data collection 

wa~ chiefl y done in M ay 200 l , ·while schools were ,till 

in sessio n, w hile post- insta lbtio n d:ita collection wa~ 

primari ly done injune and July 2001 , during peak vaca­
tion periods. C hanges in the proportion of stude nts and 

to urists at some intersections could have influenced the 

results. It was also not pos,ible to use the same person­

nel for pre- and post-installatio n field work, and results 

could be affected by differences in field workers' inter­

view style and attentiveness. 

PEDESTRIAN CROSSING BEHAVIOR 
T he m ost im po rtant findin gs of th e , tudy are 

the following: 

• The percentage of pedestrians still in the crosswalk 

,vhen the signa l turned red shO\ved a statistically 1g­
nifican t decrease aftt'r CDS installation. 

• T he percentage of pedestrians leaving during the 

Flashing R ed Hand decn·:ised slightly. 

• T he percentage of pedestrians running or ahorting 

their crossings showed a statistically sign ificant decrease. 

• T he percen tage of observed vehicle / pedestrian co n­

£liccs decrca~ed . 

Each of these results is pmitive. While it is too soon to 

make a statistica l analysis of i lllproved pedestrian safety 

resulting from these behavioral results, it is reasonable to 

conclude that th e number of pedestrian collisio ns is 
likely ro decrease. 

The number of pedestr ians who finished crossing o n 

red d ropped fro m 14 percent to 9 pe rcent at eight 
observed intersectio ns. Thi, re, ult is due mostly to 

walke rs hu rryi ng across (m o re often finishing on che 

yellow) , rather than being more compliant with pedes-

tria n sig,131s. There was little change in when pedestri­
ans ,tarted crossing. T here was a sligh t decrease in 

pedestrians starting to cross during the flashing red h,111d 
(flashing DON'T WALK) and a , imilar, slight increase 

in pedestr iam crmsing during the solid red hand . 

The proportion running or aborting their crossing sig­

n ificamly decreased, dropping from combined 13 per­
cent to 8 percent. Observed vehicle/ pedestrian con­

fli c ts also dropped fro m 6 percent to 4 percent o f pedes­
t r ians. The latter i~ consistent w ith separate set of 

observatiom of ve hicle/ pedestrian conflicts, showing a 

reduction in the proportion of motorists in conflict 

with pedestrians. 

Data collection was complicated by the change in pedes­

trian signal timing chat accompanied countdown signal 
installation. San Franci,co i, gradually changing signal 

timing so that the ,olid red hand begins at the start of the 

yellow veh icle indication , rather than at the end of the 
yellow, :i, has been the historic practice. However, this 

change was taken into account in data analysis. 

Pedestr ian b ehav ior findings varied significantly 
depending 011 location. This could have been due to 

ac tual diffe rences-- due to different walking populations 
and different physical environrnent--or to unintention­

al changes in data collection procedure,. 

PEDESTRIAN INTERVIEWS 
Interviewees find ing ped estrian signals "very helpful" 

increased substa ntially with the cou11tdown signals­
o nly 34 percent with co nventional signals, but 78 per­

cem with countdow11 signals. About 92 percent o f post­
installation interviewees explicitly said the countdown 

signals were "more helpfu l" than com·enrional pedestr i­

an signals. primarily because they howed the time 
remaining to cross.Thi, is consistent with rl'cent FHWA 
research that showed that a pedestrian sample strongly 

preferred the countdown signal to ac tual and theoretical 

vcrsio11s of pedestrian , ignals, and that the countdown 
version was "mo)t easily understood.'' Only 6 percent 

~a id th1.: conventional pedestrian signal was more helpful. 
I II tht:se frw cases, one likely reason was the decreased 

size and clar ity of the walking person/ red hand symbol. 

Also, 82 percent of post- installatio n interviewees had 
noticed the cou11tdown ignals before the interview 

started . Some 69 percent said they were cros,ing difTer­
e11tly. Few (17 percent) understood that it is a violation 

o f the vehicle code to start crossing during the count­

down (flashing red hand). This compares to 40 percent 
in the pre-imtallatio n stud y. T h is suggests that pedestri­

ans are using the cou11 tdow11 signals to decide when to 
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start to cross, which is not its official purpose in San 

fr:incisco. Also, it underscores that a substantial propor­
tion of pedestrians do not unde rstand pedestrian signals. 

These figure~ illu~trate the confusion th:it exists n:Hion­

ally about the meaning of the Oa bing red hand as doc­

umented in a recent LTE srndy. The C ity and County 
of San Francisco urges fi.irther study of the Oashing red 
hand, comparing it, use in the U.S. and abroad, as well 

a, pedestrian attitudes. While- the understanding ot· the 
meaning of the fl ashing red hand is a concern. the City 

:md County of San Francisco beliews that the bcl1av­
ioral improvements brought about by the countdown 

signals oucweigh the issue or w hether pcdesrriam 
understand the legal interpreta tion of the flash ing red 
hand. The finding that, behavio rally, pedestrians are not 

more likely to leave the curb during the tbshing red 
hand is especially important in thi, regard. 

Interview findin g, were extremely consistent acros aJI 

locations. Fo r example. at all nine intersections. at k a~t 
87 percent o f respo ndents seated that the countdow n 
signals were "more helpful" than conventional pedestri­

an signals. 

DRIVER BEHAVIOR 
There was a small decrease in the reported incidence of 
red ligh t running (drivers entering the intersection o n 

red), from 2 percent to I percenc (not statistically siguif­
ica nt). A Jes~ important find ing was a slight decrea,e in 
drivers fi,ii<;J1i11 g crmsing the intersection on the red 

reported after CDS installation. 

A mo re rigorous study of driver behavior and human 
factors in M ontney foun d that umafe driver behavio r 
was not a problem , although concerns h:ive bet>n raised 

that drivers will use the countdown to decide whethe r 

to speed up on a "stale green." The Montert>y study 
found that hy the time drivers could \Ce a11d interpret 
the countdmn1 sign al, it would be generally too Lnc fo r 

them co change their behavio r. 

GUIDELINES FOR HIGH PRIORITY LOCATIONS 
The impact at different intersections needs to be com­

pared in order to ident ify ac which locations, the 

devices are most effective. OKS A sociates suggested 

that the highest priori ty should be fo r the following 

type of intersec tiom: 

• Those that are over four traffic lanes wide. 

• Those that provide relatively short crossing times rel­

ative to the street w idth. 

• T hose that have high pedestrian volume,. 

• T hose that are ranked high in pedestri:in colli sions 

over the last fivt' yea rs. 

NEXT STEPS 
With California's energy cr isis, San Francisco and other 

cities face major financial incentives to replace existing 

traffic and pedestrian signals with more energy-efficient 

LED (Light Emitting Diode) versions. Since there are 

LEU countdown signals available, chis presents an 

oppo rtuni ty to change to countdown signals at many o r 

most signali zed intersections with no incremental cost. 

In fact, the incre menta l cost is roughly $ 1,000 per inter­

section ($130 per signal head) for countdown versus 

conventional LED pedestrian signals, which can be 

abso rbed from in-kind state grant :ind County sales tax 

funds. Therefore, San Francisco seeks permission to 

expand the countdown signal experiment to all loca­

tions with existing or planned pedestri:111 signals, with 

the exception of n:irrow streets of Jes, than 12.2 m (40 

ft) between curbs or possibly a very few industrial loca­

tions with minimal pedestr ian volumes. 

San fr:mcisco will continue and expand the countdown 

signal evaluation.This ,,vill also be useful in determin ing 

how effective the dcvices are when they are so w ide­

spread th:it there is no novelty factor. This case study is 

a preliminary evaluation of San Francisco's pedestrian 

signal countdown program. 

CONTACT 

Frank Markowitz 

Pedestrian Program Manager 

Department of Parking and Traffic 

City and County of San Franc isco 

25 Van Ness Avenue lt345 

San Francisco, CA 94102 

Phone: (415) 252-4696 

E-mail : frank_markowitz@ci.sf.ca. us 
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_Animated Eyes Signal 

PROBLEM ··---Pedestrians are placed at risk when the motorist's 
view of them is blocked by parked cars, other 
motorists exhibit ing pedestrian-safe driving behavior, 
or the architectural elements of buildings at the exits 
of parking garages or retai l services. 

BACKGROUND 

Visual screening is particularly problematic in urban 
areas. At least four screening settings are typical , includ­

ing the followin g situations: 

• A pedestr ian crossing point along a rnultilane road­

way when a m otorist yields to crossing pedestrians ac 
a po int very close to the crosswalk, and screens che 

pe destri:rn from motorists in other lanes traveling in 
th e sam e direction . 

• Where parked cars along a roadway sc reen pedestri­
ans preparing to cross the street. 

• Where structural supports or \Nalls at the exits of 

indoor parking garages screen pedestrians usi 11g side­
walks in front of che exi t. 

• At exits fo r re tail dr ive-through~, such as at fast- food 
restaurants. banb or pharm acies. 

Hu mer, Stutts , Pein. and Cox ( 1996) repo rted that near­
ly 1 in 7 pedestrian crashe~ (in a population based ,am­

ple drawn frolll C alifornia . Florida, M aryland, North 
Carolina and Utah) occurred on private property, most 
often in a comme rcial or other parking lot . The exits o f 

parking garages :rnd re tail drivc- throughs are particular­

ly dangerous because at these locatiom it is often diffi -

Prepared by Ron Van Houten, Ph.D., Center for 
Educat ion and Research in Safety, Dartmouth, 
Nova Scotia. 

J 

c ult for exiting motorists to see pedestrians using the 

sidewalk that crosses the exit. Visual screL·t1ing is also a 

m ajor contributing rnusc to pedestrians crashes on mul­

tilane roads w here the vehicle yielding to the pedestri­

an can block motorist, in ocher lanes frolll seeing the 

pedestri:in in the crosswalk. These , ituc1tions are often 

reterred to a~ multiplt: thrt:at locations for pedestrians. 

SOLUTION 

One way to :ile rt motorists to the pre~enct: of a pedes­
tri :111 w ho m ay be screened is the use a Light E111itting 

D iode (LED) electronic sign th:it show, the direction 

fro m which the pedestrian is crmsing and prompts the 

moto r ist, to look in that di rection before proceeding. 

To determ ine the effectiveness of this type of Intelligent 

Tran -porcation System (IT S) techno logy, an LED sign 

chat included animated eyes and pe destr ian ico m was 

evalu:n ed at two loCJ tions--a lllid-block crosswalk and 

a 11 exit ramp of a \ true tu red parking garage. 

The study wa, funded by che Tramportation R.esearch 

130:ird of the atio11al Academy o f Sciences (USA), 

u~i ng S 100,000 fro111 its Intelligent Transportation Sys­

tellls IDEA program . 

Study locations included a mid- block cros,ing of Cen­
tral Avenue, a rwo- w,1y four lane arterial and a park ing 

garage exit in St. Petersburg. T he garage exit crossed a 

sidt:walk providing acces, to Third Street, a four lane. 

one- way street. Posrt'd speed limits 0 11 both of these 

streets ,vas 48 km / h (30 mi/ h) and trJffic volumes we re 

ch 5'ified as high. Petk~trian crossing activity at the 111id­

block site wa~ appro:-.:i lllately 70 per hour. The focus of 

the srudy was to evaluate the effectiwness of the ani­

mated-eyes sign :it re<lucing the number ol pt:destri­

an/ motor vehicle confli cts by I ) akrting motorists to the 

presence of pedestrians crossing in front of chem; 2) indi­

cating the direction the pedestrian is crossing; and 3) 

prompting them to look for the pedestri:rns. 
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Ill uminated eyes look back and fort h at a rate of 1 cycle 
per second; the illuminated pedestrian icon 

(right, left or both) indicates from which di rection(s) 
pedestrians are approaching. 

The sign used J p:iir of anirn:iced 'eyes' pos itioned 
between two pedestrian symbols for two purposes. 
Directional microw:ive detectors were med co detect 

the.: presence .rnd tr:ivel direction of pedestrians. The 
eyes prompt the motorise co look for the pedestrian 
about to cross in front o f the ir vehicle and provide a ref­
en:nce poim for loc:iting the pedestrian. 

When a pedestrian approache~ from the righ t, a LF.D 
pedestrian symbol is displayed 011 the r ight side of the 
eyes. When a pedestrian approaches from the left. a mir­
ror image pedestrian symbo l is displayed on the left , ide 

of the eyes. Whrn a pcdestr i:rn w:is <le tecced approach­
ing from. only one side, the icon on clue side was illu­
minated and the eyes looked back and forth :1t a rate of 

I cycle per second. W hen pede,trians were detected 
approaching from both si<les. both pedestr ian icons 
were illuminated. 

The garage LED electronic sign was mounted in the 
lower portion of the concrete header wall just abovl· the 
sidewalk. The mid-block signs were mounted over the 
lane line in e;ich direction on two span wires w ith .1 

downward :rngle of five degrees. Yellov,: flashing beacons 

were installed next to the electronic sign in o rder to allow 
a comparison of the two treatments at the ,arne , ite. 

RESULTS 

T he LED electronic sign signifi cantly increased yielding 

at both locations and was associated with reduced con­
f1icts. Defore the electronic ·eyes· were installed. less 

than 21 percent of cirivers yielded to pedestrians in all 
but o ne- of elt'ven observation periods, vvith some peri-

ods as low as 3 percent. In the nine observation per i­
o ds after inscallation ot che 'eyes,' between 50 and 70 
percent of drivers yielded. Further, the animated eyes 

were consistently more effectivt: at i11crc-asi11g motorist 

yield rares than a flashing yellow beacon-6:2 percent of 

drivers yielded to the LED, while only 36 percent of 
motorists yie lded co beacon. 

A formal study of user opinion about the techno logy 
was not conducted, however informal comments gath­
ered by the: cL1ta collectors and local officials garn ered 

only positive reactiom and 110 compl::iint,. After exam­
ining study results, local authorities in b oth ,tudy loca­
t ions opted to keep thL· LED signs in place after the 
study wa~ concluded . Eventually, the 'eyes' at the m id­

block location were removed because a bus ,top gener­

ating che pedestrian crossings was reloc:ited. however 
the c iry is actively comidcring other locations for instal­

lation of the "animated eyes." 

Fo llow-up data, collected o ne year after the ITS "ani­
matt"d eyes" sign was installed, show no reduction in 

treatment effectivene,s. These data are curren tly being 
replicated :it a number of additional sites. 

CONTACTS 
Dr. Ron Van Houten 

Di rector of Research 
Center for Educat ion and Research in Safety 

17 John Brenton Drive 
Dartmouth. Nova Scotia 

CANADA 82X 2V5 
Off ice Phone 902-434-627 4 

E-mail : rvh@cers-safety.com 
Web: www.cers-safety.com 
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Leading Pedestrian Interval c1 OF 2> 

PROBLEM ··---The intersection of South Street and Orange Avenue 
in Downtown Orlando experienced a relat ively high 
incidence of pedestrian/motorist confl icts. 

BACKGROUND 

Right- tu rn-on-red maneuvers made by motorists were 

_particularl y dangerous to r pedestrians cros,ing an inter­
sec tion. T he intersection of South Street and Orange 

Avenue in D owntown O rlando experienced a relative­

ly high incidence of pedestrian / motor ist conflicts, espe­

cd ly after a municipal parking faci li ty was relocated 

away from municipa l build ings. A new office tower 

being comtructed o n the o ld parking lo t site, and many 

municipal workers parked at a parking faci lity 0.--1 k111 

(0.25 mi) away. T h e walk to municipal offices required 

the crossing of the in te rsect ion of Sou th and Orange. 

A leading pedestrian interval at the intersection of South 
Street and Orange Avenue gives pedestrians a 4 second 

head start in crossing. 

Information provided and contributions made by J 
Ken Stygerwal, Tommy Holland, and Bob Faris, 

City of Orlando. ____ __ 

The increase of pedestrian traffic through th is intersection 

and the occurrence of a pedestr ian .Kcident in the cross­

walk in 1997 prompted the City to examine the opera­

tion of che traffic signal to improve pedestrian safety. 

SOLUTION 

Th e imersec tion of South Street :rncl Orange Avenue in 
D owncmvn O rlando was the site for what is call ecl a 

leading pedc'stri an interv:tl. At ;1 cost of o nly hunclrecls 
of dollars ancl caking o nly 2 lw; to install, the leadi ng 

ped estr ian interval w;i, , imply J change in signal phasi ng 

th:it allowed fo r a pedesrri,rn p k1se to bc'gin --1 s b efore 

the g reen ph ase fo r m otor w h ich:> tr;'Jffic. T his allowed 

pede, rria ns ;'I heJd ,t:irr ro crms in rhe crosswalk of the 

inrersectio n. Ir provided signific:int visib ility to those 

crossing, gave extra time for pedestri :ms to cross. and 

alerrecl motorists to the existen ce of pedestr i:ins in the 

crossw:ilk. An illuminated sign ·was installed on the over­

head sigml post rem inding motor i,ts to "yield to peels" 

in the crosswalk w hile the signal was g reen. When the 

signal w:is red . the sign changed to read "110 turn on red" 

to prevent pedestrian co llisiom from this action . 

With the 4 second lead time given by the leading pedestrian 
interva l, pedestrians are able to cross part of the 

intersection before vehicles begin turn ing. 
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T he extra time for the pedestrian phase was g:iined from 

the i11troductio 1J of a tlurd signal phase at that particula r 

inter~cctio11 . The imcrsection was opera ting on two 

pha~es, and a third 6-~econd plu sc w:is added in order to 
accommodate the additional pedestrian walk tin1c while 

all other approaches were red. The walk signal is main­

tained as the green phase begins for motorists. 

RESULTS 

Altho ugh the primary impetus fo r the introduction of 

the leading pedestrian interval was due to a highly pub­

licized accident involving a municipal employee, a 

review of pedestrian accidents reveals no d ecrease since 

the n ew signal phase began operating in 1998. Accident 

rates remain unchanged at this in tersection. 

The new signal phase e nhances the vi, ibiliry of pedes­

trialls crossillg in the crossw:dk and alerts motorists to 

the existence of pedestrians in th eir ri g ht-of-way :is 
they cross the busy intersection. Ciry , taff note th:it, 

because of the red uction in pedestrian /auto con8 icts, 

the leading pedestr ian interv:il has also improved the 

vehic ular level of service despite the d t>c rcase in grt>t'n 

time for vehicles. Uoth motor ists and ped estrians ali ke 

became accustu111cd to the new situa t io n rather qu ick­

ly, and both groups seem to be undi,turbed by the new 
signal oper:ition. Pedestri :ms benefit from the increa,ed 

saft'ty and visibility the new signal phase provides. 

CONTACT 

Tommy Holland 
Traffi c Analyst Supervisor 
City of Orlando 
P.O. Box 4990 
Orlando, FL 32802-4990 
Phone: (407) 246-3257 
Fax: (407) 246-2892 
E-mai I: tommy. hol land@c ityoforlando. net 
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S~ PETERSBURG, FLORIDA CASE STUDY NO. 66 

Leading Pedestrian Interval t& 

PROBLEM ··---At signalized intersections, right and left turning vehi­
cles present a danger to pedestrians crossing during 
the WALK interval, and crash statistics show that 
pedestrians are especially vu lnerable to left turning 
vehicles (left turning vehicles are overrepresented 1n 
pedestrian crashes). 

BACKGROUND 

One prac tical solution to this problem is to program the 
traffic sign:ils to allow the pedestrian to begi n c rossing 
befort' the vehicle traffic on the parallel street is given 

the g reen light. This is commo nly referred to as a lead­
ing pedt'strian interval (LPI). One of the most effective 
ways to dt'crease crashes that involve motor vehicles and 

pedestri:ins is to sepnate them in time. Pedestrians and 

motor vehicles CJn be separated in time by providing a 
leading p,dcstri:m int, rval , which permits pedestr ians 
to gai n a head stare before turn ing vehicles are released. 

Research has shown chat this treatment is associated 
w ith a decrease in pedestrian/ motor vehicle conflicts 
and an increase in the percentage o f motorists that yield 

r ight o f way to pedestrians. This study examined the 
influence of a three-second LP! on pedestrian behavior 
and conflicts with turning vehicles (Van Houten , R et­
ring, Farmer,Van H o me n, & Malenfant, 2000). 

SOLUTION 

A leading pedestrian interval \vas created fo r study at 

th ree signalized intersections in downtown St. Peters­
burg, Flo rida where pedestrian crossings occurred at the 

Prepared by Ron Van Houten, Ph.D. , Center for 
Education and Research in Safety, Dartmouth, 
Nova Scotia. 

average rate of 60 per hour. -1 o insure unbiased results 

no public o utreach or awareness was conducted prior to 

executio n of the study. The Insurance I mtitute for 
Highway Safety funded the study at cost of $30,000. 

In order to coUect baseline data, prio r to the inst;:illation 

of the LP!, e:ich intersection w:is configured to provide 
simultaneous onset of the WALK signa l ;111d GREEN 
phase for turn ing vehicles. During the experiment the 

LP! was instaUed to release pedestrians 3 seconds ahead 

of turn ing vehicles by extendi ng the duration of the all 
r,d signal phase by three seconds. Sites 1 and 2 vvere each 

at intersec tions where one street carr ied four lanes of 
one-way traffic and the other t\¥0-way traffic (two la nes 

m each direction), while site 3 was an intersection where 
both streets carri,d two-way traffic (each street had a 

total of 4 lan cs). T hese streets had 30 mph (48 kph) post­

ed speed limits and carried high volumes of traffic. 

Observers collected data on three items: a) pedestri­

an / motor vehicle conflicts, 6) pedestrians beginning to 

cross during the five second period at the start of the 
WALK interval, and c) pedestrians starting to cross dur­

ing the remainder of the WALK interval. They also 
noted the percentage of pedestrians yielding right of 

Pedestrians are given a WALK signal three seconds before 
paral lel t raffic is given a green light. 
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way ro turning vehicles :rnd the numbe r of half-bnes 

travnscd by the lead pede,tri:111 during the 3 seconds 

th e LPI was in e ffect. Dat,1 \Vere collected se-parately fo r 

pedestrians 65 and older at all thre-e sites. 

RESULTS 

Following che introduction of the Lt>L conflicts were vir­

tually eliminated for pedestrians departing during the 

stare of the WALK i11terval. T here were H rotal pre­

treatme11t observation periods at ,111 three sites. During 

e;1 ch of these sessions. the sites aver,1ged between 2 and 3 

confl ict<; per I 00 pedestrians, with -;ome periods having 

up to 5 conflicts per ·1 ()() pedestrians. After the LPI w:is 

installed, 3 -1- of the -1- I sessiom h:id no confl icts. and n o 

session had more th .111 2 conflicts per 100 pedestrians. 

T his effect held up tor senio r citizens and n on-senio rs 

alike. T h ere w:is also a smalle r reduct io n in conflicts 

during the renu inder of the WALK imerval. T his 

reduction \Vas likely the result of pedestrians claiming 

th e right-of-,v:iy during the earli e r portio n of the 
WALK interva l. The percentage of pedestr i:ins yield­

ing to vehicles also decl ined following the in trocluc tion 
of the LPI , :ind cbta showed that pedern·i:111s tendecl to 

crms more bne, d ur ing the 3 second LPI the lo nger the 

interventio n w:1, in effect . This was likely the rernlt of 

regular users d iscern ing th e presence of the IYI ;ind 
modifying tilt'ir behavior to utili ze it to the fullest 

exte nt pos,ible. 

Over a period of f<:rnr 111o nrhs at these th ree sites, no 

reductio n in intersect io n effectiveness for m otor vehi­

cles was detected. M oreover. local authorities opted to 

retain the L Pl in places where the range of permitted 

turning movements governed by the sig11:1I cycles allows 

safe use of the LPI. This interventio n was shO\vn to 

incre,1se pede<;tr ian safety and improve pedestrian com­

fort ::111d perceived safe ty levels as well. 

CONTACTS 

Dr. Ron Van Houten 

Di rector of Research 

Center for Education and Research in Safety 

17 John Brenton Drive 

Dartmouth, Nova Scot ia 

CANADA B2X 2V5 

Office Phone: 902-434-627 4 

E-mai I: rvh@cers-safety.com 

Web: www.cers-safety.com 
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Red Light Camera Enforc 

PROBLEM ··---A high number of red light violation crashes were 
occurring at several city intersections. 

BACKGROUND 

Across the country, cities have begun to tackle the 

problem of red light running from a technological per­
spec tive. R ed ligh t running has bee n the cause of 

numerous fatal accidents involving motorists, passen­

gers. bicyclists, and pedestrians. In fact , these accidents 
often have a higher chance of being fata l due to the fact 
chat the running vehicles are more likely to be travel­

ing at high speeds to race through the intersection. 
T he C ity of Bo ulder began to address the issue in 1998 
after recording a high number of accidents at some of 
the city 's inteVieccions. 

SOLUTION 

Since August 1998. the city of Boulder has been us111g 
photo enforcement technology co enforce traffic laws 
and improve s:ifety :it a few design,1ted signalized incer­

secciom. Camera housing cmcs between $ 1 OK and 
$20K depending on , ite specifics. The Cameras R e ne 
for about $2,.150 plus another $.175 fo r field mainte­

nance. The city program for red light running includes 
four photo red light cam eras . The photo red light cam­
eras have been in operation since August 1998. 

The Photo [eel light c1meras werL' inti:11ly locited at the 
followi ng in tersectiom: 

• Arapahoe Avenue/28th Street Wc~tbou11d. 

• Arapahoe Avenue/28th Street Southbound. 

Prepared by Bill Cowern, Transportation Operations. 

Enforcement cameras are used 
for red light and speed enforcement. 

• Valmont R oad/ .+7th StreetWestbo und. 

• Table M e,a Drive/ f oothills Parkway West R amp 

Westbo und. 

T\YO addition;il intersections were added in 200 I: 

• 28th Street/ C :myon Uoulevard Northbound. 

• 28th Sm.:et/ Canyon Uoulevard Southbound. 

RESULTS 

In the th irty months since its inception, the program has 
demo nstrated substamial benefit in the reduction of red 

lig ht running at th e four locations \\"here it is currently 
deployed. In 1998, after implementation of photo red 

lig ht cameras, there was an average of 69 violations 
daily. In 1999, there \Vas a 9 percent reduction w ith an 

average of 62 daily red light violatiom. T hi, improve­
ment increased in 20()0 with a 21 percen t reduction 

from 1998 to 5-+ daily red light violations. Th .: fir~t 
quarte r o f '.WO 1 shovvs further improvement with a 3-+ 

percent reduction from 1998 levels to an average of 45 
da ily viola tions. Table I summarizes the~e result~. 
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Year 

1998 
1999 

2000 

Average Daily 
Red Light Violat ions 

2001 (1st Quarter) 

69 
62 
54 
45 

Percent Reduction 
(to 1998) 

9% 
21% 
34% 

Table l. Photo Red Light Enforcement Program 

An intersection with camera enforcement. 

Staff examined the accide nt history of i11tersectio11 

:ipprnaches using the photo red light techno logy. Prior 
to the c:imer:is, the intersection appro:iches of west­

bo und Valmont Road at 47th Street :ind westbound 
Table Mes;i, Drive :it the foothi ll s Parkway off- ramp­
R TD driveway both had significant :iccident rates asso­

ciated w ith red light violations. Since the use of photo 
red light on these approaches began, the accident rates 
have dropped signifi cantly at both locations. Table 2 

details the average accident rates pe r year at these two 
intersection approaches before and after the use o f 
photo red light technology. 

The two intersection approaches listed in the table were 
chosen to have photo red light enforcement installed 

due to the high numbers o f red light violatio11-rclated 
accidents that occurred there. At these two i 11tersectio11 

approaches, red light violatio n accidents were reduced 

by between 50 percent and 75 percent. These find ings 

are consistent with national ft ndings o n the accide nt 
reduction benefits of the photo red light tech nology. 

The four approaches not listed in the table above are 

located at the intersection of 28th Street and Arapahoe 
Avenue and at the intersection of 29th Street and 

Canyon Boulevard. These approaches did not have a 
significant accident problem of chis type prior to or 

during the use of the photo red light technology. 

From the data presented here, the photo red light 
enforcement program had a significant effect of red uc­

ing the n umber of accidents caused by red light runners. 
Th is has a bene fit to pedestr ians who arc more likely to 

susta in fatal injuries in these typ es of pedestrian/ motor 
vehicle confl icts. 

CONTACT 

Bi l l Cowern 
Transportation Operations Engineer 
City of Bou lder 
PO Box 791, Boulder CO 80306 
Phone: 303-441-3266 
Fax: 303-441-4271 
E-mail : CowernB@ci.bou lder.co.us 

Intersection Approach Average Red Light Vio lat ion Acciden ts per Year 

Before Photo 
Red Light 

WB Valmont Road at 4 7 th Street 5.8 
WB T.Mesa Drive at FHP off-ramp 5 . 1 

After Photo 
Red Light 

2.7 
1.3 

Difference 
(Percentage Difference) 

-3.1 (-53.4%) 
-3.8 (-74.5%) 

Table 2. Histori c Red Light Violat ion Accident Statistics. 
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PROBLEM ··---Traffic accidents and congestion due to red light vio­
lators occurred at intersections in West Hollywood. 

BACKGROUND 

Many locatious in Wc~t H ollywood have a large am o unt 

of pedestrian traffic. R.ed light running has been the 

cause of nu merous fatal acc idents involv ing motorists, 

passengers, bicyclists, and pedestrians. Jn fact . red light 

running accidents ofte n have a higher chance of being 

fa tal due to the fac t that the running veh icles are m o re 

likely to be traveling at high speeds to race through the 

in tersection. The C ity o f West H ollywoo d began to 

address this p ro blem in 1999. 

Signs inform motorists of intersect ions where red-light 
photo enforcement is in place. 

Information provided by Joyce Rooney, City of West 
Hollywood. 

SOLUTION 

The goal of the City's Photo Enforcement Program is to 

improve traffic s:ifety :rnd pedestri:111 ,afety in We,t H ol­

lywood by increasing com pliance with trafTic regulations 

and by reducing traftlc accidents and grid lock caused by 

red light violato rs. West Hollywood residents are very 

sup portive of the public safety program and have 

requested specific locations fo r photo enforcement. 

T he City Council approved the photo enforcement 

concept in October 1998 and directed staff to prepare 

and issue a R equest For Proposal (RFP). The T r:rns­

portatio 11 and Public Safety Com111issio11s both 

endorsed the con cept of photo enforcem ent. T he R FP 
wa, issued D ecember 29, 1998 with a response deadline 

ofj;m uary 20, 1999. 

The C ity received a proposal fro m Lockheed Martin, 

IMS. Pursuant to California Vehicle Code 2 1455.5, th e 

C ity Council held a publi c hear ing and awarded the 

operation contract to Lockheed M artin, IMS o n March 

15, 1999 and approved a two-year agrccrnrnt w ith 

Lockheed M artin. IMS. The C ity Council amended th e 

agreem ent November 6, 200() by :idd ing c1.mer:is ;i,nd 

intersections and extending the agreement per iod 

through June JO, 200-+. 

T h e intersections in iti:i lly selected tor photo euforce­

rne nt included the fo llowing locations: 

• Fountain Avenue at Crescent H eights Boulevard 

• Sunset Boulevard at La Cienega l3o ulevard. 

• Fo un tain Aven ue at Fairfax Avenue. 

• Melrose Avenue at La C ienega Boulevard. 

• Fountai11 Avenue at La Brea Avenue. 

• Beverly Bo ulev:ird at R obenson 13oulevard . 

In November 2000, the City Council amended the 

agreement by adding cameras at some of the intersections 
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Red light cameras in place at Founta in Avenue. 

and also added intersection locations. Cameras at the two 

foUov.:ing locations began operating in July 2001. 

• Santa Monica 13oulc>vard and Fairfax Avenue. 

• Santa Monica Boulevard and La Brea Avenue. 

RESULTS 

Intersection selection was determined by staff based on 
accident statistics, violation analysis and intersection 

infrastructure. Prior to che implementation of the pro­
gram, baseline accident data was established as an aver­

age from the pn:vious five years for the highest accident 
locations. Actual accident data through August 2000 for 

these s::ime intersectio ns shows that the accident ratio is 
lower for four of the locations. the same for one and 
higher for one. The following table shows the number 

of accidents recorded at each of the inte rsections that 
have had red light cameras installed. The data in Table 

1 suggests that accident rates have been reduced since 
installation of the red light cameras at most of the inter­

sec tion locations. 

The West Hollywood program statistics show o nly about 
4 percent of the citations are issued to West H ollywood 

Intersection Previous Acc ident 

residents, which indicates that the city has a large 

amount of through traffic. The city is small, rough ly 5. 7 
km2 (2.2 mi2) and is surrounded by the cities of Los 

Angeles and Beverly Hills. 

A successful photo enforcement program will see 
reductions in violations recorded over time. The num­

ber of actual cicacions issued is roughly 50 percent lower 

than the number of violations recorded due co techni­
calities, such as the driver not having a front license 

plate or the driver not being able to be correctly iden­
tified. Table 2 shmvs the percentage of violations chat 
result in actual citations being issued. These resu lts are 

comparable to other cities' experiences with red light 
ca111era enforce111ent progra111s. 

Table 3 shows the number of violations recorded dur­

ing two time periods, October 1999-June 2000 and 
O ctober 2000-June 2001 . These tim.e periods were 

chosen due to irregularities in camera deployment dur­
ing the other months of those years. One intersection, 
Sunset at La Cienega Boulevards, had irregularities dur­

ing the time periods evaluated. This intersection was 
left out of the comparative analysis. Two other inter­

sections, Santa Monica at La Brea and Santa M o nica at 
Fairfax, were also not included because cameras were 

installed there in July 200 I, and no comparative data 
was available to evaluate these two intersections. 

Table 3 shows that at all but one analyzed location, the 
number of violations decreased from the first year of 
camera operation to the next. Overall, of the locations 
analyzed, there was a 15.5 pe rcent reduction in the 

Violat ions Citations Percentage 
Recorded Issued Issued 

June 1999-Aug 2000 39,907 
Sept 2000-Aug 2001 31,564 

18,897 
18,360 

47% 
52% 

Table 1. Violations and ci tations before and after the red 
light cameras were insta lled. 

# Accidents # Accidents 
Average per year Apri l- August 2000 September 2000-July 2001 

Sunset/La Cienega 10 2 5 
Fountain/La Brea 4 3 3 
Founta in/Fairfax 6 8 4 
Fountain/Crescent Heights 8 8 9 
Santa Monica/La Brea NA 1 2 
Santa Monica/Fairfax NA 1 5 
Melrose/La Cienega 7 1 8 
Beverly/Robertson 7 3 6 

Table 2. Accidents before and after the red light cameras were instal led . 
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Intersect ion Directions Violations Recorded 
Enforced October 1999-June 2000 October 2000-June 2001 

Fountain/La Brea 2 9 ,384 8,048 
Fountain/Fairfax 3 3 ,685 2,498 
Fountain/Crescent Heights 4 3,680 3,030 
Melrose/La Cienega 3 3 ,77 1 3,869 
Beverly/Robertson 2 3,757 3 ,074 
TOTAL 24,277 20,519 

Table 3. Number of vio lations recorded before and after the cameras were installed. 

number of violations recorded . It is important to note 
that part of the reduction in the number of violatio ns 
recorded is due to construction activ ities along Sant;i 

Monica Boulen rd during the winter of 2000 and 
spr ing of 2001. T his construction h ;id the e ffect of 

reducing traffi c volumes on ~urrounding streets bec1use 

three major intersections we re closed to ;i ll traffic fo r 
var ious ·weeks. However, it is very likely that the red 
light cameras d id discou rage drivers from running red 

lights e no ugh to cre;ite a downward trend in violations 
seen in the table above. 

CONTACT 

Joyce Rooney 
City of West Hollywood 
8300 Santa Monica Boulevard 

West Hollywood, CA 90069 
Phone: (323) 848-6400 
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Change in 
Violations 

-14.2% 
-32 .2% 
-17.7% 
+2.6% 

-18.2% 
-15.5% 
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PROBLEM ··---Crosswalks on streets with multilane, uncontrolled 
approaches are often associated with a type of high­
energy pedestrian crash termed a mu ltiple threat 
crash (Snyder, 1972; Zegeer, et. al., in press). Multi­
ple threat crashes involve a vehicle in one lane stop­
ping to allow a pedestrian to cross the street while the 
driver of an oncoming vehicle travel ling in the same 
direction , in an adjacent lane, strikes the pedestrian. 
A major factor contribut ing to this kind of crash is the 
fact that the yielding veh icle stops (or slows) too close 
to the crosswalk, screening the pedestrian from the 
view of another motorist fast approach ing in the lane 
that the pedestrian is crossing next. 

BACKGROUND 

Problems with screening and multiple threat situations 
h:we ;ihvays been a safety issue on urban streets and high­

ways, and som e rural roads. Fo r example, buses and 
trucks have ,1)ways been capable of totall y screening the 
pedes trian, however the populariry of ever larger sport 
utiliry vehicles and m inivans has incre:p;ed the perct:nt­

age of vehicles on the road that can completely screen 
the view of pedestrians crossing the street. M oreover, 

children and pe r,ons of shon stature can be completely 
screened by even small- or medium-sized pa,senger cars. 

Traditionally, crosswalks have been paintt'd to increase 
pedestrian safety and level of ,ervice, where previously 
legal c rossing areas were unm:1 rked . 7.egecr, tewart, ::ind 
Huang (in press) compared 1000 marked :rnd I 000 

unmarked crosswalks in 30 U.S. cities. They observed no 
~ignificallt difference in crashe, between marked and 

Prepared by Ron Van Houten, Ph.D., Center for 
Education and Research in Safety, Dartmouth, 
Nova Scotia. 

unmarked cro ,va lks with o ne exception: crmswalk, on 

n1ultila11e roads which arc not controlled by a traffic sig­

nal or stop sign were associated with significantly rnorc 

crashes than unmarked crmswalks if the road had an 
:1verage daily traffic volume (ADT) above 12,000. It ha, 

been suggested that marking crosswalks can lead to a 

false sense of secur ity (Herms, 1 'J72). Howewr, behav­

ioral data collected before and afi:e r crosswalks were 

imtalled at a nu111 b er of site, contradict this hypothesis . 

These data show that marked crosswalks were associated 
with somewhat higher levels of pedestr ian observing 

behavio r by motorists and somewhat lower driving 

speeds (Knoblauch, Nitzburg. & Seifert, 1999). 

Zegcer ct. al. (in p res~) fo und tha t the greatest difference 

in pedestrian c rash types between marked and 

unmarked crosswalks involved multiple threJt cra~hes. 

This makes sense because multilane roads w ith a high 
ADT are more li kely to have cars approaching in :idja­

cent lanes than roads with a lov,r ADT, and therefore, 

provide greater e xposure for rnultipk threat crashes. 

Zegeer et. al. recommended that marked cross\valb 
sho uld not be installed alone on multilane roads w ith a 

high ADT. Instead crosswalk, sho uld be enh:111ced with 

o ther tra t1ic engineering improvements. 

SOLUTION 

One tre:itrnent that addres,es the issue of multiple- threat 

crashes is the use o f yield markings pbced 10-15 m (30-

50 ti:) in advance of the cross,va lks along wi th a " YIELD 

HERE TO PEDESTRIANS" sign placed adjacent to 

the markings. Data show that this treatment can pro­

duce a marked reduction in multiple threat conflicts. 

Prior research (Van l louten, 1988; Van H o uten &. 

Malenfant, 1992, Van Houten , McCusker, and Malen­

fant, in pre~s) has demonstrated that the use of advance 

stop lines or yield markings in conjunction w ith signs 

directing motorists to yield I 5 m (50 ft) in advance of 

276 Case Studies Pedestrian Safety Gu ide and Countermeasure Selection System 



TO 
PEDES1RIANS 

A YIELD HERE TO PEDESTRIANS sign. 

the cros~w::ilk will reduce m otor vehicle/ pedestrian 

conflicts and inc rease mo torists y ielding to pedestrians 

at multilane crosswal k- with an uncontro lled :ippro ach . 

W h en m otorists yield in :idvance of the crosswalk, they 

euhance pedestrian safrry in three ways . First , the y ield­
ing veh icle J oe~ nor screen the v iew o f m otorists in the 

pede~trian's next lane of travel. Second , they reduce the 

likelihood that a vehicle travelling behind the yielding 

vehicle w ill cross the cente rline to pass it striking the 

pedestrian. T hird , they reduce the chance that an inat­

tentive driver who str ikes the yielding vehicle from 
behind w ill push it into the pedestr ian. 

In a recently com ple ted study conducted in H:ilifax, 

Nova Scotia, Canada, 24 crosswalks were ra ndomly 

assigned to a treatm ent or control condition . Fo llowing 
a baseline m easurement pe riod , twelve o f the streets Ind 
ad vance yield markings and the " YIE LD H ER E TO 

PEDESTIUAN" sign inswlled, 7- 20 111 (23-6.S ft) in 

advance o f the crosswalk. T he remaining half o f the 

crosswalk!> re mained in the baseline conditio n and 
served a~ control sites. Each of the streets used in the 

~tudy included m u lt ip le travel lanes in both directions 
or multipk lam·, o n a one way street. T he posted speed 

limit was 48 k111/ h (30 111i / h), yet actual speeds were 

h igh er 0 11 some streets, up to 65 km / h (40 mi/ h). Street 

se ttings included urban and suburban contexts. 

T he study cost was $25,000 and was funded by the H al ­

ifax R egional Municipality and Province of N ova 

Scotia. To ensure unbiased road user behavior, no pub­

lic o utreach o r educatio n ,vas cond ucted. 

RESULTS 

The sig n and m:irkings increased the percentage o f 

mo to rists yielding to pedestrians and decreased the per­

cen tage o f m otor vehicle / pedestrian con fl icts at all 12 

sites. For th e co ntrol crosswalks, driver-yielding behav­

ior remained almost unchanged b etween the before­

and afte r- treatment measurements. H O\vevcr the per­

centage of drivers w ho yie lded to pedestrians at cross­

wal ks wi th the added sign and m arkings increased from 

around 70-75 percent to around 80- 85 percent. Fur­

ther, vehicle-pedestrian conflicts remained nea rly con­

stant for the control sites hut decl ined fro m abou t 10 to 

15 conflicts per 100 crossings to under 5 conflicts pe r 

I 00 crossings at the treatme nt site . 

r:o llow-up d ata collec ted six months after the m arkings 

and signs were in troduced show no reductio n in tre;it­

ment effectiveness. T hese data arc in accord w ith pr<::­

vious findings, which show that effects are maintained 

over t1111e. 

T he success o f the " YIELD HEili T O PEDEST RI­

AN" sign and advanced sto p bar is u nderscored by the 

decision o f the local government to retain the treat­

m e nts installed fo r the ~tudy. While a fo rmal user opin­

ion survey was not cond ucted , data collectors and study 

p r inc ip;ils received favorable rcac tiom from roadways 

users and more people ,vere aware of multiple threat 

cra,hes and condi tions. 

CONTACTS 

Dr. Ron Van Houten 

Director of Research 

Center for Educat ion and Research in Safety 

17 John Brenton Drive 

Dartmouth , Nova Scotia 

CAN ADA B2X 2V5 

Phone: (90 2) 434-627 4 

E-mai l: rvh@cers-safety.com 

Web: www.cers-safety.com 

Dave Mccusker 

Di rector of Transportation 

Hali fax Regional Mun icipal ity 

Phone: (902) 490-6696 

Halifax, Nova Scotia, Canada 
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BELLEVUE, WASHINGTON CASE STUDY NO. 70 

Radar Trailers In Neighborheod 

PROBLEM ··---Excessive vehicle speed is a top complaint received 
by t ransportation departments, and one of the pri­
mary contributors to both vehicular and pedestrian 

crashes. Although agencies may have a number of 
tools available for addressing speeds, effective edu­
cational tools may be hard to come by. 

BACKGROUND 

Protect in g :mcl preserving n eighborhood livability is a 

priority for the C ity of Oellcvue. In 1985, the C ity 

developed and implemented a e ighborhood Traffic 

C:alming Program to address citizt'n concerns with 

excessive vehicle speeds, cut-through traffic, accidents 

and pedestrian safety. Bellevue 's experience has shown 

that the majority of speeders in a neighborhood are the 

residents them,elves. Although engineering and enforce­

ment measures are important to curtail , peeding, one of 

the keys to reducing vehicle speeds is changing driver 

behavior. To this end, the C ity's Police and Transporta­

tion Dcpart111ents partnered to educate the conununity 

on traffic s:1tety basics, including pedestrian safety. 

Excessive vehicle speed was the number one complaint 

received by the C:ity's Transportatio n Department. 

Although Bellevue ha~ a number of tools in its toolkit 

for addressing speeds, the C ity is always looking for new 

and innovative approaches to add re,sing this o ngoing 

concern. In 1990, the City found a success story fro m 

a police agency in southern Cali fornia, experimenting 

,vith ::1 new tL·chnique-a radar trailer. This new tech­

nique appealed to the C ity, and a pilot program began . 

Prepared by Karen Gonzalez, City of Bellevue, WA. 

SOLUTION 

A radar trailer is a ,elf-contain t'd portable trailer that 
houses a radar unit and rea<ler bo::1rd. As a vehicle pass­
cs the trailer, the vehicle's speed i, dt'tcctcd by the radar 

unit and displayed on the reader board. The idea is to 

bring a motorist's attention to the speed they arc travel­
ing and how it co111p::1res to the po)ted speed limit. 

W1th the help o f it, e lectronics staff, the City purchased 
and constructed its fir,t radar trailer. T he next ,rep was 

to select locations throughout the Ci ty for its pilot pro­
gram, w hich included both neighborhoods streets and 

streets in ,chool zone . Typical spccd limits o n chest' 
local and collector ,treet, were -+O km/ h (25 mi/ h), or 

32 km/ h (20 mi / h) in the schoo l zones. 

Pr ior to setting out the trailer. speed scudi t', \\'ere con­
d ucted at several sites and m ed ;is the baseli1lt' for dctcr­

mi11ing the effectiven ess of chis new tool. Each 111om­
ing , the rada r trailer was placed by the Pol ice D epart­

ment's Parking Enforcement Officer and picked up 
each afternoon, taken back to the C ity for sto r.1ge and 
battery recharging. 

Two weeks following pbcc111 c11 t of the r,1dar tr,1iler, the 

Police Dep:1rtnlt'nt conducted t,ll'get speed enforce­
ment. T his approach provided re~idents with ,111 oppo r-
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tunity to correct their driving habits and reduce their 
speed befo re en forcement began. 

T he in iti:d cost of purchasing equipment and build ing 

radar tr:i il er w:is approximately $6,000 in 1990. Since 

that time. the populari ty o f these units has increased, 
and manufacturers are now producing them for pur­
chase. Today's coses range betv,.:een $7,000 and $1 0,000, 
depending o n the unit 's features. Funds from the 
Neighborhood Tr:iffic Calming Prog ram were used to 

fund the proj ect. 

RESULTS 

rhe community re, ponse co the radar trai ler pilot proj­
ect was extremely positive. As evidence o f this suppo rt, 

many residents :md ne ighborhood groups requested 
radar trailers in other neighborhood locatio ns through­
o u t Bellevue. O ver the past ten years, traile rs have been 
used as a tool fo r addressing vehicle speeds in residen­

tial ne ighbo rhood, . When citizens request a trailer, 

they arc placed o n a list ;rnd are respo nded to on a first­
comc-, first-serve ba, is. At tim es, this creates a back log 

of up to three m o nths fo r placem ent. To m eet this high 
demand, the City has partnered w ich local tow-cornpa­
nie, to do n:lte their ti me and help move the trailers 
around 13ellevue. 

In addition to their popula rity, the radar trailers hel ped 
reduce vehicle speeds. Speeds were collected at several 

o f the pilot sites be fore, duri ng and after placemen t of 
the radar trailer. T he results shO\ved that vehicles trav­
eled 5-8 km/ h (J-5 m i/ h) slower than before the unit 

was p laced in- servict'. Several days following the place­
n1ent , vehicle spt'eds increast'd slightly. H mvever, w hen 
adding the ele 111e11t of enfo rcement vehicle speeds again 

decrc<1sccl . T hough the trailers ,vere most effective 

w hen they were in place, yet they reduced speeds and 
co ntinue to in crea e the satery o f pedestrians traveling 

along and crossing streets in the neighborhoods and 
schoo l zones o f Bel levue. 

CONTACT 
Karen Gonzalez 
Neighborhood Programs Manager 

City of Bellevue 
301 116th Avenue SE, Suite # 150 
Bellevue, WA 98005 
Phone: 4 25-4 52-4598 
E-mai l: kgonzalez@c1.be llevue.wa. us 
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Neighborhood Speed Watch P 

PROBLEM ··---Speeding on neighborhood streets and the resulting 
safety hazards for pedestrians were a concern for 
many Phoenix residents. Documenting the inc idence 
of speeding was needed to increase education about 
the problem and to support future speed manage­
ment measures such as traffic ca lming. 

BACKGROUND 

In many neighborhood,, the fa ilure o t m otori,t~ to obey 
posted speed limits is a 111::ijor concern fo r pedestrian 

safety. T he relationship bet\vecn ~wdestria11 i11jur ics and 

fatalities and motor vehicle speeds bas bce 11 \\'ell docu­
m ented. The foste r :1. motor vehicle is travcl i11g when it 

hits a pedestrian, the greater the likelihood ot ,1 pedes­
trian fata lity. The foll owing chart from tlic United 

85% 

15% 

-Pedestrians' chances of death if hit by a motor veh icle. 
Source: Kill ing Speed and Saving Lives, UK 

Department of Transportation. 

Prepared by Jeff Olson, R.A. , Trailblazer. 

Information provided by Mike Cynecki , City of Phoenix. 

Kingdom Dcpart111ent ofTransportatio n report " Ki ll ing 

Speed a11d Sav ing Lives" indicates chis reh tionship: 

l3ecause ~peedi ng motor ists a11d local pedestrians are 

often reside nts of the sa1ll(: neighborhood o r adjacent 

communities, educc1tion and enforcement activities c:m 

bt' part of ,t local initiative for speed reductio n . If 

rnolorist speeds can be kept w ithin posted speed limi ts 
through these programs. the potenti,tl exi, ts for improv­

ing pedestri:1.11 safety without capit:il construcrio11. Sev­
e ral communitie,, including Kirkland, Washington: San 

Jme, C:alifo rni:i ; :ind Phoenix, Arizona have developed 

loc:1.I responses to this issue. 

SOLUTION 

e ighborhoo<l Speed Watc h (NSW) progr:ims providt' 
residents with hand- held radar guns ;md ask them to 

record speeds, m akes. models, :1.11d liceme plate uumbers 

of vehicles that arc speeding in the neighborhood. T hi~ 

can be done in conjunctio n with placing radar speed 
trailers in the fie ld and as part o( a broader community 

traffic safety campaign. Local law enforcement then sends 
w:uning letters to owner~ of the o Hending vehicles, 

,1dvisi ng them o( thl' posted speed limits and neighhor­
hood concerns with speed ing. Advantages include the 

po tential for reducing the number of la\\. e nforcem ent 
rc~po11se~ to complai1lt'; of speeding :ind the involvem t'nt 

o( the community in loc,11 traffic safety solutions. 

RESULTS 

In Phoenix, neighborhood speed watch programs h ave 

had m arginal lasting impacts on 85th percentile ,pc<.:cls. 
lJatc1 provided fo r 1999 report provide the fo llovving 

overview: 

The use o( re~idents 111 comrnunitv irn·olvement :ind 

unck n tanding of satety issues m:1.y be mo re 1mportallt 
titan the m easured results in this case. Since the :tppli-
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PHOENIX, ARIZONA NEIGHBORHOOD SPEED WATCH DATA 

LOCATION 85 PERCENTILE SPEED (mi/h) VOLUMES (VEHICLES/DAY) COMMENTS 

BEFORE/ AFTER BEFORE / AFTER 
% CHANGE % CHANGE 

71st Avenue 36 I 36 1,016 / 737 Speeds Tend to Return to Prior Levels 
0 -27 

Campbel I Ave 
East of 71st 39 I 39 878 I 861 Speeds Tend to Return to Prior Levels 

0 -2 
Campbell Ave 
West of 71st 36 I 33 940 I 970 Speeds Tend to Return to Prior Levels 

-8 +3 
Utopia Road 32 I 33 993 I 872 Most Violators Non-Local 

+3 -12 
24th Street 41 / 40 8,403 I 9189 Most Violators Non-Local 

-2 +9 
Source: USDOT. Traffic Calming: State of the Practice , p.234. 

Table 1. Speed data before and after implementation of the neighbor speed watch programs. 

cation of NSW programs is labor intensive, radar speed 
trailers and photo radar may prove more effective as 

community enforcem ent tools, but long term gains 
using these rnetho<ls may also be diffi cult to achieve. 
Sin ce the City Council started to subsidize traffic calm­

ing. NSW is now used sparingly by residents in 
Phoenix. Speed humps are now the primary speed 

comrolling requc t among residents. 

The experience of NSW programs can prov ide support 
for the use of physical traffic calming measure fo r 

neighborhood speed management. While N SW can be 
a useful part of a community initiative, the labor costs 

and the ongoing need to maintain the program limit its 
overall efiectiveness . Traffic calming installations, which 
may require a potentially higher initial cost, can provide 

lo ng-term speed reductions and reduce the labor costs 
associa ted with traffic law e 11forcem em. 

CONTACT 
Mike Cynecki 

City of Phoenix 
Street Transportation Department 
200 West Washington Street 
Sixth Floor 
Phoenix, AZ 85003 
Phone: (60 2) 262-7217 

Ema i I: mi kecynecki@phoen ix.gov 

REFERENCES 
Tr~ffir C,1/,11111~. S1arr ,_,( 7711 Pr,,aice, R.cid Ewmg, U.~. lkpartmenc of Trans­

ponarion / l11:,litu te of Transpo rt;1 t10 11 P. 11g1necr,, 1999. Publteanon 

No.: FHWA- RD-99- I 35 . !SUN 0-935403-."16- I. 
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Co111munities are asking that motor vehicle speeds be 

reduced on their neighborhood streets, that streets be 

made access ible to persons with disabilities, :rnrl that 

strectscapes be improved co make them more im·i ting 

to pcdestriam. Some of the mmt impo rtant issues to 

the public a re safety, access, and aesthetics. Thi<; ch:q,­

ter discusses some of the issu es rdatcd to setting prior­

i tie~ and implem enting needed pcdcstrian improve­

m e11ts. 

~ .. -. -~;;:7~11,r. 1;~ ,m: 
.... ,. · .. ;t~.~ .... ,,.,.. ~ ··--.r-:;, 
~ -:•,ii;:~i~- •.• .. -~-"'--• . • -~~--\_._•r 

- · ._ · · "'::l}1~S-·._ · · . -..,----\_ ~ 
. ' -_ ,~ ~ -
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GETTING STARTED 

"Getting started" can be daunting-the needs _ire 

overwhelming, resources are sca rce. Jnd staff time is 

limited. Every community is f1ced with the quesciom 
of" Where do I scare?" and "How do I get going'" 

Whi le it is not the intent of this gu idc to provide an 

exh austive d iscussion of implu11entatio 11 strategies, 

some d irection is useti.d . 

PRIORITIES 

Since all pedestrian needs ,v iii not be able to he 

addressed immediat ely. project priorities need to be 

established . To create prior ities require, se\·eral pro­

gram objectives: 

• Safety- One objective should be to reduce the 

11u111bcr :ind severity of crashes involving pedestri­

ans. To Jccomplish this wi ll require: (1) J good 
u11dcrsta11djng of the types of crashes that Jre 

occurr ing in your community, a11d (2) applicJtion 

of appropriate countermeasurt·s to add res, the,e 

crashes. The information provided in this guide is 
i11tcnded to help select the cou11 ten11easures chat 

w ill b e m ost effective in addressing ~elected types of 
crash problems. 

• Access- A second objec ti ve sho uld be to create an 

accessible communi ty w here all pedestrians, includ-

i11g those with di,abilities. can reach t heir desired 

de~tinations. Typica lly, this begins w ith bl·i11g able 

to walk safely :1l011g streets (i.e .. sidewalks) and 

across ~trL-ets at intersections and o cher appropriate 
locations. 

• Aesthetics- It is not enough to simply luve a safe. 
:iccessible community-it sho uld al,o be an ,1esthe t­

ic:illy ple;ising place to live a11d work. L111d,caping, 

lighting, ;ind other pedestrian a111e11ities help cre:ite 

.1 " livable community" :ind should be comide red 

when 111:iking pedestri:111 improven1c11ts. 

ONE STEP AT A TIME 

To create a ,afe, w:ilbble cornmuni ty, take one step at 

a time. Si<.kwalks. curb bulb-outs. and other pede~tr i,lll 

improvement~ arc imtalled intersection by intersection , 

block by block. Individua lly, th ey do not create a safe , 

livable community. Collectively, they create the infra­

structure needed for a gn"a t place to work, play. and do 
business. In other words, the whole pedestrian ~yste111 

is greater than the ~um of its parts. 

COMMUNITY CONCERNS 

Be very sensitive to comrnuni ty concerns. Public par­

ti cipation will build c0111111u11ity pr ide :ind ownership 
that is essential to long-term , uccess. Some of the 

problems identified in chi, guide will no t be an 1s~ue 
in your community and some of the tools may be per­

ceived as too expensive (ar lea,t initially). There proba­
bly w ill be m easure~ that your community puts on 

hold for a few years until :i co mmunity consensus is 

reached. Co11vcrsdy. there probably will be m ea~urcs 

that your community would like to pursue that arc 

not even mentioned in this planning guide. 
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DELIVERABLES 

It is ver y irnportant to produce immediate delive rables 

that people can see. Fo r example, a new section of 

sidewalk or a freshly painted cros,walk i, visible, w hile 
a tramportation plan is a paper don1rn e11t that may 

never be seen o r Jppreciated by the p11blic. To keep its 
n10111 cntum, a program need, some "quick w ins." 

They create the sense th:1t something i, happening ,md 

that government is responsive. 

ADDITIONAL RESOURCES 

T he Walkability C:heckli,t c 111 quickly idrntify ~orne of 

the more obvious deficiencies in your co11 n11u11ity. 

http: // ,vww. rwj f. org/ 11 cw~/ video/ walkab ilityTV.j html 

Anotht'r mefu l tool to get th ings starred is to hmt :i 

walbbi lity audi t in your co111munity. 

http: / / www.w,1lbhle.org / ,ervices/ ,,·c 1udit.ht111 

Access issue,: A good introductio n to accessibility ,1nd 
universal de,ign. 

http: / / www.thwa.dot.gov/ e11viro11me11t/ bikt:ped/ Jcces 
,- I .hem 

A more comp re hensive set of guideline, fo r achiev ing 
fi ill accessibility from the US Access l3o;i rd: 

http://w,vw.acccss-board.gov/ news/ prO\v;iac. hem 

Ae~thetics: C:a]iforni;i ·s Local Covern1m·m Commission 

has so111e great resources o n street design and livability. 

http: //www.lgc.org/tramportatio11/ stn:ct.ht111I 

http://www.lgc.org/ cem e r/ i11dex.ht11il 

CONSTRUCTION STRATEGIES 

There ::ire many way, to acco111plish proj ects. l3e ere­

.Hive; take advantage of opporwni tie, as they present 

themselves. H ere are some suggestiom: 

REGULATION OF NEW DEVELOPMENT 
AND REDEVELOPMENT 

Developers can be required to install public infrastruc­

tu re such a~ sidewalks. curb ramps, and traffi c signals. 

111 addition. zoning requirement, c-;111 be wr itten to 

allow for or require narrower streets, shorter blocks, 

and mixed-me development. Encouraging developers 

and com munity leaders to focus on basic pedestrian 

needs will benefit the communi ty and incre:ise the 

att ractiveness of the development, themselves. 

ANNUAL PROGRAMS 

Consider expanding / initi:iting annual programs to make 

small, visible i111prowme11ts. Exa11 1ples include side,valk 

replacem ellt program~. curb-ramp programs, annual 

tree-plami11g programs, etc. This cre;ites monwrnum 

,111d community support. Sever;il consider::ition should 
be made ,vhen developing these progra111s: 

• Cive p rior ity to locations th:it :i re used by school­

children. the elderl v. chose w ith Lfoabilities, and 

locJtio ns that provide access to transit. 

• Consider giving preferen ce to requests from neigh­

borhood groups, especially tho e that meet other 

priorities, such as :iddressing a cra~h problem. 

• Evaluate your construction options. Comider hav­

ing ci ty crews do \\"Ork requested by citizcm to 
pro,·ide fast customer service while bidding out 

som e of the , ta ff-generated proj<.:cts. 

CAPITAL PROJECTS 

" Piggyback ing" pedestrian improvements o nto capital 
projects is o ne of the best w:1y, to rn;1ke major 

improvement, in ;:i commu nity. Sidewalks, pedestrian 

ramps, landsc::iping, lighting, ;1 11d other amenities can 

be included in ro::id projects, utili ty projects, and pri­

vate construction in p ublic r ights-of-way (e.g., cable 
celevi, ion, high-, pecd fi ber optics. e tc.). To :iccomplish 

chi~. there arc ,cveral things that can be done: 

• C-:on tacr aU State and regional agencies, and loc:il 

publ ic ::ind private util ities that do work in public 

right,-of-way. Secure the ir S-ye:ir proj ect pbns as 

well a~ their long-range plans. Then, work with 
the m to 111ake sure chat the streets arc restored in 

the w;1y chat works for your city. 

• Look i11tcrnally at all capital projects. Make sure that 
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every o pportunity to make improvements is taken 

a<lvamage of at the time o f· construction . 

• Consider combi11i11g small projects w ith lJrge r capi­

tal projects as a way of ,;wi ng money. G e nerally, bid 

prices drop as quantities incre:1,e. 

PUBLIC/PRIVATE PARTNERSHIPS 

Increasingly. public i111prove111ents are realized through 

public / private part11crship,. These partnerships can 

cake m any form~. Exa111ples include: Community 

D evelopm ent Corporations. neighborhood org,rniza­

tions. grants from foun<lations, direct industr y suppo rt, 

and involvement of individual citizem. In fact, many 

publ ic projects, whether they are tr::iffic-cilming 

improvements, street tree~. or the re, tor;ition of his­

to r ic buildings, an: the result of individual people get­

t ing involved and deciding to 111ake a difference. This 

involvement doesn 't just h,1ppc11. it needs to be 

cncour;iged and suppo rted by loci! g0\·cr11me11tal 

au thorities . 

ADDITIONAL RESOURCES 
Cities such ;is Seattl e, WA , Portbnd . OR, and C:;im ­

bridge, MA , h;ive adopted plam :rnd procedures to 

e nsure that pedestrian improvl'ments become ,1 routine 

activity in new development projects. recon , tructio11 

\York , and retrofi ts. 

C ity of Ca111br idgt' 

http: //www.ci.on1briclge.111a. us/ ~CI ) I ) / em:iro-

tra ns/ walki11g/ i ndt',. html 

City of Portland 

http: //www.trans.ci. po rtland.or. us/ pcdcstri :ins/default. 

ht111 

Ci ty of Seattl e 

http: //www.se:iccle.gov/ tr.rnsport:i rion / pedestrian. h cm 

FUNDING 

Pedestr i:in projects and prog rams c:111 be ft.tnded by 

federal, Seate. local. p rivate. or any combinatio n of 

sources. A sum111ary of feder:il pedestrian fonding 

opportunities can be viewed at 

http:/ / www.thwa. dot.gov/ rnvironmenc/ bikeped / bp­

b roch.htm#funding. Co111111 u11i cies that are 1110,t su c­

cessful at , ecuring lunch ofren have the following 

ingrediencs o f succcs,: 

• Consen sus o n Priorities- Co111111u11ity consen­

~us 011 what should be accompl ished incrca,es th e 

likelihood of , ucn·,,fully funding ,l project. A 

divided o r un involved community will find it 11101T 

difficult co raise funds than a co111111u11ity chat give, 

broad support to pcdcstri:111 improYeme11t programs. 

• Dedication- funding a proJect is hard \\Ork; usu­

all y, tlinc are no shortcuts. It usually cakes ,1 g reat 

a111ount of effort by m:iny people using multiple 

funding sources to colllplcte ;1 project , uccessfully. 

Be aggressive; .1pply for 111anv different community 

grants. While professional g rant- writing , pcci,1lists 

can help, they arc 110 substitute for co111111unity 

involvement and onc-011-one c011tacc (the "people 

part .. of fund r,1i,i11 g). 

• Spark Plugs (Change Agents)- Successti.il proj­

ects typically have one or more "crn do .. people in 

the rig ht place at the right time, who provide the 

ene rgy ,md Yisio n co see a project th rough . Many 

successfu l "cin do" politic ians get their start a, suc­

cessful ne ighborhood activists. 

• Leveraging- Funds. o nce secured . sho uld ::ilways 

be used to lever:ige additional fi.111ds. For example, J 

g r:int fi-0111 a lo cal fo u11cl.1tion could be u,ed a) the 

rt'quired m atch for a Tr:t rhportatio n Equ ity Act for 

tht' 21 st Century Cl ·t::A-2 1) E11h:111ce111c11t g rant. 

ADDITIONAL RESOURCES 
America Walks, a 11atio 11:il coalition o f pedestria n advo­

c,1cy groups, has developed :1 varit'ty of resources that 

focm on results ,llld in1plcmentatio11. 

http: //\V\\"\V.an1t·ric;l\valb.org/ re,n 11 rces/ index. ht111 
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WEB SITES 

There are dozens of web sites that contain info rmation 
on pedestrian safety and mobility. The Pedestrian and 

Bicycle Information Center (PBlC) maintains an up­
w - date list of national and international government 
agencies, state and local government agencies, profes­

sional org:rniza tions, advocacy groups, and other sites 

as listed in the fo llowing section . Refer to 
http:/ / www.walkinginfo.org/ links fo r the latest infor­

mation. 

GOVERNMENT AGENCIES AND OFFICES 

Danish Road Directorate 

http: //wv..'vv.vejdirektora tet.dk/ roaddirectorate.asp? 
page=dept&obj no= I 024 

Federal H ighway Administration (FHWA) 
http://w\-vw.fhwa.dot.gov 

FHWA Office of Highway Safety 

http: //safcty.fhwa.dot.gov 

FHWA/ NHTSA N ational Crash Analysis Center 
http:/ / wv,w. ncac.gwu.edu 

House Committee on Transportation and Infrastructure 
http:/ / ,v,vw.house.gov/transportation 

National Highway Traffi c Safety Administration 

( HTSA) 
http:/ /www.nhtsa.dot.gov 

Transportation Association of Canada 

http://www.tac-atc.ca 

U.S. Architectural and Transportation Barrie rs Compli­

ance n oard (Access Board) 
http://vvww.access- board.gov 

U.S. Department ofTramportation (U.S. DOT) 
http: //www.dot.gov 

GOVERNMENT PROGRAMS AND INITIATIVES 

FH WA Bicycle and Pede trian Program 
http:// ,vww. fl, wa.dot.gov I environment/ bikeped 

FHWA Pedestrian and Bicycle Safety R esearch Page­
http: / / ,v,Nw. tfhrc.gov /safety/ pedbike / pedbike. hem 

Fl !WA Pedestrian/ Bicyclist Crash Analysis Tool (PBCAT) 

http://www.walkinginfo.org/ pc / pbcat.htrn 

NHTSA f-ata lity Analysis R.eporting System (FARS) 
http://,,.,,ww-fars.nhcsa.dot.gov/ main.cfm 

N HTSA Pedestrian Safety Toolkit Resource Catalog 
http://safety.tl1wa .dot.gov/ fou rchJevel/ pdf/G0l 4-

031 R.esourccCatalog. pdf 

THT SA Pedestrians, Bicycles, and Motorcycles Pages 
http: //v,rww.nhtsa.dot.gov/ people/ injury/ 

pedbimot/ ped 
http://www.nhtsa.doc.gov/ people/injury/ 

pedbimot/ bike 
http: / hNww. nl1tSa.dot.gov/ pcopk /inj ury/ 
pedbimot/ motorcycle 

Office of H ighway Safety Pedestrian/ Bi cyclist Safety 
Program 
http://safety.fuwa.dot.gov/ progran1s/ ped_bike.htm 

Pedestrian and Bicycle Information Center (PDI C) 
Web Sites 
http:/ hvww.pedbikeinfo.org 

http://www.walkinginfo.org 
http: / / www.bicyclingi nfo.org 
http: //www.pedbikei rnagcs.org 

http:/ / www.iwalkto chool.org 
http://wwvv.walktoschool.org 

Pedestr ian Safety Road how 
http:/ / safety.fliwa.dot.gov/ roadshow/ walk 

Transportation Equity Act for the 21st Century (TEA-2 1) 
http://www.fhv,ra.dot.gov/ te::i21 

Walkability Checklist 
h ttp:/ /-www.rwjf.org/news/ video/ 
walbbility TV.jhcml 

PROFESSIONAL ORGANIZATIONS 

American Association of State Highway and Trans­

portation Officials (AASHTO) 
http://www.transportation.org/ aashtu/ home.nsf/ 
FrontPage 

American Planning Association (A PA) 
http:/ / w,vw.planning.org/ 

American Public Works Association 
http: / / www.apwa.net/ 

American Traffic Safety Services A sociation 

http:/ / www.atssa.com/ 

Association of Pedestr ian and Bicycle Professionals 
(APBP) 
http: / / v,,vw.apbp.org/ 

Bicycle Federation of America / National Center for 
Bicycl ing and Walking 
http:/ / www.hikewalk.org/ 

Hum:-111-Powercd Transportation Committee of the 
American Society of Civil Engineers 
http:/ / www.ascehp t. homestead.com/ 

Institute ofTransportation Engineers 
http:/ / www.ite.org/ 
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League of Ame rican Uicycl i, t, 

http://www.bikeleaguc.org/ 

N atio nal C rnlcr fo r 13icycling and Walking 

http:// \\·ww.biknvalk.org/ 

atio nal Sali:ty Council 

h ttp: //w\vw.nsc.org/ 

Partnership for a Walkable America 

http: //www.walkable;i 111er ica.org 

Transportatio n R e,earch Board 

http: / /wvvw.trb.org/ 

OTHER ORGANIZATIONS (INCLUDING ADVOCACY 
ORGANIZATIONS) 

AAA fou11d:1ti o n for Traffic Safety 

http://www.aaafoundatio n.org/ home/ 

A111c-r ic:1 Walks 

http: //w\vw.:1111eri cawalks.org 

American Council of the Blind - Pedestrian Saferv­

http:/ / w ww.acb.o rg/pede~trian 

13icycle I lelmet Sakty [nstitute 

http: / /www.bhsi.org 

Better Environmentally Sound Transpo rtation 

http:// www.bc,t.bc.ca 

C h,1i11gu:ird - Bicycle Advocacy Online 

http:/ / probicycle.com / 

Conservatio n Law Foundatio n 

http :/ / w w w.clf. o rg 

Massachusctt~ Bicycle C oalitio n 
http://www.mas~bike.org 

National Trampo rc;icion Enhancements Clearingho use 

http: / / www.enhancements.org 

Partnership for a Walkabk America 

http:/ / www.walkablea!llcrica.org 

Pedestrians Educating D r ivers on Safety, Inc. (l' l:: US) 

h ttp:/ / w \:vw.ped, .org 

R ails to Traib Conservancy 

http: //www.railtr:1ils.org 

Surface Tr:i m porcation Policy Project 

http:// w\cvw. transact.org 

Tramport:ition Alternatives C iti7ens Group (New York 

C ity Arca) 
l1ttp: / / www.transal t.org 

Travi, County (Austin. TX) SuperC:ycl ist Project 
http: //www.ci.austin .tx. us/ bicycle/ super.hem 

Tri- Stace Tramportation Campaign (N ew York/ Ncvv· 

Jersey /Connecticu c) 
http: / / www. t,tc.org 

Vermont Uicycle and Pede~crian Coalition 

http:/ /\\'\VW.vcbikeped.o rg 

Victoria l'o licy Institute 

http: / /\\'\\'\V.v tpi.org 

WALK Austin 

http :/ / ww\Y. io.co111 / ~sn111/ wal k 

\X/alkable Communilics, Inc 

http :/ / www.walkabk .org/ 

LOCAUSTATE SITES 
C ity of Bou lder, CO, Transport:1tio11 Planning 

h ttp:/ / www3.ci. boulde r.co. us/ puhlicworks/ depcs/ 
t ranspor tation. html 

City o f Cambr idge. MA, Environmental and T r:ins­
portacion Divi, io n 

http :/ / www.cam bridge111:1.gov/ ~CDD/c 11virotrans 

City of Portland, O R , Pedestrian Tramportation Program 
http :/ / www.trans.ci.po rtla1 id.or. us 

C ity o fTallahassee, FL, Bicycle and Pedestr ia11 Llrog r:m1 
http: / /talgov.co111 / citytlh / plan11ing/ cram/ bikcped/ 

cransbp.html 

1-lor ida Departme nt ofTransportaciu n Pecle,tr ian and 

Bicycle S:tfety Program 
littp:// w ww.doc.stace.fl.us/Safrry/ pcd_bike/ped_h 

ike.htm 

Missouri Departme nt ofTn nsporcacio n Uicyclc/ l'cde,­

trian J>rogralll 

http:/ / www. 111odot.,rate. 1110. m / othertransporta­

cion / bicyclepl'dcstr ia n gener:tli n formatio n . h cm 

M o ntgomery C:ounty, MD, g x,idential Tra ffi c-Calm ­

ing Program 
http: / /www.dpwt.com/ Traf11>kg1 )iv/triage.hem 

N e\\' York C ity I kp:irtrnent ofTransporcacio n l'edn­
trian lnforn1atio11 
http ://www. nyc.gov/ h tml / dot/ ho me. hcmJ 

O regon Dep.1rtn1enc ofTramportation B icycle and 
Pedestrian Program 
h ttp:/ / \\'W\\·.odot.state.or.us/ tcchserv / bi kew:1lk/ 

W isconsin Dcpart111c11t ofTra m porcation Uicyclc and 

Pedestr ian Infor111ation 
http: //w\YW.dot.wiscomi n.gov/ modes/ 

pedestrian .hem 

PEDESTRIAN AND BICYCLE LINK PAGES 
13icycle advocacy web, ites provided by C hai nguard­

hccp:/ / probicycle.com / m:ii nne t. hcml 

13icycle ed11c:1tion ,md s:ifecy siccs provided by C hainguard 

http:/ / probi cvcle.com / m ainedu .hlmJ 
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Bicycling sites provided by Cyber Cyclery 
http://wv,rw.cyclcry.com/ directories 

Pedestr ian and bicycle sites provided by TransAct 
http:/ / www.transact.org/ issues/intro_hss.asp 

Pedestrian issues and organization provided by PEDS 
http:/ / www.peds.org/ links.htm 

State bicycle laws provided by Bicycle Coali tion of 
Massachuse tts 
http:/ / w~"..v.massbike.org/ bikelaw 

PEDESTRIAN AND BICYCLE STUDIES AND 
STATISTICS 

Bike Plan So urce Hot To pics provided by Tracy­
Will iams C onsulting 
http:/ /\vww.bikeplan.com/traxq.htm 

BTS National Transportation Library Links to 
Bike/ Pedestrian Transportation R esearch 
http:/ /\,vv."..v. transtats. bts. gov / Databases.asp' M ode_ 
I 0 =7 &Mode_D esc = Bike/ Pedestrian&Subject_ID 
2=0 

B ureau ofTranspo rtation Statistics 
http:/ / wv.rw.bts.gov 

Consumer Product Safety C ommission R ecreational 
Safety Publications 
http: //www.cpsc.gov/ cpscpub/ pubs/ rec_sfy. html 

N ational Bicycling and Walking Study Five-Year Status 
R eport 
http ://www.fr1wa.dot.gov/ environment/ bikeped/ s 
tudy.htm 

N ationwide Personal Transportation Survey 
http: / / wv,rw. fhwa.do t.gov/ policy/ ohpi/ nhts/index 
.htm 

orthwestern U niversity Traffic Institute 
http:/ / serve r. traffic. norchwestern.edu / 

PedSMAR T - Application ITS Technology to Pedes­
trian Safety 
http ://www.walking info.o rg/ pedsmart/ home.htm 

Un iversity o f Michigan Transportation R esearch Institute 
http://wv.rw.um ich.edu/ ~ industry/ pedvis.htm1 

U niw rsity of N orth C aro lina H ighway Safety 
R esearch Center 
http:/ / www.hsrc.unc.edu / 

GUIDES, HANDBOOKS AND 
REFERENCES 

There arc a significant number additional resources 
rela ted to the topic of pedestr ian safety an<l mobility. 
Providc<l in this section are many of the national and 
international guides, practi tioner handbooks. 1\~search 

reports, and ocher general references. 

DOMESTIC GUIDES AND HANDBOOKS 

Am..:r ican Association of State H igh way and Trans 
porcation Offic ials, A Polity 011 (;e,,111ctric Dcs(r,z11 <!f 
H ii /111,ays a11d S treets, Washington , DC, 2001. 

American Association of State H ighway and Trans 
portatio n O fficials, G 11ide _f<n tl1c Dcl'elop111mt cf 
Bicycle Facilities, Washington, D C. 1 <J9<J. 

American A~sociation of State H igh\-vay and Trans­
po rtatio n Officials, (;11idc Spec!ficat ic>11s _(c,r Bridge 
Railings, Washington, D C, 1989. 

Am erican Association of Stme H ighway and Trans­

portation Offic ials, R oo d11 1ay Des~r,z11 C 11ide. _yd Edi ­

tion, Wa~hingto n, D C , 2002. 

American Association of State H ighway and Trans­
portation Offic ials, Stt111dard Sper[{,rntio11s.fc,r Hig /1 -

11,ay Hridges, 17th Edition , Washington, DC. 2002. 

Am erican Plann ing Association, Bicycle r:c1ciliry Pla11-

ni11,(!, Planning A dvisory Service R eport 459. 
C hicago, IL. 1995. 

Axelson, PW., D.A. C hesney, D.V. Galvan,J.13. 
Kirschbaum , P. E. Langmuir. C. Lyons. and K.M . 
Wong, Desi;z11i1({!_ S idc1110/ks and 'li-ail.s fi ,r A aess, Part l 
of II: Review c!f Exi5ti11,~ C11idcli11cs a11d Practices, 
Federal H ighway Administration, Washington , D C, 
1999, ava ilable o nli11c at http :/ / www.fl1,v:1 .dot. 

gov/ environ111 cnt/ bikeped/ access- I .htm, :iccesscd 
Jw1e 10. 2004. 

13owrnan, ll. L., J.J. Fruin, and C. V. Zl'gCTr, Ha11db,,ok ci11 

Plan11i11.I!, Design , a11d Mai111r11a11rc '!f Pedcstrio11 Faril­
itics, Rx port o. FHWA- IP-88-0 l 'J, Federal 
Highway Administration, W:1shingto 11 , D C, March 
1989. 

Federal Highway Ad ministration, !111plc111c11ti11,I! Prdcstri­
an Irnprovcm('//tS at 1/1c Low/ Lel'el, Washington, D C , 
1998. 

Federal High way Administration, .\ lm 11111/ 011 l..J11ifor111 
Tra_ff,r Control Devices .fen S1rcr1s and Hi,~ln11ays, Wash­
ington, D C , 2003, available o nJ ine at 
http:/ / mutcd.fhwa.dot.gov, accessed August 2, 
2004. 
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Federal Highw:iy Administration. Pcdestria11 / Bic-yclis1 
Sajcty N.c,vll/'((' Set (CD-ROM), Report No. 

FlJWA-SA-00-005, U.S. Department ofTrans­
port:ition, 2000, available online at 

http: //safety.fhwa.dot.gov/ fourth.level/ ne,vvrod.htm 
#set. acce,sed April :24, 200..+. 

Federal I lighway A<lministra tion, Priorities (Ill({ C11ide­
li11l's{or Pro11idi11g Pia(('., .f<ir Pcdestria11 to fValk Alon,(! 

trects a11d 1-l((!hl/Jays, Wasl1i11gton, DC, September 
15, l 999 (draft). 

Flo rid;i D epartment ofTran, porc:ition, Florida'., Pedes­
tri,w Pl,1J111i11,q ,wd Dcsig11 G1tidclinr.<, Tallahassee, FL. 
I 9YC>. 

Florid:i Department ofTransporration, Florida School 
r.rossi11g C11ard ·1 rai11i11g C 11idrli11es, available on line 

:it http://www.dot.statc.t1. us/Safety/ ped_ 
bike/ brochures/ pdf/xingguard . pdf. 

H;irkey, D. ,J. Mckc111son, M. Chen. and K. Krull , 
Prdc.stri,111 a11d Hicyclc C rash Analysis "fool (PBCA'l) 
Usrr'., ,\1a111rnl, R eport No. FHWA-RD-99-192. 
Federal Highway Administration, Washington, DC, 
June 211011. 

H:nvley, L., C. Henson , A. Hulse, ;ind R. Brindle, 
T.,111ards -1 h?flic Cal111i11,~: A Praaitio11ers' Ma111rnl of 
l111plrn1e11tcd Lim/ Arca Tr(![]ic ,\1(1111((!1'111e1tt ,11td 
Bl,1cbpo1 Deuiw . Report No. C R 126, Federal 
Office o f l~oad Safety, Caubcrra , Australian Capital 
Territory, Australia, 1992. 

[nst itute ofTransponation Engineers, Des(Qn and Safety 
cf Pcdcsrria11 Fc1cilirics: A Rcco111111rnded Pmaice of the 
!11Sti111rc <:f'Tr<111SJJ<'rlat ir11 E11,'>!i11errs, W:i,hington. DC, 
March 1998. 

lmtitute o fTransportation Engineers, " Gui<leli11cs for 

Prohibition of'l'urns o n R ed,'' IT[; Jo11r11al, Vol. 54. 
No. 2. f ebruary 1984, pp. 17-19. 

I nstimte o(Tramportation Engineers. C 11iddi11es for 
Rcsidc111ia/ S11bdi11isio11 Screer Des(q11: A 11 ITt:: Rcrnm-
111c11ded Pmrtiff, Washington, DC. 1993. 

Institute ofTransportation Engi11et:rs, C 11ideli1ll'sfM 
L'rba11 ., lajor Strrct Dcs(QII: A II I] 'J::. Recom111c11dcd 
Pr,l(rice. Wa,liingron. DC, 1984. 

Institu te of'Transport,1tion Engineer,, 'J'/,r Traffic Safety 
1;,c,/B,,x: ,4 Primer 011 1i·(f(ic Srfcry, W:ishington, 
DC, 1 <J1)..+. 

lmtitute ofTransportation Engineers, Tradirio11al N e('>!h­
/,orlw,,d Dc11e/(1p111c11t Street Dcs(rz11 C11ideli11es: Reco111-
111c11dcd Pmrtire, Washington, DC , 1999. 

Institute ofTra11sport:ition Engineers, Tra_fjic 1=,·,1,{! ineeri11g 
!-ltmdbook. Prentice Hall , Englewood C:lifE, NJ, 

1999 (draft). 

l mtitute ofTransportation Engineer,, Tra11spNtc1cio11 a11d 

Tr(!ff,c E11gi11rrri11,Q Hm1dbook, Washington. D C, 
1990. 

Karplus , K., C11idcli11es _f<,r Choosi11R a -·a_[e Bicyrlr Ro11te 

to School, available online at 
http: //wvvw.cse.ucsc.edu/ -karplm/ bike/ safe­

route-to-school. html. accesse<l April 06, 2004. 

Ki r,chbaum,J.B. , P.W. Axelson , P.E. Longmuir, ICM. 

Mispagel, J.A. Stein, and D.A. Ya111ad:i, Drs(\/11i11x 
Sidewalks and Trails for A ccess, Parr If C?,[ 11: Re11ic111 4 
Existill,Q C11ideli11cs a11d f!mcriccs, Federal Highway 
Adm.inistr;ition, Washington, DC, 2001, :w;iilable 
online at http: / / w,vw.fhwa.doc.gov/ enviro11-

ment/ sidewalk2/ , accessed June 10, 2004. 

Maricopa Association of Governments, Pedestrian Arra 
Policies a11d D es((!11 G11idcli11cs, Phoenix, AZ, O cto­

ber 1995. 

National Cornrruttee on Unifor m Traffic Laws and 

Ordinances, lJ11i}tm11 Vehicle Code, 1992. 

National Cooperative Highway R esearch Program, 
Pla1111i11.rz a11d !111pleme11ti11g Pcdcstria11 Facilities i11 
S11b11rbc111 a11d De11elopi11g R11ral Areas, R eport No. 
29413, Washington, DC,June 1987 . 

National R.ese:irch Council, Transportation R esearch 
Boar<l, Highway C11pacit)' Mm111al 2UOO, Washing­
ton, DC, 1999 (draft). 

Office ofTran portation Engineering and D evelop­
ment, Pedestrian Program, Pedestrian Desig11 C 11ide­
lincs ,'\iorebook. Portland, OR, 1997. 

Oregon Department ofTransporcation, Oregv11 Bicyrlr 

a11d Pedestriar1 Plan, 1995. 

Planning Divi~ion. lvlcdia11 l-la11d/Jovk, Florida Depart­
ment ofTranspo rtation , Talhhassee, FL, 1997, avail­

able on line at http:/ / www.douratc.£1.us/ plan­
ning/ systems/ sm/ accman / pdf~/ mhb_2. p<lf, 

:::iccessed April 23, 2004. 

Pline,]. , ed ., "Chapter 13: Pedestrians." 'Ji·(!/f,c Con trol 
De11ices Ila11dbook, lmtitu tt' o fTransportation Engi­

neers, W;ishington, DC, 200 1. 

Public Rights-of- Way Acces Advisory Committee, 

B11ildi11g a Tr11e Com1111111ity, U.S. Access Board, 
2001 , available online at http:// wwvv.access­

board.gov/ prowac/ commrept/ 

index.htrn. 
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Field Investigation Form 
co Appendix A 

T he selectio n tool w ithin che P EDSAFE expert 
syste m require, a number o f input, dc,cribi11g thl' 

geom etrics and oper;itions of the loc:.1tio11 in ques­
tion. The sys tem me, the,e inpu t, to refin e the 

~election o f applicable counterm easures. Included 
0 11 the following page is a form that nuy be med 

Ill the field to acquire these data elt'me1m . 
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Pedestrian Safety Guide and Countermeasure Selection System 

Field lnvesti2ation Form 

Location: Completed by: 

Date: 

Area Type Location 
Urban CBD Intersection 

Urban Other Mid-Block 

Suburban 

Rural 

Roadway Functional Class Number of Through Lanes 
Local ~ 2 lanes 

Collector 3 - 4 lanes 

Minor Arterial .:2:. 5 lanes 

Major Arterial 

Traffic Volume 

Motor Vehicle SpeedA (Average Daily Traffic) 

~ 45 mph < 10,000 

> 45 mph 10,000 to 25,000 

> 25,000 

Si2nalization 
Traff ic signal present (removal is NOT an option) 

Traffic signal present (removal IS an option) 

No signal present (insta llation is NOT an option) 

No signal present (insta llation IS an option) 

Comments 

Notes 

A Use 85th percentile speed if available. If not avai lable, add 9 mi/h to the posted speed limit as a surrogate measure for 
the 85th percentile speed. Prior research has shown that 85th percentile speeds for vehicle traveling on many urban and 
suburban streets (including arterial, collector, and local classifications) generally exceed the posted l imit by 6 to 14 
mi/h . (D.L. Harkey, H.D. Robertson, and S.E. Davis, "Assessment of Current Speed Zoning Criteria," Transportation 
Research Record 1281, Transportation Research Board, Washington, DC 1990.) 
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Case Study Matrix 
m Appendix B 

Included on the following pages is a matrix that 

~hows the specific countermeasures addrcsscJ by 
e:ich of the 71 case srudies included in C hapter 6. 
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INTRODUCTION 

According to the America n Associati o n o f Sr:ite High­

way and Transportation Officials' (.AASHTO) A Po licy 

on Geometri c D esign of Highways and Stree ts (a lso 

known as "the G reen Book") : " Providing safe places for 

people to w;i lk is :m essential responsibility of all gov­

ernment entities involved I II constructing o r regulating 

the construction of public rights-of- way." 

It is a basic principle that there be well-designed , sate 

places for people to walk along all public r ights-of-way. 

I low this will be accomplished will depend upon the 

type of road , whether it is new constructio n or J retro­

fitted area, and funding availability. 

On February 2-+, 1999, Federal Highway Administration 

(FHWA) Administrator Kenneth R. Wykle, in a m emo­

randum to FH WA field offices, stated , " \Ve expect every 

transpo rtation agency to make accommodations for 

bicycling and walking a ro u tine part o f their planning, 

design, constructio n, operations. and mainte nance activ­

ities." Again , in February 2R, 2000. Ad111ini, trator Wykle 

sent a memorandum to the fi eld offices 111 transnn tting 

the new D esign G uicbnce Language c:ill ed for in the 

Transportation Equity .Act for the 2 1st C rntury (T E A-

2 1). The guidance, entitled "Accommodating 13icycle 

:rnd Pedestr ian Travel: A Recommended Approach- A 

U.S. D O T Po licy Statement on Integrating Bicycling 

and \Valking I m o Transportation Infrastructure," states 

that b icycling and walking fac ilities w ill be incorpo rated 

into all transportation projects unless "exceptional cir­

curnstances" exist. The exceptional circumstances are 

spelled o ut, and he asked the divis10n o ffices to work 

with State departments of transportation (D O T s) in the 

implem entation o f the guidance. 

Government agencies at the State, regionaL and local 

lewl are develo ping regulatio ns for fund ing. installing, 

;m d retrofi tting sidewalks. Because the re is a g reat need 

to improve sidewalk fac ilitit's, it is important fo r these 

transportation agencies to direct funding to sidewalk 

improvement ancl install:itio n projects that w il l be most 

benefi ual to the safe ty a11d m obil ity of all citi zens. 

Tins document is intended to p rovide agencies at the 

State, rt'gio nal , and local levels with tools they can use to 

develo p guidelines fo r c reati ng places for people to wal k. 

This document is limited to creating guidelines for side­

walks, w hich addresses only one 111:tjo r pedestrian need: 

other needs that m erit further conside ratio n include the 

abili ty to cross a street and intersection design. 

BASIC PRINCIPLES 

Many communities m ay wish to revisit their roadway 

plann ing :rn d reh:ihilitatio n criteri:i . Poli cies, scand:ird 
pla ns. , ubd i\·ision rt'gubti ons, an d right- of-w:1y 

requi re mt' lltS sho uld be considered to make sure that 

sidewalks arc included in new co11structio 11 a11d rcha­

bilitat10 11 projects. 

A. GOALS AND OBJECTIVES 

Typically. communities should focus o n: (1) improving 

conditio ns fo r people w ho are currently walking 

(including im proved accessibility to sidewalk facilities for 

pedestrians with dis;ihilities), (~) increasing levels of 

walking, and (3) reduci ng the number of c rashes involv­

ing pedestria ns. Setting targets will help in the develop­

m ent of cr iter ia for installing and retrofitting sidewalks. 

8. PEDESTRIAN FACILITIES 

T here arc several \\ ays in which pedestrians can be 

acco1111 11odatcd i11 the public right-of-way: 

I. Sidewalks- Siclcw:ilks, provided 011 both sicles of 

;1 street. :ire generally the preferred pedestr ian fac ili­

ty. T hey provide th e' g reatest deg ree of colll fo rt fo r 

pedcstri,1m a11 d the prc·sc 11 cc o f sidewalks has bcc 11 
:w,ociated w ith increased safety fo r pedestrians. The 

U nifo r lll Vehicle Cock defines a sidewalk as that 

port ion of a street bctwcc11 tl1 L· curb li nes, or the lat­

eral lines o f a roadway, and the adjacent property 

lines, intended fo r use by pedestrians. In most cases, 

sidewalks are paved, usually in concrete. To comply 

\Vith Federal Americans vvith D isabilities Act (ADA) 

guidelines, newly constructed sidewalks must be 

accessible to people \\·ith d isabilities . 

? Off-Road Paths- An off- road path- paved o r 

unp,1vcd- can be an appropriate facili ty i11 r ural or 

low-density suburban areas. Jlaths are generally set 

back fi-0111 the· roads and separated by a g reen area or 

trees . Paths can be flex ible in that they can deviate 

fi-0111 the exact rou te of :i road i11 order to provide 

m ore direct access fo r key destinatio ns. Paths that 

ge11 erally fo llm\· the roadway alig11111ent are some­
ti m e, knmYn ;1s .. , ide p.1ths.·• 

3. Shoulders- Wide shoulders on bo th sides of a 

road are the m inimum requirement fo r p roviding at 

least a possible place fo r people to walk. T hey are no t 
as safe as paths o r sidewalks, but they are better than 

nothing. Shoulders are also beneficial for mo to rists 
and bicyclists, and future sidewalks or paths should be 

created in addition to, not to replace the sho ulders. 
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4. Shared Streets- In very limited unusual circum­

stances, it may be possible to allow shared use of a 

street for people walking and driving. These are 

usually specially designed spaces such as pede, tr ian 

streets or "woonerfs," and guidelines for developing 

these kinds of places can be found elsewhere in the 

FHWA's Pedestrian Facilities U sers Guide: Provid­

ing Safety and Mobility. 

C. NEW CONSTRUCTION AND RETROFITTING 

Places for people to walk should be provided in all new· 

construction. R_etrofitting will require pr iorities to be 

set, and these guidelines arc intended to help identify 

where the need is greatest for adding sidewalks and 

o ther facil iti es . 

NEW CONSTRUCTION 

A. NEW SIDEWALK INSTALLATION 

All new construction must include places for people to 

walk, on both sides of a street or roadway. New con­

struction in urban and suburban areas sho uld provide 

sidewalks. R ecommended guidelines for new side,valk 

and walkway installation are g iven in Table I o n the fol­

lowing page. 

B. PHASED DEVELOPMENT OF SIDEWALKS 

In developing areas and rural areas, it 111ay be accept­

able-although less desirable-to start w ith shoulders 

and unpaved paths and then phase in side,valks as devel­

opment accelerates. Criteria for installing ~idewalks 

along with new development should be implemented 

with the following in mind: 

1. Space for Future Sidewalks- Space fo r future 
side,,va lks must always be secured and/ or reserved 

when a new right-of-way is being created o r an 

existing one is being developed. If roadways are to 
be widened , additional right- of- way must be 

acquired; existing sidewalks sho uld not bt' narrowt'd 

to accornmodate a wider roadway. 

2. "Triggers" for Future Sidewalks- In rural set­

tings, if side,,;alks are not insta lled at the time of 

dt'velopment, guidelines arc needed to determine 

w hen sidewalks will be required and how they will 

be funded. For example, sidewalks might be required 

on residential streets once an area has a density of 

more than fou r dwelling un its per acre and on arte­

r ial streets once they are within a school walking 

zone or have transit service. 

3. Funding for Future Sidewalks- If sidewalks are 
not installed at the time of development, there need 

to be clear rt"gulations as to w ho (developer, proper­
ty owners, or governmental agency) w ill pay for the 

sidewalks. Whoever is paying fo r the road must pay 
for the sidewalk. If there is money for a road. there 

is mo ney fo r a sidewalk. D eveloper contributions to 

sidewalks must be set aside in an account at the time 

of develo pment. 

C. RETAINING RURAL CHARACTER 

The re is ::i desire in some residemial developments to 

ret:i in a rural atmo,phere. Very often this occur5 in places 
that art' not truly rural , but rather suburban or exurban 

(they 111.1y have bern rural before being dt'veloped). Frt'­
quently, it i, i11 such places that pedestr ian crashe occur 

that are directly attributable to pedestrians not having 

places to walk. To address both the goal o f having safe 
places to walk and that of the community to retain acer­
t::i in ::itmosphere, path systems can he developed that do 
no t look like traditional sidewalks, but do meet vvalking 

net'ds. Eve n in rural art'as, people do want to w::i lk and 

such facilities should bt' provided. 

Developer, in outlying areas may argue that the land use 

w ill never fully develop into a pedestrian area. Given that 
pt'ople walk despi tt' not havi ng facil ities-for exerci5e, 

going to friends' ho ust'S, accessing transit. etc.- it is nei­
ther rational 11o r acceptable to build places that do not 

have places for people to walk. l<..e~idential developments 
that were added in suburban areas, until recently, typical­

ly had sidewalks and ttm ctioned very well. 

Sidewalks may not bt' needed on short rt'sidential cul­

de-sacs (61 111 1200 ft] or less), if there is a system of trails 

behind the houses and driveway aprons are properly 
constructed fo r pedestrians with disabilities. I lowever, it 
is not a good practice co have an emirt' neighborhood 
without , idewalks. 

D. SIDEWALK CONTINUITY 

Sidewalks should be cominuous: interruptiom may 
require pedestrians to cross a busy arterial street mid­

block or at an unsignalized location to continue walk­
ing. Sidewalks should also be fully acce, ible ro side 

streets and adjacent sidewalks :md bui ldings. 

RETROFITTING SIDEWALKS 

M any of the streets built in recent decade~ do 11ot havt' 
sidewalk ·, and these streets need to be retrofi tted. In 

ocher cases. existing sidewalks need to be replaced. 
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Table 1. Recommended Guidel ines for New Sidewal k/Walkway Installation. 

Roadway Classification and Land Use 

Rural Highways 
(< 400 ADT) 

Rural Highways 
(400 to 2,000 ADT) 

Rural/Suburban Highway 
(ADT > 2,000 and 
less t han 1 dwell ing unit (d.u.) / 
.4 hectares (ha) [1 d.u . / acre]) 

Suburban Highway 
(1 to 4 d.u. / .4 ha 
[l to 4 d. u. / acre]) 

Major Arterial (residential) 

Urban Collector and Minor 
Arterial (residential) 

Urban Loca I Street 
(residential - less than 
1 d.u. / .4 ha [1 d.u. / acre]) 

Urban Local Street 
(residential - 1 to 4 d.u. 
/ .4 ha [1 to 4 d.u. / acre]) 

Local Street 
(residential - more than 
4 d .u. / .4 ha [4 d.u . / acre]) 

All Commercial Urban Streets 

All Streets in 
Industria l Areas 

1 acre = 0 .4 hectares (ha) 

Sidewalk/Wa lkway 

Shou Ide rs preferred , with 
minimum of 0.9 m (3 ft). 

1.5-m (5-ft) shoulders preferred, 
minimum of 1.2 m (4 ft) required. 

Sidewalks or side paths preferred. 
Min imum of 1.8-m (6-ft) 
shoulders requ ired . 

Sidewalks on both sides required. 

Sidewalks on both sides required. 

Sidewalks on both sides required. 

Sidewa lks on both sides pre ferred. 
Min imum of 1.5-m (5-ft) 
shou lders required. 

Both sides preferred. 

Sidewalks on both sides required. 

Sidewalks on both sides required. 

Sidewalks on both sides preferred . 
Minimum of 1.5-m (5-ft) 
shoulders requ ired. 
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Future Phasing Requirements 

Secure/preserve right-of-way 
(ROW) for future sidewa I ks. 

Secure/preserve ROW for 
f uture sidewalks. 

Secure/preserve ROW for 
f utu re sidewa lks. 

Secure/preserve ROW for 
future sidewa lks. 

Second side requi red if density 
becomes greater t han 4 d.u. / 
.4 ha (4 d.u. / acre) or if schools, 
bus stops, etc. are added . 



btabli~hing prioriries for installing sidewalks involves 

three stt'ps : ( I) dt'velop a prioritized list of cri teria, (2) 
develop a lll t' thodology for using the cri ter i:i to eva luate 

potrntial sire, . and (3) create J priorirized list of , ites for 

side,valk improvements . 

A. CRITERIA 

The following are suggested criteria for est:ihlishi11g pri­
orities . Select three or more of them when develo ping 

your own set of criteria. The key i, to se lect criter ia that 

produce the o utcomes desired for your communi ty: 

1. Speed- There is a d irect relationship between speed 

and the 11u111ber and sever ity of crashes; high-speed 

faci_litics may rank higher if speed is a criterion. 

,-, Street Classification- Arterial streets should rake 

precedenct' b t'ci usc tl1cy generally have higher 

pedestrian use (due to more commercial uses), have 

a grt'Jte r necd to scparatc pedestrians fro m motor 

vehiclt's (d ue to higher traffi c volumes and speeds). 

and ;ire the main links in a community. 

3. Crash Data- Pedestr i;111 crashes scldon, occur w ith 

h igh frequency at one location , but there arc clearly 

locations where cr:ishes occur due to a Lack of side­
walks. U sually. there is a pattern o f pedestrian crash­

es up and down a corridor, indicating a need to pro­

vide side,,·alks throughout, not just at crash locations. 

-+. School Walking Zones- School ·walking zones 

typically extend from residential areas to an eleme n­
tary school. Children are especially vulne r:ible, mak­

ing streets (especially arterials) in these zones prime 

candidates for sidewalk retrofitting. 

:>. Transit Routes- Transit riders need sidewalks to 

acccss transit stops. Arterials used by transit ;i re 

prime candidates for sidewalk retrofitting. 

6. Neighborhoods With Low Vehicle Ownership­
Twe nty percem of the U .S. population has a disabil­
ity and 30 percent of our po pulation docs not drive. 

Walking is the primary mode of transportation for 
many of the people in th is coumry. People w ith dis­

abilities li ve th roughout the com muni ty. If they arc 

not seen in the community, it m;iy be due to the fact 

that adequate faci lities are not provided. I 11 :iddition , 
car o,,·ne rship is lo,\'er and crash rate, :ire o ften 

higher in low- and modera te- income neighbor­
hoods \\·ith lot, of children. Therefore, some loca­

tions with high pedestrian use (neighborhoods with 

more children and e lderly persons and w here veh i­

cle ownership is low) sho uld be given speci;:d con­

sideration for sidewalks. 

7. Urban Centers/Neighborhood Commercial 
Areas- Areas of high com mercial ::icti vity gener:ite 

high pedestr ian use, even if they :i re JJrimaril y 

m otor ists who have p:irked the ir c ir. Sidewalks an: 

needed to improve ,afe ty :ind enhance the econom­

ic viabilitv o f the,c Jreas. 

8. Other Pedestrian Generators- H m pitals, con1-

muniry centers, lib rari es, sports arenas, and other 

public pL:i ces are m tural pedestrian generators 
w here sidew:i lks , ho uld be givrn priority. 

9 . Missing Links- lnsull ing sidew:ilks to connect 

pedestrian areas to each othe r creates co11t1nuous 
walking systems. 

10. Neighborhood Priorities- Local residents may 

ha,·e a sense of w here the most desirable walking 

routes exist. N eighborhood groups o r homeowners 

asmciatiom can provide a prioritized list o f locations 
where they scc a need for sidewalks. Agencies should 

be cautious about using this criterion, as it is not 

des irable to lee neighborhood prc,sure override 

,1ddressing a key s,1fety concern. Howevt'r, it may be 

usett.1I to monitor requests from pedl'strians w ith di~­

abilities. 

B. METHODOLOGY 

The two recon1111t'nded 1nethodologiL·s for selecting loca­

tions for improvements arc: (1) the overlapping priorities 

method, :ind (2) the points method. Establishing priorities 

sho uld consulllc only a small percentage of a program 

budget-the level of effort put into prio ritization should 

be proportionate to the size of the capi t.11 budget. 

There is no single right way to select which criteria to 

use when dcvcloping priorities. The crite ria and 

methodology should balance safety measures, such as 

vchiclt: ~peeds and pedestrian crash d::i ta; pedestrian 

usage measures, such as proximity to schools or colll­

mercial areas; continuity between origins and dcstina­

tions; and accessibility fo r pedestrims w ith disabili ties. 

I. Overlapping Priorities Method- The e:.1siest 

:ind cheapest way to identify overlapping priori ties is 

through graphical representation: the inte llt is to 

iden ti(y locatio ns that meer multiple c riteri;i . T h is 

1nethodology is especially useful in cases where 

titer..: 1s not a lo t of staff time and fund ing for 

detailed analysis. It can be acco111plishe<l using a G IS 

system or it can be done by hand. 

Tht' bcst way to describe this methodology 1s by 

example. A~sume that prio rities are going to be 
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developed based on transit routes, prox i111i­

ty to schools, people w ith disabilities, and 

neighborhood commercial ;ireas. Start w ith 

;i map of your jurisdiction. Using a color 

pen, idemify those arterials that haw high 

transit use; draw a half- mile circle around 

every ele111e11tary school and around loca­

tions that attract peopk w ith di<;ah ili ties; 

and color in the neighborhood com111ercd 

areas. Thi~ \· isual approach \\'ill make areas 

of overlapping prio rities become immedi­

ate ly clear. The streets w ith out , idewalks 

,vithin the overlapping areas are the highest 
pr io rity fo r retrofitting side,valks. 

2. Points Method- A weighted points sys­

tem can be used ,vhere staff time and fu nd­

ing are available for more derailed analysi~. or 

if there is a large amount of capital available 
fo r sidewalk construction. If there ;ire a lot of 

competing projects. a n1o re sophisticated 

point sy,rem can be used to explain to the 

public w hy certain projects were funded and 

o thers wen.: not. 

A point systt' lll c;in be developed in many 
,vays; th t' system should be simple and pro­

duce desired o utcom t's. Any and all of the 

cr iteria listed above can be assigned a range 

of numbers and th1:11 be used to analyze the 
need for improvement at given locations. 

For ex;:1111ple, a corr idor could be a sign('d 
poincs bJsed o n the number of ·'walking 

along roadwciy'' era hes over a 5-year peri­

od, che number of buses chat travel the cor­

r idor during peak tillles, and the proximi ry 

co elem entary schools. This lllt' thod is time­
consuming bec:iuse it will be necessary to 

analyze multiple locuions \Yith sidewalk 

needs to create a list o f priority proj eccs. 

3. Prioritized List- Both the ovcrL1pping 

priori ties and the points methods w ill pro­

duce an initial list of prioritized projects. 

The next step is to refine the li st so that it 
works. using common sense. Ont' impor­

tant consideration is rh:it w hen roadways 

art: resurfaced, reh::ibilitared . or replaced, 

curb ram ps l1ll1 St be added if there are 

pedestr ian walkways. In addicion, the U.S. 

D epartment of Ju rice considers bu stops 
to b(' pedestrian ,valkways requiring access 

for people with disabilities, so areas n ear 

Seattle Example 

Seattle recently comp leted an inventory of al l sidewalks in t he 
c ity using a three-step process: 

1. An intern was hired to review aeria l photographs to deter­
mine whether a sidewalk ex isted. This informat ion was 
then recorded as a new layer on the existing G IS st reet 
database. 

2 . The intern f ield-checked all locations where t here was some 
uncertainty regarding t he presence of a sidewalk (about 10 
percent of t he aerial photographs were not clear). 

3. Each of 13 neighborhood groups that cover the c ity were 
given a draft copy of the inventory and were asked to check 
for errors . 

The total effort took the equiva lent of one full-time person 
working for 6 months in a city of 530,000 population, 218.3 
km2 (84.3 mi 2

) of land use and 2,659 roadway ki lometers 
(1,652 roadway mi les) [1 ,934 res idential street ki lometers 
(1,202 residential st reet m iles) and 724 arterial k ilometers 
(450 arter ial mi les)] . Once the inventory was completed, t he 
information was combined on a map with three other types of 
information: 

1. School Walki ng Zones: A colored ci rcle identified a half­
mi le area around each school. 

2. Pedestrian Generators: A second color was used to identify 
a half-mi le area around key pedestrian generators, such as 
hospitals, Ii braries, and commun ity centers. 

3. Neighborhood Commercia l Areas: A third co lor was used to 
identify the dozen neighborhood commerc ial areas in Seat ­
t le (about one for each of t he major neighborhood areas). 

Once the map was pri nted, it was very easy to see where t he 
three colors overlapped, two colors overlapped , etc . The f inal 
step was to have the com puter ca lculate the sidewa lk def i­
cienc ies in t he overlapping areas. They found , for example, 
t hat there were less than 3 km (2 m i) of arter ial streets t hat 
were within school walking zones, a pedestrian generator area, 
and a neighborhood commercial area that did not have side­
walks on either side of the street. 

There were nearly 4.8 km (3 m i) of arteria l streets t hat were 
with in school wa lking areas, but outside of neighborhood com­
mercial areas and pedestrian generators that did not have 
sidewalks on either side of the street. This was compared to a 
citywide def ic iency of more than 32 km (20 mi) of arterial 
st reets that lacked sidewalks on both sides of the street. 

By developing these and other numbers, the pedestrian program 
was able to put together packages of information t hat demon­
strated what could be accomplished with additional fund ing. 
What everyone thought to be an unsolvable multi-mi llion-dollar 
problem was reduced to a series of sma ller, fundable projects 
that decisionmakers cou ld endorse. The result was increased 
funding and a new optimism that meaningful progress could be 
made on solvi ng Seattle's sidewa lk def iciencies. 
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transit sho uld be given prio ri tv accordingly. Improv­

ing pedestrian crossings, particularly 0 11 ;1 rtnial 

streets, lllay also be an important p:i rt of so111c proJ­

ects. Other important questio 11s inc lude: Are prior­
ity locations ones that might be expected, Arc there 

many , urprises? Are pr iority locatiom 111 line \Yith 

community priorities and expectation•? Are so 111e 

priorities at locations with very low pede,tria11 use? 

If the answer to these questions is "yes, " then the 

critc-ria or the m ethodology ,hould be evaluated and 

possibly revised to create outco111es that better 

rcllcct expectations and desires. The methodologies 

should be used co prioritize know n needs. not to 
create a new set of prio ri ties that do n't m:ike sense. 

T he ti nal step is to create packages offundable proj­

ects. T he prioritization process should result in rea­
sonable packages that decision- makers can e111brare 

and support. Fo r example, it may be possible to i11sta l1 

sidewalks on both sides of every :uterial within :1 

hal f- mile of every elem entary school for $5 111illion 

over a period of S vears. Or, it may be 1x1,,ibk to 

replace sidewalks in neighborhood com mL'rcial ,1rl-;1s 

for S2 111illion over ;l period of J ye.m. T ia: o bJeC­

tive is to take what m:iy appe:ir to be a11 umoh-.1ble 

problem (endless need for 111orc funds) ,111d to pack­

age it in such a vv·:iy tha t it l.,egi11s to ,1ddre,s SOlllL' of 

the mo t crit ical pedcstria 11 11eeds in a community. 

SIDEWALK DESIGN GUIDELINES 

SIDEWALK PLACEMENT IN LARGE 
AND SMALL CITIES 

Continuous side\\'alk; should be placed alo ng bo th sides 

of all fully improved arterial, collector, and local streets in 

urban :ind suburban :i re 1s. Sidewalks sho uld connect to 
side streets :md ;1dj acent bu ildings . . A.cces,ible crossi 11gs 

should he provided across ll!cdia11 islands. frontage road 
medians, :llld other raised isla11ds. 

SIDEWALKS, WALKWAYS, AND SHOULDERS IN 
RURAL AREAS 

A safe walking area must be provided o utSlllL' tlic 111oror 
vehicle traffic travelway. Sidewalk, along rural roads 

should be well sep:irated frolll the travelway. lsol,1ted res­
idencial areas should have a pedc,tri:m co1111cctio11 to the 

rest of the rural community fi:)r school acces,, ,hopping. 

and recreational trips . 

An off-road path-also k11ow n as a "side path "-is a 

type of walkway used in som e rural setting,. This p:n h 

may be paved or unpaved. and is separated from the 

roadway by a grass or landscaped strip w ithout curbing. 

Thi, rnainta111s a rural look, but is safer and more com­

forta ble than a shoulder. 

A paved or unpaved , houlder should be provided as a 
minimum along the ro,1d. Paved , boulder, arc preferred 

to provide an all-weather ,v:ilking surface, si11ce they also 
serve bicycl i,ts and improve the overall safety of the 

ro:id. A 1 .5-lll- (5-fr-) wide shoulder is acceptable fo r 

pede,trians alo ng low-volume rural highways. Greater 

w idth. up co '.2.--1 to 3.0 m (8 to IO ft), is desirable along 

high-,peed highways, particularl y w ith a large number of 
truck,. An edgelinc should be m arked to separate the 

,boulder fro lll the travclway. 

SIDEWALK WIDTH 

The " ·idth of ,1 ,idcwalk depends primari ly on the num­

ber of pede,trians \\'ho arc expected to use the sidewalk 

,H ;1 given time - high-use sidewalks should be w ider 
than low-use sidewalks. "Street furn iture" and sidev.ralk 

c;1t~"i reqtm L' extra w idth , too. A sick walk w idth o f 1.5 
111 (5 fr) is needed for two adult pedestrians to comforc­

:ibly w:ilk side-by-side. and all sidew,1lks should be con­

structed to l.,c at le.1st this \\'idth . The minimum side­

walk w idths fo r citie, larg<: and small are: 

Local o r collector ,treets 

Arterial or 111:1jor street, 

C BD areJs 

j j I l l (5 ft) 

1.8 to 2. --1 111 (6 tu 8 ft) 

2--1 tO 3.7 Ill (8 to 12 ft)* 

Along parks, schools. :ind other 

majo r pedestrian generJto rs 2 .4 to 3.0 rn (8 to 10 ft) 

*'.2.4-in (8-fr) rn i11i11111m in commercial areas vvith a 

pl.inter str ip, .1. 7-m ( I '.2-fr) ni.inimum in commercial 
c1 re.1,; \\'ith no pbnter , tr ip. 

Tlicsc w idths represent a clear or unobstructed width . 

Point ob,truccions may be acceptable as lo ng as there i, 
at k a,t ') 1--1 mm (36 in) fo r wheelchai r mane uver ing (no 
k-ss than 1,'.2 19 mm (-t8 in) \\·ide .1s a \\'hole); howeve r, 
,-wry attempt should be made to locare srreetl igh ts, util­

ity poles, signposts. fire hydrants, mail boxes, parking 
1neters, bus bcnclies, and other street ti.irniture out of the 

sidew;:i lk. When that i, not possible, sidewalk furnishings 

:md other ob,truct iom ,hould be located consistently so 
th;it there is a clea r travel zone for pedestrians ,vith 

,·i,ion i111pa irrnen ts :ind a wider , idew,1lk should be pro­

,·ided to accomn1odatl' this line of obstructions. 

Si1nilarly, when sidewalks abut sto refronts, the sidew:ilk 

should be built 0.6 m ('.2 ft) wider to ;iccommodate win­

dow-s hoppers and to avoid conflicts wi th doors opening 

and pedestrians cmering or leaving the buildings. 
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M any 1.2- 111 (--I - ft) sidewalks we re built i11 the past.This 

w idth does not provide adequate cleannce room o r 

rnobiliry for pedestr ians p::is,ing in opposite d irections. 

All new and retrofitted sidew;1lks should be 1.5 Ill (5 fr) 
feet or wider. 

SIDEWALK BUFFER WIDTH 

Bulle rs between pedestrians and m o tor veh icle traffic JrL· 

important to provide greater levels of com fort. ,ecuriry, 

;md s:.1 fery to pedestrians. Lambcapcd buffer~ p rovide a 

, pJ ce for poles, signs .. m d ocher obstructiom: they serve 

as a snow storage :ire:i ; :ind they protect pedestr ians frorn 

splash . T he ide 1l w idth o f a planting strip is 1.8 Ill (6 fr) . 

Minirnu111 allow;1ble landscape buffe r widths are: 

Local or collector streets 

Arterial or lllJJOr ~erects 

0 6 to I . 2 111 (2 to 4 fr) 

1.2 to 1.8 rn (--1 to 6 ft) 

W ith a landsc1ped buffer between the sidewalk and the 

street , care must be t:1 ken to e nsure that the bus stops are 

folly acce~sible to wheelclL1ir u,er, .111 d haw con nec­

tions co the sidewal k . Irriga tion 111:1y be needed in .1rea, 

of low precip itatio n . 

Uu fl.c-rs also p rovide the add ed , p.1ce co lllake curb ralllp, 

and lamlin t,,'S acce,si blt'. W hen the ramp, and !Jnd in;::5 

arc designed prope rly, they are also betcn ut ilized by 

those pmhing strolle rs o r pulli ng carts and luggage. 

If a pl:inting strip is nor provided between the ~idewalk 

and road w:iy. the n the sid ewalk w idth sh o uld be a lll in­

i111urn o t 1 .8 Ill (6 fr) . 

Where landscaped sidc,,·alk buffe rs o nnot be provided 

d ue to constraints, on-street parking, a sho uldn, o r J b ike 

Lrne can serve to buffr r pedestrians fro m 111otor vehicle 

tnffic lanes. 

SIDEWALK SURFACE 

Concre te is the p re fe rred sidnvalk surface. p roviding the 

longest ervice li fe :ind requ iring the least am ount of 

maintenance. A sphalt i, an accep table , , ·alb,·ay srni"ace 

in rural areas and in p:i rk settings, ,m d c rm hed gran ite 

may also be an acceptable all-weather 111.1cerial in parks 

or rural areas. but they ge11crally require higher le, ·els of 

m aime nance and are less desirable for wheelch;1i r users. 

Sidewalks I nay be constructed w ith br icks and pavers if 

they are comtructed to :ivoid seeding; b ricks sho uld be 

easy co reset or replace if they cause a tr ipping hazard . 

Also. bricks and / o r paver~ can cause vibr:.1tio 11s chat arc 

painful fo r pedestr ians w ho use 111obi lity aids and , the re­

fore, it may be appropriate co use bric ks o r pavcrs o nly 

for ,id ew:ilk borders in certain situatio ns. T here are 

sta111 p ing rno ld~ th,1t n e;itc the visual appea rance of 

bricks and pa,·e rs; tl1c,c It.I\ e thl' al1'-a11t;1gl'' o f tr:1d ition­

al concre te w ithout so111e of rl 1L· n1ai 11 tL· 11:1tKL' issues :111d 

ro ughness associ:n ed w ith bricks and p.1vns. There arl' 

commercially avai lable products chat p roduce ,1 \'Jriecy of 

ae~thctically p leasing surface, that :ire .1l111ost impossible 

co distinguish fro m real bricks ,111d p:wn,. H owever, 

stamped m aterials can also have rnaintc nance issue,, 

, ince, for ex:im pk. the sidewalk m ay never look the sa111 l' 

again :1ftn repa irs ,ire macle. 

It is also possible co enhance sidewalks aesthetics w hi le 

still p roviding ,1 , m ooch \\·,1lking surface by com bining a 

co ncrctl' rna in \\':l iking Jre.1 \,·ich brick edging w he re 

strec't furn iture (l ight> . treL's. pole,, etc.) can he p b ccd. 

For exa111 pk. in ,1 C UI), a --l.6-111 (15-lt:) to tal sid t'\, ·:i lk 

\ \·idch 111ight include a 2.--1 Ill (8- fr) clear concrete side­

walk \\' itl, a 2. 1-111 (7-fr) L'dgc. 

SIDEWALK GRADE AND CROSS-SLOPES 

Side\\'alks should bL' b uil t to accrn11111od,1tL' .111 pedestri­

ans and shou ld be as tLtt as pract ical. Side\\'.1lks , hould be 

held to J run n ing grade of 5 pc-rcL·n t or lc,s. if po"ibk. 

H owever. sidewalks that folio,\· the gr.1dc o f ,1 ,t rl'l'l in 

hilly terrain cannot meet ch is requ ire n1L'11t. for ob,·1ous 

re.1som, ,ind m ay follow the g rade of the street. · J ·1il' 

111:1xi111um grade fo r a curb ramp is I: 12 (8 .3 percent) . 

T he n1:1ximu111 side\\·alk cros,-slope is 1 :50 (2 pL'rcent) 

to n1 ini111i ze tr:1vel effort for \\·heelchair usns ,111LI , till 

provilk dr:1i11age.Ar least 0 .9 111 (3 fr) of tlat sidew alk area 

is rcquirnl at the lop o f .1 ,loped d r iveway to accommo ­

date \\'heelchair me. In ,0111c c.1st's, it 111,1y he necessary 

to bend the side\\',1lk arouml tltc back of the drivt'w;iy to 

ac hiL·ve a le\·el surt:ice o f ()_lJ 111 (3 ft) . 

CURB RAMPS 

C urb ramps m mt he provided -It ,il l imer,ectio n cros,ings 

(m arked o r un ma rked) :m d 111 idblock croSS\\·alks for 

\\'heelchair aclTs,. These r,1mp, .11,o .1ccommod.1te 

stroller, . carts. the e lderly. and ~K·ck stri:111, \\' ith m obility 

lirn ic:icio ns. C:urb ramps should be as flit :1, pmsibk . hut 

m use h:ive a slo pe no gre,1rer ch.in 1: 12 (8.3 pncc1 1t). 

Abrupt c hanges in de,·:i tion .1t the top or borco111 should 

be avoided. T he 111 i11i111um curb r:1111p ,,·idch is 91-1- 111111 

(36 in); however. 1.21 <J 111 111 (--IH in) is the dl'sir:ibk rnin ­

irnu n1. If ,1 curb ramp is locatc:d \\·here pedestr ia ns must 

wa lk :1nm, the r,1111p, the ramp must have flared , ides of 

no n101-c than I : I () (I() perce11t) slo pe. These fla res arc 

not needed where ra111p, arc pl:iced in J 1:indscaped area. 

Curb r:rn1ps ci lso requ ire a 111ini111u111 o f <J 'l--1 111111 (3(, in) 
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of level and ck ,1r passage ( 1.2 19 111111 (-1-8 in) or 11101-c are 

desirabk ) ,lt the top. 

Two ,epar,ttl· curb rainp~. o ne for each crossw,1l k, sho uld 

bt' provided at each corner o f ,lll in te rsection. Di:1gonal 

curb ra111ps provide no di rt'ctional guid.m ct' to vis io11-

i111paircd pedestri,rns, ,md force w hl'l·khair users to 

111aneuver in the cros,w.1lk. Ra ised island , in a crossinu 
"' 

must have at least .1 1,2 10- 111111 (48-in) cut- through that 

is level with the street; thi , is generall y preferable to curb 

ramps. which t<)rn· \\·hcdchair users to go up and down. 

OBSTACLES ALONG THE SIDEWALK 

The distanCL' to the botton I of signs placed in o r r ight 

ne , t to a , idc'\\',1lk , hou ld be ,lt le:m 2 111 (7 ft) abow the 

sidewalk surf:1ce to a\·oid injury to pedestrians. Bushes, 

trees, ;rnd other landscaping sho uld he m aintained Lo 

prevent encroachment into the sicie\\',1lk. Jur idictio m 

,hould adopt o rd inance, requiring local p rope rty O\\'n­

ers to trim the landsc1ping they placL· along their 

frontJge to n1aintain clea r and unobstructed sidewalks. 

The j u r i, cii criom should provide an inspection p roce­

dun: or :1 ')",tem o f re,pondi11g to sidcw:1lk l'I1Cro:1ch­

m enr :ind m:iinte 11:u icc complaints. 

Guy w ires and uti lity t ie-downs sho uld 11ot be located in 

or .icrcm sidew:1lks at heights below 2 rn (7 fr) . When 

pl.iced adJJCt'llt to sidewalks o r pedestrian wal kways, the 

guy wi res sho uld be co\·cn:d w ith a bright yellow (or 

othl'r h igh-v i, ib il iry) pl,1stic guard to 111;1 ke tlw w irl' 

m o re visible to pedestrians. Guv \Vire, of a,n- color will 

no t be visible to blind pedestrians :rnd rnust not b e locat­

ed within the pcdestr i:111 route. Othn obstacles include 

,ignal controller bo:--;es, awni ngs. ternporary signs, nt·ws­

paper racks, fire hycinm s. and simiLir item s. 

ACCESSIBILITY 

The easiest way to visu:1lin · accL·,sibiliry requiru11ents 

(grade. crms-,lo pe, :1nd clear width) i, w ith tlw concept 

of c1 "co11ti11uo us p:issage." Silk-walks must p rovide ,l con­

tinuo us route ,lt a 2 percent 111a:s;imu111 cross-slo pe .1t a 

m inimu m w idth o t-o.<J ni (.\ ft) . This d o<:', not rne.m that 

0 .9 111 (3 ft) is an ;icn·ptable sidewalk \\'idth , just th:it ,lt 

11 0 poi nt shall Lhc leve l area be less th.m O.Y m (3 ft) 

\Yidc; this applic, mainly at obstruction, , drivn\·a\' . and 
cu rb ra111p,. , 

SNOW 

M u nic ipalitics th,1t do no t rernm·e snow o n sidewalks 

sho uld have an o rd in:m ce requiring property O\v1 1cr-; to 

clear the snow .m d keep the siOL'walks accc,s1ble to pedes­

trians. When ti lL' l.1tter is the G1,e. n 1u11icipaliti<:'s sho uld 

cduc,ltl' property owners as to why thi s is impo rtant and 

have en forcement efforts in place to ensure cornpli:rnce. 

BUS STOPS AND SHELTERS 

It is generally prekrabl<:' to place bu, shelte rs be twern 

the ,idcwalk and thL' stre<:'t. o r between the sidewalk and 

adj,1Cc11t property, so thar w:iiti11g passengers do not 

obstruct the tlow of pedestriarn alo ng th t' sidewalk. 

!Jenche, and other street ti..irni ture , ho uld be pbced o ut­

side tl1L· \\a lki11g paths co 111:iinuin rhc accessibili ty of the 

walkway and to provide good pedestrian ,ervice. l11 

addition, curb ramps should be provideci :it bus stops 

because it is no t always possible for the bus ro pu ll close 

rnoug h to the curb to deploy ,1 lift. 

LIGHTING 

Good srrel' t lighting 1111pron:s the visibility. con1fort, :rnd 

securi ty of µedestriam. 111 urban areas , it is importan t to 

ligh t :it il'ast the imcr,ectio ns and otha pedestrian cross­

ing area,. Lighting is also recommended in ;ire;is \vhe re 

thnt' is ,1 high concen tratio n of nighttime pedestrian 

.1n ivitv. , uch as churchc,. ~chools, and con1111uniry cen­

ter,. \X/here cont inuous lighting is provided ::don~ w icie 

:1rtniJI streets, ic 1s desirable to pl:icc the li<Yhts alo ,w both t", :-, 

side, of thl' , trect. Continuous streetlights sho uld be 

, p:iced to prO\·idc a relati vely uni forn1 level of light. In 

sho pping di,tr icts o r in dow ntow n an,·as with high con­

CL' ll tratiom of pedestr ians. it is desirable to provide pedes­

t rian-level lighting in additio n to the street lighting to 

irnprovt' thl' comfort and security of pedestri :1ns. The 

preferred pL'dcstrian- levcl lights arc m ercury v,1por or 

in , ande,CL'tlt. Low-pressure sodium lights may be more 

ener!--,7:·-etlicient: hO\\evc r, they are undesirable bec.1use 

they ne:Hl' comiderablc color distortion. Pedestri;m-level 

lighting ,m y ,1lso be imt;1llcd in selected areas of pedes­

tri;in .1ctivity to create a ,cnse of intimacy and pbce. 

OTHER DESIGN CONSIDERATIONS 

Sidewalks should lw bu ilt w ithin the public ri g ht-of-way 

o r in a sidewalk ea,emerir ;do nu the r i«ht-of-wa" Th1·s b t, _., . 

w ill provide ,1cce,s co the side\\·alk for m ain tenance 

activities and wi ll prevc11t the adj ace nt propaty owners 

fro m o bstructing o r removing the sidc\\ alk in the fi..iture. 

C ,1re mmt be taken to ,1void pbntin <> t rees or laro-e bush-::-, :-, 

cs in the l.1nd,capc buffer area that w ill o bscure the vis­

ibility betwt' l' ll a pedestrian attempting to cross or enter 

,l street a11d :lll :1pproaching n1otorist. Trees w ith largt' 

canopies pl:rnted bet\\el'll th L· , idew,1lk and , treet sho ulci 

be gener.1lly trimmed up lo at least 2.-1- m (8 ft) high and 

bushes should be kept lo about 762 to 9 14 n1n1 (.30 to 

36 in) i11 he igh t. Trees w ith brgc c:iliper trunks m:1y not 
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be appropriate near i11tersections and in other situation, 

\vhcrc they 111::iy block visual sight triangles. 

M e:mdering sidewalks are so111etimes used w here a w ide 

r igh t-of-\Y:ty i, avail able and there is a desi re to provide 

a h igh lewl of landscaping, such as in a park o r alo ng a 

waterway or o ther n:itu ral fe:1ture. le is oti:en believed 

that m eandering side\\alks cre::i te a lllore pleasant walk­

ing environment. T he reality is chat they un necessarily 

create a longer \Yalking Ji~ta11cc and are inappropriate 

for sidewalks Jlong a street. 

Sidewalks should be built alo ng both sides of bridges. 

Pedestrian rai ls or guard rail arL' required along the out­

side of the bridge. On bridges w ith h igh speeds. concrete 

barrie rs between the tra\·elway and the sidewalk may be 

comidcrcd to shie ld pedestrians fro m e rrant vehicle~. 

H owever, chi~ adds cost. weight, and width to the bridge. 

and the transition fro111 barr ier to gu:i rd rail o r curb at 

each end often creat<.:s an awkward tramition fo r pedes­

trians, w ho must detour around the barr ier to access the 

b r idge sidew::ilk . 

Rollover curbs should not be used next to si rlnv::i lks as 

they encourage motorists to park on pbnting strips o r 

sidewalks . They may be probk111atic fo r som e \'isually 

in1paired people, since they do n 't cr<.:atc· a defin itive e rlge 

b<.:tween the street ::ind adjacem use,. 

Sidewalk Depth: Concre te sidewalks sho uld be built to a 

m inimum depth of IO 1.6 111111 (-+ in), :md to a minilllulll 

dep th of 152.4 111111 (6 in) at driveways. 

SIDEWALK COST 
CONSIDERATIONS 

The actual cost of providing sidewalks wi ll be differelll 

for c,1ch regio n of the country :ind v:i ri cs \\·ith the sea-

5011. Actual bid pr ices ,ire al,o inf:1uenced by hmv bmy 

contractors are at the time of construction. 

The cost o f construct111g s1dew:1lks alone is relatively low; 

typical b ids run benvern $2-+ and $36 per meters sq uared 

($20 to $.10 a square yard), which ro ughly tr:rnslates to 

$-+3 to $()-+ p<.:r lineal m eter (S I 2 tu S20 per line:1 I foot) 
fur 1.8-m- ((>-fr-) wide sidew,1lks. -1 hereforc. , idew:ilks 

o n both sides of the ro;idway can run roughly bL·l ween 

$93,000 and S l55.0()(J per kilo m eter ($ 150,()()() ,111d 

$250,000 per 111 ile) (costs fro 111 O regon DOT. 1999) . 

!-'acto rs to comider w hen calculating th1.· cost of sidcw:ilks: 

I . Presence of curb and gutt1.-r: T he costs of providing 

curb and gutter, which presumes the need to :ilso 

provide a street drainage syste111. run much higher 

than the cmr of 5idewalk alone. A standa rd perpen­

d icular curb ramp and top landing need a 11:t.inimu111 

border \vidth of allllost 3. 7 m ( 12 ft) at intersections 

if there is :i 152.4-111111 (6-in) curb. A 152.-+-mm ((i­

in) curb red uces the minimum bordn width to 3 111 

( IO ft). Yet, on many u rban streets, this work must 

be performed prior to installing sidewalks. If this is 

the case, o nly the rnsr of sidewalks and curb ramps 

should be :1ttri buterl to expenditures for pedestrians 

- catch basins :m' provided to drain the roadway sur­

face used by motor vehicle cr;iffic. 

2. Num ber of d r iveways:To comply with ADA, m any 

existing d r iveways must be replaced w ith o nes that 

provide ,1 level pa,sage ;it least 0 .9 (3 ft) w ide. Ir can 

also b<.: advantageous to inventory all existing 

driveways tu sec if any 0 11 b e closed . resu lting in a 

cost-savings . 

3 . N umber of inte rsectio ns: While intersections repre­

sent a reduction in the sidewalk , curb ramps are 

req uired \vhere ~idewalks cros, i11terscctio ns and the 

cost o f providing additional era ffi c rnncrol at each 

inte rsectio n should be considererl . 

-+. Obstack~ to be removed: The cost for moving or 

n:n1oving obstacle, such as utility poles, signpost~, 

and fi re hydrants vary too much to be itemized here; 

hO\v<.:vn, they are required to be moved if they 

o bstruct access. T hese cost, must be calculated indi­

vidually for each projen. 

5. Structures: \ V hile minor side\',1alk projects rarely 

involve new structures such as a bridge, many proj­

ects w ith sign i fic:rnt cuts and fills m ay requi r<.: retain­

ing walls :ind/ or culvert extensions. The costs of 

re taining wa lls must be calculated individually for 

each project. 

6. R.ight-of-way: While m ost sidew.ilk projects can be 

built wi thin existi ng r ights-of-way (especially infill 

projects), som e 111:iy reC]uire so llle r ig ht-of---vvay ease-

1nent. An alternative to acquiring right-of-way is to 

narrow the roadway. w hich should consider the 

needs of b icycl ists (e.g., through bike lanes or shoul­

de rs. at a m in i1nurn of 1.5 111 (5 ft) . 

7 . M iscellaneous factors : PL111 ters, irrig:ition , b<.:nchcs, 

decorative Lunppmr,, and other aesthetic i111prove-

111ent~ cost m o ney, but they ,ire usually well worth it 

if the in1pctus for the proj ect is to creae<.: a more 

pleasant and inviting walking environment. 

When proj<.:ct costs appe:i r to be escalating due to 01 1<.: o r 

m o re of the abov<.:-listcd ite ms, especially retaini ng walls 
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or acquiring right- of-way, consideration may be given to 
narrowing the side,valk in comtr;iined :ireas as a List 

resort. The fi.1II side\',:alk width sho uld be resUlllL'd in 
non-constrained areas-chis is preferable to providi11g a 

nar row sidewalk throughout. or droppi ng the project 

because of o ne difficult section. 

T ip, to Reduce Total Costs: 

1. Stand-alone vs. integrated within ;111other project: 

Sidewalk, should ah,·ays be included i11 road co11-
struccion projects. Sund-alo11e sidewalk projects cost 

more than the same work petforrned as part of a 

larger project. Sidewalks can be piggybacked to proj­

ects such a surface preservation, water or sewer lines, 
or placing utilitie, underground. Besides the mom:­

tary savings, the political fa llout is red uced, since the 

public doesn't perceive an agency as being inefficient 
(it is Yery noticeable if an agency works 011 a road, 

then com es lxKk to do more work later) . The 
reduced impacts on tr:iffic ;1re J bonus to integration. 

' Combining l'rojects: A cost-savings can be achieved 
by cornbi11i11g several small sidewalk project, imo 
one big 011c. This can occur even if the sidew·alks :ire 

under differrnc JUnsdictions, or even in difFere11t 
local ities, if they are close to each other. The ba,ic 

principk is chJt bid pr ices drop as quantities increase. 
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These guidelines were developed in a11 fHWA report 
entitled Safety Effects of M:1rked vs. Un111arked C ross­

walks ;it Uncontrolled Loc:1tions.(I) This repo rt may be 

fou nd at: www.walkinginfo.o rg/ rd / deviccs.htrn . In 

developing these proposed U.S. guidelines for marked 

crosswalks and other pedestr ian measures. consideration 

was giwn not o nly to the research resu lts in this study, 

but :dso to crosswalk guidel ines ;rnd related pedestrian 
safety rese:irch in AustraliJ. Camda, Germany, Great 

Britain , Hungary, T he Netherlands, Norway, and Swe­

den (sec references 2-8). 

Marked crosswalks serw two purposes: (1) they te ll the 
pedestrian the best place to cross, and (2) they clarify that 

a legal crosswalk exists at a particular location . 

M arked crossw;i lks are one tool to get pedestrians safely 

across the str<:>ec. When considc-ring nurked crosswalb at 
uncontrolled loc::ttions, the question should not simply 

be: "Sho uld I provide a m arked crosswalk or not?" 
Instead, the que,tion should be: " Is th is an appropriate 

cool for getting pedestrians across the street'" R.egardle\s 

of w hether marked crosswalks arc used, there remains 

the funda1 11enr:1 l objective of getting pedestrians s:1fely 

across the street. 

ln most cases. marked crossw:ilks are best U';ed 111 co ,11-

bination w ith other treatments (e.g., curb extensions, 
ra ised crossing island,, traf11c signals, roadway JJJrrowing, 

enhanced overhead lighting, traffic-calming measures. 

etc.) . Think of marked crmswalks as 0 11 e of ;1 progres­

sion o f design treatments. If one treatm e11t doe, not ade­

quately accomplish the task, then move 0 11 to the next 
one. The fai lure of one parti cular treatment is not a 

license to give up and do nothing. In all case , the fina l 

design must address th e go:11 of gemng pedestr i:rns across 
the road safely. 

GUIDELINES AND CAVEATS 

M arked pedestr ia11 crossw:ilks nuy be used to delineate 

preferred pedestrian paths across roadways undn the fo l­

lowing conditions: 

1. At loca tion, \\·ith stop signs or tr:i tri c signals. Vehic­

ular traffic might block pedestri:in traffic w hen slop­

p ing fo r a ,top ,ign o r red light; m:irking crmswalks 

may help to reduce this occurrence. 

2. At non-signalized street crossing locations in desig­

nated school zones. Use of adult crossing guards, 

chool signs and 111arki ngs, and/ o r traffic sigmls vvith 

pedestrian signals (when warranted) should be u ed in 

conjunction w ith the marked crosswalk, as needed. 

3 . At non-,ignalized locations where engineering: j udg-
111ent dictates that the nu111ber of motor vehicle lanes, 

pedestr ian exposure. average daily traffi c (ADT). post­

ed speed li mit. and geometry of the location would 

make the use of ,pccially desig11atcd crosswalks desir­
able for traffic/ pedestrian safety ;:ind mobility. This 

mmt consider the conditions listed below. 

Marked cross,\"alks should be suppk111enccd witlt other 

t reatments (i.e. , ,,·ithouc traffic-c:1l111ing creatmems, tr.1f­

fic signals. md pedestr ian signals when warranted, or 

other ,ubstantia l crossing i111pro,·e111t'11t) when any of the 

following conditions exist: 

1. Where the ~peed limit exceeds 6-t.-+ km / h (40 
mi / h). 

2. On a road,,·a,· \\·ith fou r or more Lrnes without a 

raised median or crossing island that has (or will 

soo 11 haw) an ADT of 12,000 o r gre:iter. 

3. On ;:i roadway ,,ith four or more lanes with a r:i ised 

111edicm o r cro\si11g 1sLrnd tlut has (o r will soon have) 
clll A DT of 15.0()() o r grt>:iter. 

Street crossing loc1 tions should be routinely reviewed to 

consider the fo llo,\·ing ,1vailable options: 

Option I- o \pccial provisiom needed. 

Option 2- Prm·ide .1 marked crosswalk alone. 

Option 3-111stall othe r crossing irnprovemems 
(with or witho ut :i lllarked crossvvalk) to reduce 

vehicle speeds. shorten crossing distances, increase 
the likelihood of motorises stopping and yielding, 

and/ o r ocher o utcome. 

T he spacing of lllarked crosswalks should also be con­

side red so that they are not placed too close cogcther. A 

more conserv:itive use of crosswalks is generally pre­
ferred . Thus, it is recomllle11dcd chat in situatiom where 

marked crm,walks alone arc acceptable clue a higher pri­

ority be placed 011 thei r use al locatiom h:wing a 111i11i-

111un1 o i'20 pedestrian crmsi11gs per peak hour (or 15 o r 

rnorc dderly and / or chi ld pedestrians per pe;:ik ho ur). 111 

all cases. good engineeringjudglllent 111mt be :1pplicd. 

M arked crosswalk-; should not be insta lled in clme prox­

imity to traffic signal,, since pedestrians should be 

encouraged to cro,, at the sign.ii i11 most situations. The 

mini mum distance frolll :i signal for installing a marked 

cros,walk should bl· determined by local traffic engineers 

based on pedestrian crossing demand, type of roadway. 

traffic ,·olume. and other factors. T he objec tive of ad<ling 
a 111arked crosswalk i, to ch:innel pedestrians to safe r 
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crossing points. Ir ,houl<l be undersrood, however. that 

pedestrian cross ing behavior may be diffi cul t to co ntrol 

merely by the a<ldition of marked crosswalks. The new 

marked crosswalk should not undu ly restrict platooned 

traffic, and should also he consistent with marked cross­

walks at other unsigna!i?ed locations in the area. 

OTHER TREATMENTS 

In addition to installing marked crosswalks (or. in some 

cases, instead of installing marked crmsw;ilks) , there are 

other treatments that should be com iclercd to provide safer 

and easier crossins,s for pedestrims at problem locations. 

Examples of these pedestri:111 i111 provc111cncs include : 

Providing raised medians (or raised crossing islands) 

on 111ulti- lane roads. 

• Installing traffi c signals a11d pedestrian signals where 

warranted. :rnd w here se rious pedestr ia n crossing 
problems exist. 

R educing the exposure <listance for pedestri:ins by: 

- Providing curb extensio m . 

- Providing pedestrian islands. 

- R educing four-lane undivided road ~cct ions to 
two through lanes w ith a left- rum bay (or a two­

way left- turn lane), sidewalks, and bicycle lan es. 

When m:irked c-ros~walks arc m ed 0 11 uncontrolled 

multi-lane roads, consideratio n should be given co 
inst:illing advance stop line, as much as 9.1 m (30 ft) 

pnor to the cro,swalk (with a STOP l lER E FOR 

C ROSSWALK , ign) in each direction to reduce the 

likelihood of :1 multiple- threat pedestrian coll ision. 

l3us ~tops should be loc ited 011 the fa r side o f 

u11co11tro lled marked crossw alks. 

Install ing rraffi c-calming m easures to ,low vehicle 

speeds and/or reduce cu t-through traHic. Such 
measu1T\ may include : 

- R aised crossings (raised crossw:ilks, r:ii,ed inte r­

sectio ns) . 

- Strcet-n:ir row ing m e:1sures (c hica nes , slow 

points, "kinny , creet'. designs). 

- Intersection designs (traffic min i-circles. diagonal 

diverters). 

- O th<.:rs (see !TE Traffi c-Cal111ing Guide fo r fur­

ther details) .(1) 

So me of these traflic-calming measures are better suited 

to local o r neighborhood streets than to arter ial streets: 

Providing adequate nighttime street lighting fo r 
pcdestri :ins in area, with nighttime pedest ri:111 activ­
ity \\·here illumination i, inadequate. 

Ucsigning safe r intersections and dri veways for pedes­
trians (e.g., crmsing isbnds, tighter turn r:idii), which 
take into consideratio n the needs of pedestrians. 
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