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Grapevine Grade Widened to 4-Lane
Highway with Center Safety Barrier
and Drainage Features

By E. T. SCOTT, District Engineer

HE State's most hazardous

stretch of highway, the Grape-

vine Grade, on the 1. 8. Houte
99 between Los Angeles and Bakers-
tield, has been widened., Along this six
mile length of highway the grade is
a continnous 6 per eent, While the
3-lane pavement which existed prior
to the widening, would have been ade-
gquate, under normul conditions, for

Fil 4o serve

These heavily ladened vehicles are
required to travel in a low gear at o
very Teduaeed speed while winding
down the six miles of 6 per cent grade,
The passenger vehicles, not Lindered
by the grade, eontinue {o travel at
high rates of speed, and the approsch
to the rear end of a slow moving
trnek has been most sudden,

Un the old 3-lane pavement the fast

as buttress Ffor

number of deaths resulting from
trafflc accidents on this six mile
gtretch of highway. The appalling
toll has been from 10 to 14 killed and
many more injured each year for the
past few years,

It was necessary to more adequately
provide for fast moving passenger
vehicles to pass slow moving trucks.
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the daily trafic of 6,000 vehicles, the
differential in vehicle speed, beeause
of the grade made this highway see-
tion most hazardous.

Along this moest important trans.
portation route which conneets the
Los Angeles Metropolitan area with
the fertile San Joaquin Valley, an
enormous  tonnage of produee is
hapled by heavy truck and trailer.
Of the normal traffic about 20 per
cent are trueks and trailers,

o e Seepage

24’ Perforoted Metal Pipe

Sketch shows plan of widening and drainage operations in Grapovine Canyon

moving passenger vehiele could pass
the erawling truck provided the een.
ter lame of the pavement was unoe-
eupied. Too often the center lane was
oceupied by a vehiele moving in the
opposite direction. Many rear end
collisions resulted, and caused the
greater pereentage of the fatalities,

Runaway trucks taldng up the
whole width of the 3-lane pavement
on their dash down hill, added to the
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This wns accomplished by widening
the existing 30-foot pavement to 50
feet. The result is a 4-lune divided
highway with an 11-foot traveling lane
and 12-foot passing lane on both sides
of n 4-foot median separator strip
which divides the opposing lanes of
traffie.

To prevent out-of-control vehieles
from erossing to the wirong side of
the highway, a steel barrier rail
mounted on heavy wooden posts, was
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constructed along the 4-foot dividing
strip for a distance of nearly founr
miles. This metal plate road divider
consists of 12-inch convex steel rail,
mounted by means of spring supports
on two sides of a row of 8 by 8 inch
wooden posts.

The steel plates az well as the
gpring supports and other metal ac-
cessories were furnished to the con-
tractor by the State. This material
had been purchased by the Btate a
long time in advance of the construe-
tion work, months before priority
wag required on this type of material,

Another safety deviee installed to
aid runaway trueks in retarding their
speed, consisted of 3,000 lineal feet
of heavy curb. This enrb is con-
strueted on the ontside edge of the
10-foot plant-mix shoulder on the
downhill traffic lane, It is a heavy
eoncrete curb with a 15-inch vertieal
face. During short time the ecurb
has been in place, at least three trucks
out of eontrol in varying degrees,
have rubbed against it, with success-
ful results. The curb is awfully hard
on the sidewalls of tires but it will
slow down the vehicle,

The widening of the Grapevine
Grade was accomplished under two
contraets, the first of which was com-
pleted about a year ago. This eon-
tract conszisted of grading operation,

Public Works Effects
Big Car Mileage Saving

URING the months of
January and February
the Department of Pub-

lic Works effected a saving of
676,971 wehicle miles of travel
by reducing the usage of pas-
senger automobilez under its
jurisdiction.

Of this total, the Division of
Highways saved 515,806 vehicle
miles,

In line with the war program
of tire, gasoline and equipment
conservation, the department is
curtailing automobile travel to
the fullest extent consistent
with its necessary operational
activities, Mileage records of
four divisions of the depart-
ment, were as follows:

January January
1942 1943
Highways _________ 841,226 827,710
San Francisco-Oak-

land Bay Bridge__ 7,406 3,837
Water Resources .. 48,733 22,857

Architecture ______ 20,528 8,381
February Fobruary

1942 1843
Highways ......... 634,687 432,297

San Francisco-Oak-

land Bay Bridge.. 6301 10,258
Water Resources __ 41,539 21,761
Architecture 14,566 9,906

slide stabilization and besides the
usunal drainage struetures, the con-
struetion of a buttress fill of approxi-
mately 180,000 eubie yards.

A badly saturated hillside from which
many slides have come in on the high-
way and threatened to earry the road-
way into the canyon of Grapevine
Creek, has been stahilized. The stabi-
ligation consisted of two operations.
The interception and draining of
water from the hillside above the
highway and the buttressing of the
highway embankment by filling the
eanyon below the highway.

At various places along the hillside
noumerous holes were drilled by hy-
drangers. Starting at a peint twoe or
three feet above the highway gutter
grade, the holes were drilled from
two or three degrees above horizontal
to 20 degrees above horizontal in
order that any water encountered
would flow freely to the highway
gutier,

Holes were drilled for wvarious
lengths up to 170 feet. Some of the
holes were dry but a great many of
them intercepted water and the flow
from the holes, which were provided
with two-ineh perforated pipes, ran
from a few drops up to 200 gallons
per hour,

To prevent the possibility of the
ereek entting out this buttress fill, a
conerete lined channel with special

{Continued on page 20)

Section of new 4-lane divided highway in Grapevine Canyon, showing metal plate road divider and concrete flume for creek at left.




View of section of completed highway between Bradley and King City on U. 8. 101 via Jolon; original reute of El Camino Real

Hishway Improvement Completed
From Bradley to King City via Jolon

By A. N. LUND, Assistant District Construction Engineer

VHE original rovte of El Camine
[teal has beon reestablished from
Bradley to King City via Jolon

durine the past vear by the construe-
tion of 40 miles of highway.

Beginning vnear Hames Creck
Bridge on 1. 5. 101 about two and
one-hilf miles north of Bradlev, the
new highway follows generally the ex-
isting county road but with standard
alienment and grade, for about 22
miles in a northwesterly direction to
Jolon, thenee northerly 18 miles to o
junetion with U7, 8, 101 on the west

bank of the Salinas Biver near King
City. This route is gix and three
tenths miles looger than the Coast
Mighway which follows the BSalinas
River with erossings at San Ardo and
King City,

Jolon, a small settlement consisting
of u store and post office, chureh and
remains of adobe hotel, is situated on
Jolon Creek, o tributary of the San
Antonio River, in the midst of grain
and eattle ranches, surrounded by
mountains of which Juonipero Serra
Peak. 5858 feet in alfitude, i the

California Highways and Public Works (Mareh 1943)

highest point in the Central Coast
Range. Mission San Antonio de
*adus founded on July 14, 1771, lies
six miles westward, Three milies Lo
the south on Rancho Los Gjitos, stand
two ndobe buildings thought to have
been erected in 1778, ane of which is
reputed to be the oldest dwelling in
Ualifornia,

FIVE UXNITR
The project was divided inio five

units for construetion. The first onit
from three and one-half miles east to
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Saction of Bradley- King City highway showing concrete check dams along ereak channsl to prevent exoeasive srosion in eanyon section

gix miles north of Jolon, a length of
nine and one-half miles, was under-
taken by the Work Projecis Adnmin-
istration in May, 1941, The balance
of the projest was contracted in units
of -5.9, 131, 39 and 5.8 milez in
length and coniracts were awarded to
Lonis Biasotti & Son, N. M. Ball Sons,
Brown, Doko and Baun and Basich
Bros., respectively. Work was begun
in 1942,

Operations by Work Projeets Ad-
ministration forees continned throngh
the remainder of 1941 until Mareh,
1942, when they were suspended.
During this period roadway excava-
tion, drainage stroctures, and a por-
tion of the imported borrow were
completed. Sufficient funds for com-
pletion were made available during
the Summer of 1942 and a contract
wias awarded to N. M. Ball Sons by
Work Projects Administration under
supervision of the Division of High-
ways for the completion of imported
borrow, cement treated base and

[Four]

plant-mixed surfacing. Two con
tracis were awarded later by Work
Projects Administration, the first to
N. M. Ball Sons for the construction
of Jolon Creek Bridge, and the second
to Brown, Doko and Bauon for seal
eoat.
EROSION PREVENTION

The highway design, which was es-
sentially the same throughout the
project, provided for a subgrade of
materin] having a minimum bearing
valoe of 20 per cent, 24 feet x 0.5 foot
cement treated base, 22 feet x (.26
foot plant-mixed surfacing, eight-foot
ghoulders of imported borrow with
penetration application of lquid
asphalt, putters and berms lined with
plant-mixed surfaring and a seal coat
for the entire width of the roadbed.
An exception to this desion was made
on a two and four-tenths mile section
of heavy side hill eonstroetion over
the siummit north of Jolon where the
ghoulders were surfaced with 3 feet x
0.25 Toot plant-mixed surfacing,

An unusual Tenturs of the design
provided for the construction of 256
eheek dams to prevent erosion. The
new highway on a two-mile section
follows along Hames Creek in o com.
paratively narrow canyon and it was
necessary to confine the creek in a
channel parallel to the highway. On
neconnt of the frinble nature of the soil
and the exvessive grades of the chan-
nel some method was required to pre-
vent the seouring aection of the
gtream,  The most practien]l method
of preventing this seour was by the
eonstroetion of check dmms which
would maintain & channel grade of 1
per cent. These cheek doms were eon-
stroeted of (lass “*C" concerete and
have funetioned satisfactorily doring
the recent storms.

EXCAVATION IN EHALE

Construetion problems were not
diffienlt, exeavation being in shale and
soil emnts that did not require hlasting.
Loeal materials were nsed as agore-
gates for cement treated base and

(March 1943) California Highways and Public Works



plant-mixed surfucing. Apgregates
for conerete structuros and seal coat
sereenings were imported from eom-
mercial plants.  As aggregates in this
area contain reactive shales and chert,
low alkali cement was used in eement
trented base on all contracts except
for about one-half the 3.9 mile unit
tnder contrast with Brown, Doko and
Bann on which standard eement was
used due to curtailment in produe
tion of low alkali eement., The most
difffenlt problem presenting itsell was
in grading operations  daring the
Spring of the year due to saturated
soil eonditions.

Arross marshy arens to the east of
Jolom the seil formation eonsisted of
ahont two to three feet of loosely com-
pacted shale and elay soil overlving
an impervious strata. In advanee of
constructing embankments, longitadi-
nal side ditches under the toe of slope
with 10-foot bottom and 2 :1 slopes to-
gether with eonnecting cross trenches
of the same dimension at intervals of
not more than 400 feet, were exca-

I' T —

!
-
3
E.

vated and the embankment aren nl-
lowed to drain. The transverse
trenches were backfilled with pervious
gravelly material. In this manner
subsirface drainage above the hard-
pan i8 intercepted and ecarried away
by the side and transverse bleader
ditehes, Wherever possible eross
drainage eulverts were placed with
flow line at hardpan elevation which
in some cases necessitated ontlet
ditehes up to 100 feet in length.

COXNETRUOTION METHODR

During the progress of constroe-
tion five plants operated conenrrently
in the production of cement treated
base and plant-mixed surfacing. Con-
struetion methods for these items
varied but littls throughout the pro
jeet. N. M, Ball Sons used two trae-
tor and dozer spreaders in placing
cement treated base  full  width.
Basich Brothers employed one tractor
and dozer with 24-foot spreader box,
which, with some improvements
should pesult in the most economical

o el

operation. All plant-mixed surlacing
was laid by means of motor graders,

Une feature of the construetion
methods employed by two of the con-
fractors was the use of blade attach-
ments for the construction of the
plant-mixed berm and gutier. The
deviee nsed by Louls Biasotti & Son
was capable of three operations: (1)
Making cut to receive plant-mixed sur-
facing for gutters in eut section. (2)
Plaeing and shaping plant-mixed sur-
facing in gutters and on slope of cut.
{3) Shaping and compacting earth
berms and covering with plant-mived
surfacing. In one position this attach-
ment performed operations (1) and
(2) and consisied of a curved tool
aubont three feet long of the shape of
the gutter with an attached plate ad-
justable 1o the slope of the cut.  After
iaking the gutter cut, plant-mixed
surfacing was placed in the recess and
pressed into shape by the tool and the
gutter portion rolled by the wheel of
the motor grader, The {op of the

i Continted on page 20)

Pigture of dozer spreader with spreader-box blade attachment constructing plant-mixed berm and gutter

California Highways and Public Works (March 1943}
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Earth-Loading Factors Alffecting

Field Installations of Culverts

By G. A. TILTON, Jr., Assistant Construction Enginzer
R. L. THOMAS, Assistant Engineer, Surveys and Plans

FOREWORD

This is the seventh of & series of technical abstracts from a joint departmental review of culvert practice of the
California Division of Highways, by a committee composed of R. Robinson Rowe, Assistant Engineer, Bridge Department,
and Clarence F. Woodin, Assistant Maintenance Engineer, and the writers.

The series continues with a presentation of the factors affecting field installation and the structural stabilicy of

culverts without benefit of mathematical analysis.

This presentation is offered with the hope that the field engineer will

be aided in arriving at quick and sound decisions when unforeseen field conditions are revealed during excavation.

OR practical reasons, culvert
desiens are based on hypotheti-
el foundation and loading eon-
ditions. As excavations for eulvert
foundations are opened np, conditions
wre often encountered that are differ-
ent than pssumed by the desigoer,
Likewise, as rondway exeavation de-
velops, the character of material pro.
posed for backfill or embankment over
the eulvert may be of entirely differ-
ent character than was anticipated.
Tnlike the designer, who has plenty
of time to stndy and anulyvze the fac-
tors of design, the field engineer is
required to make gqoick decisions and
exercise  independent  judgment to
avoid unnepessary delay of the work
when changed conditions appear,

Committee's Observations

It is the committes’s observation
that there is nead for dissemination of
the basic principles of earth pressures
transmitied to enlverts and the effect
of various earth loadings on sither
flexible and rigid struciures upon
yvielding or unyieldinge foundations,
Presentation in a simple manner with-
ot detuil involvement of theories
and formulae should prove helpful to
the field engineer in installation prob
lems, Tt has also been the commit-
tee's view that too great a burden of
responsibility for adequate design has
been thrown upon the fleld engineer,
partieularly loeation detail and hy-
dranlies.

Basic Principles of Earth Pressures
Transmitted to Culverts (2) (3)*

The simple laws of mechanics and
eertain experiments on enlvert pipes

= Numerals in parentheses refor to bilillog-
raphy at snd of nrticls.

[5ix]

indicate that the vertieal sarth pros-
sure on enlverts varies according to
the relative defleetions of the top of
the eulvert and the adjacent goil each
side—ratio of *“¢"" te “B'" (PFig
#4n-h-e).

Fig. 44a illustrates an installation
of & rigid colvert on an unyiclding
foundntion. In this case (assuming
a FPaivly high fill) the earth alongside
the sulvert moves downward relative
to the material in the prism over the
enlvert due to the eonduit’s rigidity
and the unyielding foundation of the
eulvert, This action ecanses part of
the weight of the oniside material to
be trunsferred to the prism over the
colvert, and “‘E' i& greater than
“e. " The pressure on the eunlvert
will exeeed the weight of the earth
prism over the eulvert.

Height of equol
settlement He

Top of embonkment
i

Fig. 44b illustrates a case wherein
the enlvert settles or defleets down-
ward, an amount just egual to the
seitlement of the plane of material
originally level with the top of the
enlvert. The lond is materially re-
duced, and “R" may approximate or
equal “‘e.""  The pressure on the enl-
vert will approximate or just equal
the weight of vertical earth prism
above the culvert,

Fig. 44c illustrates an mstallation
of a flexible eulvert on a yielding
oughion or vielding fonmdation, In
this cuse, again assuming a fairly
high fill, the earth prism directly over
the structure settles downward rela-
tive 10 the material alongside due to
appreciable shortening of the vertieal
diameter of the flexible culvert and
by settlemnent of the bottom into a

Fig. 44, Three culvert installations, each carrying widely different loads from same

height of cover material.
ment before settlement.
taken place

Solid harizontal lines represent imaginary planes of embank-
Dashad lines reprasent the same planes after seitlement has

(March 1943) California Highways and Public Works



yvielding subgrade. “E’ is less than
“e."" The pressure will be less than
the weight of the earth prism over

the culvert.

Definitions

The gualities **flexible’” and *‘rig-
" have been wsed in 8 zeneral
sense, but Marston (1) has defined
them.

Flexible Culvert one whose cross-
seclional shape can be distorted
sufficiently to echange its vertieal
and horizontal dimensions more
than 3 per ecent before causing
materially injorioos erncks.

Rigid Culvert one whose eross-
seetional shape ean not be distorted
sufficiently to ehange its vertieal or
horizontal dimensions more than
one-tenth per eent without caunsing
materially injurious eracks,

Plane of Equal Bettlement (3)

In every embankment sufficienily
high, there is o horizontal plane al
atd above which the sompression of
the prism over the culvert just equals
the compression of the materials
alongside (see Fig. 44n-b-e}. This
condition results when (he ecompres-
sion eaused by the greater pressure
neting through o lesser height within
the prism over the enlvert equals the
vompression enused by the lesser pres.
sure acting through a greater height
of {he material alongside. This plane
is known as the “'plane of equal set.
tlement ™" and its height above the top
of the culvert is the “‘height of equal
settlement. "’

In eases V to V111 that follow, the
earth loading on a culvert is greatly
afeeted by the “‘height of equal set-
tlement™ which may be above or be
low the rondway surface (2).

Basic Principles Applied to Practical
Installations

Eight standand cases and two spe-
eial eases commonly encymtered in
field installations are presented for
illnstrative purposes :

Case 1. Flexible eulvert in trench
on unyielding subgrade.

Case II Rigid enlvert in tremch
oo unyielding subgrade.

Oase III. Flexible culvert in trench

on yislding subgrade or

enshion.

Rigid enlvert in trench

an yielding subgrade or
eushion,

Case IV,

S deflection
CASE 1

fa) Flexible culvert in trench,
unyielding foundation.

é)
CASE 11

rb) Rigid culvert in trench,
unyielding foundation.

Crown defiection

tc;  deflection

CASE 1l
¢c) Flexible culvert in $rench,
yielding foundation.

{dIRigid culvert in trench,

Crown settlement
ual to
bottom settlement,

H?e'.'diﬂg foundotion .

Fig. 45. Four cases of culverts installed in trenches

Case V. Flexible enivert on um-
yielding embankment sub-
grade.

Case VI. Rigid eulvert on unyield-
ing embankmeni sub-
grade.

Case VIL Flexible enlvert on vield-
ing embankment sub-
grade or eushion.

Case VIII. Rigid culvert on yielding
embankment subgrade or
cushion,

Cases IX and X. Any eulvert in-
stalled in sidehill loea-
tion (wrong and. right
way).

Case I (Fig. 45u). Flexible Ouivert
e Tocataiem e

The backiill prism over the top of
the culvert in trench tends to move
downward relative fo the earth along-
side, and through frictional resistance
and vohesion transfers part of its

California Highways and Public Works (March 1943)

weight to the soil adjacent {o the
pipe. Tn this ease the frietional
resistance inerement acts upward
relieving part of the weight of the
vertieal earth prism over the enlvert

The phenomena have been common-
Iy referred to as *“‘arching action.'
pl“:]icuhﬂy where rock baekfill is
C

If the eulvert is of the flexible type
further relief of load oeeurs doe to
the ahility of a flexible pipe to shorten
it= vertieal dinmeter and lengthen its
horizontal diameter,

Case II (Fig. 45b). Rigid Culvert
Installed in Trench on an Unyield-
ing Foundation
Aetion of the backfill prism over

the eulvert is the same as i Case T,

but in the case of a righd strocture,

appreciable distortion of the vertieal
diameter does not oeenr, resulting in

i greater lowd being earried by the

pipe,
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Oase III (Fig. 45c). Flexible Cul-
vert Installed in Trench on Vield-
ing Foundation or Cushion

The same conditions prevail as in
Casze T, with a third added. The sei-
tlement of the enlvert installed on a
vielding subgrade further tends to
relieve the pressure.

Case IV (Fig. 46d). Rigid Culvert
Installed in Trench on Yielding
Foundation or Cushion

Settlement of the vielding subgrade
or enshion tends to relieve the pres.
sure on the culvert,

Ag in the ease of a flexible enlvert
tnstalled on excessively yielding sub-
grades, a highly eompacted oushion
may he desirable to insure against
excessive displucement (see Fip, 48).

Case V (Fig. 48e). Flexible Culvert
Installed on Unyielding Embank-
ment Bubgrade

In opposition to Case I, there is o
tendeney for the enrth alongside the
vulvert to move downward velative Lo
the wvertieal prism over the eulvert,
cansing the frietional inerement 1o
act downward and tenusfer lond to
the wvertical earth prism over the
structure. The above is based on the
assumption that the materialy are
homogeneons and that the eolumn of
earth adjacent to the enlvert moves
throngh a greater height than the
colimn direetly over it. As in Case
I. some relief of load occurs when
the flexible structure deflects,

Case VI (Fig. 46f). Rigid Culvert
Installed on Unyielding Embank-
ment Subgrade

The econditions of Case V apply
exeept that the rigid eulvert does not
deflest sufficiently to appreciably re-
lieve the vertical load. Tt is the
most severe earth-loading eondition
that will be emconntered in the eight
standard eases cited. Consideration
ghould be given to some method of
relieving the load such as by placing
# vielding enshion under the enivert
or increasing iis siruetural strength
or both.

Case VII (Pig. 46g). Flexible Cul-
vert Installed on Yielding Em-
bankment Subgrade
The same eonditions apply as in

Case V except that further relief of

load may result by yieldine of the

gupporting foundation.
Load is greater than Case TTT, other
things being equal.

[Eight]

Euude surface

3 -, ;-:r --r'l
: Embunhmen+ o

{e }Flexible culvert under embank-
ment, unyielding foundation.

Roodway surfoce

’r" Err;b;:mk e{w h

Crm duP achr.m
i aa-Hlamen'I‘ e

Bottom saﬁlemem
.4
CASE VII

f9)Flexible culvert under em-
bankment yielding foundotion.

Fig. 48 (e, f. g. hl.

Case VIII (Fig. 46h). Rigid Culvert
Installed on Yielding Embank-

ment Subgrade

Case VI applies except that relief
of the vertieal load results from
Fielding of the foundation support.

Cradles may be desirable in extreme
cases. Tests mdieate (4) that sup-
porting eradles under conerete pipe
will develop a supporting strength
from 13 to 2 times that which the
pipe develops, when not eradled, but
this inerease in supporting value may
be entirely nentralized if the eradles
act to reduee the amount of bottom
settlement that would normally oecur.

Load is greater than Case IV,

Case IX (Fig. 47i). Wrong Method.
Case X (Fig. 47j). Right Method.

Any type of culvert installed in
sidehill location.

California experience with enlverts
placed in the topscil stratum of side-

to bﬂ'l"l'nm sei'ﬂﬁzmz

Herizon+al
deMaction

Roadway surfooe

s-s‘"""

e e _:-.‘
i e Emhunk‘men'{-

CASE VI

() Rigid culvert under embankment,
unHieIdirﬂ Ffoundation .

ch?
CASE v

th) Rigid culvert under embank-
ment Hieiding foundotion.

Four cases of eulverts installed on original embankment subgrade

hill * loeation has proven to be highly
disastrous (Fig. 47i). Culverts so
installed are subject to a shearing
action that takes place in the topsoil
steatum between the settling embank-
ment and the frm material back of
the overburden,

Culverts have been completely col-
lapsed in many sidehill location cuses
such as to be rendered usoless,
Fig. 47j indicates the recommended
installation.

Field Installation Considerations

Flexible pipe eulverts and rigid
pipe culverts are designed stroe-
turally to resist average earth pres-
gires expected from  certain maxi-
mium heights of fills. As every field
engineer knows, varied eonditions are
enconntered continuonsly, inelnding
rock foundations, marshy ground, un-
satisfactory backfill material, caving

* Boo Movembar, 182, Issue of Culifornia
Highways and Publls Works,
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trenches and many econditions too
numerous to list herein,

It is the function of the field engi-
neer to interpret the effect of these
various econditions and decide whether
the proposed eulvert will be subjectad
to greater or less pressures than
average condition desiened for and
make such changes in the installation
as may be necessary to insure strue-
tural stability of the enlvert.

Unyielding Poundations

Unyielding foundations vary from
solid rock to dry hardpan.

A eushion placed under a culvert
on mnyielding foundation serves the
dual purpose of insuring uniform dis-
tribution of pressure on the bottom
and permitting settlement which re-
lieves the load as deseribed heretofore
in Cases [, II, V, and VL

California 1940 Standard Specifiea-
tinna satisfactorily provide for a
enshion as follows [See. 56e) -

“Where solid reck s encountered, it
shall be removed below grade and the
trench backfilled with suitable matsrial in
such a manner as to provide a compacted
sarth cushion with a thickness under the
pipe of not less than one-half ineh (")
par foot of height of fill over the top of
the pips, with a minimum allowable
thickness of eight inchas (87)."

Compaetion  should be uniform,
ranging from a fairly high degree of
compaction under low fills (to limit
undesirable settlement in the roadway
surface) to a low degree of compac-
tion under high fill (to permit set-
tlement ).

Bedding and Backfill Practice

It is the view of the commitiee that
adequate bedding for pipe enlveris
ean not be uniformly obtained by
specifying that the trench bottom be
shaped to fit the bottom of pipe
culverts.

The specifieation is diffienlt to en-
foree for various practical reasons as
years of experience on California
highways has shown., The bottom
rounding specification was removed
from standard specifications in 1940
and provision made for eompaciion
of backfill from the bottom of the
trench in thin layers, with the oaption
of ponding or jetting granular mate-
rinl in len of thin highly compaected
layvers (see Figs. 49 and 50).

The same difficulty in obtaining
proper baeckfill to culverts has been
experienced as in the case of round-
ing the eulvert trench to fit the bot-
tom of pipes. Dackfills compacted to
a 80 per cent relative eompaction are
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CASE IX CASE X
Wrong locotion Right location
Fig- 47 (L j)- Right and wrong way of installing culverts in sidehill location

Above—Fig. 48, Rock cushion and bedding
in lieu of high compaction backfill

Left—Fig. 48. Rock cushion on yielding
subgrade fTor reinforced conerete arch
culvert

Below — Fig. 50. Crusher run backhll
placed and jetied by contractor in
lieu of compaction backfll




exeeedingly difffonlt to obtain where
hardd tamping I8 used unless layers of
backfill are tamped in 2 or 3 ineh
layers with optimum moisture content
andd the tamping head s ulimvir-uﬂlw.
small. Hand-tamping processes aro
a tedium to the workmen and the
contractor salike, requiring most rig
orous inspeetion to insare specifiea
tion eompaetion. The sme applies
to mechanienl tampers: unless the
tmnping head is sufficiently small and
the workman spplies his weight 10
the tampers to keep them from botine
ing ton muoech, which the average
workmin s not prone 1o dao, poar
e paction resulis

Yieldine Foundations

Yielding foundations vary Trom
marshy groumd eoutaining » high per
centage of moisture to low-density
spongy lopsoil.

In order to msare uniform distri-
bution of pressure on the bottom and
ihiﬁ llf a enlvert on 'lu-h!iru.' fi-::ml.
fiom & laver of gravel or other mate
rial of high bearing value should be
placed under and on the sides of the
structure

Cahfornia 1940 Standard Specifiea
tions provide for vielding fonndation
-‘-rln’litiuni as follows (Nee .':Tf-l -

“Whare a Frm foundation s Ast an-
counisred dus to soft. apengy, or other
unawitable material. all of swch unauitable
material wnder the pips and for a widih
af not less than one (1) diamsier an sach
side of the pipe shall be removed and the
space flled with grovel sr sther suitable
material™

Thickness of gravel support is de-
pendent upon the width of strueture
and nature of supporting subgrade

Bedding and Backiill

Roundding of enlvert trenches to fit
the bottoms of pipe enlverts has been
abandoned in California practice, for
reasons previously stated. Heplacing
the old roanding.of-the-bottom speei-
fication, i a provision for placing
backfill onder and arownd pipe enl-
verts in thinly eompacted lavers eon.
taining optimum moisture with ah in
lien speeifieation permitting use of
ponded or jetted granular materials

Beetion 121 of the 1940 Standard
Specifications provides as follows :

BACKFILL SPECIFICATION: “Back-
fill shall be placed in horlzontal layers not
exceeding four inches (4%) in depth be-
fore compaction. Each layer wshall be
maoistened and theraughly tampaed, pud-
dled, rolled, or stherwise compacted until
the relative compaction Is nol less than
ninety per cent (90%); as determined by

the compaction test specified in Section 6,
Article (d) of thess specificationn.”

[Ten]

Fig. 5'a. Flenible culvert on embankment subgrade coversd with ssrth. Nol recommandad

Fig. 51h. Rigid culvert on embankment subgrade covered with sarth. Mot recommended

IN-LIEU SPECIFICATION: “Sheuld
the contractor elect to furnish sandy or
pranular material for backfill, the layar
construction may be sliminated and com-
pagtion obtainad by ponding or jetting.
Ponding or jetting will not be permitted
whare ths backfill material s not of &
sandy nature nor whare tha foundation
material i such that it will soften when
saturated * * 3.7

Culverts Installed in Trenches

Test results (5} indieate that as
the width of trench inereases, other
oonditions  remaining constant, the
load upon the enlvert inereases, until
projection condition s reached (eul-
vert projecting above the subgrade
urder embankment ).

Althongh there is no definite speei-
fication limiiting the width of trenches,
excessive width is discouraged by the
specifieations by disallowing payment
for structare exeavation and backfill
ontside vertical surfaces one foot (1
ench side of the external dimensions
of pipes or one foot (1°) outside the
neat  lines of econerete steocture
footings.

Culverts Installed on Bubgrade Un.
der Embankment (Projection Con.
dition)

Ax stated in Cases V, VI, VII, and

VI, culverts installad on embank-
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Fig. 82. Laft—Masonry arch culvert under construction. Right—S8ame sulvert unequally loaded by snd-dumped material on one side
(material to be rehandled te & lower lavel for compaction).

ment  subgrades generally  sustain
more earth load than when installed
in trenches, as ontlined in Coses 1,
I1, 111, and 1V.

To reduce the load transmitted to
eulverts under new  embankments,
specificntions provide for constroe-
tion of the fill to o point above the
top of the culvert aud then excavat-
ime & trench.

IMO Standard Specificanions  ae-
complish this as follows [See. 57e):

“im tha case of plpes twenty-four inches
(247) ar less in diameter, the roadway
embankment shall be constructed to an
slevation of sim inches (7)) above the
grade proposed for the top of the pipe.
after which the trenzh shall be sxcavated
and tha pips installed

“In the case of pipes more than twenty-
four inches (™) in diameter, uvp to and
including pipss ninety inches (™) =
diameter, the roadway sembankment shall
be constructed to an slevation of thirty
imches (307) above the grade propossd for
the bottam of the pipe. after which the
trench shall be excavated and the pipa
imstalled.

“in the casa of pipes more than ninety
inches (907) in diameter, the roadway
embankmant shall bs constructed to the
elevation of the third poinl of the diame-
ter of the pipe (massured from the grade
line prepossd for tha bottom of the pips)
after which the trench shall be excavated
and the pips inwtalled™

A frequent prastice adopted by
eontractory in order to comply with
the ahove specifioation consists in
eonstruction of a mound and then

excavating a trench in the mound for
installing the eulvert (see Fig. Hla-b).

This practice should be diseouraged
sinee it tends to defeat the purpose
of the specification. The eommittes
recommends thet specifications pro-
vide for construetion of eompacted
embankment as provided for in the
above speeification at least five diam-
eter ench side of the proposed installa.
tion before trench exeavation is made.

Structtures projecting above the sur.
face of the embankment subgrade
shonld be beckfilled evenly on both
sidles (Fig. 52 depiets an improper
method ).
R fati

It is the opinion of the sommittes
that the present height-of-fill limita.
tions Tor the various types of eulverts
are not sufficiently L!ihlr 1w be
economically adapted to the various
field sondiions encountersd, and that
there i= & newd of a stody for the pur-
pose of establishing limiting heights-
of -l for various loading conditions
for flexible and rigid stroctures that
take into econsideration the effect of
highly consolidnted modern highway
embankments and high ecompaction
bnckAI11,
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Traffic Actuated Signal System in
San Diego Solves Congestion Hazards

By R. B. LUCKENBACH, District Traffic Engineer

Conts Streets on the Pacifle Highway in the City of
San Diego, coneludes a series of projects under diree-
tion of the State Division of Highways, which render a
greatly improved traffie service,
This road is a portion of the SBtate Highway system—
. 8. 101—and is the principal entrance to the eity. In
addition to heavy trucking and through ‘ .

&1 RECENTLY completed contract between Market and

travel, it also earries u very heavy volume of
Ineal traffie,

Starting in the fall of 1940, the expansion
of war industries and military aetivity, re-
sulted in serious eongestion by inereasing the
volume and introducing heavy pedestrian
movements, with eonstant turning, stopping
andl interseetion conflicts resulting from prox-
imity of large parking areas, in addition to
eurh parking.

CONGESTION FROM DELAYS

The four-lane hishwsy proved inadequate
under the conditions and loads, and delays of |

PACIFIC

e (i

_'s._.
i :‘! Magnetic [Dalsctors

L b

g n! rumes Wma Walh Luykin -

10 minutes to the mile were not uneommeon,
with resulting sneeumulated masses of vehicles
extending the eongestion to all adjacent areas
when they were released.

A geries of improvements were planned,
with uniform traffie movement as a goal, com-
bined with a minimom of delay and inereased
safeiy for pedestrians and eross traffle. .

The highway was widened to six lanes, |
with a parking lane on each side and a six- |
foot-wide curbed center division, with open-
ings generally restricted to the major city
street

Plan
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d of nautamatic signal
. Pedestrian overpasses were system In San Diege asctu-
constructed at three locations of henviest ated by trafic and pedestrians highway.

concentration, and vehicular separations built at three
locations where the most serious wvehicular conflicts
occurred.

The recently completed contract included the most
modern type of traflic control equipment at geven consecen-
tive intersections. The system is fully traffic actuated
without interconneetion using the latest type of self-eoor-
dinnting [ull traffic actuated controllers,
These notomationlly ndjust themselves to the
instantaneous vyariations in traffie volome,
relative densities of traflic on the two phases
| and the total elapsed time between actuation
and the assignment of the right-of-way.

PEDESTHIAN CONTROLS PROVIDED

The equipment is further angmented by
Wait-Walk lights having separate fixed time
‘ eontrol, which operate only on demand. Tt is

believed this is the first time such a large num-
ber of similar controllers have been used in
| conseeutive intersections, and the frest time
Wait-Walk lights, having separate time con-

- -
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tral, have been combined with them. The

intersections [rom south to norith are by

name, Broadway, Ash, Cedar, Grape, Lanrel,

Sassufras and Harasthy., The distances be-

tween intersections, in the same order, are;

| 1,512, 760, 980, 1,902, 2,755 und 2,613 feet,
respectively.

Each intersection has different traffie char-
acteristics and patterns with special turning
and pedestrian problems, and each is sobject
to a wide variation of intermittent loads on
the approaches, with a consistent volome of
20,000 to 30,000 vehicles per day on the main
The Harasthy Street intersection

{Continued on page 14)
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Scenes at automatic traffic signal In San Diego. Top left—Electric brain that receives measages from magnetic traffic detectors and
operates signals. Top right—Pedestrians on safety island awaiting effect of push button signal. Center—Market and Pacific inter-
soction. Bottom left—Pedestrian “Wait-Walk" signal. Bottom right—Left turn signal and magnetic detector coil buried in pavement
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has three railroad track crossings with
preempting track ecirenits, all of
which are used extensively,

COLLIFIONS WERE FREVALENT

Prior to reconstruction, there were
fixed time controllers at Broadway,
Cedar and Sassafras Streets, the lat-
ter two being operated only on de-
mand, by a pedestrian push hutton,
or a contactor in the sirveet, Over.
taking eollisions were prevalent at
these infersectiong, and one or more
property damage aceidents oconrred
nearly every dayv.

Likewise, vehicles frequently ran
the red lights, ssrionsly endangering
the pedestrians and reauiring comn-
stant police patrol, Police direction
was reaunired during peak periods at
several locations. Crossing was very
hazardous, both for pedestrians and
vehicles, particularly for single pe-
destrians, Bpeeds averaged 25 to 36
miles per hour,

FPEDESETRIAN 1BLANDS BUILT

Tn addition to the six-foot, enrbed
cenier island for the entire length of
the project, small tapered islands
were inegluded at each approach to the
signalized  intersections.  Recular
three-light traffic signals were placed
o eighi-font standards, with a raised
base on each center island for vehien-
lar indications,

Two-light ** Wait-Walk’’ sienals on
six-Toot standards were nsed for pe-
destrian indications. Pedestrian push
buttons were placed on each **Wait-
Walk” standard, and on the center
standards in the wide highway,

HIGII PEAK TRAFFIC COUNTS

Traffic eounts taken during two
days in Febroary, 1943, show 15 min-
ute volnmes entering the TLanrel
Street intersection as follows:

P. M, Thursday Friday
2:00-2:18 . . 469 184
3:15-3:30 MR Er R ) | . 285
3:30-3:456 .ono.—---——__ BT 663
3:45-4:00 _ ... BEZ 570
4:00-4:15 _____. ... 492 BE4
4:16-4:80 __. __ . ____ 636 770
4:30-4:45 ____________ 548 485
4:45-5:00 ____________ 509 555
Peak Peak
hour ... I hour 2,767

INTERVALSE TIMED BY TRAFFIC

Observed operation of the signals
show a wide variation in timing as
the traffie pattern chanees

[Fourteen]

A typieal timing of conseeufive
green  indication during the peak
volnmes, are as follows:

B Phase, B Phase, A Phase, B Phase, A Phaz, B Phass,
Sees, Sers. Sers, Sees, Saes.

Sens.

21 18 32 18 26 %
30 24 57 22 % 20
24 24 47 18 17 16
25 23 40 v 20 22
33 12 a2 15 27 14
63 22 34 19 3& 18
46 20 25 12 38 23
28 w7 35 14 36 21
a2 a7 a7 25 37 20
ar 23 40 15 24 25
26 20 30 14 24 26
40 2 50 1 22 29
41 24 20 15 &0 23
51 22 36 20 3 24
23 23 . 31 18 33 24
&2 20 56 il 24 18
47 22 20 18

MAGNETIC DETECTORS T72ED

Vehicle detectors are a magnetic
type that operate by the passage of a
ear, inducing a small enrrent in a eoil
placed under the pavement, which, in
turn, is amplified by an electronie re-
lay unit to operate the controller
relays. A four-foot  detector was
used in each lane of travel on the Pa-
cific highway, or a total of six at each
intersection,

One or two six-foot detectors were
used on the side street, depending on
the volome of right turns. Two am-
plifving relays were used for the six
detectors on the main highway, the
two outside ones on one approach,
bemg connected in series with the
center ome on the opposite approach,

PUBH-BUTTON BIGNALS

Separate pedestrian interval timers
were used on eqch phase. These tim-
ers ponsist of a small syonchronous
motor and necessary relays to operate
the **Wait-Walk"" Ticht. The pedes-
trian indieation rests in the **Wait"™
position until a eall is received from
a pedestrian push button, and does
not change from wvehicle aetuations,
The pedestrian call also registers a
single vehicle aetuation, so that at the
next change in phase, the ““Walk™
lirht eomes on with the vehicle ereen.
“Wallk' periods of 11 to 15 seeonds
were nsed with a protection period of
4 1o 7 seconds, plos the amber time,
which varies from 21 to 34 seconds,

The synchronons motors have vari-
ons eveles and will repeat after a full
evele, providing no call has heen reg-
istered in the opposite phase, The

minimmn  green  without pedestrian
aetuation is 6 to 10 seconds,

Two of the intersections have only
one side approach. Both have wvery
heavy pedestrian  movements, with
vahienlar traffic on the side street be-
ing principally right tnrne from east
to morth, and eorvesponding  left
turns from north to east.  Pedestrian
indications were unsed only on the
sonttherly eross walks of these inter-
sections, and southbound left turns
are permitted against the main high-
way red indieations by nse of a green
arrow signal mounted five feet high
on the eenter posts,

A pressure sensitive vehicle detec-
tor was plaeed in sueh a position that
the left turn vehicles would eross 1t
and hold the signal to permit several
such turns. Dume to the elimination
of many eenter curb openings, 17"
turns are permitted at these inter-
sections,  The left turn movement iz
made hy erossing a normal  west-
bound left turn, but no tronhle has
been observed from this minor eon-
fliet,

During peak periods, when the in-
terval is held by the pedestrian move-
ment, this deviee operates very effec-
tivelv and safely, as the left turns
can be made without confliet with
either the major flow of vehicles or
pedestrians,

BATISFACTORY RESULTE ACHIEVED

The installation may be said to be
thoronghly satisfactory in that it ae-
complished the desired results, Ve
hicular movement is remarkably uni-
form and smooth. Delays are short
and infrequent, and the entire system
can often be traversed without stop-
ping.

Pedestrian  observance is  vather
poor on the side street *“Wait* lights,
but guite good across the main high-
way., The pedestrians are observed
to walk mueh faster, oroup hetter,
and sztragglers are greatly veduced,
g0 that traffic is seldom held up at the
end of the red period, due to pedes-
trian  interference, The few strae-
elers or persons desiving to walle ab-
normally slow, ean take refuge on the
center island, with safety, where they
will not hold np vehicular movement,

The signals are equipped with
blaclkont shields, and operate 24 hours
a day,

TRuafus: “Hew are you getting along with
vour arithmetie¥*

Bosan : “Well, T've learned to add up the
onghts, but the figures still bother me"
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Effects of New Asphalt Rationing
and Restrictions on Highway W ork

By H. B. LAFORGE, Assistant Office Engineer
J. G. MEYER, Assistant Office Engineer

WO recommendations (or or-

ders) have been issned by the

Offlee of Petrolenm  Adminis-
trator For War which have consider-
able efect upon pgencies charged
with the responsibilitiecs of puoblic
rond construction and maintenance,

Recommendation No, 45 ( Amended
Outober 5, 12, to include California
aned B other Western States) prohibits
the use of road oil for rond work, It
restricts the use of other asphalt prod-
uets to road and street projeets eon-
sidered necessary to the snecessinl
proseeution of the war., The latter
phrase is interpreted to inelude essen-
tial civilian trafe
Recommendation No. 61 was dated

November 17, 1942, and restricied the
mannfacture of asphaltie produets to
eertain listed grades. The prineipal
object of this restriction apparently
was to release storage facilities for
other purposes.

HEQIUTIRES A (ERTIFICATE

Crperation of Recommendation No.
45 requires an asphalt certificate
authorizing each proposed nse, The
regommendation effeetively places in
the hands of the Federal Public Roads
Administration the responsibility of
administration and of applying the
sertification to approved applications

The various State Highway Depart-
ments are required by the recommen-
dation to assist in administration by
reviewing all applications whieh in-
volve public roads and forwarding
thewn to the Publie Roads Administra-
Lien with recommendations relative to
approval or a statement of pertinent
facts converning the particnlar appli-
ration,

In California this review is handled
by the several Btate ighway Distriet
Enginesrs who, being familiar with
their territories, ave best able to ae-
pomplish this and with a minimum of
time.

The application form B-1 is de-
signed to sssist the applieant in mak-
ing a proper showing for the work he
vonsiders essential and fo snpport the
quantities requested, These applica-
tions should be completed in foll and
forwarded to the Distriet Office of the
Invision of Highways covering the
gengraphic area in which the pro-
poseid work lies.

AFPLITCATION COVERAGE

Application paper work has been
reduced by permitfing eombinations
of specific requirements.  The ordi-
nary maintenanee requirements of
vities and eounties may be handled in
one to three applications, depending
upon the nature of the work and its
magnitude.

One applieation may be snbmitted
ecovering an entire ¢ity’s or county’s
general mainfenanee or day-to-doy
patehing requirements for a ealendar
vear. This should inelnde a state-
ment of the miles or area in sguare
yards of bituminous roads to be main-
tuined and a. tabulation of the guan-
titice of asphaltie material used for
similar work in the previous year,

The application need not be aceom-
panied by detailed maps and ean in-
¢lide material to be nsed in remixing
short seetions of oil-treated ronds
throughout the system without a defi-
nite commitment from the applicant
as to the specific portion to be re-
paired by this method. The estimated
use by quarterly periods should be
indicated.

A second application may be sab-
mitupl covering the annual require-
ments for maintenanee work covering
large seale seal cont work and retread-
ing or blanketing. This application
shonld also be on an entire city or
eonty basis, and should be aeeom-
panied by maps which indicate by
number the loeations of the several
projects.  These numbers should tie
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in with an attached tabulation show-
ing for each project the termini, the
gross and net miles, the type of work,
the width, the kind of asphaltic prod-
uet to be used and the thickness or
rate of application.

The amount of asphaltic material
useid in the preceding yvear for similar
work should alse be shown,

It mav be desirable to sabmit a
third applizcation for {the heavier
blanketing work rather than inelude
sueh among the lghter blankets and
seals in the second application.

TARDETIOK FOR PROWECTSR

Projects which will result in mate-
rial improvements awd  connot  he
vlassed as replacement, restoration or
reconditioning  are eonsidered  con-
stroetion projects and require sep-
rate applicalions for each nnreelated
project.

The yardstick by which proposed
work 18 reviewed is here given and is
wrranged eommenaing with the type
of work most likely to receive favor-
able aetion and ending with the type
of work which must receive muoeh
eareful study both by the applicant
und the Anal reviewer,

(1) Maintenance.

{a) Palehlng work, where Teasible,
should be undertaken In preference to
surface treatmant.

(b} Surface treatment should be sub-
stituted for reconstruction.

(e} Intensive or unusually heavy main-
tenance should be undertaken in prefor-
ance to new consiruction.

(2) Construction.

Only those eonstruction projects
which would be eligible for a prefer-
ence rating order such as P-19 shonld
be eonsidered for ecomstruction. On
these proposed construction projects
as distinguished from maintenance
projects consideration shonld be given

{Continued on page 18}
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Elimination of Rindler Creek Bridge

Bottleneck on American Canyon Road
By C. J. TEMBY, District OHice Engineer, District X

Ameriean Canyon Cut-Off, in
Solano County, extending from
Carguinez Bridge to west of Corvdelia
an 1. 8. Ronte 40, State Highway
Route 7, was completed and opened
to teaffic as a two-lane paved high-
way, exeepting about 1.3 miles of
three-lane pavement between the Val-
Tejo junetion and the Benicia Road.
At that time the volume of traffie
was about 4,500 wehicles per day.
Sinoe then the trafle has shown a
steady increase up to 1941, when the
Bunday traffic eensus showed for a
16-hour period that the volume of
trafflc was approximately 9900 ve.
hicles. Tn 1042, the Sonday traffle
fell off to about 8,700 vehieles, or n
decrease of abont 12 per cent.

With the eonstunt inerease of traf-
fie, the two-lane highway through the
Ameriean Canvon became erowded.
Beepuse of the topography and coun-
try involved, long grades were neces-
gary Tor portions of this road,

IN the latter part of 1936, the

HAZARDOTUR TRAFFIC FROMLEM

The wvolume of truck traffic over
this ronte is large and the speed of
the heavy vehicles is slowed down
very mueh on the long grades. This
created a serions traffic problem and
resulted in  several aceidents, To
remedy this eondition, it was neces-

gary  to provide additional traffie
lanes and widen the roadbed.
A construetion projeet in 1041

eliminated about 2.3 miles of the two-
lane pavement throngh the widehing
to a fourlane pavement., This work
wias deseribed in an article by Robert
I, Pieree, appearimg in the Oalifornia
Highways and Public Works in De-
cember, 1941, fssue,

Becsnse of the limited funds avail-
gble at that time, widening of the
portion aeross Rindler Creek bridge
und the fill approaches to the bridge
was omitted. With the completion
and opening to traffle of the four-lane
units on each side of the bridge,
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bottleneck was created by the nar-
rower portion of the road.

Rindler Creek bridge was built in
the original construction of the Amer-
iean Canyon project ns a temporary
timber structure with a 34-foot road-
bed and about 55 feet in height,
measnred above the natoral ground
level,

SLIDES PROVIDE FILL MATERIAL

After studying several methods of
corréction which invelved, (1) widen-
ing the existing bridge, (2) constroet-
ing & new bridee, or (3) removing the
existing bridee and replacing it with
n fill, it was deeided to follow the last
(i,

Clut slides in the American Canyon
ahout one-half mile in both direetions
mlong the highway from Rindler
Creek have besn moving and causing
eonsiderahle eoncern for several vears.
The unloading of these slides will pro-
vide suffieient material for eonstroet-
ing the fill thereby **killing two hirds
with one stome,”” viz, eliminite the
bottleneck and reduoee, if not over-
eome, the slide difficulties. Thesa
slides have reqonired a great amount
of maintenance attention and expense
sinee the original grading project of
the Ameriean Canyon highway,

CULVERT THROUGH FILL

Rindler Creek is a natural drainage
for the adjacent area and in removing
thiz bridge, provisions have heen
made to carry the drainage through
the fill in a fleld-asgembled plate cul-
vert 1056 inches in diameter, 270 feet
lomg.

The proposed work will consist of
removing the existing bridge, install-
ing the field-assembled plate enlvert
and eonstrueting a graded roadbed
48 feet im width, with a Portland
cement conerete bhase 44 feet wide
thickened at edpes and mmtermediate
quarter points.

The thickness of the Portland
eement eoncrete base will e 0.50 foot,

inereasing to 0.75 foot in 2 feet nt
edees und guarter points. This eon-
erete base will be coversd with an
asphaltie concrete povement 44 feet
wide by 025 fect In thickness,

The approaches to this deseribed
improvement will consist of widening
the existing 20-foot pavement to 44
feet by constrocting two  12-foot
Portland cement eoncrete widening
strips (.50 foot thick at the center,
mereasing to 0.756 foot thick at the
outer 2 foel, These widening strips
will be surfaced with asphaltie pave-
ment 0.25 foot thiclk,

DETAILS OF WORK

Involved in the proposed work is
approximately 89,000 cnbie yards of
oxcavation for plaving in the new 11,
T00 tons of asphaltie conerete pave-
ment, 775 eubie yvards of Class ““B"'
Portland cement econcrete bass, 270
I. f. of field-assembled plate eulvert,
and several other miscellaneous items
of wark. The total length of the pro-
posed projeet is 0.5 of a mile long and
is nnder contract by L. Biasott] & Bon
at an approximate eost of 145,000,

Beeanse of the inclement weather
making the ground nunworkable, the
eonstruetion activities have been sns-
pended and will be resnmed as soom
ns weather and ground eonditions
permit. Mr. A, K. Nulty is resident
gngineer in eharge of constroction for
the State.

New Asphalt Rationing

{Conlinued from page 15}

to an inereased thickoess of untreated
base to permit of a minimum of ns-
phaitic material in the surfaee. How-
ever, desions based on normal factors
of ceonomy and traffie gervice ure ae-
eeptable if asphaltic matorials are
available, and the transportation
problem is not sufficiently aente to
eontrol nse.

Completion of sireet work within
bona fide housing projects have been
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constdered ns essential .LrT_I'l_nr]*.__‘:E. m
many cases reduetion in thickness of
bituminous surface from the original
plans have been made.

It should be noted that the isspanes
of an asphalt ecertificate does not re-
lieve the recipient of complying with
ather Fedoral Regulations, such as
Conservation Order T-41.

It can be readily understood that
the fransportation problem by rail
and, to n lesser degree, by truelk, is
more serions than the availability of
asphaliic  products, excopting the
road oils.

During the war it is necessary to
restriet the use of labor, squipment
and material to the fullest possible
extent, and only the most ezsential
work, which ean not be postponed,
should be attempted. In general. an
effort is being made to limit the guan-
tity of asphalt used to not more than
one half of the amonnt consumed in
normal yvears

The second order referred fo, or
Recommendation No. 61, restricis the
manufacture of asphaliie produets to

the followine few rrades

ABPHALT CEMENTS:

PENETRATION RANGES—50-50, B5-
100, T20-150, 150-200, 200-300. Federal
Specifications—55-A-706a (November 25,
1820} and 55-R-408a [Agril 25, 1942). The
new 300-300 penetration asphalt is an at-
tempt to provide an equivalent for SC-6.

MEDIUM CURING CUTBACE
ASPHALTS:

MC-1, MC-2, MC-3, MC-5 Federal
Specifications—88-A-671a (June 20, 1941)
and §5-R-408a {April 25, 1942).

RAPID CURING CUTBACK AS-
PHALTS:
RC-1 ®* & & » 8, RC-2 RC-3, RC-5
Federnl Specifications—S55-A-671a (June
20, 1931) and BS-R-406a (April 25, 1942),

(Continued on page 240)
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Top—Picture of Rindler Creek bridge in American Canyon to be replaced by fill, and
below, largs metal culvert being placed to carry creek waters through fill
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New Freeway Structures Show
Twisting and Turning Designs

By L. C. HOLLISTER, Bridge Design Engineer

4 I VHE Pomeroy and Soto Streets
traffic  interchange structures
now nearing completion in Log

Angeles oive the highway user a
glimpse of many interesting things to
eome in the shape and form of free-
way brideges. These struetures far
the freeways of tomorrow will take on
odd shapes and new appearances as
they twist and turn with the inter-
change lanes which must weave in
and out, nnder and over, in order to
provide for an endless flow of unin-
terrupted traffic.

These struetures are a part of the
Ramona Freeway which some day
will extend from the Aliso Sireet
Bridge in Lios Angeles to the east
This freeway is typieal of many oth-
ers needed in California today and
on whieh it is hoped eonstruction can
start at the elose of the war,

INTERCHANGE TRAFFIC

The Pomeroy and Sote Sireets
structures provide for the inter-
change of traffic between Soto Street,
an important traffie artery, and the
Ramona ¥reeway, Traffic headed
north on Sote Street may furn west
toward the city onto Ramona Free-
way by using the Pomeroy structure,
and ecity bound Ramona traffle may
turn south onto Soto Street by using
the Soto Street strocture,

Highway structures have been built
before to provide for eurved align-
ment bt few iff any have ever been
made to provide for the twisting
curvature, with reversing super-
elevations represented in these latest
designs, Constroction methods pre-
viously used have always been mean
to build and abortive in appearance
when eompleted, Realizing that the
freeway of the future would have
many stroetures with similar  de-
mands, s more satisfactory solution
wasa sought.

Reinforeed conerete girders built to
conform to the sharp enrvature and
changing snperelevation of the inter-
change lanes seemed a reasonable solu-
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tion structurally as well as aesthet-
ieally. Each of the structures, which
are about 400 feet lomg, was con-
gtrneted of four eoneentrie lines of
continuons enrved girders from one
end to the other, The girders were
boxed in providing a smooth surface
top and bottom giving the strocture
as a whole the appearance of a con-
tinuons ribbon of econerete bent and
twisted to the desired shape,

In addition to the horizontal eurva-
ture, the bridges conform to a verti-
eal enrvatnre, and a changing saper-
elevation up to 7 per cent. The
superstruciures, therefore, resemble
elevated box enlverts which curve
vertically to eonform to the highway
grade, tilt sideways to conform to
rogdway  superelevation, and ouvve
horizontally to conform to the high-
way alignment,

REVERSE AND 0OMPOUND CURVES

Each struetnre has foor lines of
girders spaced at 10 feet, and al-
though the spans vary from 40 to 70
feet & constant girder depth of four
feet iz maimtained throughont, One
striieture has wirders built on reverse
curves of 200-foot (29-degree) and
6la-foot radii. The other strocture
has girders built on eompound curves
of 200-foot and 1,860-Teot radii.

Becanse the foundation conditions
required the footing pressure to be
held to two tons, and beeause the open
eolumn bents appeared more flexible
than usnal, there was at first some
coneern for the possible effect of the
eombination of temperature, shrink-
age, and iorsional moments on A con-
tinnons curved girder design. Con-
sideration during preliminary design
stige was, therefore, piven to simple
gpaty, straieht girder construetion for
that portion with the 70-foot span on
a 20-degree curve.

DESIGN CONCLUBIONE

The conelusions arrived at by a
comparizon of the two types were as
follows

(1) The simple span straight wird-
er type wag found to cost consider-
ably more.

(2) For the straight girder layout
the development of the members for
the sharp enrves, with abrupt changes
in grade, and superelevation wonld
have heen (diffieult and awlkward,
wonld have required more head room,
and wonld have been less resistant to
external side loads,

{83) While the construetion of gird-
ers curved in a horizontal plane was
somewhat unnsnal, theve appeared to
be no forees, moments, or torsions
that could not be adequately provided
for by reinforcement and proper eon-
strietion defails,

HORIZONTAL CURVE COMPENSATIONS

(4 It was further concluded that
the diffienlty of forming the girders
to a horizoutal curve wonld be more
than compensated for by the simplifi-
eation of other details, such as: Con-
stant distance between girders, eon-
stant depth of girders, and eonstant
overhang outside of girders.

{5} The straight girders in eon-
trast with the sharp curvature would
result in an nnsatisfactory appesr-
anee with varying dimensions and
awkward cut-up details.  The curved
rirders on the other hand presented
a strocture with pleasingly eontinn-
ons lines and surfaces,

Design analygis indieated that al-
ithongh the middle ordinates of the
70-foot eurved beams were approxi-
mately three feet, the torsional mo-
ments eould eazily be counterbalaneed
by: (1) Special veinforcement of
givder webs, (2] by the use of dia-
phragms at about 15-foot centers
rigidly tying together the four lines
of girders, and (3} by the great siiff-
ening effect of the top and bottom
slabs of the box girder eonstruetion,

The torsional rveinforeement was
ecomposed of two groups of diagonal
slirrups inclosing the fonr surfaces
of each beam. The bars in the verti-
eal surfaces were tipped at an angle
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View of wide swinging curve of Soto Street traffic interchange structure nearing completion on Ramona Freeway in Los Angeles

uf 45 deprees, pointing upward to-
ward the eenter of the beam on the
vonecave side, and downward toward
the center on the convex side.

At the ends of the girders the tor-
glongl moments wers reeeived by
heavy bent caps which transferred
the torque to the columns and even-
tually to the footings. Torsional re-
inforcement added but a fraction of
1 per ecent of the cost of the structure

During construetion the alignment
of the girders was accomplished by
lowering plumb bobs through small
holes bored in the bottom slab forms
to an exact layout of the girders pre-
viously made on the ground.

To give the ountside girders a
smooth ecorved surface, five-eighths-
inch plywood extending the full
depth of girders was used. Bolts at
16-meh centers drew the forms into
place and held them firmly in line.
Forms for the inside girders and
fillets that are hidden from view
were built on short chords.

BEETTING DF SCREEDS

Sinee no wearing surface was
placed on the conerets deck consider-
ahle care was used in finishing to a
smooth grade. Longitudinal 2-hy4
ineh sereeds located at each gutter

.5-".'_{'1_ e
. .i : %

Poameroy Strest overhead, a companion traffie interchange structure to Boto Street,
showa a twisting revarse curve alignmant

line with laps spliced for continuity
were supported by adjostable bolts at
gix-foot iutervalz, The bottom edge
aof the sereed was thus constantly
maintained at the elevation of the
finished conerete deck, Sereeds were
set to provide for one-half inch of
camber in tha d40-foot spans and
three-fourths ineh of ecamber in the
Tl-foot spans,

California has constructed other re.

California Highways and Public Works (March-April 1943)

mforeed conerete girders on horizon-
inl eurves s listed in the following
table:

Razimam
Radiuy of Hnan
rurvaters, lempth,
Dats Wainn teil feed
1838 San Francisco-
Pachsto Cresh 2.000 44
1038 Pacheco Creek ... 2000 &7
1930 Funston Avenue ... 299 78
1940 San Rafsel Viaduct. 1,050 0
1940 Schooner Gulch . 800 120
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Asphalt Rationing

{Continued from page 17)

Rapid curing cutback asphalt RC-1
manufactured only when this

TYPES I, I, 11, V. Federal Specifica-
tone—B88-A-6T4 (May 7, 1935) and 55-A-
74 Amendmant—1, [ March, T935).

Unfortunately, the order did nol
in methods, materials, and elimatic
eonditions in the diferent geographi-
eal areas of the United States, having
a ¥ been written with Eastern
practices in mind.

The elimination o!thelight.qrsc-
oils has worked great hardship on
western road agencies who kave found
it necessary to maintain earth roads
by th.:dpmnm of discing, retemper-
ing relaying.

Another very serious effect of this
restriction was the elimination of
ROMC-8, which along with 8C-3, pre-
viously eliminated, were the most
widely used in the preparation of pre-
mix in California.

modifieation ean be made, this leaves
available only the 150-200 penetra-
tion base type whieh is not considored
satisfactory for all uses requiring
penetration type emulsion.

[Twenty]

Bids and Awards

Co,, Sglean, 2400 -mﬂ‘:E
Clone Huiiding Hay £2004
LARSEN — Arrves Yalley

Can. lﬂhnﬁu‘m li'ﬂ“'lﬂ awarded
i': iTnited Conerote Fipe Corp., Los Angeles,
MARIN COUNTY-—Near Waldo Poin

about 04 mile to be amil W

with plant-mized
T it ::l.d n reinforeed

Fraseisco A ;7'? I;' ish R Sacrn
b P e, -
mento, ."ﬂ Laounls Blasotti & Son, Btock-
tomn, B4 1 Conteact awerded to N, M.
Rall Herloloy,
MARIN, NAPA AND SONOMA COUN-
TIESE—Desel oil 1o be applied to wmoadside
vegetation for a lessth of ¢ 1151 miles.

L

Distriet TV, Sheldon (] Co, Suisun,
(lose Buildieg Y. ﬂumd‘,‘lﬁ
Caontrast awa o Pacific

Hervies, lni.. San Jose, e

RACHRAMENTO NTY — Between

Bwmts % lu: 3 and tmp Eohler,

Lot mile to graded warfaced

with plant-mized ing. Distriec III.

Harramento,

cFwen, Rerramenin, : Hem-
& Bel, Marywville, &5 : M. WL
Sranfleld, Lis Angeles Hrown,

7
SOLANG, CALAVERAE, SAN JOA.
UIN, AMA MERCED, MARITPOSRA
NI BTANISLAUS —Oiling roadside vege-
tation a1 varlous leontions in  DHstrier .

Grapevine Canyon

provided a channel eapahle of han.
dling 3,000 seeond-feet of water. It
has been said by persons dwelling on
the hill above the highway, that since
the buttress has been completad,
vibrations previously feit
when heavy trocks pass on the high-
way, have censed.

FLUME CAMNIES CEFFR

enrry Grapevine Creek, required 3,800
enbie yards of reinforced eoncrete,
The contract pries for all work onder
the first contraot was $385,638. Gnf-
fith Company waa the contractor.

The same contractor was the sue-
eessful bidder for the pavement wid-
ening on Grapevine Grade. This job
provided for the widening o 50 feet
of the exising portland eement com-
erete pavement, plant-mix shoulders
and the installation of over 20,000
lineal feet of metal plate road divider.
The eontract price on the seeond eon-
tract was #354,051.

§ :
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Bradley-King City Highway

(Continued from page §)
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DIVISION OF WATER RESOURCES

ED'WARD HYATT, State Epgineer, Chief of Division
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HAROLD QONKLING, Deputy in Chorge Water Righta
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HEADQUARTERS
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D. O, WILLETT, Bupervising Btructura] Engineer
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Engineer
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FRANK B. DURKEE, Attorney
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Califormia Highways asd Public Works
Division of Highways
P. 0. Box 1499
Sacramento, California

Return Poestage Guaranteed

DR. REMSEN D, BIRD, PRES.
OCCIDEXNTAL CCLLERE
EAGLE ROCK,

LOS ANGELES, CALIF.
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