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

By E. T. scan, Dishict Engineer

lIumber of wtlll runlliDf from
I ....m. aeelda..tI On thia rix mila
Itra~eh of hi,,,w.,.. The 'ppalllni
1011 baa bean from 10 to l' Irlllad and
ID&DY mO'" Injured aub ,...1' for tha
,..t fa.. ,.un.

I ~ .... n_ry U, more adlllluRlely
provida fot fNt moving paoeoenll'"r
vehl"I'" to 1_ 110'" mo"ing lru.kl,

&url"a".. Wat,r~
rnt&ra PDfooua ,.. ...t,,"',.:

I.

1

Th_ !tenily ...10.,0<! v.hiel......
required to trlvel in • I.,.". ,eu It •
very ~uced Ij>ee<l wbil....·'''di''ll
<lo..., Ih. &iJ: mil"" lit 6 jler CO'llt grade.
Th. p.....ng... venl.leo, not hindeN<!
by the ,rado, l!Ontinue to Itnet .~

high ....,... of "l>ee<1. Iud lb. "l'pf<Hloh
to lh. r.ar end or ••1"... n'QYlll11
trod, I"", l>em mQOt luddo".

On tho old 3.1""", poly.o,eM \1,,, , ..t

O"hidc Po.........r>+
laM Cr-oc:ked ond

~.ttlcd

rill to _""II'
o. buttrc.•• for

niqhu.>Q.',J widcnin'3

'"
Clo'i o<>d ' ...

~ 5hol/,,,,..
&grro...

pit to make !louttr.~.

,ill

T il),] S'~l." moat h...nl"u,
.tn!l~h of hi¥hway, tho GraJl'lo
\ine Grade, on the U, S. fumt.

99 bet"'.." J... Ang<'lto and flak......
field, h•• been ,,;<161"'1. AI",,!: Ihi. Ii"
mil. length of hignway tho gl'llde it
... ""minnow 6 P''' ..nt, While tb.
:I_lane puement ...]';elt o:rilted prior
to the widening, "'ould have been ad....
q"ate. unde.. nOrn'l.J conditio..., for

the daily t.rallk of 6,000 "ehiel"", I.hoo
dill"""nti.l in vehicla ,peed, bec8\1J1e
or th" grade mad" thil hill;h'''T _.
tion mOIl. h.u..ordo.....

Along thit m""t import.l.Dt tnnlI·
porta,ion roUIl! whieh e<!nn..,U tha
JA. AtIl[el.. Metropolita.. alU ...ith
the l.rtile San J.-qul.. V,llq, In

•'''''''''0<>1 UIIlDage of pr'Od""" iI
hauled by heaTT truek and t ..il....
Of the normal tral& about 20 per
""nl are trDeb and IrailUL

OI.o"ing~r nhidt eoulll ~
the ......lm,- true!< provided the ..,,,.
ter lane of lha JI&"""""~ ..... uune·
"upiod. Too ofll!n I.hoo ~I"r la..a ......
_"pied by a "ehlda mOTln&, in tba
opJlOllito di_tion. M.",. I"/lfoI" tIId
eoUiIiomI ",ulted. aud ••uR<! lhe
ll' t"r ~tareof Ih" ratalitifL

X _,. U1lclu taklllI" up the
wllola width of the s.la.na ""vamant
On ~lIair dull doon. hill, addlld 10 \ha

Thia ..... aoeomplilhed 1>)' wid..,i"l
lha ""iating 3IHoot pa'l'C1ent 1.0 50'oet. Tha Iftnlt ~ , 4-1,..a divided
"irh"'a)' with an II·loot t.lvelinlllani
and 12·foot ~i... laue O;D both lid...
0' a 4-,oot madian apal1ltot' IU'ip
..-hloh di"id. lhe oppoai.... lall. of
ITaill..

To I,.."·",,t out-ot·..",lI"ol ""hld•
f""'" o""nr 1.0 tbe w'Olll aida of
tha hi,bwl1, a at«l bo i.. ran
"",unled 0" It...",. ..nod poata, ....

'0..'



110,258
21,761'

9.906

Jl!.nt.l~r-t

111-43

5.:n,7HI

conshueted < I n I -foot jyiding
st ip for a distanile of nearly rOll!'
mileJ,l. rrh'$ m al. plat road divider
co .sts of 1 .inch ~o.tn' :K steel rail
monn ed .by m 8.J1I'i £ Rp~ing 1 ppn ~
on two . Id of a !'OW r by 8' I

wooden po ta,

The liteel plaltes as woU a~ tho
pring .pports and other mete.l ac~

cessol"ies wQte furIlished to the con.
tractor by the 8t8te. This matedal
had been purcllased by the S'tate a
lODgtime in ad!vlIllte of the co,m;kuc~

tion wm:, Dlont s bofor priority
was reqmred on this type of materiaJ.

AnoUl r af ty d' rie.e install\lfl t 1

aid Tunaway tr l in retarriin.... tJJ .
eed, COl sis ,d (If 3,000 lin 31 feet

of h avy ·1J1"b. '1 hj~ On:fb is e n·
trllcte.d on th 11 ide ed Ii of e
lO~foot pIaII t-mix houl er on t.he
dowuhilJ rElffi lane. It is h avy
oncrete curb with i\ 1 -in h Y .rti 1

face. DIlt'm sbort tim the Ill'b
has b .en in pi:, , tIe tthrC-e b't al~

Ollt of ontrol in vaT in'" d 'eB:S,

have Tnbhed against. jt, wit llce 7

ill} resu.l. f!. trhe Ill' i awInDy hard
on Ie IIJewaU 0 tires hut i 'm
l· w dow Lhe v Wcle.

e wideninO' 0 tb rap 'llie
G de was a ·,.nmpl1shed lllIde two
conL-ra t5., the firs whiclt w~ eom­
pI t d a.li t1 a yeaI' ago. 1'hi~ f1­

tra. t nsiBted of "'I'nding op fa . on,

Public Works EfF·ects
Big (.alr Mjlease Sayi'ng

D·mUNG tche 010· ths I)

January and cbruay
. the Department of Pub~

Ue Warks effected a. saving 'o.f
576,971 vehicle miles of travel
.y reduc'Dg the usage. of pas.
cllenger automobiles under its
jllil:,udiction.

Of this tot.al, the Dirillion 0
igbway, aved 515 906 vehle e

nilles.
I rne wirth the w rogram.

o tin ga.soUne and oquipment
'conservation the department is
eurtaili:ng a,utomobU.e: t.ravel 'to
the iullest extent coNi· fellt
with· .eo.esaary operation&1
activities. Mi1uage[e~ords of
four diYisions of the de mi­
ment, wGr,g as fonows:

J~nuary

1i1Jt~

High ays 841:l26
San FI'·ncisoo·Oak-

11111 d Ba)' g,.idll!!_ _ 7.4'06 3,83"1
W tt'r ReCOul'eo.a; _ 'lB,73S 22,867
Arch,ite cture ___ ___ 2.0,521! 9·,381 ,

FclJ.~~.y Fol:I~u ry
19~ 1~iS

Hignwilya •__ ••• 6S ,£ja7 482,297
San Francisco-Oak-

I~nd BaY B~idg.g.. 6,301
Water Rallourc>a~ __ 41,539
Arohlte<:ltul' 14,566

Section of I'II!'W 4-1 ne drviclcd nl!lnW+1IY rl'1 Gr-spavine C 1'1"01', ". I.. Qw,rHI met pi te road div der ill'ld, ~O'nQ1'Il . ii lima fer ~~Bek at left.



Highway Improvement Completed

From Bradley to King City via Jolon
By A. N. LUND, Assistant District Construction Enginu,

1-, lll; origi"al "'H1~ 01 1(1 (:&Il,j""
11,..1 h.u been ~t.bl",h&l from
1J...-:11~ to Kinl" City ..ill. Jolon

dllr;nll lbe pal )'~r by lbe ",,".lru~_

(ion of 40 mil.. of hlllh...,..
B''l!inIJj"..: "e. r II. III u C_k

Jlrid~. on U. S. lU\ .boot ,.., and
nne-hlf mil ... nortb of B1'I<I1I,1, 11,.
".,.". bi.h.....)' tollo"" It'll .....Il,. tJ.o "".
istInl' <OU0lY ...".d bur "';,h olAnd.rd
ali,llnment and .....<le. for .1"1\'1 22
mil.. In " nonl,...",.".I.,- dir..tlon 10
Joll"'. tlleooe.< onn"',]" IS miTe. to •
jllllCOOIl ...i,h I" " 101 ~n the " ...,

b.onk M the 1l.lilL~' Ilj\'" ""'" Kill'
Cit.... TM. roul~ i, .ix &00 !!llft­
t",ubl a,il.. I,,,,,,,. th." Ihe e......
Ilij(h .....,. ..bith folIo ... lh" Salin..
lIh-er wilh el'08litljlll .., 80n Am" and
KitJll City.

Jolon" ...,.11 ..tl.lem"", """.istinj(
of ••tn....."d ~I ~. ehu...h and
..,"ai"" 01 1Id~ hotel, .. 1i",.,M on
Jolon C_k. " lribu'.',. of the s..o
,\nlooio lliv"" III ,he ,nidOl or ",•• In
an<l u,tie nIonc!'CI, ~1l.tQ"nded b,.
mount"in. of ...bl.h Jllni","", ~rn
P""k. :;,8:~1 ted in alll!lId~, ;,. lilt

bigb."t ]><lIm it. ,he Cf:ntnl ( .....t
lUng<!. Mi..;,,,, S." Antonio de
"",I". 'oliOldoJ Oll J"ly 14, 1771, lieoo
.u. mil.. "'''''1'''.''1. Th ..... mil... 10
,he .....,1< 011 flaoeho , ..... Ojit"" ""00
t",o .dobe bui~1i1l¥" U'Onl'hl I<> h"'e
bH:n •...,'..1 10 1178,0"' or ,..hlcll i.
l'l!1""C!d t<> "" 1M old",,! d"'ellh'll in
Calilor,,;".

r,,·. 1:" ....

The projec, ...~. d;";do<l inl<> Ave
uniu tor eon~I,,,.tiOl'. "... 8ra Un;1
!'rom til,..,. .nd ~ne-h~ll mil ... _ 10

C,,[i/ornin Higb",.," and Public WorkJ flO..... ''''J ITh..... ]



li~ mil,," IlOl"lb of Jolon, • I~ of
nine .<Id OIle-halt mil wu uDd~r-

t.bn by the Work I· ,ieol& Adm;,,·
i,t..tiOll in )1.,.. 1941. The bal."""
of the pNjeet ..... 000II~«i i.o IlOilO
ot 5.9, 13.1. 3.9 .nd 5.8 millol i.o
l..,l;th and OOOIIlraclo ........._roed to
I.....;" Ui_Ii" Sou. N_M. Ball Sons,
UN"",, Doh and UaUD .od Bai<iell
n"""., l"I:IJpeeuvtly, Won .... begun
in 1942.

OPen.U_ by Work PNjtel& .\d·
miniatnouOll r.,.".,. eootinued thTCRlgb
the l'ftI).ind... of 1941 until br• ..,b.
1942, ..ben th~y ....... I~per>tkd,

onring tbil period ..-1_,. u,,",v•.
l;"n. drainqe llrud....... 100 • ""r·
lion of the impor1td bul'1"O'" ~
t'Ompldod. Bafl\eiml fDlldo tor <:(>111'
p1ttion ....... made av.n.ble duri",
Ibe Sum-. of 19-12 and • _tnet
....._nlt<! to N. illi. nlll s.m. b,.
Work l'l'O~ Admi"i."'lio" under
IUptrVi$ion of tlte mrioion of Higb.
"1J'lI tor the tompletiOn M importt<l
borm... eem~nt t .....ttd ba.... Ind

pllnlrmo.:ed lurfl~ioll. ~o ""...
tnletl ............med l.t~r b,. Work
(-'rojeeu AdminiJtntion, tbe 8 1 to
N. M. Ball So... fo. the t<>"II. ~lion

of .lolon Cl'ftI< Br'idp.•nd lite -.nrJ.
10 11m...., Dolo:o and Ilan" for _I
~c

~l< r ........."T10~
The bigb_y d",iltl, "hkh .........

....tiall,. the -.m,e throughom llul
JlI"OA provided lor • lub~rld. or
m.lerial buing • minimum ~ring

v.l .... or 2O]>l!r cent, N f_:I 0.6 toot
..,.,...,1 tnlIted ba$e. 22 t""t l: 0,26
foot plant.miud .url.~inll. ~illht.root

.1I0ulde.. of importt<l burro.. with
~e\tlIltion .ppliution of liquid
••phalt. rulle... and berm. lined with
plont_miI.,.l .utfaeing and a ...ai """t
for the ~ol.i... widlh "f th~ roodbed.
AD "'Cl'plion to this design w"" mllde
on • t ..... and rO"N~Olb" mile _lion
of he""y ,ide hill ""nslroelioll o"er
Ih summit north of Jolon "'he,,, the
Ibonld~n were !u.r!lee<! with 3 fee! :I
0.2:; fOOl I'la"l-mi• ..J ""r"~ill.l!.

An unull\lal IN-tute of the d...it;:n
provWtd for the eo...tmdion of 25
eh~k d.m, l-O p"'l'~nt eroaion. TIle
ne" ht~h""r On • two·milt ~t;Otl

rollo"," .io"lf lhllott C~~ ill. """,.
p.rltively ".rrow elllY'>ll llld it WI!
,_ry to I'<'nfl,,~ the ere.k 1n •
ella,,"el p•••llei to Il,e hilCh ..'.y. 0"
actO""! of the (rilble II.h,,·~ of th~ lOll
"",I the .I~....he g.",I.. ot th~ ehln.
,,,1 """'. I".thod W., ""1";!'fIl1 to pre­
,~m Ihe ll\l\IUrilll( ••ti,," ot th~

.l~m, The m(l/lt praeticll meth<l<l
or Jll'l:v~nt;n" thi. IleOU...... by the
"On'trurllon of eh"d, d."", ...bieh
would m.intain • ehollel ",.de of 1
per <.""t. Th_ eh""k da,... "'~re eon·
.t r1l~tt<1 "r CIa.. "C" l'OfIerete ."d
ha," rllll~!iolled ..lilIr..torily ,111rior
lh. r"",,,,t ,tor"",.

ConIlmetion probl~ml ........ l>(II

<lifll""lt, ueav.tion beioe in ahaI••<Id
lI(I;l onll ,hat did not ""'lllire bl.uti..,.
t.onol mll••ial, 0«'" \lied .. 19J""
1'.18 tor ""IM"f , ....t ... ba$e .nd

IFour) 1.......1 .... ' C"li/"r,,'" Hightl'''Y' ""d P,lhi;, Work.f



"lam-llunu III.faeillj[ An....,lt""
for ...,u~rete .trtlNureil Ill,,) ..,.,1 OOIt
""l'ftUinp ""'" ;QlPO.<od from <X>m·
merciol pI.ott. A.Ip'~'("ill thi.
I..... ",,"1.," rHocli.e III."'" ."d clIert,
low .Iklli ""me"l ..-I. ill ...",e"t
t ..... IO'd 1>.0... Oil .11 1...... ueepl
for 100"t OI'e-1ul11 lhe 3.9 mit.,. Ullil
,,,,d~r CUllt,• .,t with I1ro..... J)oko aDd
na"" on ,,'Meh "o"d.rd """,....1 ....
1~ due 1<> cUM.il_lIt ill "rOOlle­
lion 01 1<>...Iklli ""melli. The "'OIl'
<lil'l\<,,11 prohlem pr.....l1l;"~ iti<'tt ....
i" v ..h"ll' "PCrati<>"" dtlri,,1I' lhe
IIp.,rw IIf Ihe year du" 10 .. tur.lO'd.,,1 ....,.lltionL

.\~..,.. "",nhJ' I...,.. III lhe c.. l <>1
JolOll lhfl ooil f.........lioo eortlli.tO'd of
loom two 10 Ib_ feetol ~l,r ",,,tI·
p"elO'd obol. and 01., IOn ov••lying
III im!"'rrwua 11...11. In Id.I"'" <>1
C<I"'truclin~ .mb,o"km.n!a, lon/tilw!i.
n.1 aid. dilch.. under Ih. loe of olope
with lo.root oottom Ind 2:11I<>P"I 10­
~her ..-ilb OOttltte\illg ""* lnodtel
01 Ihl Mme dlmenlion II inl.......I. of
nol ~re Iha" ~OO 1...1...-~'" uea.

'-lIed Ind lh. emlaollk",.nl ""'" II·
lo..~ III d"';o. The trlllS"orlJC
lreneh.. ""'" '-lllliled wil h pemOll.
j{r.vell,. mll.rla.l. III thio "'"nn••
""bel"f.... d ...inag. aoo.e Ihe h..-d_
1)1" II hl!~I't.e<l and ..".ied 1""'-1'
by Ih. lide aDd tl'lllll,·...... bleed.r
ditehllO. Whue'-er IN*ibl. ut-.
d inl~e ,,"lverll ....".. pl&llOld with
110 liM 1\ hard pin .Ierllion hieh
ill tome o.~ ueee\l!lilll.d tlel
,Bleh.. up 1<> 1.000 fi'<'t In I.n/rth.

CO,..."."CTJO" .. ~.,."OOI!

I)urinr the pt'O\lreo;,o or eon"ru,,"
tion lhe pllJllI operal..1"""cue",ndy
in the l,rOO...IN:.o of ",u'ent treated
bale end J-Ilull..miKN lu.luing. Con_
.truel;On methoda f~ t~ it.ml
...io<! bUI liute throuj(bou' the pro
j..,t. N. M. 11011 Sons UMd lwo 11'1I<l­
10' 'ltd ,hlUr Il,read... in plaeinj(
"""'.lll Ir~t..1 Moe run ..idlb.
Ba&iob llrolh~ .. employed ono lraelor
.nd tl_r wllh 2~·foot $p",.d",. OOK.
_hleb, ";I~ .,,,"" jrnpT'OV"n'.....
"'ould ,...nlt in lb. mo.1 eeonolllJeal

"1",.110\111. All plllll.miJ;ed .urf.dILlI
"'... Ilid by'........ 01 Il1010. Irld.,ra.

O"e I.-tu", of lbe ",o,,"trtletion
luethodli .",ployed by lWO of Ih. el>n·
tr.elo.. "'u lbe .... of blade Iltadl­
"'0"1;1 loe Ihe oollo("'etion of the
pJont_miKe<! beml end fU\I.', Tbe
device used by l..oul. f1i1.OO1!i " Son
.... "jllbJe of Ill oPOrl';"''': (I)
Mlkinfl eut 10 ;..• pllnl-mind MIr·
I..ln~ for ffIlll,,'. ill .,u~ _tlon. (2)
I'la.ei"ll elld 1II01)i"l; plonl ,ni%"" fJ\ll"­

luilllf in fUn....nd on u<>po 01 .ll1.
(S) Sblp,n, and eompael;ng eaMh
be""" .."" eo....,,,, ..-ith planHn;x.d
,urfuinff. In one poo;ilion Ihil "Uoeh·
",,"r performed ope...,;"'", (1) Ind
(Z) .nd """silted 01 a cu.....d U)Ol
.oout lh ..... r_ long of the "'ape of
tbe !lUller wilh an altaebM pia", 1(1•
ju.llblo to I~o .Io}le 01 Ihe out. Aft.r
tt,.klnll lhe gutlee eu'. planl·mixed
ourflolnj{ w.. placed;n l/le _and
1'_1 inlo olI.P<l loy the 1001 ..1(\ lhe
ff\llle. locwtion rolled by lhe wbeel 01
II>< motOr grade.. The lop of the

,~._ .. - III

PI,,~ f ,to 01.60 ."•• " ~, ••~ _I~1 .'.~' I..~ ~d ".tt••

C./i/or"ill High,...,,)" " ..d Pub/It- WorL (.....~ 'UJj IF;._)



Earth-Loading Factors Affecting
Field Installations of Culverts

By G. A. TILTON, Jr., Assist<lnt (onS!fllction Engineer
R. L. THOMAS, Assistant Engineer, Surveys lind PI"ns

FOREWORD
T.... i. ,"" oc....d, of ....""'" of .«h.,leol ahnrac.. r ........ join< dcpa"",,,'.[ of cul.eet pca<:.ic<I or ,he

California Dl,,;,ion of Hi,h••,.., by. cornmi".. compwed of R. Robinoon Ro..., An ' En,iltNT. BridSC~ ......n.,
ond Cl...."". f. 'l7ooc1in tan. M.'n.....nc.E",•...., he ..ri......

TM _riel con.i i," • pruen.ulon of tho facto ff""'n! ti.ld ;..".II.';on ond ,h••true.ural ......m.y of
culv.......i ......... bondi. of ",..hem••ic.1 .... Iy.... Th;" pr ioft io ../fnod ..i,b .100 hop& ,hot.1o< 6<ld e1>F-a" ...1I
be.;dod ill uri";nS at "uk" and ",und d",d.Oo.....hen ufo"""",,, fiold condi,.o... or.......Ied d."i", u ....ar......

F;I , T_ ••'-t I~...".".n......~ ••".Inl wi 'Ill l-..l. I ....
h.ilM of I.l ..U_ ~ I••n'.1 lin p n' l l~ 1._ of bonk .
....n' bof.... _.... D.....' lin....p' n' 'ho .._ ."." .It n' h••
••b" .1000

Pi&'. «I> ilIultrat"" • .- ..l.e,.i"
the ."ken ..ttl"" or d.II.,,,. dOli " .
....m ••n .m<Hlllt j"", equal to Ih"
..ttle....1ll "r Ib, plane of material
oei¥lu.lI,. 1e,'.1 ",Ith the top of the
eol"et!. Th" load ia "'''t....lall,. ....
dllec<l. and" F.)' ,,,",. .1'Jll"O.-Imate <)I"

equal "t_" Tho p.....ore Oil the tttl­
".rt ,,-111 a]lpro.ilOue o. J"'l equal
th. ,.-e'Fht Gf ,'ertka! ..."10 pr.....
.I>G,·0 Ih. culvert.

Fir. 4.., 111_ra"", an i""lall.lion
of • f1p:<ibl. eul""" <H' • ,.leltll"ll
."""io,, o. J·I.ldiur toond.t;on, ttl
Ihi" ....... apin .........i", • r.I,I)'
hif;h /III. the ....h pn..m dl.....'ll)' 0""
."" Ilmelure ,.,tI'" do"·n,.-.,d rei•.,I"" 10 ,he o••'e.ial .100lj01id. du. 10
"1'I'1'I":1.l>le abor!enln~ of Iho \trti""l
dlam.l•• 0' Ihe 8uihle euh'.r! .nd
by ..III......", 0' the bottom into.

_..
r--" om

, -',,
.~n', , -",..' . --~- ," ,

•• -~~_. ~I!l"~..!~ . +.-1- _..J ___
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" +- - '1"-'-

""o'rJE ,
t +*-,

'"'If
,

--:; - - - 'r
- ~~ -

11 -tt--
'-~.-

--
"

,

- '" r -t.", T i' -.
:l lIl.r.or~'7 "

, -'T "'-x ~'/' --";:'~'.
..

• .',//0
'::..'"=-- -'-j" B C , ....."">..- --:=--....~ W~

IndiP••• 110.1 Ihe nrli",,' e.lrth p.....­
...... on l'IIh...ru Y.ri"" -..liu~ 10
lb. ,.,.1.lh·. d.~""I;O'" ~r lhe lOp of
lbe .uh",", and lhe Idjao.llt ooil _b
lide-ntio ot "e" 10 "\{" (FiaI.
Ha.1>-<'l.

f'iaI. 4h in".I,rlll ....." Wl.n"lio"
"r a .Ill'ill euh'ert on .u ....yieldI",
fO<l"d"l1on. ln Ibis (.."ml....
a tolti)' lli~h Bill the rth a1oo~ld.

lhe oul",," 1110.... downward ...Iui,.,
to tl.o maleriat in lh. pri.... 0"'. the
o"l"ort d ... to 1M eot>d.n't·1 ri~ldl!Y

."d lb. ""J'ieldi"ll' f""lIdation of the
en;,· l. Thl, _ion can... p.rt of
Ihe " ilfbl ot 110. oo..i,lo lII.terial \0
he l....,.torT'el1 10 Ibe prl.", O\..r U,•
cui",,". and .. F." i. gJ'('a'e. lhan
"eo" Th. l''''''''Iure Oil lhe ."Iom
"ill "'""""" th_ ",.i~l" of th. earth
prNru 0''''' tho ."i,·.n,

~h+ of...,...,
.... I."'an+ ...

F OR pra<'ti••l ..~O()" ... ,,"h"ort
d'-'lmo .... haooP<l on hn)(llheti.
....1 f,)Om""',"" alld 100.,11"11 roo·

di,ilm.. A••,."nation, for culvert
fO'"lllatio,," • 'e ope"..1"P. ~lIlil;OM
are otlen .,,,,,muteted ilial .~ ,IIII'.....
oml th." .""um,..) by the deriJn.er
I,ike"'i.... as 1'OIki"'''Y .........Iioll de­
,...Iop., Ihe oharaeter or material pf'O.
IlO"eI1 tM INwkfill or embartkJDeolt 0'''''
tl,p puh'ort a,a,r be 0' enli~l,. dilfer_
e"t oha""eter '''''n .... antieipaled,

rnllke ,'''' <teo.l,nler. will> h... plenly
"r II"", t" "'",I,. .nd anlll)'" Iho tac­
to... 0' d""lgn. the 80ld o"tri"..,.. i'
f'eOluil'ftl to make quick (teol.in"" .ndn=_ in<lepe"do", j"dllme"t to
• "",1 un~•.v Mill,. "t IIIe work
"hpu eha"",,1 oollditl"... "Pl'.....

Ooeunilue'l Ob,erv&ti01\l

1\ i. Ihe eommittee'l "botenal;"..
11,.1 U,ero ill nec<l tor di.etnl".llon ot
lhe ,""';" p.;""ipl.. of ..."h p.-"..
,.•• ,"'mlt ....l to euh'em allll lhe ell'eet
"t Y.ri""" eal1h l""dill/l1l '"l ellh.,
a••ihle I"d riJrid ,Inion,,·... uPO"
)·I.I<li"ll" .... unyieldl"ll' tound.,lo".,
1'1'e"(',,'.'00n in a allllple ma"ner ",ilh.
om detail in.."I'eln.,,' of 11Ioo.leo
and fonn,,1aP Ihoul<l pr'''"e helpful to
,h. lIekt onlll"... i" in.'ll"llatio" prob
I..... It h.. "I..) hee" th" .-mll_
lee', "I"" ll.a' h" ~~al • b"rd.n of
_JlO"'ihllit.,· for ,,'1""1".1" deaitl'n haa
;""'n II.""""" "]10" lhe fl.ld eng;......,
ponle"i",J.y I~.,ion <I~all a..d by_
dra,,11...

B&IIe Prille;pl. of Earth PAa......
Tralllmitteci til C1lInru (2) (3).

Th. limpl. la"" of m h."i...n,1
<lertal" experimeuu On h-ert pipet

• It__ ,. __ " '. bU"...•
"' ......, .... of .....,.



No crawn
necticn

....ipu to 1M lOll adJ''''''' '0 '-""
I,il'" Itt 'hi, .IOM ,h. ttieti""",1
_i....... _ iae,..,...nt KU np.-.rd
,..,h,-'in.. PO" of '-"" ~, of tile
~ ....h pr-;o. ""'" tIo~ ...l...,~

The 1"""-0& ~ __
I,. refffrt<1 10 .. " Irlnjr ",",iou."
putioeu1o..l,. ..Iotre "'"" -.ltdl .......

If t1"11 C'IIITfft .. of the lIulhlo I,....
ru ...... relieol' ef kood -... dur '"
the Ihili{J' 0' .lI«ible pipe 10 ohorteto
il< ,,""_I 1110._..- and Ie"«lben ito
........."'1 die..........

CaM II (~, 46b). Rilld Culnrt
tn.uJled ill Tl'ftcil 0'" &II Ullyiel<I.
i"C :rOll~"'n

.\~I;"" of Ih. t.dtftll pri.... ov...
tilt ....1..." ;" ,be ....... IS in C_ T,
hm ill Iht ~"" or I ri~id "Imot",,",
.lll"'~"ble cli.~lortio" or tbe ve..iw
dialD"" dQtO ')Ot .....ur, "",,u!lit,lt in
u ~,".lcr 1000d "elng ...ri<><l by tbe
P'l>~-

.J!~-~z.ontot

dd"l~tion

'"CASE III

,a,
CASE 1

(Ql rle_ibl. cul..rt in trsnch.
un!lle\cling ..""nc!otlOn,

~ ....l'u<:._ .,.J,..

'"CASE IV
Ie, F18.lb:, w·_~ In !rcnel>. (<fJ219>d C~I"'l.1 in t.-.nch,

!lleld1ns .l'bund<>+;on, !lic!tllng "'~_t,on.

,'.. "'- ,.~, c.o_ of .~,..... I....' .... l~ ..._.

au.. v. Flexible euln.. 00 UD­

)-itld"')1 .mbankmen\ InTI>­.....
Cue VI. ~irMl .."I...,.. on UD)'itld,

l"fl' .",hatt".""t .....-.-
CaN VIt. Pl8ible euI.-en .. yield_

in.- _ ..........,,\ AI>-

~or"""""
CaM vtlt. IliPl nJ.-en on ,-iek!.in¥

..Mnk_t ""~ 00
f'\llJlion,

eu. IX Nd X. .\n1 "Ill...... in
...Ued in .id.hill \oee­
Uon (..-.-.r aDd .-wb,
way).

e... I (~. "k), ".,xib\e OtIlftrt
Inuilled ill Tntt>ch 011 &II UlIyi.ld.
Ute Poondotlo..

TI.. huhJUI 1'."" 0.'" tbe top of
.he cul¥tTl ill t ...ncb l-enda to ....,...,
do...." ...... rd ...llti..., to tbe ... rth ,Iong­
llide, .nd th""'~b '''.lim,,1 reoIist."oo
a"d eol,'!IIIo" ,,,,,,.r,,... pllrt of i",

DdInltionl

'"'" qllahti~ "wib~" .,Id "....,­
iol" ~''f' ........o<ed in • ~
_. but ».,..,.... I hu d.lh"""

""'".
71mb1e Cwl,,'" _ ......... or.-­
~iooal ohaP'" .... be dill.orttd
....'lIrIentl,. 10 ~.....", ib ~er1ieal

.nd ~t.ol d~ ......
t ..... 3 l'tr <'f'IIt lid..... _DIinC
..~loJtr raju';"'," -a.

II.ifid C'Ill...... one ..h_ •..--
~ional ,Ie ... DOl be d_..J
,..,.ienll 10 .h.n~ ito 0'er1i.a1 or
hon...,'.ol di -.. thao
o".-I...,h I"'" ot ..ith....t ..""io!!
",.,.riall,. jnjor'Oul eneb.

,,",Idi,,~ 'l'l.'I'.Il<l~, .. &" ill 1_ tbau
"~." Th~ I'..-u.... ..-i1J be 1_ IlLOll
th~ i¢I' or ti,e ~...tJ1 priStl. "'....
th<o h'lT\.

Plan. or Equal Senlcmllll (3)

In ~.~.,. embankment lum.i~tly

hil'h, Ihe.. i•• Ito.i.."".1 pia"" .,
.",1 abu,'. whith the I'(Iml'......;"" 01
II.. 1',;,;", ",'or th••'lh-n' Jw;, equ.l.
,h" ..,ml'-.intl "r ,h. mel.ri.l•
• lolll";II. (_ fill 44. b.•), Thi.
""",I;,lon rl~,.. I.. ",he" the eo"'l'.......
,;"" ••" ...<1 b," 11.. !l,•• t•• pr ,,",
"",i"l1 th''''lIb • I.....,. heighl ",ithin
til' p.i,,,, ''''t. ,h. ~"h·.r1 eq"el. ll,e
eomp...... 'o" ••,,~, by the 1_. p.....
........li"l1 ,l,..,,,,,h • l',...t.r he",ht
of the nlet.rial .!Qo.""ide TI,,, 1,leoe
;. kno...." 1< ,h" "r~."" or "'l.....1 -.t_
11''''''Ill'' eud ;1>; heil'llt .bo,·. Il>e top
(of Ih. 'lIhor! .. 1M "hei,ht 0' equal
..ltl......... "

In e_ ,. to \' III that 1<>110... the
"rlh J..!ina on • ~h"" ;, ~t1,.
.1l'...·"'1 b.~ tile "boont of ....u.ol ,,"-
Iw...,t" .-bid. be .htm! Or bt--
l.>-.. tl>e .-I...,r r.... ·:tl

Buie PrUldp'" Applied to PncticoJ.
t..tallal.iG_

F."lhl ••lIdard ...... &Dd 1_ &pe­
.i.el .- .. :>t't~ .....,...,t...-..l i.
field iI....n.'.. ..., ~t...l roo
muot,.,.li1't po,l~'

CaM t. Flexible ...I~rt in~..
on lIllj'ieldiq ""bvul~

CaM n. IIIP-I ....I••rt it! t ..."th
001 u''YM.klill( JII!:J1<l'&de,

a... lIt. Flexibl....lnTI in """eh
~n )'i.ldinlf ~"bg,..de or
ell,hio"

Cu. IV, Iliaid ~lth-.rt in t",,,eh
OPi J·itldill~ .ubgr"de Or
o"ohiOlI,

Ca/if(J .... /a H/ghwuy, aNd Public W(Jrlu (.....~n4')



(jI)fll.iblc cul""rt unde' Crn- (h) Rigid eulvt!rt unde~ ",.,bank·
bon~me"t ~ielcli"9 -I'our>dotion. ment !;ji..Id'ng 4'oundotion.

I'll I.. f. I. 10). F f , I~ft."••••••1e'." to.o" ~t ."biI'••

,S'
CASE VII

"

VI
'n

CASE

'"'CASE Vlll

(FJ J1;g;<l, ",,"'er-t u_ .""to-I<mont.
u"tI""ldi~ .foundoHoo.

l!ood>oa!j .~rfu<: ..

v'"CASE
(elF'le.,oll ""!'art ......~ er>bonl<­

.....nt, ""I;i.lding _finn.

~oodwo!l ......me.

,

No bottom
....HIe_nt

C_ OI (n.. flk:). rJe:rihle Cal·
vert Illitalled ill Trellcll on Yield_
I,,&" P'oll1ldation 01' CuItion

TI,e "'" eonditiOl>ll p",,,.il .. in
Case T ith e thinl edded. Tbe..t·
tlement of the nl....rt irlltelled 011 e
yielding .~bgrede further tend. to
relieve !.be preullt'\':.

Cue IV (FIc". %d). :Ricid C1I1"..,.
tn,talled ill Trencb on YWdl,,&"
FOllndalioll 01' au-hlnn

Settlement 0' tbel"iclding InbKr..:lc
o. o"ol,ion tend. to relie'·. th. p......
'"'''' 0" tha e"h-an.

A. in the ..... of 0 /lui!>l. eulveM
;m".lIed "" e".,.,..h·ely yiel,ting ""b­
llTad.... highly eornpllcted cUll!>i""
",ay be d..ir.bl. to i...~ ... "ioinA
e"'<'e'!Ilh... di'I,I'!'<'IIICllt (ee'll Pill" 48).

C... V (J'lr. ~). Plulble Culverl
Irllwled on Unyleldl,,&" E",bllnk.
ment BobFl'!e

h, opp<llliHon to C• .., I, tb.11O 1••
ter>deney for th. t.orth IIlonilllide th.
culvert to IIIO"a do"n..."d ",lath" 10
tbe Vf'rtieo,l prilm over the e"l_ert .
.."o;0ll" the frlalio".l increment to
oet d.....n ...rd and tra""e' lo.d to
tile ,..,rti..1 e.nb pri!om over tbe
.tM....II... Tbe .bov. ill ba"Id On Ibe
II!Jnlmption th.I the II\atarlalo 're
homOlrOneoUl> and that the ""llImn or
..rth .djaeent to tbe ellhl'rt 0>0_
throa,h • !"'..tfr heiJbt than tb.
""Iumo di_tly OVer il. ,\I in Cue
J. """"' ...Iie' of 1"",1 neeo.....ben
the l'oxih1e .tructn.. dell«ta.

Cue VI (Pil". 'lit). :Rip!. OIl1"en
lnot.allad 011 Uny>eldi,,&" Emt-nk.
meDt lhibfnclt
Tilt ".;IIlditi(JrII of C_ V .pply

ueept that tht> riR'ld colVCl'1 d""" not
d.1lfet ...tRei""t1y to .pp_i.bly ...
l>en tlte ' .... ietll load. It ill tbe
,_ ..'..... earlh.loeding eoodition
Ihal ",m be """,,,ontenod in the citbl
ot.ndM\1 ..- ";tN_ e-ideralion
IhOllld J... ';"'0 to 10100 _hod ot
...Ii""iog l!I~ l....d ""ell "" by pl..in~
• ~'i"ldinlr .... 'hion lind.. the h"efl
or ine....<inlt" ill otrue!lIral 1l (Ih
or bolh

Cue VII (Fir". 'lie). FiuJ.1>1e Cul·
"ert InUallod 011 Yielding: Em_
bankmant Subgnde

The aUl. """diti<l"" .ppl,· .. in
Cue V ""toopt thal 'unher relief 0'
load may •••mlt by yielding of the
IlIlpporting fOllndati"".

lMId i.g....at"r than c...e 111. other
l),ingo being equal.

0... VIII (Pia:. 'lIh). Rigid Culvert
lnotalled on Yi.ld;'" Embank.
menl Snbfn.de

C... VI ol'p1ieo exoopl tbat reli.!
of the venical load rewlu from
yield;'., 0' !.be found.tion .IIllport.

Cradl.., may be d.lIi...bl. in "",t..me
easel. T"'tI indi..ta (4) thot lOp"
portinlr oradl.. nnder «>oetete pipe
will develop ••lIpportinlr ot..ngth
rl'Olll Ii 10 2 tim... that ..hieh !.be
pipe d..-.lope. ",I."" not ...dIN, but
Lbis io......... io Jupportinl! ..Ioe may
be ....lirel. neulral;""1 i' tbe cradl..
.d 10 rednce the amounl or botlom
8e1t1emenl thai VI'<I\lkl normall,y ~r,

Laoad if; gt't'Aler than C... IV.

Caae IX (I'ic. 471). Wl"<l,,&" Metbod.
C... X (Pic. 47J). R.lrhl M.thod.

Any type 0' ",,1111'\ i",WIK ill
Jidehillloer.t.ioll.

California aperitt"'" ..itb aul.eMl
1>lloed ill lite topoooil llratom or lid&-

hill· locati"" b.. pl'l':".en to be hi"bl)'
di....t.Oul (I'il". (71). Cuherta 10
irut"lIe<:t .... I"l>je<:t to • IohMrlnlr
action th.t tak.. pi... In the tOJ*lil
IIrol"m bHw""" tha lettll"g emb,,,,k·
men! ."d tb. flrlll mllteri.1 ba.k ot
tl,~ overh"rd.".

Culv""," ~~ve been O!(Inlpl.teJ,· 001·
IIT'"'-'<f in m."y .ideloill 100'110" c._
lueh .. 10 be "",,,fered _I...
I'i(. &1J indie.t... tb. 'e<:ommeoded
in.t.II.11on .

Pitld InnallaUolI Con_lid.ratioDI

,'Iulble pipe enl,.ru ."d rigid
pipe ."h·ortl 're dCl.igned >true·
tll ..lIy to te!Jitt .v.....~ eIl'lh p",,,..
."ret upooted f.on, <:erl';I' l\1ui·
"'n'" bei"bll 0' /1110. A, evorr 80M•...m...r kno,,", ,·••ied condition....
eneo"lllered e<>nlinnonlly, i".l"dillg
I"Dd< tOll""'lIio.... """"'y "...,u"d.. un·
_Iid.oto'}· ba.kllli ""teri.l. ",ving

111':'=-:'.":':': ,;;.W\o';::.......... 01 00".......



P"!I...I g_nd ...,.-fuc..

R~@§~-'~··_~t:t:+==~

".CASE. X

~."-I', "..~ ....h.... 0" ,;ohlin.
• f.. .-.1",_ .._.............., ...

......._~... C"'_ .." 1...UlI..- .n. jo..... • ~ -... I.I_" __' __~U

.._'io.... 11.._ •• '.'" .,,~ ......4' ••
I" I",• .f h,.~ ••m ............Ull

lil
CASE. IX

Wrans \oeofion 5:.igkl tion
~1••7 (~D. II, on4 .f in w in..-II __

lretl~"'- ,"d lUnJ .....>I1il;..". too
nUI"",,,UO t/llial h~"in.

It UltM tuneiioa ..t the B.1d ~tIfi .
.....r 10 int~rp_ 1M d'~ ot theoo
..rio ~itionll and dH:ide ..betMr
the p _l~~ .ill he ...b~
to «"ftItu '" 1_ ~.... u.a..
.~ -titioa dosinfd t.... ""d
.....u .uh eh..... i. the i-..nuioo
u ..., ~ Ie err to~ iItne­
1",..1 au.ilil,1/1f lhe ",d~

Uuyl.ldlq P........ jo..

l'1I:neldi... to.":I"'I*," nrr tt-
oolid rodl to dry brd.....

A. ~uI:I ..... pl.-I RDd ~ftn

"" unyitldi.... r....nih.;"",~ I....
d..-J pa~ of u-nq ....t_ do.
.rib"...... ot p_>? .. lh~~

..... pef1IIill;"jr aoetU-t ..hich re­
lie\.... I.... IMtl .. deM.;bfd bH'etot"""
ill e- I, II. V. and VI.

c.morni. 1m SI"".1ard SpHcifIH.
tOo "ll.hM/lril,. pronde tor •
emh , .. follon {s.,.. M;e):·w_ ;~ , ~ '..n ••w" '" It
olool 4 0-010 IM
I ...n.h ' ••~ftll.~ ..I'h .wl"b'" ..o i.1 in
...h ...--1<10 •••mOo<'.4
..rtk .wolol.n .. I.~ • lhl.~ .... "ndo••h.
01•••f n.' I... th•••n.·".1f In•• (,.)
po. f 01 h.l,h' .f ~II .....h. '.0 01
,.. .1 I'~ ...1.lmw," .1I0".bl.
I~I.~•••••f .I~h' I••••• It-)."

COInpae,i..n thOUld be uniform.
r~ngillll' fro.... f~irly high degree of
""mpaetion ""de. 10.. fill. (to limil
"nd"i,..ble "lll~",...t ;n lbe rosd..-.y
I"rr_l to • low d~....., ot COIlII*'­
Uon "nde. hlah ftll (1<1 l"'rtnit __
11""'''1).

Ileddi., a"lld Backfill P'nte\.ioe

It it !JIe view of tbe _",i""" !.btl
Mlell""e bfddin.. too" pipe ealnn.
UD be unlfor-lr ob!ainl!d by
operif"yi tIla, .he .rrnrll hot_ ....
wpM 10 III 1M bolto.. of pip<

-~n.. IIJ)eelhlieot ia di&ult to n>-
f_ for ..a""", pnetieal I = ..
r-n ..r a:~ "" ('a1ifontit
lllP-.r- II.. 011...... The bou­
......ndillC ......ift"'lIioa ..... ,,_lM
fro- .l&l'dud illeatiou in 1!HO
and P"'O~Woa for -.-no-
of hOI!UIl r the bottom of !be
U"eIIeh in thin la1~ ..-itll !.be optioa
of pond).., or jetti"" ~oJu .......
•w in I~ of thin lIillblJ eomp.etl!d
laye.. COOl t'ip. 49 and 00).

The "moe dill'l~"lIY in obt.lliiD&'
propor btcl<ftll to ~1I1""N b.. """"
Ul",r;"n..el! .. ill tht ..... of round·
inlf the tnl.ut tren,h to ftt th~ bot­
tOIll of pi~. HlIt:k1\n~ compacted 10
a 90 I"" eent relatlv. e;")mPl"'t;oD .r~

California High'lIa)'J and Public Work, 1M..,. 1:10'1 IN;,,·I



..I." ..__ ~ ,. HOI ••

.... ".. "loW. ......_ft, .......-__ ...... _ HOI ••_ ..__••

AIt........ !Mft ;. _ dftbul. opo.ei­
ftN11ooo. li.llil1l1lk widl"or 1__
u_i.,. width ;" d.......~ by , _
~illN.lion. bl ,li..llowl.. pal_,
t~ .u.."'" v.tiolo .nd IIiori;ftll
oaWol. vorIi 1.".t_ "". r_ 11'.
owll oid. "f t~•••, .....a1 di ..........
of pip" or "lie rllO\ (I') ooUlide ,,,"
....1 It." t>f ...n.rete ,tnt",,, ...
tootl.....

elll.,"" tlll\.l.llK 011 allb(nd. Un·
der EmbaBlnR,"~ (Pn>j«\loll Oon.
dltloll)

A.oto't'd ill e._ ". n. "II.•,"1
VIII••"I,-ort. in.I.lleo.l lID ....bAnl<.

0111""" 1,.U.1Led ill 'mnc"•
T , _"llO IS, hld,..lo that••,

lho wioltll of ' ell lne......... <>tb••
fOtldi';'- i"inr """'''''', ,b.
\oAoJ upot' the nll .....n i......-. until
1.",Joo<,I~'" ffltIdition it roach"" (c,,1
,",rt I j...,l"'r .bon ~ ,,,,,,,...<1•
""d Olballl<mnll) .

tN·l.-OIU aootEc:,nC:...T,oN II,,"" _tr , _

...ft.,.. __., _All.- ........._..._,- ,"'_ -_._,*" _oi loy _ _ ;.o"ft.
P.""I jotO ••• "'n " _ ......"' ,,"" u" ..._~ :0 ... '" •
...... ._ "'-. .ho ,-.lo._...,..;., ~ ,~.t It ""II """_ .................... ","

u .......in~I'· diM,-ult 10 obh,;n .lln'l'
band talIll'in1! .. " ...,d ""I""" I.,'''''' of
bu.ldlil .~ \''''1''''1 in 2 or ~ ,,,,I,
l._~ .,Ih olll;mll\l, _lot".., """',n'
and ..... ""'I'inl "...d .. ,umd.",,,
""",II. II.... ""1''''. ,,_ .....
• .....Ii"... to 'M Wi",*_' ....1 ,II.
t!OIl,.-..,tor .li." "'!lui _ ••i¥
0....... ;nor"'"'''''' 10 I ,.., "f'f'"ill<c
ti<>o, .......1..1'("'" ~ __ ""1,1..
10 ml'l'h.nl..t u .."""",; b\ll_ IIw
la"'l,i"lf 1,...01 ,,<W'J\oeiMtI,. --U .",,1
,h........tn.." applieo hlo , I..
•M loml'"'" "' ..~ ,""'" r """....
i... "0' ..urh, .him rh ..........
..n_n ill _ I''''''''' In ,M. I"­
_t-t........h •

YiIaldi:IIc Pooucb.tln.
Yirldu.,. t...IOda'.... ,.....,

~,.,.....d _la_ hi..11 ,.....
.....,... el ......"" It> ftI.n\ ...

.~-In 00'd0r '0 i_ .i'_ diMri.
butiool ..r _"' ,........_ .nd
oid.....t • .,.1.-1 riNdiow f-'-
liooo • 1.0,..... 0'~ _ _ •.
rial of ,,'ill" loH",,-, ..Nt lot
JIl-\ ......... aIM! ... 1_ c>f.1or--('."f......... 1'»0 ~tand.udSPf'l'II\N
..... -"It f.... Tiddi... r""'.....u.­.-u.- .. folJowr, ,~_ 6.,',
•
,,;_;;:_:;; • __._ 10 _ on, 04_ .. __,_ .._
__ ............ of __1tIO

--'---."" .of tl, ..._ _a
01......... __ 100 ,,1 ___..,. .......-----­
--~.

Thitb_ .., ..,JIpIIrt it deo.
..........' UP'"* ";'1.11 eI .........
IUd _I..... Df .appt><fi,. ...~

Ileddial" allCl Ihddlll
a-..!i"" or .... Ivnt ........1 10 III

1M _11_ eI piPl' ...lqrU h ~
.bAaIdonf"l in (· romla pnMif,p. r~
....._ OW 1, ••,••.!. ""1,I..,i...
1_ old ndi "'r., IK>!,_ 'l"'t'l,
llN.1...... III tor pI..,lh"
WkIlll ....1 owl ._1 pip' ~"I_
"Nt> in lIli.,.. _.-ted 1....... _.
I.i"i".. <>pi'.". -ut wi.lllliIln
I~ ...illN.'.... ' i\li.... _ or
I"'f\df<l or .ietled "ul.. .at~""1lI.

s...tlon 1?1 or the 19+0 ,!tu. la..,
Slporilkation. I.....'jd.... rvllo ,

...C:K'-.Ll,. aPIC:''''C:..T'ON, "._~.iii' ...~.... "'..... ,. h..' ....'., ..••_,~. ,_ ,__ I'") ,•••'h .
f ... _ •• , ~ " ....... 11 ...
_''''-.1 •...t ' h'. ,.",..-. .
~t.4, t.4, or "loorw'" ""' "•• ',
.ho tI ", ,1 ~.~., --, ,-':'), ,- ~.•ho __li•• _. _1_ 'ft ,....
....I... ('1 ., 'ho.. _1110.,_.."



•__ _ 11 _ ••, _ " _ •• ..,.j ' ..1.' •••••••"
( _1 _."", I•••, t., <tl••).

",,,,.ill
1".,"11..1
C..... l.

"'0111 .".......<1'" @~Il<!T&lly
Ill..... Nlrth '-I ,h." ..h~n
ill ,~ .. OUlU"N ill
II, III .••Id 1\'

To I'<'du"" ,ho kIoId t••..-Iu~l to

~oh'"'' "'ld.... ..... e.'....km....''''
• ,,,,,,,illp I' i",.. 1~..,rkle for _m<'­
tiOQ. ..f 'h~ 1111 10 • poi", .~ tH
' ..p or ,h~ ."1,,,," 1,.1 lHn euo.....l·
in" • I ...nrb

1910 !<ta,wl.o..1 SI_if\<-o"iouo ........pt.'"" l~" .. r"I..... _. 5'j~.

....... _01 .._ " ·1_ ...._
110' .. _ '" _ _OJ'
__ _ n....._., _(.-1._ ......-.. , ... _... ., -
..... ..- ....__ n ............ __....

·'..... _01 •••'--IN' ......._ ..... _
ifto, _ -.. -. <-I ...
...._ _ •• t, ,_

1M __ _ ......,_ 01 ......,.
.-01..)._............ 'I..
.... _01 ....
-. ..... 1M _ ......... _-~........... __ ···_r
_ ~) 100 ot;._ .- .---_ ... - _ ....
......,_ 01 ,";",j _ 01 , ol;..,...
.... 01 ,__ 1.- ..-I...... ' __ 01 '
.1.... __ _" ....n 1M ....
............ 100 •

.\ rro<, ' Pt'M'~ .od<>pINl by
"""lr.N In ordo. '0 eompl;r .ith
,h~ .OOn 'r-i&.ali".. """"to ;0
"OlIlIlnh""'" ..t • IP(>UlI<! Ind lhal

u ......h..... ' ...neh In ,h~ mo".,<t for
ill'I.Uill~ lhteul""rt (_ I'i., 51a.b).

Til;' p•••u.... olIoolrl be diiteOllPOgN
"in~ il lor.l. lo dtt.... ' the pu.1'<'""
of Ih••~in...,inlo '"'" ~mmillH._n'lIlt••", ,h., ,~i1Ieo'i<rD> p....
rid. for C\O,oInotllo" of _.-od
em o' •• p",.idt!tl 'or in lhe
.bo ~llIro,Ioo, 01 J_ h~ du-
rI _ d. "r ,.... p'OJ"d i ll.
l btl lJ'ft\('1I ""'CIl~.I """'.,
~'rwln l"'O.ieo'-i"ll' obore 'H""

f.... etf LH mil ...-..l JiU~f
.a..Jd ... "-Ullod Rft.ly on bot.
...... 'I"IJ £!~ ." iJlp"""p'"_....
"I .. htioM

II ... ,lot Oopito;" III l~' --Un...
.100, .hoP ~, '.., I!U liai:to-
•.... for lJl,o r I."l*' of nLtrwt.
""' _ i..ll~ !tn,.... leo ...
_ y WI"..I to lhP .........
6fId _Ii' n!Cftd. &lid tM1
~ io. _I et ••u.d", f~ .... pur.
,.. etf ".W"""1IIl h..ilina'~
o,_ftl1 (, 1oMl""; -.:liti<ml;
f'" n..., ud riPJ _"""uno 'bol
tab .to .-idfro'" tH e6....l or
~'"'r .-....licM1O'J ~.... Ilir:b"".•
m1bon.......'l••nd "ip "",~,
....tfllI,

Bib1tornPby

rl) n,,JI~ti,, 'l6. I""" SUIt <'ollelle.
.. Tllf 'h...,ry· nt or•..."•• l-t.

",. rl_d "'0011111 in Ih. Ii:;ht
of 11,. 10'''''' UI".i1neol "b,.
Anl..l> M• ..-l .....

(l/l I'ubll~ Hooul .. \.<>1. 1, :-", II.
.Ionno.y 1m. I"'. :!'l3.
··t:,,"h 1·..-u.... "" Ca'~

1"1_" by 0 11 n ...""" ( ....f•
~ '1U1lI", portiotl ., •
~.- 011 "I>e.tl¥o. of Cnlrert
I~ ...... " by n. Willi.", Caio\_

" l\nlloo(in 104. Iowa 'l'.I. Col"
"'"rert;,r.'- of kIoILt ....
III..... ..-l i... p,,,, enl...,rtI
...... rort tn.... br 11- G
!<poo..,w

t Bulldill;;o, I."", sw.o C~_
..C_ r. lam
I"'" i ., ..,. W- J
SeIlIIM; ud J._ 'I\" J,......_

~I llul1~1i. I~ (0.... $tal. Coller.··Loood. \Ill pipo ......
II,....... •• br W J 8eIoIid..

Uot 01 ..... _ .00.-4 100 Coli·_H....- P ioW_.

.0_, ,••1--.---.._ .. ...­
'1Cn:::.. lin .-.n.' 11,-

..~ -
000_. " •.......-...-_ -

,..._ ... 00" __" ",..._ '",-
.._ .... " ••- '-"""-- '-<-..... _._ _.. ....-
, ''''-

'_ 1••J- __,.-..
......... 0' " _J._.,., , '_ (.., _
.. ".m",. m ...-..

...-rr, II" _l·"" ..' 'J __ .........
._ .. ,'ol ,....", ,." ,........

C"li!or,dll 1-ligbll'tl)'1 Ilnd Public wo.L (,.••,....J)



Traffic Actuated Signal System in
San Diego Solves Congestion Hazards

By R. B. LUCKENBACH, Dishict Traffic Erl9ineer
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has three railroad track crossings with
preempting track circuits, all of
i~>hich are used extensively.

COLLISIONS WARE PREVAL~~TT

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 buttotl,
or a contactor in the street. Over-
takin~ collisions were prevalent at
these intersections, and one or more
property clan~a~~e aeciclexits oecurrecl
nearly every c1a~7.

~ike~~ise, vehicles frequently ran
the red lights, seriously endangering
the pedestrians and requiring c~n-
ctant police matrol. Police direction
was required cdurin~ peak periods at
severa•1 locations, Cr6ssin~ was very
hazardov.s, both for pedestrians and
vehicles, particularly for single pe-
d.~strians, ~p~eds averaged 25 to 35
miles per hour.

PEDESTRIAN ISLANDS BUILT

In addition to the sip-foot, curbed
center islatld for the entire length of
t ie project, small tapered islands
were included at each approach to the
si~~nalized intersections. P.,e~ular
three-li~;l~t traffic signals were placed
ou eight-foot stancl~rcls, with a raised
base on e~.ch center island for vehicu-
lar indications.

'1`~~~o-light "Wait-Walk" signals on
six-font standards were used for pe-
destriail indications. Pedestrian push
buttons ~~~ere placed on each "Wait-
Walk" standard, and on the center
stancl~rds in the wide highway.

I3IGII PL+'AID TRAFFIC COUNTS

Traffic. counts taken clurin~ two
clai>s in February, 1943, show 15 min-
ute voliiriles entering the Laurel
Strut intersection as follows

P. M.ThursdayFriday

3:Oa-3:15 ------------ 469a84

3:15-3:30 ------------ 5'91„ 385

3:30-3:45 ____________6576fi3

3:45-4:00 ___________.852570

4: Q0-4:15____ 492664

4:15-4:30 __.._________635770

4:30-4:45 ____________548485

4:45-5:00 ____________59955&

PeakPeak

hour ______________2,63$hour ?,767

INT~R~'ALS TIMED BY TRAFFIC

Observed operation of the signals
show a wide variation in timing as
the traffic pattern changes.

A typical timing of
green indication Burin,
~~o7nmes, are as follows:

A Phase, B Phase, A Phase, B Phase,
Secs. Secs. Secs. Secs.

~1 18 32 18

consecutive
the peak

A Phase, B Phase,
Secs. Secs.

26 19

3024•57222520

°•4~2447191716
~5234(S173022

331332152714
632239193519
4&2025123823
2E1735143621
322737253720
37234~0153425
36203014342'6
4022'5g113229
40243d155023
5123362d3124
~323 _3119'3324
3G205~16-2418
472230~18

➢IAGN~TIC DETECTORS USED

Vehicle detectors are a magnetic
type that operate by the passage of a
car, inclLtcii7g a small current in a coil.
placed nncler the pavement, which, in
turn, is amplified b3> an. electronic re-
lay- unit to operate the controller
rela~-s. A four-foot detector was
nsecl in each lane of travel on the Pa-
cific high«~a~>, or a total of six at each
intersection.
One or two six-foot detectors ~~ere

used on the side street, depeizclin~ o~~
the volume of right turns. Two am-
plifying relays were used for the six
detectors on the main highway, the
two outside ones on one approach,
being connected in series with the
ce~7ter one on the opposite approach.

PUSH-BUTTON SIGNALS

Separate pedestrian interval timers
ti~~ere used on each phase. These tim-
ers consist of a small synchronous
ii~otor and necessary relays to operate
the "`Wit-Walk" light. The pedes-
trian inc~ic~tion rests in t11e "Wait"
position until a call is received from
a pedestrian push button, and does
izot change from vehicle actuations..
The pedestrian call also registers a
single vehicle ac~u~atioi2, so that at the
~Zext el~anme in phase, the "balk"
light comes on with the vehicle green.
"Walk" periods of 11 to 15 seconcl~
were used with a protection period of
4 to 7 seconds, plus the amber time,
which tiraries from 22 to 32 seconds.
The sv11chroxious motors have vari-

ous cycles and will repeat after a full
cycle, pro~~iding• zio call his been ieg-
isterec~ in the opposite phase. The

mii~iinilm green without pedestrian
actuation is 6 to 10 seconds.

T~vo of the intersections have ~i~ly
one side approach. Both have very
heavy pedestrian movements, with
vehicular traffic on the side street be-
irzg pri~7cipally right turns front east
to north, ~ncl cori esponding left
turns from north to east. Pedestrian
indications were used only on the
southerly cross walks of these inter-
sec~tions, and southbound left tLlriis
are permitted against the main high-
way red indications by use of a ~reei7
grow signal moLU2ted five feet high
on the center posts.

11 pressure sensitive vehicle cletec-
tor «-as placed in such a position that
the left turn vehicles would cross it
and hold the si~n~l to permit several
such turns. Due to the elimination
of mane center curb openings, "U"
turns ire permitted at these inter-
sections. The left tliril movement is
mace by crossing a normal west-
bolincl left turn, lout no trouble has
been obser~red from this minor con-
flict.
During peak periods, when the in-

terval is held by the pedestrian move-
inent, this device operates very effec-
tij~eh~ and. safer>, as the left turns
call be oracle without conflict with
either the major I~ow of vehicles or
pedestrians.

SATISFACTORY RESULTS AGFiIEVED

The installation m~,,y be said to be
thoroughly satisfactory i~2 that it ae-
coinplished_ tl~e desired results. Ve-
hicLilar mQVement is remarkably uni-
form and smooth. Del.ays are. short
ai1c1 infrequent, and the entire system
can oftei7 be traversed ~~~ithout stop-
pn2g.

Pedestrian observance is rattier
poor on the side street "W it" lights,
but quite good across the main high-
way. The pedestrians are observed
to walk much faster, group better,
arld stra~~;lers are breatly reduced,
so that traffic is seldom held Llp at the
end of the. red period, due to pedes-
trian interference. The few str~,~-
glers or persons clesiriizg to walk ab-
~ormally slow, can take refuge on the
center island,. with safety, inhere they
will not hold tilp vehicular movement.

Tl~e signals are equipped with
blaclzout shields, and operate 24 hours
a day.

Rufus : "How are you getting along with
-our arithmetic?"
Susan : "Well, I've learned to adcl up the

oughts, but the figures still bother me."

~Fourteen~ (March 1943) C~~~,~oro'aaict ~Ia~havays and I'ubd~c~ works



Effects of New Asphalt Rationing
and Restrictions on Highway Work

By H. B. LAFORGE, Assistant Offic£ Engineer

J. G. MEYER, Assistant Office Engineer
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Pltehinll' re<jui nbil for • C.I01,d..
}...... Thia ohllUld itl.lnd~ • It.t.
._, of tI'e mile! or ...,. in "'I''''''''
}.. rdl ..f hit"minow .--iIto be ",.in·
Uoin'" U>d. L t.bul.lion of ,he 'l"a,,·
litift or uphaliie n,.'erial .-i f...
"mil.r..-oril in ~ pn"iooo y..r,

The .pplieoolion .-.1 nnl he ....om·
.,.nied 101 tk'.il~d m.po .nd """ Ill'
elude ""'t<ori.ltn .... "oed In remialn"
,hnrt _io"" of .,;1·I ....ted I'OlItII
thr-outrho"l (he 1,.I'rm wi,bonl. >leII·
ni'e ""mmi'",",'l r",., ,he "l'pli(oant
.. to lhe 'l"",il!e pot1ion '0 be ...
pai",,1 by Ih.. tDelbod, The ~itll.led

.- by qllntetll' pecioda oI,,,,,hI be
i"di..I..I.

,\ -..ll<l .pplicalion may be o"b­
mil,.d ""•••i"l lha .'''' ....1 ~ui~
"'0"1.1 foc ,...i"I.,..".... WO•• _..,.1...­
I.'¥" ....1. _, _I wor. and I'f:It"e<Id
;"e "r bl."keti"l1_ 1'bil appli..II.."
1111..,,1<1 .Ian be on III e,,,i ... el,y or
eIlU"IJ' ""'<ii, .,,01 """ul>l be aet<>m.
panie.-I 10.1' m.I" whith i,,,I".le hl'
"umbe. the loratiotll of lite "",..,nIl
proje<-lI. Th_ llumbe....houlo.l Ii.

ill wiil, nil ."""hed ,ab"lation 0100.'_
ill!! for eae), projee, ,he tennini. the
II''''''' and net mil .... ,ht 'ype or "",.k.
the ,,'idlh. ttl' kind o( ..ph.Ui. pn>J.
uel to be uS<'<1 ond the ,hi.b,_ or
"'0 of "pplic.'ion.

The ntnOun' of "<phl,ic materi.l
"",-'tl in th. pre<""-'ing ,·e•• for .imillc
..-orlc '''""Id 01"" be .100,,.,,.

It ''In.'' be d"';r.bl. 10 lub,,,it •
third npplic.'ioll for tl,e he.vier
bl."l:etill'" WIlclc r"t~ .. thn illchule
.\och ""'0"11 Il'e lillhtec bla"kell .",1
...1. in lhe _omd .pplica'io".

.....""TIC.. FOa ,.""" ........

I',ojeela wl,id, will ...nlt in m~le­

.ial in,pruwlllent. all.1 <.UMI boo
<1-.1 .. rtl'la mell1. rootoratiou OT

"""",di,iolli"ll" ron.Wered ""'"
>lrnclion pro.ieel>! ."d lui"" """a·
nU. appli"'lion, for eh """"Ioted
I'roject.
T~. ranl.tiek Ity ..'~i,·h l'n'pQlIeil

work .. "",·i.,,'..1 .. It"" "i"Cll and Ito
a.ran"",1 ..,,,,,nellelnll ...il~ ,h~ t)'J>I!
of ..-ock nlOO' likely to r_ive 'avo.
abl~ ..tion .IId N.lInll' wiU, the tYlle
of ,",ck .'bieh m".t ~...;ve m"olt
..... r"l "Indy bo,h It,. the ."pllo",,'
.nJ 11,. tI".1 ,..,viewer.

(1) JIlajntenanc•.
(.1 h'~ w 1.'..

_,~ 1>0 ~_"..... 'n ..
.~ , ,,~..L

(.1 _ ,"'.~. oho~'~ 1>0 ••••
"Il~," '" "...,~...

(I) ,~,.ft"•••••~••••1I. """v. m"~·
,....__1<1 1>0 ••_,....ft ,....1•• ·
.... t. __......1....

(2) Goutrnc'ioll.

Only ,how tcHlAtrnc'ion projeeto
which """"ld ... eligibl. for • p,..,r.,..
WI!<' rali • .- oro.Irr aneb .. I'.llIe ...."'ld
I>e "",..Jder-ed fur ..,,,,,,nlet;"n. On
lh_ p.-..-l """"troe!ion projeeu
... disli"...,itih"d from m.i"te"."""
prajeeta eono-.idel1l'lon ohohM be winn( ,....'"1

Cd/i/ornitt Highwd)" dntl P"blic WorkJ (Ill.... nfl) IFif....1



Elimination of Rindler Creek Bridge

Bottleneck on American Canyon Road
By C. J. lEMBY, Dishicl Office Engineer, Distlict X

I ~ lbt laUe, 1)8't or 19.'16. tbe
A_rita.. Canyon Cut·OtF. in
801&1>0 Counlr, utending fro",

CO"lllin.. Ihidll'll to _I of C""leli.
'''' U. S. 110010 <10, St"", !Iil/lo....)·
Roule 7, oolllpletod and o~ned

10 Ir.m two-I..,., pooved high.
....y. "".'I>ti".. abou' 1.3 1Ili1... nt
w......,la"e 1,""0",,,"1 b<!t....... ,"" \'.1.
~ juntli<:>n and the D<.ni.i. Ro-<l.

AI Ihi liUle the ""lume ot trats.
......bout .1.500 v.hid", per day.
Sin~ then ,he tram. to., Iho",••
.~,. in.,..".". up '0 1!l41. when the
l'l,md.,. IrafIko "'nl'" "'0...0><1 for.
16-hour period th'l the volume of
tr.1I\.o w... app",aimate]y 9.900 '....
hiel... In W42. th. >lunda,. tnlllo!
tell off \0 oOOm R,700 ""'itl.., .....
d ...""".. III "holll 12 1"" """I.

Wil.lll.lJe .on,ta,,! ;110........ or ,ra'
lie, tb. I_lan. high"'.,. thro\1~h lb.
Amni.an Co",·"" bNlame 0,.,.,,,'<1.<1.
lJe<,o_ of the tOI"¥.... phy .",1 e9u"·
try i""olved, IOOl!: ,.-ad....~ " .........
..~. for pocoo... of ,h" I"QMI

'UMROOI18 .....rnc .....L>l

The yolume of IM,.k trall\e ....er
Ihill roUle ill l&l'lIc a1ld the .peed of
Ille hN\')' vchiolelO I~ .10wN!. down
nc)" mnoh on the 10"~ grod"". Thil•_,0<:1 I lJrriolll l ..fIIe probl"", I"d
....."It"" in leye...J _id."t.t. To
....",..Iy \h," eondi,ion, it ..... n_
oar)" tll proY"le oddilioull 1...1ll.
11"01 Ind wi,'~ th. roadbN!.,

A """"trMtion projo,.t In 1941
wminllt<l .bout 2.3 mil... of the t....
lane JlIIYtmtnl through the wld.~i"l'
to • fQII.,I.... pIIY.lOent. 'tllil work
....81 d_ribt<l in .on Irti.le hy llot..rt
Eo I·ie....,. IPP"*nq. in the Olliforn'.
IliKh'lYI I"d Public Work. 111 I)e·
ttlOber. 19H, ianI...

!let.,,"" of th. limit«l fundi IVlil·
.ble ., tlllt limt, 1I'Idtni"IC of the
portien .el'<lM Rill,lIer C.-.ek bridllo
.nd the 6J1 .pp_eh.. 10 the bcidgo
'"'" omitted Witll the oompletion
Ind opt'llinl to tram. of the fonr·l.lne
""ito "" Nth sid. of th" brid~.•

bottl."..,. wac ....... tod b)' 1M n••·
ro.....r portie" lIf I.he _d

RindJer Creek hrid,1 ..... buill in
the o.ilIi,,"l ...".tr""t;o" of th" .I.~.

...11 Canyoo p...~ 81 • tempoc• ..,·
timMr .tMldure ",Ill, I 31·foot roAd·
bl.'d .nd lboul M 'fd. i" h.il\"l,t •
meBl",.,.] .boYi! th. n.t"ral "round
I"".!.

.'.ID'" l'lI<»'lD~ rtLL TI:I.,..,.

.\tter "od~'i,,'1 """e 1 methodl 01
""rNclioll ....hi.h i",·oh·.d. (I) wId.n·
inlf ,h. niRin( bridlC". (2) ""nIlMlel·
inll". n... b.id~, Or (3) ...moving tiro:
exi'line brid"", Ind ... pl••dug it wilh
I RII, il ...... d..idod to tollo,,· the I",,,
pll".

(,'UI olid... in II,,, Amerieoon C...von
• bout o"e·half ",il. in both d'"""'io,,.
alonlr the hlghw.y r""m Rioo~r

Grftk ha.-e bee" l1I(>yi0fl" .lnd eo""n.-
....m.I.r.bl.I:<I"eern tor !leVe 1........
The ..n!oadin(l' of th.... olid wiill'ro·
,-;d....m.fent mal.rial for ""t1lIIM'."
inlt Ih" nIL tl,....bl' "killilli two hinl,
"ill, 0'" lion.," vi&, elimin"e Ihe
lH>tt)e,,/'('k .nd rtdtl.., if nql over­
('(lIlle. Iho .Iide dillleol';'" 'fh....
.lid.. hne r"'t0;r-od a ~t .."""nl
of ..... inte".oc-o a"e"lion a"du~
oin<!fJ th" original gcodln.- proje.:t of
,h. A,"";.on Clny<>H hl,ll, ....y .

cu.'·>;II" TIlllOl!lI" FlU•

Rindln C...... iI. ""'t"..1d..il1Oge
(or the odj.""",t ........nd itll'eb>O'l'llllt
Ihis bcidge, provilio... h","e t..en
mad. to CUT)" the drain"",,, thttlurh
lb. nil in • n.ld·..-mblod 1'101" ea.1.
...-rt lOG ineh... in diam..ter. :no ffd.,..,.

The propooord W<>rk will e",,";"t of
1'('I1IO"in( lhe mlio@: brid~, inllall_
1"1< the Reld_mbled pilote <"IYOrl
0,,(1 oo...trueti!lr: • l"Ild~1 _dbN!.
48 feet in .ndth. witb • Portlal1d
ttment oon<n1. bat +4 f~ ..~Ie
Ihlekened .t ed~ .nd Intertnl'd••le
qtLIl1.r point.t.

Tbe Ihielln_ of the Portland
""",en' "...".,....1. hue will be 0.00 (not,

ilJ.I'>! ~I!1K 10 O.j~ foot in 2 reet at
ed~ "-,,d q""rter pointa. Th'. I:<In·
_rete 1>0.. will be I:<Iv..-..I ..,tI, .II
..phaltle ""ner.1<' p""tment « f ...,
"'>.U by 0.25 feel in 11llekn-.

l'he .p"..,.<I",. 10 thi. (I....ri\>ed
i,np""''''''''''1 will ""1lI'.t of "'idenl"lr
Ihe uilftioll W.feot l.. ,'.m."t to H
red b" _Iru"'illll' two 12·fOOl
\'ort).n,1 .........'1 eou.rete ....ide"I"~
otril'll O,r.o foot ,hi.k II Ihe ",,'e•.
iO""""''''l( 10 0.75 fOOl Ihid< al 11>0
outer 2 I...t. Tl,_ ";d""in. atripo
will be ..,.f_1 wilb Illphooltie ... ,.•.
men' 0.:!-5 foot thic1<.

1ll<TJ.WII or wOll>:

Jnwl,'ed in lhe propoaed ncl< ill
Ippm,i_lely 89.000 ."bi. y 1$ of
ueo".llon fo. pl""i.., in ,he "ew fill .
700 to". nf .".haltic t"nel'el. JNI­
m..,t. 775 c"ble y."'" of ('1_ "B"
l'onl.nd "..",."t """.....:........ 270
I. t, "t lleld,ol!lfll!l1lbl..1 pi.." ell1""l1.
I1ld '·•••1 otl,e. In,-UI'''''',," it.,...
of 1<. Th. tt>1J1l1en~hor the l,ttI·
r-:-I pl"O';""l iI 0.5 of I mile IOIlIl ••,,1
i. 'melee etI'I\trael by 1.. Hi_tti 1/ ~n
.t on ~»J'l'OIitute l'<IIII ,,' tHO.OOO,

~l'e~ll'" of the ,net"",enl ...... th.c
",.kinK 11,e ground .." ......l<Ibl•• the
....nll.n.tio" aot.ivi'i~ hlI.~e \lttn .m-­
pended .nd will 1>0 ......med AI _n
II ......,ber .nd llr()U',.j ~ili_
permit. 1[,0. A, K N"It~ io l'eOIldenl
enl/in..... in .h• ..". of en""ru.tion f...
the Sllle.

New Asphalt Rationing
'Co.".'" rr- _ '"t

to on i"""."",l tl,i,k".... of unl"""I..1
~ to pt'.mit of • minim,,,,, 01 ....
phallic: material in Il,e .od.... Bow·
"'''', d..lJl-n. hued on nor,",,-l r..to..
01 _.v .lnd InJI\e "'''''iee .....­
cepllbl. it ...,haJtie ",..",rid. are
I"oll.ble, .nd the 1",,"po'lOlion
p""bl.m ;" not <ulllcien,ly a.ute 10
control u...

Completio" ot 011.....1. ....n- ";Ihi"
bono fide h01"inll projeeu ha... heoell

IS;"tee,,1



..-.idOftd .. _lilll. allhooch in
m&<lJ' ~_ rtduttion ,n tbi~t- of
bilUmtnou. illrf_ from lbe o....nal
I'W. haye beoen n,.<1...

II aI>ou~1 ~ '101.e<l th-r lu i.......n~
"r en ..ph-.ll ~ni/l"le 00... nol re­
li..-e 'be """ipi'''1 of oompl,.i,,8' ...ilb
"tho. ~'.,.)"..l Ill'gUI.,io.... ,n,h ••
('O""""'"l'on Order 1.-11.

I! ."" bll ttNlil,. ""de"loo<l Illat
th' tro".porlotiol1 problem b)' nit
• .,d, 10 ° 1._, d.~""" b,. 'ruok. ;"
"'0'0 ..ri"". Ihn 11,. ,".ilcbilil,. ot
c.pl'cHie 11NX!".1lI. u".ptiUll' the
r<H&d "il •.

I)urin" ,h. "'c. II ;" -IT to
_Iriel 'h. u.. or I.oor, equijllD<nl
...,<1 ..... 'rri.l to I~ full'- """,,ible
UI'''1, ,1 (111)' .h. 11100\ -.:11..1
"",k, b~b 'on not ~ p<IIOlponed.
>II"uld 011.1111"«1 In o;nJenJ. """"on ill bei.- """'" 10 limi' ~ qUUl.
lit... ", .oplIail uooed to DO! more thu
_ hair or tJw. ._,,1~ ill,_1 )."'....

Tbe~ order reftn'ftl to, or
~liooISo. 61 . ..-rieI.o the
.......f........ of uplW,.. prod"",," to
lk '01111";,. f.-.,..od.. ,

ASPHALT CI:IIOJfTlI:
".Hll'TIIATtOH IlAHQll'''''''''''' _

,.. '.·110. HOI·__ ".-..
~_'·A·_IH ..
_I."" "·11·_ ,'''''''' a, ,~. no...- _.__..u.. _II ;. o. 0'_
I ..-1 _ se ..

lIUDW'M CUJUNO CUTBACK:
A8PHA.l.T8:

Me·l. lIle·1, Me.". Me.s, " ....,_i.....I0_ 1'1. {J ••• 20, 1'9'11)
••4 "·11·_ ' 1.. 1_1.

RAPID CURIlfQ OUTBACK .1.8.
PHALTS:

lie·, •••• '. IIC·I, IIC." RC."
" ......1 ._IIIo.II.n.-. 71. (J~".

:zo. '"'I ond 11·11·-.. ( ill'!. 1142j.
,co.""'" "" _ If' T ........, , 111.4'" c k b.id.. i ,'••n Cooy.n '0 bo ,.". by OU_ ood

bol I , .", bo;n••, d I , " '~..~.h ~II

e"li/on,;a Highway. a"d Pr4blic Work. ("''''~ ""J



New Freewa tructure hove ~ ~
Tve~i tin an Turnin esi ns S d ~ ~ ~

By L. C. HOLLISTER, fridge Design Engineer

THE Pomeroy and Soto Streets traffic interchange structures
now nearing completion in Los

Angeles Give the highway user a
glimpse of many interesting things to
come in the shape and form of free-
way brides. These structures for
the freewa~-s of tomorrow will take on
odd shapes and new appearances as
they ttivist and turn with the iilter-
chan~e lanes which mLlst weave in
anti oLit, under and over, in order to
provide for an endless flow of unin-
terrupted traffic.

These structLlres are a part of the
Ramona Freeway which some day
will extend from the ~11iso Street
Bridge in Los Angeles to the east.
This freeway is typical of many oth-
ers needed iii California today and
on which it is hoped constrLictioil can
start ~t the close of the war.

INTERCHANGE TRAFFIC

The Pomeroy and Soto Streets
structures provide for the inter-
change of traffic between Soto Street,
an important traffic artery, anti the
Ramona Freeway. Traffic headed
izorth on Soto Street may turn west
toward the city onto Ramona Free-
way by using the Pomeroy structure,
and city bound Ramona traffic may
turn south onto Soto Street by using
the Soto Street structtiire.
Highway structures have been built

before to provide for curved align-
ment but few if any have ever been
made to provide for the twisting
curvature, with reversing su~er-
elevations represented in these latest
designs. Construction methods pre-
vioiisly used have always been mean
to build and abortive i~ appearance
wwhen completed. Realizing that the
freeway of the ftiiture woLild have
many structltres with similar de-
mands, amore satisfactory solution
was soilght.

Ii~einforced concrete girders built to
conform to the sharp curvature anti
changing superelevation of the inter-
change lanes seemed a reasonable solu-

tioii structurally as well as aesthet-
ically. Each of the structures, which
are about 400 feet long, was con-
structecl of. four concentric lines of
continuous curved Girders from one
end to the other. The girders were
boxed in pi ovidii~b a smooth surface
top and bottom giving the structure
as a whole t11e appearance of a co~i-
ti~~uous ribbon of concrete bent aid
twisted to the desired shape.
In addition to the horizontal curva-

ture, the bridges coufor~ to a verti-
cal curvature, anc~ a chai~giilg super-
elevation up to 7 per cent. The
superstructures, therefore, resemble
elevated box culverts which curve
vertically to conform to the highway
grade, tilt sideways to conform to
roadway snperelevation, and curve
horizontally to conform to the high-
way alignment.

REVERSE A?~TD CO➢ZPOUND CURVES

Fach structure has four lines of
girders spaced at 10 feet, aizcl al-
thoiih the spans vary from 40 to 70
feet a. constant girder depth of four
feet is maintained throughout. One
structure has girders built on reverse
curves of 200-foot (29-degree) and
615-foot radii. The other structure
has girders built on compound curves
of 200-foot and 1,360-foot radii.
Because the foundation conditions

required the footii~~ pressure to be
held to two tons, and because the open
column bents appeared more flexible
than usual, there was at first some
concern for the possible effect of the
combination of temperature, shrink-
a~;e, and torsional moments on a con-
tinttous e.urved girder design. Con-
sicleration durinb preliminary design
stage was, therefore, given to simple
span, straight girder construction for
that portion with the 70-foot span on
a 29-degree curve.

DESIQN CONCLUSIONS

The conclusions arrived at by a
comparison of the two. types were as
follows

(1) The simple span straight gird-
er type «gas found to cost consider-
ably more.
(2) For the straight girder layout

the development of the members for
the sharp curves, with abrupt changes
in grade, Gild superelevation would
ham e beep difficult and awkward,
«~oulcl have required more head room,
and ~~ould have been less resistant to
external side loads.
(3) ~'Vhile the construction of gircl-

ers curved in a horizontal plane was
somewhat unusLtal, there appeared to
be no forces, moments, or torsions
that could i~ot be adequatel3~ proviclecl
for b~T reinforcement and proper eon-
strnetion details.

HORIZONTAL CURVE COMPENSATIONS

(4) It was further concluded that
the difficulty of foril7ing the girders
to a horizontal curve would be more
than compensated for by the simplifi-
cation of other details, such as : Con-
stant distance between girders, eon-
stant depth of girders, aizd constant
overhan.~ outside of girders.
(5) The straight girders n1 con-

trast with the sharp curvature would
result in an unsatisfactory appear-
ance R~ith varying dimensions anti
a«~kward cut-up details. The curved
birders on the other hand presented
a structure `~~ith pleasingly conti~~n-
oils lines aid surfaces.
Design analysis indicated that al-

though the middle ordinates of the
70-foot curved beams were approxi-
mately three feet, the torsional ino-
meilts c.otild easily be counterbalanced
by: (1) Special reinforcement of
;ircler `vebs, (2) by the use of clia-
phragms at about 15-foot centers
ribidly tying together the four lines
of girders, and (3) by the great stiff-
ening effect of the top and bottom
slabs of the box birder construction.
The torsioi2al reinforcement was

composed of two groups of diagonal
stirrups inclosing the four surfaces
of each beam. The bars in the verti-
cal surfaces were tipped at an ankle

~Eighteen~ ~MaY~hI943) Califon°nia I~ighways and P~~blic Works



VI f ..i 1••; , , ••~ i ~ ..- n•• _"'pl., Oft II F y I. L •• .0..1.10.

P , ""0'.". , , " , ,. a, .
....... ...1.11 " .. 'u 11' '

;"furctd ."menu, ,ir<!"" 00 horioon·
1.1 en",'" .. liotal in th. followinK
l.bl. ,

"•,
•o.

--"::\"----••..............
P.._ e ~ __

P.._ e ~ _
,.".... A~ _',h R.f... V;.,.....
..__ G.loh •• _

~o

om

••...0­-

lin. "ilh lipo Il'lieed '0' eonll"uilY
...,"" oupport'l<l by IdjUltllbl. bolla It
.i.·f"". ;ulerv"l... Th. bottom ed~

of Ih.........1 "'AI lh". <lOIill.a"tly
mainta'''M It th••l.ntion of doe
finilhM """,,'"",. deek. S"~ ........
lOt to pro.ide for on~balr itlel> of
umber in tho 40-foot .pa,," ."d
thffil·founb. i"eh of ""m~r in the
70.tool .pan..

C"liforlii. h... e<m.trueted other .....

111""""0 Of' IClta:DII

Sin... no ......ring ourt.... "II
pl-J 011 Ih. <'Onorete deek eonoid••·
Ibl. un .11 tIIfIiI in f1niob.in~ to •
POOIb pad"- IAIngitodinll 2-l>y04­
IMh ..rel!dI \ue."", It .ach gutter

uf 45 dog..-. pc>intlna: up.utl to-
,,'no:! Ill....",... of tho 11I 01\ IJle
00"""'" .id•.•nd do..n m 'o...rd
I~ ..,nl.r on lbe eon• .,. .id,,-

At Ih••"dl of Ih. lirdo.. the lot­
';OI,al momenta "ere ......ive<! by
hNvy ~n' ...... ,,·bi.h tranof.......J
,b. t<>rqll<! '0 tho e<>\um... lnod eVU·
tuolly 10 'h. footinv.. Toroional re­
int"""'.....". Idd"" but. f....li"" ot
I pt'I' .."I of !he eoA of 1M Ilrue'1""",

Ooring _",",iIm !he alill:n_t
of lh. 'iro........ I«OIllpliohcd b1
10Wffin, plumb bobe Ibm..... _.11
bol... bored in the bouoon al.b fo.....
to.n "",ad loyoot nf the rinl_ pre­
viunJll,. n>ade On Ih. VOUnd

To ri1"8 ,he oulOid. rinl... •
smouth ",,",M Itlrl..,.. flv"""'ia'htu­
inch plywood enondi"lt the full
~ nf ginl.... ..,......,.;1. Rolli at
l6-inu """Ie.. d"". ,h. fonnl inlO
p1_ and MId lbe:m flnnly in lin•.
Furmo fo. !he inoid. rim.".. and
1Il11Obl that are hidd.., from Ti...
wen: built on ""on ebord..

Cali/or..;" ffJghw"YJ .."d Public Works (Ill........'"' ''''I IN;"...... )



Asphalt Rationing
f ..... ' ' __ "1

11.01' ...rI... _ -.loa" IIC·'_7 ... .._ ••10_10 ....
-.. ' ' ... --

UIl1Ul7tZD .....a..&.LTS:
"HI I, II, n•• v. ,,-. Is

" .......114 '''.7 7, _I _ .
1M. d _ •• , ....... _.

t:lI1or1uau1,.. doe __ did _
lab ;"t.t tIOl>Iid.....u.- tMG~_
Ia _11lodt, ..~ ud. d·...."
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