EARL WARREN, éj:uuﬁlm 3{ (ﬂ{ffomm

JANUARY, 10453




CALIFORNIA HIGHWAYS AND PUBLIC WORKS

Official Journal of the Division of Highways, Department of Public Works, State of California LS A

C. H. PURCELL, Director GEORGE T. M'CC_O'}", State Highway Engineer 4. W. HOWE, Editor K. €. ADAMS, Associate Eth:r

Published for information of department members and citizens of California. Editorns of newspapens and athen are privileged to use matter contained herein
Cuts will be glul-p loan=d w request.  Address communications to ﬁlﬂu-uh HI;hmw -n:l Publie Wurlu* P D Bu 1499, Slutmuh Califomis

Vol. 91 JﬁNUAR‘I’ 1943 Ms. 1

= - —— —

Table of Contents

Mayge
Planning tor Construetive Public Works After the War is Aim of
Governor Warren's Administration___ . __. Fo 1
By Earl Woiven, Goverwor af Califeraia

Governor Warren Appoints C. H. Purcell Director of Public Works,

BT e ey o P S oS R 2
Pureall Rrpnrl Tells Many TDrastiz {hnngﬂs in Highway Aectivities Cansed

by War__ O A=
Multiple Combination Bank Protection Constructed onm Eel River near

Dl S e e e e e S T e e e T 4

By @. A. Tillon, Jr., Assigtont Constrnotion Ewgikder

Photographs Showing Bank Proteetion Installations on Eel River . - 4= B
Culvert Outlets and Endwalls on California Highway System_______ i

Ay K. Bobisson Rowe, Aavistoni Engineer, Sridge Department, omid
Clarence F. Woodin, Aswisioni Weintenonce Engineer

Graph Showing Colvert and Apron Veloeities. _____ i
Sketches Showing Seour Hazard Plans and Conduit Flow Conditions____ i
Photographs Ulnstrating Ontlet and Wingwall Actions under Flood Con-

AonE e e e e L 8-10
December Survey Shows Gasoline Rationing Cut Traffie 65% of 1941

Bruires o o e e e 12
Steel Serap from Old Highway Bridges Salvaged to Build New Stroctures,

Mustratel co o et s e s e s 13

Ry W, A. Douglass, Amociate Bridge Englieer
Before and After Plotures of Salmon River Bridge at Somes Bar Rebuilt

with Steel Salvaged from Russinn River Scotin Bridge_ ____________ 14
War Department Praises Report of O. J. Porter, Senior Physieal Testing

Engineer, on Airfield Runway Deslgne oo 14
Hazardous Traffie Situation on 1, 8. 99 North of Bakersfield Be:mz

Bliminated by New Four-Lane Highway_ e L 15
Constroetion Views of New Four-Lane Htghwn;r North of Bakersfield..__ 13
Section of State Highway 171 Through Buena Park in Orange County

D IO o et s o i i immi e i S 16

By A N, Gearge, Disdeigl Construetion Kagineer

Two Views of Realigned Four-Lane Section of State iliglswnv 171 Throngh
B P R o A U [ |

Bridge Enginesr Again Wing Welding “l‘ﬂl!ll Award, Nustrated _______ 19



Planning for Constructive Public

Works After theWar is Aim of

New State Administration

By EARL WARREN, Governor of California

ITH our Nation at war, we,
s Californians, must give
our first thonght to rendering

full and effieient assistance to the war
effort. We must, in all departments
of State Government, center efforts
upon  perfecting and  streamlining
State cooperation in the war effort

While we face no greater immedi-
ate challenge than to turn loose the
full power of Btate emergy in the
development of contributions to the
war effort, we must also keep in
mind the companion problem of pre.
paring for the let-down which in.
evitably follows a war. I hold that
it is possible to plan now in a man.
ner which will add to our strength
when these post-wur tests occur.

Each department of State Govern-
ment is now eonfronted with a dual
problem—the streamlining of efforts
to speed the day of vietory in the
war and the planning for the peace
to come. Patriotie duty s now eaus-
ing disloeations which will later corely
test our reeuperntive powerd. As we
plan now for the full utilization of
manpower in war effort we muost,
therefore, also plan for the full utiliz-
ation of manpower in the days of
petce o come,

As Governor, it is my intention to
afford Mr. C. H. Pureell, the new Di-
rector of Public Works, all support
possible in the advancement of solo-
tions of problems covered by this
broad policy. Whatever i8 regunired
in bridge and highway construction
and maintenance for the transporta-
tion of troops, materials and supplies
to advanee the sneeessful prosecution
of the war, will be done by the De.
partment of Public Works. The de-
partment will continue, through its
Division of Water Resourees, to afford
every protection possible to transpor-
tation and communieation systems
and to farm lands and eities in need
of protection from winter floods.

As a planning ageney of State
Government, the Depuriment of Pub-
lic Works, will have an important
funetion to perform in helping to
streamline our prepargtions for the
post-war period. Vast shipbuilding,
pirerafi and war material indostries
are changing our economy. 1f we are
to move lorward rapidly after the
war, we must plan those things now
which wsttract and hold industrial
effort which affords employment for
our manpower, Proper highway and
patural resourve development will
play an important part in encourag-
ing such industrial aclivity.

The Department of Public Works
ean also make an important eontribu-
tion to State welfare by planning
safepuards against actual unemploy-
menl during the period of transition
between war economy and peacetime
BOOTOMY,

Many phbases of public works are
adaptable 1o a construction program
desiened to reliove conditions of un.
employment which are eertain to oe-
eur during the post war adjustment.
Copstraetion of public buildings pre-
sents some opportunities. Highway
construetion will play a large part in
sueh a program as it s one of the
most fexible of all public works im-
provemeniz, The units of n highway
program may be changed in types of
eonstruction and to fit in with varyving
ratios of available men and machin-
erv. A well planned highway pro-
gram may be carried forward and
stopped at most any point and the
benefits to the public of the invest-
ment immediniely realized as far ns
the improvinent goes.

These projects will afford not only
employment but an opportunity for
the resettlement of returning vetérans
and those affeeted by the post-war
shift away from industrial centers.

With all phases of construction now
curtailed to projects necded for the
war effort, the principal netivity of

the Department of Public Works is
ane of maintenance and planning.
The wse of mvailable funds and per-
sonnel in preparation of well planned
and properly corrvelated programs for
the future is important. Planning
now, so essential to proper and nseful
expenditure of public funds to be
made during the adjustment period,
will involve eareful consideration of
many faetors.

The eomplexion of California is be-
coming more and more industrial
The 1940 census, giving the State a
total population of 6,907,000, revealed
an inerease of nearly 22 per cent dur-
ing the thirties. On January 1st a
vear ago the population was anthori-
tutively estimated at 7,350,000 ; today
the estimate is sbout 7,600,000, an in-
erease of more than 11 per cent in
the last three vears. Analysis of the
fizures npon which these totals were
compiled shows definitely that the
greater inereases ooour in the induos-
trial areas—Vallejo, the bay counties,
Burbank, Long Beach, TL.os Angeles
and San Diero,

Trends indiested by these changes
must be given proper consideration in
planning futore publie works. Trans-
portation facilities must be planned
particularly in relation to the trunk
system of highways; the accessibility
to the prineipal thoroughfares within
that system; arterials into, through
and aronnd metropolitan areas; see-
ondary roads; now bridge Faecilities;
and replacement of inadequate bridge
struetures and apecinl attention must
be given highway problems linked
with opportunities for development
with our mineral resourees,

Under this plan, California will be
prepared to pass through the period
of adjustment following the war,
with a public works program consist-
ing of properly designed projects to
meet the needs of the State as it
climbs back to a balanced economic
status.



C. H. Purcell, State Higshway Engineer
Becomes Director of Public Works

FTER fifteen vears
Aserviee as Ntate
Highway Engineer
of California, Charles H,
Pureell, builder of the San
Fran eiseo - Qakland DBay
Bridge, on Janunary &th
assumed the office of Diree-
tor of the Department of
Public Works under ap.
pointment by Governor
Barl Warren,

Born in North Bend, Ne-
braska, January 27, 1883,
Mr. Pureel]l attended Stan-
ford TUniversity for one
year in 1902. The death
of his father eansed him to
go to Chieago, where he
took the first job that was
offerad, which happened to
be messenger in the Grain
Pit.

He had early set his
heart on becoming an
engineer, 5o after twelve
months in Chicago, he
gave up his pogition and
enrolled in the University
of Nebraska, He was
graduated as a civil engi.
neer in 1906,

He gained his first engi-
neering experience during
his sophomore and junior
years by working Satur-
days and during vacations
as a draftsman for the
Burlington  Railroad.
After receiving his di-

ploma, Mr., Pureell became an instrument man and later
was appointed resident encineer for the Union Paeifie in
Wyoming, Here he built his first bridge.
foot, steel girder, conerete-foundation strueture across Bit-

It was a 200-

Charles H. Purcell

Director of the State Department of Public Works

of California

. - 1 » -
ter Creek. From that time on bridges were his hobby. County.

Leading citizens of Portland were dreaming of a great
highway along the Columbia River and they turned to

WENT TO PERU

From Wyoming, Mr. Purcell went te Ely, Nevada, where

the Guggenheims were building a $17,000,000 smelter.

The chief engineer was Tom Cox.

a job never dreaming that one day Purcell, as chief engi-

neer of the most fameus bridge in all of the world would
gsend for him and plaee him on his staff of engineers,

[Twol

e gave young Purcell

About the time that the
Guggenheim smelier was
completed, American cap-
ital was looking with inter-
est toward the mines of
Senth  America and M.
Puareell, with & small com-
pany of men who had
worked with him at Ely,
went to Pern, where for
two and one-half vears he
acted as prineipal assistant
chiel engineer for the
Cerre de Pasco mines in
charge of design and eree-
tion of steel huildings,

His job in Pern finished,
Mr. Purcell went to New
York and then in 1910
came to California. He
went to Marysville to de-
gign steel work for gold
dredpers then being bnilt
in the Oroville distriet.
From here he went to
Cregon and took a job as
chief engineer of a Colum-
bia River logging railroad.
Oregon at this time was
building a number of road
bridges of steel eonstrue-
tion. Mr. Pureell proposed
that concrete bridees be
built across the smaller
streams.

BUILT COLUMRBIA RIVER
HIGHWAY

As a result of this work,
Mr. Pureell was appointed

the first bridge engineer for the then newly organized
Oregon State Highway Department, later becoming assist-
ant to the State Highway Engineer in designing and con-
strueting Oregon's first paved highway in Jackson

Mr, Purcell to help them build it. Mr. Purcell resigned
from his State position and became the bridge engineer
of the Columbia River Highway project.

When this task was completed he returned to his post
as State hichway and bridge engineer. He remained for
a year anid then for two years was bridee engineer for the

(Continued on page 11)
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Report Tells Many Drastic Changes
In Highway Activities Caused by War

Biennial Report of the Division
of Highways, covering the
period from July 1, 1940, to June 30,
1942, Charles H. Purcell, who was
elevated by Governor Earl Warren
from the post of State Highway

Engineer to the office of Director of
the Department of Public Works,
calls attention to post-war highway
problems which must be anticipated
and the nead for carelul study and
planning for foture highway develop-
ment.,

Referring to the last bienninm and
its effects upon the Divigion of High-
ways, Mr. Pareell says:

“During this period, the eountry
has undergome the severe transition
from a peace time economy to one
geared to the necesgsities of all-out war
effort. Coneurrently with this transi-
tion in National life, the activities of
the Division of Highways have under-
gone drastic and rapid changes,

"For many vears improvement to
the California State Highway System
has been on a definite development
program aimed to provide adeguatu
facilities for the motor vehicle trans-
portation of the entire State and
highway budgets have been prepared
on this basis.

““The budget for the bisunial period
July 1, 1941, to June 30, 1943, was
go prepared and adopted by the Cali-
fornia 1lighway Commission on De-
eember 30, 1940, During 1941, as the
possibility of war became more immi-
nent and the National Defense I'ro-
gram rolled into notion, construction
cosis rose rapidly so that a eomplete
revision of the budget became neces-
gary. To meet the rising costs re-
gquired shortening or changing the
design of some budget projects nd
elimination of others. This revised
budget was adopted by the Commis-
gion on November 10, 1941,

“1t is mow apparent that, with the
shortaze of robber, speed limitation
and the rationing of gasoline in the
west this Fall, revenue from the
State pas tax will be pgreatly re-
duced. It is snticipated that fur.

PREF&L‘-]}IH the Thirteenth

ther reduction in the State Highway
Budget in a sum of between five and
six million dollars will be necessary
before the bondgetary biennium ends
on Jume 30, 1943, so that projects
financed with State funds will be
within the decreased revenue.

“During the years of 1940 and
1941, the Division of Highways and
the Public Roads Administration
working in eonjunetion with Com-
manding Officers of the Army, Navy
and Marine Corps establishments in
California, prepared a comprehensive
program of projects approved by the
War or Navy departments for the
construction of roads serving as access
to military and naval establishments
and to indostrinl plants ensaped in
defense construction. As most of
these aceess road projects are situ-
ated off the State Highway System,
it was impossible to use State high-
way [uands for either constructinn,
engineering, or right of way on such
work., Under a 1940 amendment to
the Federal Aid Highway Aet, it was
possible; however, to finance surveys
und plan preparation from Federal
Aid and Federal Al Secondary
funds apportioned to California. On
November 19, 1M1, the President
approved the Defense Highway Aet
which provided funds for construe-
tion of Access Roads.

“By the outbreak of the war on
December Tth, California had so
advaneed the preliminary engineer-
ing on the aecess rond program, that
of the total program in this State of
nearly £45,000,000 in projects re-
quested by the military, sorveys had
been ecompletesd and plans prepared
on work to the valne of more than
$£20,000,000, The $150,000,000 in
Federal funds authorized for access
road construction throwghout the
Nation beeame available shout the
first of the year and the first certifi-
cation for construction of a California
project was received late in January
and bids opened on February 18,
1942. Sinee that time a large per-
centage of the work of the department
has been in advanecing eonstruction
on eertified access projects.

California Highways and Public Works (Jawuary 1943)

“While the necess road program
was procesding, needed improvements
were being made on the Strategic
Highway Network, which consists of
existing highways officially designated
by the War Department as rssential
to deéfense and military operations,
This National network was adopted
after several years of joint study by
Army officials, the Public Roads Ad-
ministration and the State highway
departments, The stratesie high-
wayva are shown on a National dia-
erammatic map revised to May 15,
1841, In general, the network is
loeated on the Federal Aid Highway
Syatom and on State highwavs and
that portion situated in California
comprises approximately 5,900 miles,

“During the late Spring of 1941,
when it became evident that drastic
curtaibment was npecessary in  the
peace time use of materials which
were needed for war purposes, the
Federal Administration inangurated
the pricrity system for eontrol of the
ase of eritical materials. Foreseeing
possible restrictions on highway ac-
tivities from the lack of materinls, the
Division of Highways immediately
assigned engineers from the Head-
quarters stafl to o sitndy of the sito-
ation and of required procedures for
securing adeqnate priority preference
ratings for materjals needed in high-
way construction. Assicnment of
these engincers has proven to be of
the preatest benefit to the work of
the Department and their knowledge
of priority procedure has prevented
many delays, which might have seri-
ously impeded comstruction opera-
tions,

“The inereasing Federal restrie-
tions placed om the normal use of
materials, equipment and processes
bezan having a marked effect on high-
way construction during the Fall of
1941. On April 9, 1942, Conserva.
tion Order L-41, and its amendment
L-41-600, promulsated by the War
Produection Board, placed nonessen-
tial construction under rigil eontrol.
U'nder the requirements of this order
highway aectivities, amounting to a

{Continued on page 15)
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New Combination Bank Protection
Constructed on Eel River near Dyerville

By G. A T"_TON, Jr., Asst. Construction Engineer

URING the winter of 1939-40,

after a long period of stabil-

ity, the el River at the con-
fluenes with the SBouth Fork, for some
reason yet undetermined, deeided to
chango its eourse.

At the beginning of the meander in
193940 the bhank of the river was
400 feet awny from the highway.
The winter of 1940-41 saw this dis-
tance ent to 200 feet. Finally in the
104142 geason the inemrsion had
renched and attacked the highway at
& point immedialely below Dyerville
on the famons Redwood Highway, U
was evident that another winter sea-
son would find the roadbed washed
out.

COMPROMISE DESIGN USED

Immediate studies were made ond
designs considered to prevent threat-
ened destrnetion of the highway, De
sign proposals ineorporating exeessive
amonnts of eritical materials needed
for the war effort were disearded
Finally a eompromise design was
aceepted thal would give maximum
protection with a minimum use of
eritical materials already on hand.

The adopted design was a new com-
bingtion bank protection eonsisting of
medinm roek riprap 2 feet 9 inches

[Four]
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Reck riprap mnd wire mattress protection of left bank of Eel River below Dyerville.

thick, normal to o 1}:1 embankment
glope, and 6 inechx25 foot flaxible
rock and wire matiress 5§ fect nbove
the toe of the roek riprap.

The bank to be Irr'utm-lw] eonsisied
of alluvial silt extending to a depth of
15 Leet below the strepm bed. Borings
indicated that the sili was underlain
with an  undetermined depth of
gravel, Hxperience on the [Del River
indicated that any design whieh did
not provide against sconr &t the
ptream bed or for 156 feet or mora
below the stream bed level, would be
suhject Lo dumaging scour and fail-
ure.

§5-FDOT FLODD HRIGHT

Althongh low water discharge of
the Eel River in the dry sesson is
comparatively small, high water dis-
charge during winter and spring flash
flows, approximates 300,000 second-
feet and rises 30 to 35 [eet above the
low water stream bed at Chis point.

To protest a bank against the tre
mendous forees exerted on the out-
side of such g bend demands (irst-class
A-1% bank protection.

In the case of easily erosible mate
rial a5 existed in this case on the out

*Bes July, 1925, lasies California Highway
Publle Works Mharazins

&1 at ¥
by G =
!

Right: detail of mattress and cable tie.

sitle of & bend, maximum seouring
oeeurs, not near the surface, but near
the bottom of the bank at stream bed
level. As has heen demonstrated by
experiment, there is s diagonally
downward flow of water on the face
of & steep bank on the outer side of &
bend.

DIAGONAL VELOCITY DEVILOPED

Head developed by superelevation
ol the water surfave next to the outer
bank induees a disgonally downward
veloeity of the eurrent. This current
causes particles of solid material to
hecome dislodged from the bank and
these particles are actad npon by the
force of gravity in addition to the
downward velocity of the water, eaus
ing inereasing seour towards the bot
tom.

Sinece this downward corrent canses
seour wlong a more or less inelined
bank, a horigontal obstroction is a
most direet means of intercepting and
destroying it before it nndermines the
installation.

The rough surface of the rock rip-
rip tonids to ereate turbulence of
stream flow and lessens the effect of
the downward veloeity, The horizon.
tal rock nnd wire mattress 5 fepl

[Continted on pags 20)

Left: general view, looking downstream
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Culvert Outlets and Endwalls

On California Highway System

By R. ROBINSON ROWE, Assistant Engineer, Bridge Department and
CLARENCE F. WOODIN, Assistant Maintenance Engineer

FOREWORD

This i= the fifth of g series of technizal abstracts from a jeint departmental review of culvert practice of the California Division
of Highways, by a committee composed of G. A. Tilton, Jr., Assistant Construction Engineer: Robert L. Thomas, Assistant Engineer,

Surveys and Flans; and the writers.

Following the preliminary outline of subjects in the August number of the California Highways

and Public Works, the series opened with: Septembor issue—Comparative Hydrology Pertinent to California Culvert Practice; October
issue—Debris Control at Culvert Entrances on California Highwaysi Movember iszue—Highway Culvert Location and Slope frem a
Review of Califernia Practice; December issue—Culvert Entrances and Headwalls en California Highway Syatem.

The series continues with a study of factors influencing designs of outlet works. For reasons given, these facters at any one

site are variable with time and beyond control by the designer.
rule; and maintenance should modify the works rather than restore the initial conditions.

HE outfall of a enlvert is func-
tiomally the antithesis of its ap-
proach, One is an accelerating

transition ehannel, the other a de-
eelerating transition. One aecumu-
lates potential energy in its forebay
and transforms it to kinetic energy ;
the other must dispose of the excess
energy by dissipation or transforma-
tion, The entranee is usunally an
artificial, permanent eontrol for the
stream channel; hydraunlies at the
outlet depends upon  downstream
controls, nsually natural and often
unstahble;

Construeting the outfall works
identically the same as the approach
does not satisfy the reversed con-
ditions, for reasons which are
worthy of review, but the Com-
mittee found that a large proportion
of culvert appurtenances were de-
signed in this way. Partieularly, if
the headwall is straight, U-shaped,
flared or warped—so is the endwall.
If there is a paved approach apron
with deep eut-off, then the ountfall
apron and downstream ent-off will
mateh it. If headwalls proteet em-
bankment against a stage 3 feet
above crown of enlvert, then so do
the endwalls, Oeceasionally the sym-
metry of upstream and downstream
proteetion appears as ridiculons as
would a debris barrier at outlet to
mateh one at entrance.

However, it was enconraging to
find that this illogieal symmetry was
more typical of the older than the
newer installations, More reeent
eonstroction showed a rational
trend in the design of outfall works.

[Six]

Performanee of these newer designs
wag observed for this report, al-
though many have not vet experi-
eneed extreme foods.

Design Variables

For many sites, there will be nat-
ural security of culvert ontfall
beeanse of some eombination of
small diseharge, low wvelocity, ma-
turity of channel or durability of
channel perimeter. For others, the
design of outfall works must con-
sider the following variables:

3 ALeoy Qﬁ'ﬂﬂr’, h

Hence the type of works must be selected by judgment rathar than

1. The energy of effluent, This
may be expressed as energy head
above mean elevation of invert. If
more than one-third of this energy
head is kinetie, then veloeity is
supercritical and the momentum
eguation will govern in the ountfall
transition. On the sketeh of typi-
cal profiles (Fig. 28) the plus signs
above vectors indicate supereritieal
(shooting) and minus signs, sub-
eritical (streaming) flow, These
terms derive from the accepted con-
ception of “eritical flow,” when total
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FIG. 30. Guide Chart, for estimating free-outfall depth and welocity on apren from
depth and wvelocity at culvert outlet
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anergy 18 4 minimum and mean
depth is double the velocity head.

2, The get-away of downstream
channel, In Figure 29 three condi-
tions are recognized — submerged,
eontrolled, and free—and the influ-
ence of these conditions is shown
gualitatively. If get-away is poor,
the outlet will be submerged and
flow full, so transition veloeities will
be slow or moderate, If get-away
is good, the outlet will be free amd
high veloeity will be maintained or
developed in the transition. For
mtermediate get-away, aetion of the
transition must be studied to dis-
tinguish between aecelerating flow
(Case B) and the hydranlic jump
(Case F).

3. The security of bed against
geour. Bed scour may be expected
at any free ountlet, but not neces-
sarily at ends of all steep culverts.
In QCase F, for instance, the jump
may oceur on the apron or within
the colvert condunit; downstream
from the jump, velocity should be
lower than the ruling veloecity of
the stream—hence endurable by the
bed. Durability of the bed depends
on the hardness and consolidation
of an ercosion surface or on coarse-
ness of overlying products of ero-
siom,

4. The security of banks against
geour., PBanks may expose strata of
diverse durabilitv. Beour is most
gerions if the softer lavers are near
mid-depth, when upper layers will
be undereut, Soft layers near hed
level will he intermittently pro-
tected by talns from above. Seour
may progress from direct attack of
oblique flow in the expanding tran-
gition, or by eddy aection if the
transition is too rapid,

B. The future control of stream
flow. Tor a channel of nearly con-
stant width, elevations of roek
ledees or coarse hars will control
stages for some distance npstream.
If such are lacking, the bed level
is probably unstable and the trend
{seonr or deposit) should be deter-
mined. Submerged outletzs may be-
eome free, and viee versa. If width
of channel is far from constant, the
eontrol may be a constricted section.
Riparian vegetation is a potent fae-
tor, but permanence should be ques-
tioned.

Free Outlet Transition:

The typieal free-outlet culvert is
about half as wide as the natural

SOUR HATARD  BLANS  SECTIONS
W= Channal, =

Mo endwall. ¥ i

Ho laferal scour, e

L-Channel. SR

E;E'rg?i endwall. B —_—
Bt oy 2

L= Channel, —
Flared endwhalls.
Latera! scour
embankment af fog
and behind endwialis,

U-Channel, 12
Warped endwialls. D
Little or ng
[ateral scour.

L= Channel,
Energy Dissipatds
Hydnsulic jump in E

buche! reduces 2 il

velocity and scour hazard,

FIG. 32, Influence of transition shape on

hazard of lateral scour

ghannel. As shown in Figure 29,
0, B, and @&, the water surfaes must
drop because of freedom. This drop
will inerease wvelocity and reduce
ares of wetted seetion ; hence depth
must be less than half that in the
enlvert, Since the energy equation
(Bernoulli's Theorem) governs ae-
celerating flow, the reduoetion in
depth and potential energy must ba
compensated by an inerease in ki-
netie energy and veloeity.

The sompensation is not complete
beeause of turbulenee, eddies, and
boundary friction—amonnting ordi-
narily to 20 per cent of the change
in velocity head. (In effleient tran-
gitions, this can be greatly reduced,
but an inefficient transition is more
desirable for enlverts.)

Figure 30 has been drawn as a
guide for estimating apron depth
amd veloeity from outlet depth and
veloeity, the relations depending npon
the cubie equation ghown, The curves
at the left give the depth over the
apron for three depths at ontlet and
the three curves at the right the cor-
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COrpuT OUTFALL
FLOW A COnpITION
FLL L — 1 = 1 sue-

CON -
JTTROLLED

FIG. 28. Typical sembinations of conduit
flow and get-away

responding veloeity. FEach set is di-
vided by a line representing eritical
Hlow at the eulvert outlet. Above this
line, all flow is shooting and the
curves are reliable. Below, the flow
is streaming as it leaves the eulvert,
eontracts to eritical How with litile
loss of energy. and then becomes
shooting, Probably the agpregate
loss of energy will be less than
assumed, so that veloeity will he
preater and depth less than indi-
vated by the dashed portion of the
CUEVESs.

Ag an example of the nuse of this
guide, suppose that enlvert effluent
has been eomputed at 15 feet per
second for a depth of 3 feet. Then
on the apron (if twice as wide as
colvert) wvelocity will inerease to
17.8 feet per second and depth will
ba only 1.26 feet.

In particular, if the effluent is just
eritical, the wveloeity will increase
44.6 per ecent, Percentage increase
will be more for streaming fow and
less for shooting flow. Not shown
on the curves but deduetible from
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the same premises is the fact that
eritical efflnents minimize apron ve-
locities. In the example, had the
same discharge been strenming, say 5
foet deep at 9 feet per sccond, apron
velocity would have been 166 feet
per second. But If just eritieal
(effluent veloeity 11.386) apron ve-
loeity wonld have boen 16.4 foet per
seecond.

Pree Drop Outfall

As an extreme, the free outfall
may be o free drop, ns wis illua-
trated (Figore 12') for Modiiled
Bottom, 8idehill, and Top Loen-
tions: for thess, the foregoing tean-
sition eomputation is pol applicable,
of course, The scouring power of
free drops is well nnderstood, but
expericnes (Figure 31a) has tangh
that the efluent irajectory must
elear the embankment slope by a
gafe murzin or the embanloment will
slough into the tailwater pool. The
eritieal trajectory will be that for
a small diseharge.

Also, an ordinary free ouifall may
become a free drop by degradation
of an nnstable channel, Even rock
seetions may be eroded rapidly by
boulderdoaded streams aceelerated
by long enlverts (Fignre 31b).
While. it may be eeconomy to add
ontfall works after sueh conditions
develop (if sueh a irend be uneer-
tain) it would be prodent to allow
for this contingeney in cost eam
parisons of alternative designs,

Controlled Outfall Transitions

Future eonditions are most un-
certain if the downstream channel

T Bog November, 1542 lssue { Page
fornle Highwaye and Puablle Works

Ak Call-

,.1:1; 3

Fi1Q. 31b.
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FIG. MNa.

Projecting culvert with lamporary extension, added after

serious loss

of embankment

is naturally eontrolled at some
point beyond the right-of way line
The eontrol may have been natur-
ally mnstable, or a physiographieal
balanee mway be opeet by the enlvert,
Such an upset may result from the
aeeeleration of flow, change in ¢han
nel alignment or grade, or modifica-
tion of detrital loads.

Sinee future change is diffienlt of
prediction, it s not sound economy
to lqrun.h expensive works to |,..|-|rull
aeninst all eontineeneies. However,
initial works or maintenanes should
assure asainst damaging alteration
throueh property of oihers, or sud-
den loss of high way structure or
embankment.

Obvionsly the best assuranece I8
construetion of a transition which
will discharze the flow at all stages
st as the former channel did,

Soft bed rock has been szoured rapidly by acoelerated boulder-laden flow

Granting that such provision 18
rarely possible or economieal, it is
a matter of judgment to determine
the tolerable departure. As a rule,
bed seonr is less serions than lateral
erosion, The former leads to a free
outfall (Figure 31b) and can be cor-
rected by maintenance betterment
of the outlet strueture:; but lateral
erosion may be progressive down-
stream, so that modifieation of outlet
works ean not provide a remedy.

Endwalls Influence Lateral Scour

Endwalls serve the dual purpose
of retaining the embankment and
limdting the transition, Older de-
signs, such a8 the straight or fared
wulls (Figure 32B, C) wers eco-
nomienl retainers but poor transi-
tions, Use of these below small or
submerged outlets 8 sabisfuetory,
but embankment cones pt ends of
these walls ara [(requently ont ot
gontrolled outlets,

Frosion of embankment toes can
nseally be traeed to eddy aetion, ns
alketched, Figure 33 shows an ex.
treme oase, where the angle of fare
wis [oo great and transition too
short. Bevere damage hos been re-
current, during floods of less than
half the design diseharge. At this
gite, the design discharge was 1,200
gecond-Teet, anticipating moderate
efffyent veloeity, as outlfnll channel
seemed stable with fair eontrols anid
eulvert gradient was only 0.8 per
eent, Prior to 1942, the old-style
high wingwalls (see construetion
joints in photos) were lost and
apron was undereut. Although dis-
charpe did not exceed -640 secomd-
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feet, effluent veloeity reached 14.3
feet per seeond, The later pietures
show further damage to wingwalls,
apron, and unneompleted jetties in
the 1,000-year storm of 1942, when
discharge of 2,000 sacond-feet cre-
ated sffluent velosity of 15,0 lest per
seeond. At end of apron, veloeity
probably reached 25 feet per second,
produemng underseour and powariul
lateral eddies,

An ideal transition is a eompli-
ented] ogee expansion, ftted to the
variible momentum, dissipating very
little energy. This is not satisTae-
tory for a culvert outlet, where it
is advantageons to reduece energy.
A flared transition is very effective,
if proportiomed so that eddies in-
dueed by the effluent jet do not

should not be used to compute apron
veloeity,

The energy dissipator iy still in the
experimental stage. Apparently sme-
wessfnl for a free ontfall followed by
a sharp bend is the hydraulie bue ket
(Figure 32E) adapted to the outfall
of Salt Creck (Figures 36a and b).
A free drop qualifies in this respect;
as 0 surge pool must follow, there is
advantage m locating the drop

ahead of the outlet (Figure 36).
Cost of transition stroctures may
be reduced by sniting the material
to the veloeity., Figure 37 shows
warped wings of reinforead con-
erete followed by broken-slab rip-
rap to a bend in the channel, On
the hend, the riprap is continued on
the outside only, the inside bank
FIG. 335. MNojogqui Creek culvert afier 2000 szcond-foot flood of Deceamber 1841 being stable, This transition was

eontinug beyvond the end of the wing
or overtop a sloped wing, As a
guide, it B suggested that prodnet
of veloeity and flare angle shonld
not exeead 150, That 15, if eMuant
'L'il!f'H._l[T}' s 6 feet per ,iﬁ'l‘llil[, el
wing may flare at 30 degrees from
the thread of the stream; but if
veloeity is 15 [eet per second, the
flare should not exesed 10 degrees

The warped endwall (Pigures 32D

and 34}. !1&5 hean very snecessful as \ : = ‘l‘l‘/

a transition, because it releases the

flow to a trapezoidal section. Wider - LT “““‘]‘“
nge is recommended, especially if by b

the apron must he paved mnyway, = . "1 3‘“‘“‘ :"
but it shonld be designed to greater - AT R =
lengrth and less Hare (at top) than e ——— 5 S “““‘l“‘
gimilar walls used at culvert en o -

tranes. Even for free outlets, there
will be little aceeleration in this
type of trapsition, so Figura 30 FIG. 3. Construction of warped end wall

California Highways and Public Works (Jasusry 1941} [ Nine|



developed by progressive mainte-
nanee.

Muintenance and Supplemental
Design

Buech developments are economie,
In 80 many eases, the uneertainty of
foture channel controls will make a
safe design very expensive. Rather
than to anticipate the worst possible
conditions, the designer may take
ordinary precautions to provide a
reasonable security.

Subsequently, following a eritical
test under storm eonditions, the
design of the outlet works may he
revised infelligently and recon-
structed by maintenanee foreces.
This proeedure should be eonsidered
“supplemental design” and is not
“maintenance” a8 defined by the
Highway Code, However, the
maintenance pérsonne! are the first
to diseover the damage after floods,
and should properly initiate the
eorrective work.

At such times, patehwork shonld
be the minimum necessary to restore
roadway and prevent further dam-
age, Conditions should be studied
parefully while evidenee of seour is
elear., After the stndy, a report
with reeommendations shonld be
forwarded to the designer for re-
view, so that a supplemental design
may be prepared.

For example, scoured fill eones
along banks at outlet may be &
warning that a large volume of
embankment is threatened. If restora-
tion and protection is eonfined to the
glightly damaged area, the repair may
prove temporary, Careful analysis of
other evidence of scour might have
predicted impending damage to the
highway, strueture, or downstream
properiy.

Recommendations

Bummariring its findings, the com.
mittee recommends generally that:

(1) Unless it can be shown with
reasonable nssurance that no dam-
age will result, the ouifall works
shonld provide a transition for the
100.year food without freeboard
(balanesd design), from the enlvert
outlet to a seetion in the natural
channel where natural stage, width,
and wveloeity will be restored, or
nearly so.

(2) If an outfall strocture is re-
quired for the transition, it will
not be a counterpart of that re-
quired at the entranee.

[Ten]

F1G. 35a. Bucket outlet deflects Salt Creek through angle of 70°

FIG. 238b. Close up of Sait Creek outlet, shooting at 22 feet per sscond

FiG. 36. FRattlesnake Creek, with drop inside the arch culvert. MNote fish ladder at left
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FIG. 37,

{(3) The outfall works must be
eonsiderate of energy of eulvert
effluent, get-away and stability of
natural ehannel, and security of
bed and banks against seour,

(4) Wingwalls, if intended for an
outfall transition, should not flare
at an angle (in degrees) greater
than 150 divided by the outlet ve-
loeity in feet per second,

(6) Warped endwalls ean be de-
signed economically to fit trapezoi-
dal or Ushaped channels, as tran-
gitions for moderate-to-high velocity
{10-18 feet per second).

Warped endwall proved too short.

Transition extended by supplemental design

(6) For extreme velocity (exeeed-
ing 18 feet per second) the transi-
tion can be shortened by use of an
energy-dissipating strueture. Design
should be guided by observation of
experimental structures, suech as
drops and buelets.

(T) Where Puture control of out-
fall is vneertain, the initial design
with rensonable security should he
madified by progressive supplemen-
tal design. Pending review of sea-
sonal damage, repairs should be
held to the minimuom.

Governor Warren Appoints
Purcell Director of Public Works

{Conti=ms] from page 1)

United States Burean of Publie
Roads, with headquarters in Port-
land.

In 1920 he was appointed distriet
engineer of the Burean of Publie
Roads in charge of Distriet No. 1, em-
bracing Oregon, Washinston, Mon-
tana, Northern Idaho and Alasks and
for seven years supervised the spend-
ing of fifty-five million dollars of
Federal money on national forest and
national park highway and bridge
work.

In February, 1928, Mr. Pureell was
appointed State Highway Engineer
of California and in the 15 vears has
superyised construction and mainte-
nanee work nn highways involving the
expenditure of $561,000,000,

In addition to this he supervised
the eonstruetion of the San Franeisco-
Oakland Bay Bridge, the total eost of
which was &73,000,000,

When Mr. Pureell was offered his
California post by Governor C. C.
Young and Bert B. Meck, then Dires-
tor of the Department of Publie
Works, he was told that he would be
expeeted to make a eomprehensive re-
port on state-owned toll bridges. in-
cluding the proposal to bridge San
Franciseo Bay,

This was greatly to Mr. Pureell’s
liking. It was right down his alley.
It was in line with his dreams. Tt
was to make him the greatest bridge
builder of all time,

California Highways and Public Works (January 1941)

Mr. Purcell is an assoeiate member
of the Ameriean Society of Civil En-
gineers, and a recognized national
authority on publie highways. He is
also a member of the National Exeon-
tive Committee of Ten of the Amer-
iean Association of State Highway
Officials and is a representative of the
United States on the Permanent In-
ternational Commission of the Perma-
nent  International Association of
Road Congresses.

APFMINTED BY PRESIDENT

In May, 1041, President Roosevelt
appointed Mr. Purcell a member of
the Interregional Highway Commit-
tee of seven men to make a study
of post-war development of an im-
proved system of national highwayz.

Mr. Purcell was appointed a mem-
ber of a committee of 12 nationally
known highway engineering experts
by Becretary of Agricnliore Henry
Wallace in June, 1937, to promote
maximum safety and highway util-
ity; official title—Bpecial Committee
for the Consideration of Administra-
tive and Design Policies for High-
Wiys.

FORMER PPREBIDENT A.ABH.O.

In November, 1937, Mr. Pureel]
wag appointed BExecutive Officer, Cali-
fornia Commission for the 1939
Golden Gate International Exposition.
He served as president of the Amer-
iean Association of State Highway
Officials in 1938

He holils honorary degrees of
Doetor of Laws from the University
of California; and Doector of Engi-
neering, University of Nebraska

MEXICO PLANNING A
BIG ROAD PROGRAM

Mexieo's Ministry of Communiea-
tions has announeed the bigrest road-
building program in Mexican history
to be undertaken with United States”
finaneial aid in order to facilitate raw
material shipments to this eountry for
war production.

A network of hundreds of miles of
new roads will be built, finking Mexi-
o0's east-west coast and eonmecting
with Arizona and New Mexieo. The
plans also call for eompletion of the
Pan-American Highway to Guatemala,
The program is to be financed by a
$30,000,000 United States loan, plus
severa]l million dellars which Mexico
will receive from the new lend-lease
agreement.—Mighways of Happiness
Magazsine,
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December Survey Shows Gas Rationing Cut
Traffic to 65 Per Cent of 1941 Figure

8 a result of gasolineg and tire
Arut.iﬂning, Degember traffic on
California State highwavs was
approximately 65 per cent of the
1941 volume, a survey conduocted by
the Division of Highways revealed.
Clas rationing beeame effective in this
State on December 1st
This reduction in motor vehicie
travel corresponds very elosely to
the percentage which the Baruch
Committee held to be the essential
traffie which should be maintained to
prevent serious  disloeation of the
Nation's transportation system.
Californians not only nre limiting
their driving but also are conforming
generally to rerulations calling for re-
duetion in speed, the survey revealed.
In the June, 1842, issne of this

magazine an artiele entitled *' Inter-
esting Trends in Wartime Traffie
Shown by SBurvey'' told of changes
in highway traffic which had been
noted as resulting from our entry
into the war.

Accompanying the article were two
charts prepared to illustrate graph-
ically these changes with respeet both
to teaffle volume and traffie speeds.

The Traffie and Safety Department
of the Divigion of Highways has for
many years eonducted traffic eonnts
regnlarly onee each month through-
out the year at numerons repre-
sentative loeutions covering the entire
State, and the results of these counts
for the remaining eight months of
the eurrent vear have now been added
to the orizinal chart,

60 7O an
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Tp until that time speh dhanges as
had oceurred in traffie speeds were
the result of purely voluntary action
on the part of the motorists. Latere
a direet appeal was made by the
Pregident that speeds should be kept
under 40 miles per hour, and still
Inter, nfter the issuanee of the Baruch
report, & universal speed limit of 35
miles pear honr was proelaimed,

Cheeks were taken to determine the
reaction of California motorisis to
each of these requests for forther
reduction in speed, the first eheck
being made in August and the second
in November, The results of these
speed surveys, together with the thres
shown in the originnl article, are to
be found on the present chart in
eurves D" and Y E' respectively,
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Steel Scrap From Old Highway Bridges
Salvaged to Build New Structures

By W. A. DOUGLASS, Senior Highway Engineer

Ol the past 18 or 20 months

steel inm all forms —structural,

reinforeing, bolts, hardware,
nails, ete—has soverely  re-
strieted for eivilian nse.  Where
normally the Division of Highways
would nse hundreds of tons each year
in the eonstruction and repuir of all
types of bridges, the work during the
past several months necessarily  has
been restricted to projects of direct
benefit to the war effort and those
absolutely essential to the mainte
nanee of highway service.

Ireem

Barbarg Uounty, There the portion
of the trusses above the floor no Joneer
gerved g usefluol purpose on the bridge
and was removed to add to the
Nation's steel supply

A large tonnage of serap steel thos
was contributed by the Division of
Highways, but probabiy a more im-
portant eontribution was effectod by
the uwse of salvaged stec] where tor-
mally large quuntities of new sfeal
woilld have been used. In this pe-
gard there was not only s large
saving in new steel, but the mill

strugtural steel was sulvaged from an
abandoned bridge in that eity, thns
avoiding the use of many tons of new
steel,

A similar idea was followed in pre-
paring plans for the Casmalia and
Schuman separations, on the road
from Banta Maria to Caump Coole in
Santa Barbara County, In this ease,
arrangements have been made to par-
oliase a number of plate glrders owned
by the Western Pacific Roilroad but
unused for & number of venrs. From
these girders the longer spans re-

Before and after views of steel truss bridge across old channa| of Santa Maria River in Santa Barbarze County from which stesl above

In the manufseture of stesl, both
iron ore and serap steel are nsed. The
serap steel is essential to production
of satisfactory new steel. The Gov-
ernment therefore has urged that all
serap which can be spared be tnrned
in for that purpose. Accordingly,
several months ago the Btate made
careful inventory of all stock piles
and released the sorap and salvaged
steel not scheduled for re(-)use in
the near future. In addition, steel
trugses which had become obsolete
ns trusses and were used as trestles,
with supplemental bents, were dis-
posed of in order that the steel might
go to the mills as scrap.

An example of this was the steel
truss bridge aeross the old channel
of the Santa Maria River in Santa

floor was salvaged.

cupaeities were thus released for pro-
dootion vitally needed by the armed
forees,

TIMBER BRIDGES EEFLACED

An old timber truss across the
Salmon River on the Klamath River
Road had served its period of useful-
ness—had, in fact, [ailed during the
eonstruetion of the new bridge. Ths
was replaced by a new truss fabri-
eated of portions ol a steel tross just
taken down from the Robinson Ferry
Bridge across the Eel River. The tim-
ber bridge across Bull Creek likewise
was on the point of failure, and is
now being replaced by a salvaged
steel truss,

At the Boat Channel Bridge on the
Harbor Drive projeet in San Diego,

California Highways and Public Works (jsssary 1943

quired in the new struetures will be
fubricated to the required length.

WIDENING PROJECT POSSIRLE

The vrgenily needed widening of
Washington Underpass at the western
entrance to Sacramento also may be
made possible by use of salvaged gird-
¢rs from an abandoned railroad
bridge near Port Chicago.

On the State Highway System are
a number of steal truss bridges de.
signed and built, in most cases, by
other agencies belore present heavy
truck traffle beeanms general. While
these trusses are in good condition
and serviceable for many years, they
are too light to earry foll legal loads,
and freguently this eondition re-
stricts the service on many miles of
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At left, old Salmon River Bridge at Somesbar, Siskiveu County.

highway. At present, many of the
secondary roads have become very
mportant due to the development ol
minerals necessary to produetion of
arms and munitions,

One example is a State Route,
west of Red Bluff, which serves large
deposits and a number of sawmills
Four light steel trusses on this route
are o be strengthened by the addi-
tion of salvaged steel plates to permit
hauling full legal loads.

To further avoid the absorption of
large quantities of vital steel produe-
tion, a number of steps have been
taken. For instanee, plans have been
developed and are now in use for mass
aonerete arch eulverts in lien of the
usnal reinforeed eoncrete design,
Lilkewise mass eoncrete abutments for
bridges are now eommonly used,

bridge at Scotia.

The State is also nsing scrap rail-
voad rail of the lighter sections not
in demand as rail. These rails are
used either full section, split, or re.
rolled into reinforcing steel. Al
though the slightly higher cost does
not make use of these rails for rein-
foreing steel attractive in normal
times, it is felt the hoge saving in
steel mill eapacity is worth the addi-
tional effort.

Farthermore, tests have indicated
that the steal rerolled from these rails
is uniformly higher in yield point and
ultimate strength, which justifies a
higher working stress in the design.
This higher stress tends to offset any
additional cost involved. Also, higher
stresses are used wherever possible for
structural and intermediate grade re.
inforeing stee] in order to redoce to a

At right, how it looks rebullt with steel salvaged from Eel River

minimum the nse of new steel. The
Bridge Department has been con-
stantly on the look-out for salvaged
steel which could be substituted to
avoid use of new steel. In fact, a
State-wide survey hus been conducted,
during which a considerahle number
of steel spans have been loeated.

Some of these were used directly in
State-designed projeets; others were
made available to the Federal Govern-
ment for use on the Alaska Highway,

The State has been making every
effort to reduee to an absolute mini-
mm the use of eritical materinls on
highway projeets. Until normal eon-
ditions again prevail, our engineers
will exercise all their ingenuity and
resoureefulness in building and main-
taining bridges essential to the na-
tional war effort.

War Department Praises Porter Runway Report

REPORT by 0. J. Porter,

Senior Physien]l Testimg En-

gineer, of the Division of
Highways, on the Stockton Bunway
Test Section having to do with the
California method of determining the
relative bearing value of soil and its
appliention to desipn of highways
and air field ruoways has ealled forth
high praise from the War Depart-
ment,

In a letter to State Highway Engi-
neer C. H. Pureell, Col. James K.
Btratton, Corps of Engineers, War
Department, says concerning the
Porter report :

**This is an excellent report and
it is anticipated that the informa-
tion contained therein will be of
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great voloe to the department. Tt
is desired, therefore, that arrange-
ments be made for printing the re-
port for distribution to the depart-
ment and other interested agencies
at an early date. It is estimated that
approximately 500 eopies will be re-
quired. "’

Porter's report deseribed in the
May, 1042, California Highways and
Public Works issue dealt with vari-
ons types of subgrade failures on
highwave and airports. A ecompari-
son was made between highway and
runway service requirements, in-
eluding intensity and repetition of
loads, influence of dynamic reactions
of trueks and planes, and the effect
of these factors on pavement and sub-

grade design.

Representatives of the United
States Army Engineer offices from
many sections of the conntry attended
a lecture ecourse and eonference on
these subjecls in Saeramento last
April 6-10. During their session, the
Army Engineers inspected the rum-
way test pavement at the Stockton
air field, and attended ecourses of in-
stroctions st the State Materials and
Resenrch Lmboratory of the Division
of Highways. The exploration of
soil deposits by hand boring methods,
ineluding soil augers and the Cali-
fornia type soil sampler, were demon-
strated.

At that time much interost was
evineed by the Army Engineers in the
electrieal equipment developed by the

{Continusd on page 20)
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Ending Hazardous
Situation on U. S. 99
North of Bakersfield

ONSTRUCTION is under way
G to relieve a hazardous traffic
gittation on g seetion of 1. 8. 09
north of Bakersfield in Kern County,
Due to the tmilding and operation
of Minter Field, traffic on this portion
of T, 8. 99 has inereased to such an
extent that the present two-lane road
is earrying a load 30 per cent in ex-
eess of its practical capacity,

A contract has been awarded to the
Tnion Paving Company of San Fran-
ciseo for grading and paving with
Portland cement conerete, four and
nine-teniths (4.9 miles of this highway.
The project extends Prom Snow Road
to o point 2 miles south of Shafter
Road, Priovity ratings have heen
granted by the Pederal Government.

The work will consist of grading
and placing a 23-foot pavement par-
allel to the existing highway, but en-
tirely separated from it Upon com-
pletion of the work a four-lane di-
vided highway will be the result.

The newly constrocted rondway and
pavement will earry northbound traf-
fio while the existing two-lane high-
way will parry sonthbound traffie
only. The two traveled wavs will be
separated by a strip 42 feet wide. The
row of trees along the sasterly side of
the existing highway, whose branches
have been allowed to grow elose to the
ground, will serve as a sereen between
north and southbonnd vehicles. Driv.
ers will be relieved of headlight glare
nlome this streteh of highway.

The eontract as awarded does not
provide for the proposed construetion
to be extended as far north as Minter
Field. However, the Highway Com-
mission, appreciating the need for ex-
tending the proposed four-lane di-
vided highway, voted additional funds
for this purpose,

Priority ratings have been re
gquested for the two and one half mile
extension to Shafter Road, where a
large volume of traffic leaves 17, 8, 99
to enter Minter Field.

i—Locking Morth along center line of
praposed new 4-lane divided highway
MNorth of Bakersfield. 2—Present State
highway will become southbound road-
ways of new highway, 2—Existing trees
will form a screen between the two road-
ways. 4—Trses on right have been per-
mitted to grow down to ground to form
screen.
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Bection of 4-lane divided highway through Busna Park an State Highway 171 in Orangs County.

Orange County Highway |s Realigned

By A. N. GEORGE, District Construction Engineer

OUTE 171 in Orange County

makes a straight north and

south eonneetion between

Route 174 and Route 60. Passing

through only one town—Buena Park

-this constitutes a link in one of

the main highway routes between

Los Angeles and Ban Diego and s

destined to earry an inereasingly
heary traffie

Alignment of this route has been
marred by a right angle jor at Lin-
eoln Avenue, amnd its o=e has been
further impaired by the fact that a
popular roadside restaurant is located
on & parrow portion of the road and
s0 many ears leave and reenter the
highway at this poinl as to eause
very werious congestion, especially on
holidays.

The combinesd eondition of the right
angle jog and the interference with
traffle at the entrance to this roadside
restaurant has been correcied by econ-

strueting a diagonal connection be-
tween the portion of the road north
of Lincoln Avenoe and south of Lin.
eoln Avenne.

The improvement eonsisted of a
divided highway providing twe
rosdways each with 23 feet of sur-
facing, separalad by approximatels
M feet of graded pnsarfaced area
Wkhere the new work follows the old
road a row of shade trees was pre
served in the eenter dividine strip,
The surfacing ecomsisted of 6 mches
of eement treated base 25 feet wide,
on which was placed 3 inches of
axphalt eonerete surfacing.

Bituminous surface treated shoul-
ders were provided on each strip,
the left shoulder being 3 feei wide
and the right shoulder 7 feet.

As the improvement was econ-
structed through an area of almost
level ground which has rather poor
drainage, the new highway was raised

above the existing ground by means
of imported borrow. The source for
this imported borrow was a setiling
basin in the Orange County Flood
Control system and the material was
a sand with very little binder.

The saume material was used for the
ermeni treated base exeept that some
very fine sand which earried a high
pereentage of minus 200 was added
to the mix. This material, together
with 20 per cent of commereial pravel,
was mived in a pug mill and hanled
to the grade

The lack of binder in the Imported
borrow made it impossible to main-
tain a subgrade under the trucking
necessary to transport the cement
treated material to the subgrade.
Stabilizing it with water proved in-
effective so an expedient was resorted
to of mixing 3 pounds of cement to
the square foot into the top 6 inches
of this subgrade.
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At top—V¥iew of realigned porticn of State Highway Route 171 avoiding a congested intersection point protected by curbed. trinngular
trafic island. At bettam—View of 4-lane section through erange erchards.

California Highways and Public Works (January1943) [Seventeen]




Report Tells Many Changes in Highway Activities Caused by War

value of more than $5,000, were
limited to aceess roads and projects
on the Strategie Network certified for
construetion, maintenance work, and
projects off the Strategic Network
which are individually approved by
Federal anthorities as essential to the
war effort. In addition to this order,
use of practically all constroction
materials is eurtailed by the priority
system and highway improvement
and maintenance is further restricted
by orders M-208 and L-218 limiting
lumber and by Office of Defense
Transportation Recommendation 45-A
on asphaltie produsts.

“The result of these orders to the
highway program has been the
indefinite deferment of many projects
remaining in the enrrent State Iigh-
way budget which, while desirahle
for eivilian highway use, ean not be
justified at a time when the entiras
resources of the Nation must be used
for the prosecution of the war.

“It is anticipated, however, that
construction and improvement neces-
sary to provide for the heavy traflic
on many California routes resulting
from war activities will require
greater expenditures than the rap-
idly shrinking State highway reve-
nne will finance. Reduction of
civilian travel induced by the pro-
gram of rubber conservation and the
rationing of gasoline is already being
felt in reduced revenue and it is
quite apparent that within a few
months this reduction will reach
gome 50 per cent of last year's
income.

“In addition to these problems
confronting the Department, is Lhe
depletion of the Division of High-
ways staff by personnel leaving to
enter military service or to take up
work with war industries. During
the past bienninm over 1,200 em-
ployees have left the Division of
Highways to join the military forces
or war industry.”

Someerning the post-war highway
program, Mr. Pureell says:

“One phase of highway transpor-
tation which is being given considera-
tion at this time is preparation for
highway needs after the war. It is
highly probable that the social and
eeonomic scheme of things at that
time will not resemble any of the
conditions whieh this Nation has

[Eighteen]

{Continued from page 3)

Trucks Play Vital Part in
Daily Life of U.S. Citizens

The average American eiti- |
zen has little opportunity to be
familiar with the vital part
that highway transportation
plays in his daily life. Remove
| the trucks from the highways
and immediately there would
be no gasoline, little or no millk,
the flow of meat and vegetables
would stop. Prices of these
and other articles would soar,
In spite of our great American
railroad system there are 48.-
000 commodities which must
depend on highway transporta-
tion alome—and this is one-
third of all the communities in
the United States, During the
year 1840 over B58,000,000,000
ton-miles were carried by
trucks on the ruoral ronds of
the country.

The networlke of American
| highways totals approximately
a million and a half miles. Of
this mileage about 88 per cent
is hard surface.

Of the trucks in the United
8tates about B8 percent are
privately owned. About one
out of four is farm owned. En-
gaged in interstate commerce
on a “for-hire" basis are ap-
proximately 200,000 units, the
bulk of which are truck-trailer
combinations, In addition to
these there are 400,000 other
unite engaged in interstate,
loeal and intercity commerce,

It is this group of 600,000
trucks and truck-trailers which
provides America with a motor
trangport system that iz not
only responsible in many ways
for our high gtandard of living
but which is now proving itself
to be invaluable in the business
of war—Molor Transportation,

faced in the past. The adjustment
from a war eeonomy to a peace time
economy will require some time,
Demohilization of the armed forews
will flopd the Nation with men whose
greatest need will be employment,

Adjustment of industry from the
manufacture of war maechines amd
equipment to production needed for
peace time life will release a host of
skilled and unskilled eivilian labor.

““While all forms of construetion
will be far behind the needs of the
new economy, highway development
in partienlar, will neeessitate a rapid-
ity of expansion which will exceed
even the demands of the last decade,

“Ty prepare for this period of
transition, the present preparation of
a plan of attack is essential. The
President has called attention to this
present need for preparation and has
indieated that he looks to an enlarged
public works program as the prineipal
method of dealing with the slump
when it comes. The Federal Works
Reserve, a unit of the National Re-
gsources Planning Board, is now fune-
tioning and is eooperating with the
several States in building up a lst
of desirable public works projects to
provide waork after the ecessatiom of
hostilities,

“Highway construction will play a
large part in furnishing suitable
projects for this reserve shelf of
public works. Highway construetion
provides one of the most flexible
opportunities for unemployment re-
lief as it may be varied in type of
construetion to fit in with varying
ratins of available machines and man-
power, It may be earried forward
and stopped at convenient points aml
the benefits of the investment imme-
diately realized by the publie.

t4Ag a unit of this program, the
President has established the Inter-
regional Highway Committee to co-
ordinate the programs developed
within the several States so that an
adequate interregional highway sys-
tem will be developed.

“In eooperating with this National
plan, the California Division of High-
ways, along with its wartime con-
struction and maintenance, intends
to use its facilities for careful study
and planning essential to the proper
and economie expenditure of funds
for development of adequate trans-
portation needs in the postwar period.
Survevs, plans, and specifications for
desired improvement will be prepared
and, where possible, needed right of
way acquired.

{Continued on page 20)
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Engineer Again Wins Welding Design Award
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Sketch shows a part elevation of an all-welded truss

NOTHER $200,000 *Indns-
Atrial Progress  Award Pro-

gram™ was held this year by
The James F. Lincoln Are Welding
Foundation, similar to the one held in
1938,

The object and purpose of the con-
test is to encourage and stimulate
seientifie interest and scientifie study,
research and edueation in the devel-
opment of the are welding industry
through advanece in the knowledge of
design and praetical application of
the are welding process,

The 458 awards were given to per-
gons who by reasom of the exeellence
of their papers upon this subjeet were
selected as most worthy to receive
guch awards, The scope of the con-
test eovered all flelds of industry
where are welding can be applied as
a primary process of manufaeture,
fabrication, or construction of prod-
nets and stroetures,

Twelve main elassifications were seft
up, and were further subdivided inio

46 divigions. . On aecount of the war,
only four eountries participated in
this year's eontest—the United States,
Canada, Australia and Ireland. The
papers received were judged by a
Jury composed of engineering author-
ities from universities and colleges,

In subelassification on “‘hridges™
an award was given to B. M. Shimkin,
Associate Bridge Engineer, Division
of Highways. In 1938 he reeeived an
award from the same organization for
a paper on a welded railroad bridge
design.
paper presented the design of an all-
welded truss for a swing bridge.

The bridge deseribed is now built,
as a riveted strueture, across Mokel-
umne River at Terminons, Are weld-
mg was used to a limited amount in
the original design as speeified by the
Ameriean Assoeiation of State High-
way Officials Specification, Only 483
pnunds of electrodes or 2082 feet of
% by % ineh welds were used in
this structure. The builtsup members
and fillers for pusset plates were
shop welded and no field welds were

California Highways and Public Works (Jasuary 1943)

This year the prize-winning

used in construction of the present
bridge, Mr. Shimkin redesigned this
bridge as a full-welded bridge, using
the American Welding Society Speci-
fleation as a gnide.

The presence of the draw-rest in a
swing bridge creates the most ideal
conditions for the erection of a full-
welded structure. No shelf angles
were used in the all-welded structure
as all the floor girders, stringers, and
other members are supported directly
upon the unyielding draw-rest. As-
sembly starts from center of bridge
and symmetrically proceeds to ends
which allows a free expansion of
welded members and by that mini-
mizes locked-up siresses,

No filler plates are used in fuoll-
welded trusses. They are replaced
by the spacer bars, which gave sim-
pler details and eliminated ambiguous
design for filller plates, and ean be
seen on the accompanying drawing.

The foregoing indicates that a fully
welded structure shows a considerable
saving in metal and eost, over a eon-
ventional riveted bridge.
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Broken Glass on
Highways Becomes

Serious Problem

N alarming increass in amounts
of broken r}h- and Jjagped
fragments bottles on main

traveled hi particularly sira-
tegie roads in the vicinity of defense
plants and army encampments, has
aroused in the mind of State Highway
Engineer C. H. Purcell a suspicion
that deliberate sabotage may be in-
volved.

With the urgent need for construe-
tion of tires, undermanned erews of
the Division of Highways are work-
ing overtime to meet the new emerg-
ency of sweeping glass off the road-
ways, aceonding to T. H. Dennis,
Maintenanee Engineer.

Bimilar deplorsble econditions are
reported in the Ban Diego, San Luis
Obispo, Monterey and San Franciseo
Bay Area and other districts.

“The Division of Highways,'" Pur-
cell snid, ‘‘ia doing everything pos-
gible, handieapped as it is by a short-
age of manpower, to eope with the
gituation, but we musi have the full
cooperation of the Army, Navy, de-
fense plants and the eitizens of Cali-
fornia.

“It may be necessary to ask the
Legislature to inerease the penalty
for throwing on any street or highway
any glass, nails or other substanee
which might injure tires. Section 601
of the Vehicle Code makes such asts
unlawful.

Report Shows Drastic
Cut in Highway Works

{Contineed from pase L3}

“For the two years [rom July 1,
140, to June 30, 1942, the mileages,
by types of construction, for ‘eon-
tracts awarded during that period
and the total miles in the State High-
way System on June 30, 1942, are
shown in the secompanying tabula-
tions, and on the following pages will
be found statements and statistics on
State highway progress.

“The normal sctivities of the Divi-
sion of Highways have been ecarried
on as far as possible, althongh largely
affected and seriously curtailed by
war time demands "'

[Twenty]

Bids and Awards
for December, 1942

FLUMAR OOUNTY—Near Chester. at a
site 00 mile southesst of the jusetion of
Eur:l Hhunl R, rrulh-l and ln'u-ld
gravei tu produced and stockpiled.
triet 11, Reute 260, Section A. ﬂ-luut
swurded to Harms Bros,
£18.410.
LOS ANGELES OOUNTY—Chares Ra-
B on et pne

Ban F Anchor Post Fenee Co.
California, Ban lﬂl.ﬁ-uuﬂ
awarded to Ameri-

Fenee DHvision
Co.), San mlﬂﬂ.
SAN JOAQUIN CDIIN'I'T—-B en
Kellogg Road and Ludwig Road, a nue
mile to be groded and hltuminﬂl wurfnes
lmmt o e nppl.lmL Diatriet X, Chris-
H ijsl e J. ‘Tmlr. Sioekton,
J. R, Constroetion Co., Stoeck-
ton, Tﬂﬂ. A. ], Clagsen, I’lﬂhh:r.
Contrmet awnrded to Louls Bia
sotil & Hon, Stockton, 821500,

War Department Praises
Porter Runway Report

(Continued from page 14)

Division of Highways for measuring
the pavement delleetion and subgrade
erusher under moving loads and par-
ticularly the results obtained on the
test soction with a heavy bomber,
which showed the influence of the
dynamic reactions for warm-up and
take-off motor speeds

In forwarding to Pureell the oom-
mendation of the War Department,
Col. Clay Anderson of the United
States Engineer Office, Sacramento,
said :

“It is desired to express the appre-
ciation of this office for your eoopera-
tion in making Mr. Porter available
to conduet the tests and to prepare
the report. This offiee desires to add
its eommendation of the splendid
work rendered by Mr. Porter in this
connection. "’

Combination Bank
Protection on Eel
River Constructed

(Contiveed from page §)

above the bottom of roek riprap tends
to defleet the remaining downward
eurrent horizontally into the main
body of the stream where it canses no
damage.

FLEXIBLE MATTNESS EFFECTIVE

I there is a tendency to scour at
the outer edge of the flexible mattress,
it is abruptly stopped when the mat-
tress folds into the seoured section.
Experience with installations of sim-
ilar design in California, but of differ-
ent eombinations, indientes that the
mattress ean fold inte scoured see-
tions until hanging almost vertieally
below the toe of the slope protection.
Inmnyumthumttre-uo!
sufficient weight to prevent under-
Iying material From displacement.

Rock riprap eonsists of sound rock
with u tpa-nlﬂ-a gravity of 240 in the
top portion and 228 in the lower por-
tion, rangin e:; in wize from § ton to 2
tong, chinleed with smaller stone,

The length of the slope proteetion
iy B20 feet, Roek viprap is 2 feet D
inches thiek normal to the 14:1 em-
bankment slope for a slope height of
66 feet—9 feet on the slope being be-
low the mattress at stream bed level
and 57 feet above,

Heavy key sections built well into
the bank are required at the lower end
of slope protections of all types, to
prevent erosion and destruction of
the end from edd;r action.

Hoek and wire mattress is 6 inches
thick and 25 feet wide, ﬂtmdﬂ.inp: of
two layers of galvanized wire fencing
with a 6 inch rock filling between,
lneed every 12 ineches with 14 gauge
p.lnniud wire into four 6 foot 3

inch by 6 inch eable-conmected thin

LR P

Tlu mattress is anchored with 74,

inch galvanized eables every 10 feet

to log and rail deadmen placed in the
that th N Sou end mti:lm
e upstream must an-
ehored to prevent it from eurling up.

Scheumann & Jobnson sompleted
the sontract in November, 1942 under
the supervision of A. M. Nash, Dis.
triet Engineer, . P. Sweet, Distriet
Construction Engineer, and Harold
Hansen, Resident Engineer,

(Jannary 1943) Califormia Highways and Public Works
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