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Gov. Warren's Appeal to President

Wins Approval for Central Valley
Project Food Crop Features

and private agencies, organiza-

tions and individuale from Cali-
fornin has finally broken the Wash-
ington deadlock which for months has
threatened to leave the Central Val-
ley Project in a partially completed
and unproductive state.

First break in the deadlock came in
the form of a letter from President
Roosevelt in reply to a personal plea
by Governor Earl Warren that the
President intereede on behall of the
project. As result of the Governor’s
plea, President Roosevell ordered the
War Production Board and the Fed-
eral Power Commission to reexarmine
the stains of the project and its rela-
tion to war prodnetion. This led to n
revision of the WPB stop work orders
permitting installation of eontrol
gates on Friant Dam, the completion
of the Madera Canal and finishing
eonerete work on Keswick Dam. That
approval of work on other features
may be made by the WPR is indi-
ented by the President's lotter,

3- CONCERTED drive by public

BUDGET BILL INCREARED

Becond break for the project eame
when the budget bill which previous-
I¥ had carried no funds for continua-
tion of work on the project after July
1 was revised to include a $16,500,000
item to finanes completion of Shasta
Dam. The House Interior Appro-
priations Snbeommittee subsequently
reduced this amount to 811,600,000
pnd the bill as reported by the com-
mittes wons passed by the House, Tt
i# now pending before the Senate and
there is a possibility additional funds
will be provided for work on the irri-
gation features approved by the
WPB.

Governor Warren has followed the
development of the Central Valley
Project closely. In his previous post
as Attorney General he served lour
vears on the Water Projeet Anthority
which represents the State's interest

in the project. He thus has an inti-
mate knowledge of the projeet and
the enormous part it ean play in in-
ereasing the production of eritical
war crops m Californin, protecting
lands already under cultivation from
flood and drought and produeing ad-
ditional hydroelectric power. His
letter to President Roosevelt reviewed
in detail the present status of the
project and what ecompletion of
various units of the projeet would ae-
eomplish,. He wrote in part:

WARREN LETTER TO ROOSEVELT

“The action of the War Produe-
tion Board in cancelling priorities
on all features of the Central Valley
Project except the Bhasta Dam and
certain attendant power facilities,
coupled with the fact that no funds
for the project are included in the
budget for the 1944 fiscal year, has
cansed great concern to the people
of Californin,

“T am well-aware of your intimate
knowledge of and perszonal interest
in this project, exemplified by your
allocating $20,000,000 from the
Emergency Relief Appropriation on
Beptember 10, 1935, making possible
commencement of work, and your
continned support since that time.
Therefore, I am addressing this let-
ter to you to solicit your persomal
assistance in securing the necessary
fonds and priuritia;l%ur the comple-
tion of this project, which will yield
large values in the prosecution of
the war from the standpoint of pro.
duction of needed food, fiber, and
electric power,

“T well recognize that the war has
caused many drastic changes in the
gonstruction program of the Federal
Government, and am heartily in ac-
cord with the conecept that anything
not directly related to winning the
war should be postponed for the
duration. It is my filrm conviction,
however, that the production of

food, in view of the growing short.
age thronghout the world, is second
only to the production of the mate-
rials of war,

"The adaptability of California’s
soils and the wide range of its cli-
mate particularly fit this Btate for
the production of all types of food
necessary to the war effort. Many
crops are produced on a year-around
basis and, compared to other states,
the yield per acre is much higher,
Lands which the Central Valley
Project will serve are heavy pro.
ducers of beans, potatoes, sugar
beets, vegetables, foraze crops for
beef and dairy production, flax, cot-
;.nni and both deciduous and citrus
ruits.

VAST CROP POTENTIALITIES

“There are alzo large acreageg in
grains and other less essentinl crops
which, if provided with an adequate
water supply, could easily be con-
verted to the production of meeded
war foods. In addition, there is a
large acreage, not now in use, which
the Department of Agriculture has
classified as highly desirable for the
production of guayule and which is
needed immediately if the Depart-
ment's present planting program is
carried to fruition.

“Oalifornia agriculture is bending
every effort to meet the mounting
demands for food within its own
borders. A great influx of popula-
tion to man the war plants has taken
place in the last two years. Grow-
ing military establishments in every
section of the State, with a popula-
tion that is difficnlt to estimate, are
producing an additional heavy drain
on the food resources of COalifornia,
Valuable shipping space needed for
the transportation of war materials
is now being used for the importa-
tion of food products that could be
grown on lands in Oalifornin. In-

{Continued on page 14)



Control of Roadside Vegetation
to Reduce Fire Hazards

By E. S. WHITAKER, Assistant Landscape Engineer

interests of this State figurative-

ly leaned on their collective
fences and gazed with ever increasing
trepidation aeross the narrow strip of
land separating their propertios from
the paved roadways that cavried the
ebb and flow of traffic on the State
Highway System, They feared for
the safety of their fields of grain, or
their pasture lands; their interests
also lay directly and indirectly in tim-
ber and watershed lands.

Along the highways flowed traffie
that yearly beeame more dense and in-
eluded loeal trafiic that well knew the
dangers of fire; city dwellers and out
of State people who did not realize
the hagards along the roads’ edges
throughout a six monthe' dry seasom ;
eareless travelers who did not think
of the possible havoe to be wronght by
an aceidental fire,

S)ME vears ago, the agrieultural

REEPONBIBILITY OF STATE

Between the fenee lines and the
traveled way extended a narrow strip
of untended land, growing a full com-
plement of grass and weods that, as
part of the right of way, came under
the jurisdietion of the Btate Division
of Highways. So far as the owners
of the lands beyond the fences were
econcerned, the hazards ecansed by the
traffie on the highways and existing in
the matured growth on the rights of
way were the responsibility of the
Btate,

The Division of Highways recog-
nized the benefit of a cooperative pro-
gram of fire hazard eontrol and in the
1920's began an netive program o
that end. Portions of the right of
way bearing the worst fire hazards
and fronting valoable dry erop or
timbor and watershed lands were
troated for such control,

A large amount of the work in the
first years consisted of hand removal
of brush, band hoeing around posts
and of dry burning. From this star
an annual program developzd.
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It wns found that dry burning,
alone, was a risky proposition. In
order to burn an area elean it was
necessary that the growth pass matuo-
rity and dry out sufficiently to burn
well. By that time, growth in the
ad joining fields was also so dry that
the danger from spremd of fire was
constantly at hand.

APRAYING EQUIPMENT DEVELOPED

There was also the damage result-
ing from scorching or burning trees
on the right of way, and hand lnbor
for their protection became a large
itern of the wvearly roadside charges
Spraying equipment was accordingly
devised that conld spray a sirip well
out on the right of way and, wherever
possible, directly next to the right of
way line,

EXPERIMENTSE WITH CHEMICALS

Experiments with chemieals and
nils were undertaken to defermine
what arent wonld kill the growth
quickly and as cheaply as possible. An
experiment with large hooded burners
and one with live steam was carried
out, trving to find a method of de-
stroying green growth so that the haz-
ard of burning during the dry season
wonld be done away with.,

DIESEL 0IL EFFECTIVE

With the possible exeception of u
proper chemieal used under optimum
conditions, no experiment has as yat
produced results equal to that ob-
tained throungh the nse of diesel oil
By applying a spray under sufficient
pressure to insore penetration of
heavy growth, between 30-50 pounds
pressure per square inch, and by us-
ing {rom one-twentieth to one-tenth
of a gallon application per square
yard aecording to the denseness of the
growth, a sirip of grass and weeds
eonld be treated and killed while the
surrommding growth was green,

After allowing from 10 to 15 days
interim for as complete o kill as pos-
sible, the sprayed strip conld then be

burned with little danger of fire
spreading owtside of the sprayed area,
Under favorable moisture conditions,
if spraying eould be under way while
the vegetation growth was still small,
i complete Kill was seeured and burn-
ing was not necessary,

With the expansion of the program
it was obyious that, while a fire has-
ard conld he said to exist wherever
dry grass existed on the right of way,
it was necessary 1o keep the work to a
minimum from an economic point of
view. A poliey was therefore adopt-
ed as to selection of areas to be treat-
ed. Under this policy work was re-
strieted to areas adjocent to grain,
grazing and watershed lands, and in
some eases for the proteetion of timber
Innds,

SELECTION POLICY ADOPTED

In the selection of areas for pro-
tection of grain and grazing lands,
the traffle density on the wifected por-
tions of each route was a determining
factor, for where low count traffie of
predominantly loeal origin constitutes
the main portion of the traffie, hazard
sontrol i8 not as necessary as along
roads carrying a high volume of mixed
type traffie.

Along the coast where climatie con-
ditions are favorable, many miles of
roadsides have been fireproofed and
improved in appearance by planting
ice plant. The two best varieties for
this purpose apparently are Mesem-
bryanthemum  edule and eroeeum.
Both aet not only as soil hinders, but
erowd out all other grass and weed
growth as well. Throongh their clean
green folinge and bright flowers they
add greatly to the beanty of the road-
gides,

The width of shoulders and of the
portions graded for their maintenance
nlso determines whether the rvoadside
should be treated, Wide shoulders,
elean of growth—mno treatment; nar-
row shoulders with a fire hazard elose
to the pavement edge—treatment

(May-Juwe 1943) California Highways and Public Works



At top—8praying roadside slope with diesel oil preparatory to burping. Simplified adjustable boom equipment is sperated by ene man
fram front of tank truck. Bottom—Mowing tall dry growth reducing fire hazard

California Highways and Public Works (May-Juse 1543} [Three]



necessary, The area and type of
development on private property is
still another factor in determining
where firebreaks should be established.
A few aeres of gruin or pasture sur-
rounded by orchards or ficlds of green
erops need not be given the same pro-
teetion s several bhundred aeres of
grain or grazing land that stretehes
away from the right of way line un-
broken by any kind of a firebreak

MEKINT PO FIRFREFAKS

With the addition of eounty roads
to the State Highway Syvstem and the
general inerease of traffie, it beesme
necessary to melude more and more
roadside mileage in the program. In
order to eul the total eost of the work,
farm type disks were used to form the
firebreak whenever possible. To spray
once and then burm a strip nine feet
in width eosts, by state-wide 1942 av
erare. 853 a rondside mile; to disk a
comparable strip eosts #15 a mile
While the immediate answer to the
difference in eosts is apparently ** disk
everything,”" such work ecannot be
done due to the inaccessihility of a

-

1 = - . ILI-. " .
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large portion of the roadsides to disk-
ing equipment on steep eut slopes

However, the mileage of the disking
for the establishment of firebreaks has
inereased from nothing in 1928 to 537
roadside miles in 1942, In valley sec-
tions with wide right of way, disking
equipment is pul in action as soon as
the ground dries ont safficiently to
earry the weight of the disk and trae-
tor. (o this type of roadside, a heavy
disk with retractable rubber tired
wheels can be used. With the wheels
lowered the disk san be towad behind
a truck for rapid transfer from ome
portion of a rosdside to another as
eonditions require

EFESTRICTIONS ON D=EKING

IVsking = restricted to the ares be-
yond the gutter or diteh hne No
shoulder or slope areas inside this line
are disked exeept ander aonosual eon-
ditions, as the soil loosenme sction of
the disk blades disturbs the desired
compaction of the slope or shoulder
and its early displacement and dissi-
pation by wind and rain follow. On
the other hand. grading equipment

Disking roadside areas beyond ditch line establishes firsbreaks
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ean be used to good advantage inside
the diteh line, Where space is avail-
able, one blade width placed directly
next to the portion normally bladed
for the maimtenance of mproved
shoulders establishes a satisfactory
firebreak.

In 1342, the strip to be sprayed was
moved in from the aren adjacent the
right of way to the first pine feet di-
rectly next the improved shoulder
There were a number of advantages
gainad by making this change It al-
lowad for more rapid progress of the
work, as the innumerable paases 1o
swing the boom or the spray bar to
elear posts and trees were reduced.
Equipment could be kept en the trav-
eled way or on the improved shoulder,
and it was not necessary to wait for
the ground to dry out and become
solid enough to hold up equipment in
order to place the spray strip near to
or directly next the right of way line.
Other conditions being favorahle
spriying conld be started at an earlier
date,

FRESERVING GREEN ROADSIDES

The sprayed and burned strip in
this new loeation later appeared to be
a part of the roadway and did not
lenve an unsightly and esthetically ob.
jeetionable sear throngh the wild flow-
ers and green growth of the roadside.
This in itself is no small featore, the
Division having received a number of
letters, from mildly eritieal to eon-
demnatory, decrying the destruction
of green growih right af the season
when the roadsides appeared at their
best,

But most of all, the firebreak was
placed at the point where the great-
est number of fires started. If the
fire incidence was the direet result of
traffie, then the hasanl nearest to the
traffic should be eontrolled. Whereas,
with an intervening strip of dry grass
between the road edge and the fire
break in which a fire could start and
finally gain size enough to jump the
break, with » fireproofed area at the
point of oeccurrence the probahility of
a fire ever gelting started is mini-
mized.

It is still neerssary, of eourse, to
provide a firebreak by sprayimg or
disking around trees or other plant-
ings before burning ean be under-
taken. All of this type of work ap-
plies only to aceidental fires, no work
being attempted to anticipate fires of
incendiary origin,

Another change put in effect in 1942
was the development of simplified

(May-June 1943) California Highways and Public Works



Burning oil-sprayed roadside arowth. Fire is kept in control with water hese sonnections from truck tanks

spraying equipment. One new devel-
opment eonsgisted of a folding swivel-
togele boom, which iz monnted be-
tween the cab and the tank on a tank
truck with a pressure pump located
either at the side or at the rear of the
troek. The boom is operated by one
man sitting on the right side of the
driver's seat. In this position he ecan
Iook head and see what to spray and
can also epordinate the movements of
the driver of the truck.

The unit is partieniarly adaptable
to spraying next to the shoulder edge,
and, whereas the rear end heavy hoom
units needed a erew of three and even
four men for operation, this equip-
ment is operated by two men. It was
firsi designed and used by mainte-
nance forees in the San Diego area.

A further development wag built in
the Equipment Department Shop at
Redding nsing a single pipe toggled
in sections for the boom and for sup-
plying the oil to the spray heads as
well, This does away with the use
of hose. When not fn use in moving
Prom point to point the boom is fold-
ed away behind the cab, and when
the spraying is completed for the sea-
gom it iz easily dismantled and stored.
Throngh the use of improved methods

of work and improved types of equip-
ment as deseribed, eostz= in normal
times ghould be reduced for the spray-
ing operations,

MOWING REDUCES HAZARD

On portions of routes where spray-
ing and burning has previously been
done but has been diseontinued this
year, roadside mowing iz now done
where necessary, eutting one swath in
width., This work, while not fire-
proofing the mowed strip, does redure
the hazard that exists in standing tall
dry growth.

In 1928, some 661 roadside miles
were treated for eontrol of fire hae-
ards at a eost of $37,752. DBy 1542,
this program had expanded to nearly
2,600 roadside miles with a total ex-
penditure of $118,179. Due to eon-
ditions impoesed by the war, the pro-
eram for 1943 has been reduced to
treatment of 1,980 roadside miles of
spraying and burning and of disking
at a total anticipated expenditure of
SE6,000,

The amounts shown do not inelnde
expenditures by the State Division of
Forestry nor the United States For-
est Serviee, The State Forester has
eooperated in the program by super-

California Highways and Public Works (May-june 1943)

vising the maintenance forees, in
many cases in burning operations,
The Forest Serviee has earried on eon-
trol work in certain timber areas with
their own forees.

While the program for 1943 is be-
ing earried out in the normal way
with the exception of reduetion in vol-
nme of work, it is to be expected that
changes will be necessary for 1044,

LIMITED BY WAR RESTRICTIONS

Liooking ahead, when diesel oil will
not he available due to war restrie-
tiong, it may be necessary to, in part,
return to dry or flash burnine opera-
tions. It will be necessary also to
limit the use of equipment for discing
and blading beeause of tire shortage
and inability to replace equipment,

Through the use of high pressure
gpray rigs designed for use as tree
spraying equipment, it is possible to
place two spray gung in operation.
This equipment will throw a spray of
water at the rate of 25 to 30 gallons a
minute up to a distance of 100 feet,
Strip burning started with pressure
torehes, when protected by the use of
guch equipment, ean he safely aceom-
plished.

{Continged on pagoe 2T)
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California Adopts Waterway Ratings
for Large Drainage Culverts

By R. ROBINSON ROWE, Aussistant Engineer, Bridge Department

FOREWORD

This is the eighth of a series of technical abstracts from a joint

the California Division of Highways, by a committee com
R.

tal review of culvert practice of

of G. A. Tilton, Jr., Assistant Construction Engineer;

L. Thomas, Assistant Engineer, Surveys and Plans; Clarence F. Woodin, Assistant Maintenance Engineer, and the

writer.

A "large culvert,” for the purpose of this article, may be any section from a 34-inch pipe to a small bridge.
Design in this range should include a hydraulic analysis. The empirical rules offered in the text must not be interpreted
as safe substitutes for analysis, but, rather, expedients for preliminary or budget estimates, Giving a first approxima-
tion, the rules will show need for and simplify the application of hydraulic principles.

of highway alignment and

grade on eulvert design has
heen noted, in part, before® In addi-
tion to the longer and stronger con-
tnits required by high embankments,
the same trend has inereased the gize
of waterway for which a eulvert is
more economical than a bridge,

For this premise and the disenssion
to follow, the term *‘large eulvert™
ineludes structures classed as bridges
for administration purposes but
which are actually eulverts on a large
scale. Without attempting too fine a
division line, any waterway under a
highway may be considered a colvert
if its entire perimeter is funetionally
streamlined from end to end.

Objectively, the eulvert so eonfines
a stream laterally (to shortenm spans)
that depth is materially inereased.
Crown elevation is usually deter-
mined as the minimum consistent
with the waterway requirement, so
that eonfinement may be vertical as
well as lateral. Henee the erown
must be streamlined to pass floods
without entrapment of drifi or pen-
eration of major turbulence.

THE effect of modern standards

FACTORE OF OOST

The longer the waterway the more
the saving in structure cost if the
strenm is narrowly confined. This
follows in part from the ecost of end
transitions (headwalls, endwalls, de-
bris racks and energy dissipators)

1 California Highwayse and Public Works,
ovember, 1943,
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which are disproportionately expen-
sive for short eulverts, Consequently,
if n reconstrueted highway is multi.
Inne or on a high grade over a minor
gtream, n large eulvert may be more
economienl than o emall bridge, For
example, o ohannel 50 feet wide by 4
feet deep formerly spanned by a 40-
foot 2-lane bridge might be replaced
economically by a triple 8 x 6 box oul.
vert when the highway is widened to
4 lanes,

Bueh replacements may be made at
widely differing sites. In our experi.
ence, old bridges have been replaced
by pipes as small as 18 inches in
diameter and by arch culverts as
large as 285 square feet in section,
For the small sections, determinant
of size is mostly a matter of hydrol-
ogy, but for those over 15 square feet
in section, hydraulic principles be-
come more and more important.

Extrapolation of Pormulae

Whether the basic enlvert formula
leads first 10 a design discharge or
directly to a waterway area, the shape
of the waterway under the highway is
not taken into eonsideration. In a
particular case, if the required area is
16 square feet, the designer may
choose n Bd-inch ripe or a 4x4 box
The formula would be satisfied if he
selocted an B x 2* box ora 2 x 8 box
The latter would be & hydraulie ab-
surdity and also expensive. Up to

1 Box dimansions are “span times depith®™ In
thut order.

this size, the cheapest section should
be satisfnetory hydraulically,

In another case, suppose the re-
quired area is 100 square feet, Hy-
drology will be satisfied by a 136-inch
pipe or a 10 x 10 box or a D-19 arch
evlvert (10,08-food wpan by 12.33-foot
depth), But if the outfall is free,
any of these flowing full will dis-
charge at high, probably damaging,
velocity, This outfall velocity would
be much less if the designer chose a
double 10 x § box or a battery of five
60-inch pipes.

The area equivalence of thess see-
tions governs only at the eulvert en.
trance. Omee flood water has entered
the eulvert at a certain rate, velocity
through the conduit will depend upon
roughness of walls, shape of seetion,
gradient of flow line and fresdom of
outlet. This is apparent at once by
examining the Manning formula -

14‘ l Ly | I i

Vo= ==

For sections of similar shape, the
hydranlic rading, R, increases directly
with the sier ratio, and velocity as the
two-thirds power. Hence doubling
the dinmeter of a pipe adds 59 per
eent to the velocity at full eapacity.

Since wveloeity also varies as the
square root of the slope and inversely
as the roughness, the effect of don-
bling the dinmeter will be worse for
steep, smooth conduits than for rough
ones on mild gradients. In fact, the
disadvantage of high veloeity in large

(May-June 1943) Califormia Highways and Public Works



Most important, however, is
freedom of outlet. If the outlet is
submerged, the large culvert will flow
full to the outlet, then outfall in a
decelerating transition through the
wider channel, But if the outlet is
free, the eulvert will outfall in an
sccelerating transition, ss illustraied
in Fig. 29 6eg" and estimated for

From these general considerations,
it may be econcluded that eross-section
area of large eulverts should not be
computed from formulae devised for
small colverts, unless there is assur-
ance that the outlet will be sub-
merged,

8hape of Bection
If the outlet is free, it is most im.

stream. Natural channels in roeky
canyons may have width and depth
nearly equal, but stable channels
through softer materials are 5 to 50
times s wide as deep,

Eoonomy demands some reduetion
of channel width at highway eross-
ings. For bridges the redustion of
main channel is seldom as much as
40 per eent, but grester reduction i
practical for enlverts, because of pro-
teetion built into the structures. The
greater the reduetion, the more eostly
the protective appurtenances, so that
there is, for each site, an economie
limit to span reduetion., This Hmit
may be us great as 50 per cent of
main ehannel,

In seleeting the shape of wetted
section, it W obvions that a eireulur
section is the most economieal for pre
fabricated conduits and a rectangular
seetion (nearly sqoare) the simplest
to form on the job. This latter is
economical up to a eertain combina-
tion of span and earth load, beyond
which it is cheaper to form a thin
arch than to east a thick top slab.

Now the natoral seetion of most
streams is o concave bed (varyving
from trapegoidal to parabolie) under
a level water surface. Deforming
the upper surface to the erown of a
pipe or an arch is not natural and
should mot be attempted without
weighing the consequences. At the
culvert entranee, the consequences are

* Loc. cit. p. A,

‘Callfornin Highway: and Public Works,
January, 1843, p &

y
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FIG. 53. Application of rated waterway limitation to typical free-putlet culvert sections

ot severe—backwater, reduesd veloe-
ity of approach moderate eddy action,
debris entrapment But at a free
outfall the consequences are usually
damagmg—drawiown flow, inereased
veloeity of retreat, erosion of banks
by direet or eddy eurrents, scour by
high bed welocities in supercritical
flow.

Structural Voids

The answer, of course, is that the
archway of a free enlvert is primarily
a structural void instead of a water-
way. Part of it may be usable for
waterway or driftway, but it is care-
less practice to determine waterway
area requirement from, say, the Tal-

Califormia Highways and Public Works (May-Juse 1543)

bot formuls, then seleet an arch eul
vert with barely that requirement.
Struetural voids are not limited to
arch eulverts. The upper portion of
a large pipe eulvert is similar in
shape and primary funetion. Ewen
for restangular sections, the erown
slab may be olevated to serve as road-
way deck, leaving a stroctural void.
As thus deflned, the struetural voi
is readily apparent, but determina-
tion of the boundary between usable
waterway and the void is more diffi-
enlt. The committee proposes two
steps—first, an arbitrary
for preliminary studies and estimates
amid, seeond, a method of analysms for
final design,

[Seven]



Rated Waterway

The first step is to define a “rated
waterway'’ for each large culvert
with free outlet as the eguivalent
usable waterway (exclusive of struc-
tural void) for the culvert under the
most favorable econditions. If the
enlvert is laid on sub-eritical gradient
and if the downstream channel is
reasonably seeure against erosion and
geour, then the tentative selection of
a section hy its rated waterway may
be econfirmed by the hydraulic anal-
yeis.

The rated waterway of any eulvert
section ig determined arbitravily by
the formunla:

g
D, — w

Where D, is the depth of rated
waterway above the flow line, b is
the enlvert span, m the number of
gpansg (nsnally one) and ¢ depends
on type, as follows:

c—4 ft. for R.C, arches and pipe

c=5 ft. for R.C. boxes and C. M. arches
e=4=8 ft. for C. M. pipe

Tables 4.7 show the application of
this arbitrary formula to standard
large colverts. TIn these tables it will
be noted that the redunetion of work-
ing area 18 greatest for hizh and nar-
row sectioms and that it diminishes
for rough-wall or mulfiple econduits.
Figure B3 compares the sghapes of
waterway and extent of voids of six
seetions which are nearly eguivalent,

Effect on Arch Design

The reduction i3 properly severe
for the standard eoncrete arches
(Table 4). The high and narrow
sections with smooth walls, for which
a low value of C is applicable, are
rated at 62 to 84 per eent of gross
area, the percentage rating being less
for the larper seclions.

These sections were designed to
give gross avea at least cost. Rede-
gign to obtain rated waterway at lenst
eost would result in flatter arches—
eapecially under low or moderate flls
This eould be aceomplished by de-
creasing the rise-to-span ratio of the
arch (reguiring a heavier arch ring)
or lowering the spring line,

The Myers Creek Culvert (Figure
B4) illustrates the use of suech pro-
portions to obtain  stroctural and
hydraulic efficiency at the same time,
Its rated walerway (last item of
Table 4) is 93.6 per cent of ils gross
area. Compare this with the item
above it, the Balt Creek Cuolvert
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(Fig. 85a)," for which the rated
waterway is only 53 per eent of the
ETOSS Ared.

Tabla 4

Rated Waterway for Free Outlet
R. C. Arch Culverts (c=4, n=1)

At e
Btand-| Hpan | Cross | Rated | Gross | Boted
n]d ft. [ derpth | depth Wred w;;’;"'
Nao. =h I k. =Dirw | Bq. It S, Ft.
D13 | 486 | 544 | 4.18 | %20.0 | 16.9
Did | 5.88 | B42 | 463 20.0( 24.5
{1y | 588 | 7.21 | 494 | 358 | =80
DIs | 655 | 800 | G527 | 441 331
|
Dig | 7.55| Be5 | E7T| 69.1| 40.5
D17 | 848 | 1033 | 6.28| 73.8| 48.8
D18 | 9.52 | 11.42 | 6.66 | B9 [ G678
Dig | 10,08 | 12,33 | 7.04 | 106.0 | B8.0
D20 | 11.88 | 14,00 7.91 | 134.6 B3.8
D21 | 14.00 | 14,97 a.00 | ITI.6 | 119.1
2 | 16.25 | 20,58 | 1012 | 2585.5 | 151.2
{3 | 21.00 | 1442 | 12.50 | 250.7 | 234.7

(1) Drawing C-1018-2, T-Men-1-B: (2} Bridge
623, Salt Creek: (3) Bridges 58-261-8, Myers
Creek.

For each of these spesial designs,
shape was determined entirely by
height of embankment above the areh,
being 73 feet abhove flow line at Balt
Creelk and 23 feet at Myers Creek.
The ideal shape of the latter would not
have been practical under a high
embankment.

Table &

Rated Waterway for Free Outlot
R. C. Box Culverts (C =5, n=1,2,3)

nomical for fres-ontlet culverts. The
flat arch (e) for low fills is essentially
the shape of the Myers Creek culvert.
HSome intermediate design (b) should
he most economical for moderate fills,

Tahble 5

Rated Waterway for Fres Outlet
R. C. Pipe Culverts (C=4, n—1,2)

Hingle pipe Donble pips
frw=]) =2
THpm- ——
;:ﬂ?e Rated Rated
INCOER: | Girom e Giross
wabor- Winbir-
BTt way | aren i
a1 142 14:.1 25 4
i 15.9 166 31.8
&7 17.7 17.1 35.4
filh 106 15.6 ao.a
[iH] 21.8 0.2 43.3
[ili] 3.8 21.9 47. 5
6 24610 9.5 519 | 51.8
72 o83 25.2 56.5 6.0
75 30.7 a7 .0 g1.4 60 4
78 33.2 25 .8 i 6.8
821 35.8 a0 6 71.6 [Nt ]
B4 38.5 332.5 Tr.0 73,2

Adaptability of the multiple areh
(d} for fills of any height ghould be
tested. Tlse is not uneommon for low
fills (Pigures 56 and 57) where clear-

ance is lmited,

Table 7

Rated Waterway for Free Outlet
C. M. Pipa Culvert
(ce=fy ne==1, 2 3)

Hingle

Drouble Triple

ok hox hox
o | B [ 4E | 25| «F |£8] (2
S 5 %g Bt %z i
i i i 3
g | | |3
SE 2 P |

| 38| 33 T2 108

an | 42 147

112
128 i 1206 192

HH
FRww 2Ea® |
DS Hel=1d

-

/= an

=

144 216
81| 83 | 162 | 144.6 | 243 [238.4
i 75 160 240
o0 | 75 | 180 | 170.7 70
10x10 | 100 | 75 | 200 | 170.7 | 400 | 280
12x © 108 | 102 o216 A4

12x10 | 120 | 102 | 240 | 228.0 360
12x1% | 144 | 102 | 288 | 228 4 | 432 | 473
The eonfliect between hydraulie

and struetural arveh shapes under
moderate-to-high fills shonld be com-
promised. Figure 58 compares the
standard arch (a) with other general
shapes which may prove more eco-

8 Callfornia Hhﬁhwa,}'s and Fublin Warkas,
January, 1045 po 10,

TEA E——

_ Bingla Double _ Tripls
pipe (==1) | pipe (n=2) | pipe (n—5)
Di_ |- T L e FE——
el .#l 9 | el ¢
e
g 2 E | =3
eloer
| §8 |3z 3a (22§ |3
; -
: |l |%
-— e .' =
75 {307 |s0.8| 614 | ezo
78 |33.2 (820 | 664 | 095
54 | 28.5 | 37.3 Ti.0 I116.6
00 | 4.2 | 4270 | RS4 | 132 5
o6 | 50.3 | 48.7 1005 150 .8
102 | 56.7 | 61.5 | 114.5 170.2
105 | 601 | 54°1 /1203 [120.1 | 180.4
108 | 3.6 | 56.6 |127.2 |126.2 190.0
114 | 70.9 | 1.9 |[141 8 |139.0 212.8
120 | 78.5 | 67.3 [167.1 |151.7 | 2458
135 | 99.4 | BL.7 |195.8 |1B4.9 |208.3 |204. 5
150 |122.7 | 07.3 |245.4 |21900 [368 2 [353.3
165 (1485 (1142 [207.0 {2573 [445.5 (114 4
180 (176.7 |182.2 (35d3.4 |207.1 1530.1 [475.5

One definite start haz been made.
Culvert standard sheets D23 and 1324
for plain eoncrete areh eulverts each
include tabulated colummns showing
gross and rated waterways for each
standard section. The D23 and D24
sections were not modified to improve

(May-June 1941) California Highways and Public Works



the rating, but the evaluation shown
on these standards will point the way
for modifications in the future.

Method of Hydraulic Analysis

It must be emphasized agnin that
the ““rated waterway™ s a first ap-
proximation to design, which shonld
be econfirmed or
draulic analysin. The objective is to
determine stage and veloeity at out-
let, anticipating, as the next step in
design, either (1) modification of see-
tion until velocity is tolerable or (2
protecting the eulvert
slructure against intolerable veloeity

The general problem = that of
accelerated flow in an open channel—
controllad at inlet and {ree &t outlet
The analyvsis should start with the
assumption that flow will be eritical
just inside the colvert entranee
Using the design discharge, compute
the eritical stage, for which velosity
head is hall the mean depth. For
this porpose, menn depth is the

corrected by hv-

and roadway

FIG 88 Myers Crock culvert on State Highway in Imperial County, a flat arch under
& low Bl

weilted area divided by the width of cal section, the entrance stagre (in-
the free water surface elnding head of approach veloeity)
Working npstream from the ertti- will be the energy head at eritieal soe-

DIVERSITY OF ARCH FORM WITH [OUNVALENT RATED WATERWAY3

I ir hils L oot &or

|
low Fills

FIG. 8. Las Florea Cresk

Califormia Highways and Public Works (May-Juse 1943)

Leaking under bridge at double areh culvert of A. T. & 8. F. Railway

[Nine]



F1G. B7.

tion plue an allowance [or entrance
lass.

Working downstream, the easiest
proeedure is to caleulate the distance
L, to a section somewhat smaller than
the eritioal section, assuming that the
mean slope of the energy line between
two seetions is the mean of the slopes
at those sections. The method will ba
illustrated for a cireular section,
nsing Table 8, a chart (such as
Seobey’s) (1)® for Kutter's formula
and the approximation

hgy—hpy
1==m

For an example, assnme a T2-inch
R. C. pipe culvert 200 feet long on a
slope of 0.02 and with free outlet
proposed to earry 252 second-feot
{= 10 ft. per sec. throngh 25.2 sq. ft.
of its rated waterway, see Table B).
Dividing Q [ = 252) by D** { = §8.2},
the gquotiemt, 2.86, may be used to
interpolate the eritical elements from
Table 8, viz:

Critical velocity, V== 4.70./6 =115 fL. per
sec.,
Least enargy, he = LO6T x 8 — 6.40 ¥t

Critical depth, dr — 728 x 8 == 4.35 fi, and
Hydraulic radius, R ==.200x6=—1.80 ft

Uging Kutter’s n = 013 and these
vitlnes for V and R, find the slope
(8 =0.0043) of the energy line nt
this point. Sines the enlvert slope
(8, = 0.02) is steeper, flow will accel-
erate and downstream sections will be
smaller than the eritical.

Take some smaller section for which
elements are given in Table 8.2
that for which d = .604 D =35.62 ft.
In Table 8 (shown in the third eocl-
umn, this page) the first 3 eolumns are
computed for ecritieal flow, but the
lust 8 columns are geometric relations
independent of flow. Hence for the
supereritical flow at this seeond sec-

[Ten]

Quintuple culvert of rubble masonry and metal arches, Moosa Canyon on State
Highway in SBan Diege County

tion, R = .27 D = 1.67 fi., A = 495
DP—1782 sg. ft. and V=252
17.82 = 14.14 ft. per sec. Argain us-
ing a Kutter ehart, find S, = 00072,

Application of the approximation
to find L, =23 ft. is now obvious,
with the detail shown on Figure 58
The figure is & profile summarizing a
series of steps like the first, The
steps continue watil the sum of L,
I, ete. exceeds the length of culvert,
then the depth of flow at outlet ean

be interpolated and outfall veloeity
(V=186 ft. per see.) computed.
Justifieation for an analysis for
such & design s now apparent
Assumption that the pipe flowed full
at outlet would have given an outfall
{Continued on pags 17)

Table B
Critienl Elemants of Circular Sections -

[

Q Va [ d i A
s ‘II I D I D D
1. = | 570 | 420 222 313
1. 38 T 4z 23T 55
15 .55 JAe | 601 25l | 395
1 .72 .Tha 5UT | .281 430
1. B8 805 571 270 | 463
2. 04 B&7 ] 1y L AD3
2 149 Rl g .- -1 D
- 34 56 A 201 853

1. 00 BERT| 205 N-ris

(=3 F

40 1.005 aal 205 BT

1.053 .TI8 Pl 02
1.100 43 &0l 026
=0 1.280 Bk ] 0T
1.542 BB S0cE T
1. 488 -BET 0K CTan

1. 800 1 | .2 5
18 1. 740 e bl ] a7
78 | 1.802 o6 | 284 TTd

5

- =

=
PODS® SpeNS @DkRRO
e L -1 T T RS LdLOBIES |
ha
-]

* Numhers In paronthesis refer to bibliog-
raphy &t end af article.

il
hy:-t.ﬁij

o ik

hg - ﬂrh!_- [

dﬁ = 435= d'|

L=200 [
%
puk AL
-.;}f.,u““ Bt
- % Lt A
—— 5 o\
. = "—n o

-\-_._Eﬂ‘trh
b TT——

o

1.
b

/
7

Werne) |

..;.. _ hy=sm

L=23 L8 Lye3s | L =66

d-290

%~ S

L o (diohy)-[dehe) _ (s82+30)-(4354208) a3y
S B 002-J{o004a34 00077  ocuzs

FIG. 538. Application of Table 8 and formula for non-uniform flow to 72" R. C. pipe
(Kutter's N = .013) culvert with frea outlet
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Bay Bridge Shows Low Accident
Record Despite High Traffic Peaks

TUDIES of accident reports,
traffle movement and physieal
conditions on the SBan Franeisco-

Oakland Bay bridge during 1942,
which have been ecompleted by the
Division of Highways, reveal that in
terms of vehicle miles traveled last
vear, the bridge shows four fatalities
per hundred million vehicle miles as
compared with eleven on the rural
State highway system.

For the entire time the bridge has
been opened, in the same terms, the
bridge record is six eompared with
the rural State highway average dur-
ing the last flve years of 12.5.

Aceident reports show that wilful
disregard of fundamental rules of the
road regarding proper spesd, passing
movements and adherenee to desig-
nated lanes of travel and the astoond-
ingly high pereentage of drunken or
had-been-drinking drivers, are the
greatest contributing eauses,  Acei-
dents resulting simply from eonfusion
or mere inadvertence on the part of
drivers make up only a &mall part of
the total.

HAZARD FOINT STUDY

During times of peak traffic move-
ment, each lane on the npper deck of
the span in one direction earries from
1,000 to 1,600 cars, and with traffic in
this amount there is great need for the
mokt complete control of its move-
ment to assure a steady uninterrupted
flow and to reduee the accident rate,

The record on the lower deck of the
bridge shows a concentration of aeci-
dents at the Treasore Island entranee.
This situation is under study at the
present time in an endeavor to pro-
vide some method of traffic eontrol
that will alleviate the hazard at that
point at least to some extent.

During the past two years, mueh
thought has been given to improving
the center marking on the upper deck
and several trial installations have
been made. All exeept one of the
methods tried thus far have been dis-
earded. The raized painted line now
on n section of the bridge, or some
modifiention of that design, seems to
have some possibility of Improving

the visibility of the center marking
particularly  duoring rain  storms
Light shields required by military an-
thority to shield the bridge lights as a
protection measure are now being in-
stalled.

Hope for betterment of the accident
record would seem to lie in some more
complete control of traffic, which
would be accomplished by other than
purely physical means.

HIOH BPEED CAUEE

Sixteen accidents, or 30 per cent of
the lower deck total, vceurred at the
intersection of the Tressure Island
roadway. A large part of these are
the result of wvehicles entering the
danger zone at too high a spead. The
use of traffic signals to reduce the
hazard at this peint is being studied
by the Trafflc and Safety Department
of the Division of Highways.

Three fatal accidents with four
deaths oceurred during 1942, as com-
pared to seven in 1941 with a death
toll of ten. There was an inerease in
the number of personal injury aeced-
dents from B2 to 119, but the number
of persons injured was only slightly
greater, inereasing from 169 to 189.
It is evident that although the acei-
dent rate may have increased, the
severity rate has deereased sharply.

The following tabulations of traffie
neeidents on the bridge during 1942
show the types of accidents and the
sontributing causes :

TRAFFIC ACCIDENTS
January 1 to December 31, 1842
UPPER DEDK

-]

FIHEREE

[lg : Ij & b

i |1 o E
Total aceidents. . w | 3 wimef wm
Driver drinking_... wi sl .| 1al w
Driver nslonp..... .. 8l 4| 7| 2] mf =
Durvicl Pobdwmy_. #] 1l 8] of
B e 1 O]
Fainecidwts.__| 1| 4.0 1] aff 1
Injury accitients____. w 8| 1 8f mfl w
damogeooly | 24 18| | pfwef s
Daylightacciden | 22| B | 3| W[ 120) &
Might nceidends. =l om | Bl =

California Highways and Public Works (May-june 1943)

LOWER DECK
In : i

HEHEHH L H
-Ei]-"“ I L
Tobul nceldunts. 1| n ll il sl rwo
Driver drimkbng. . | RS D 1 2
Drivir anlesp. itk PV R e ]
Curvnd roadway. 1 2| [ 2| s B
Wt prvessanl 2] 8. AW m
Fatnl nceldents o Rl el ]
Infury aceidents 1 n 1 & wf s
Property dsmagesely. | 4 18| 8 nf M| 6
srtidardy Iom 4| || 4l =
Night accidents | 8| ) Byl 17

TRAFFIC ACCIDENTS
January 1 to December 31, 1942

UPPER DECK

=28
anad

;‘E.
i
l

UPPER DECK

&l secidanty invalved drinking drivers,

bl hessil-an exidants involved drinking drivers.

all rear-gndd aecidents involved drinking drivers.

all hit beidyge right sldo aceldonts involved drimking

all miscallnmeoim anciibants invslved drinking drivers,

UPPER DECK
of ol acelidenin Invelved drinking or aslean drivers.
of ali hoad-an areldenis Invalvid deinking or asise

drivers.
1855 of all rear-and accidents imvalved drinking o asiess
1337 of all hit bridge right sile accidents invelved drinking

2 L2y
ﬁiaaa;
BEFARRLE

M,
L

AR

1t was doring the impanelling al u Jury
that the followisg colloguy

Juidge : You are a property nwnlr‘!'

Prowpective Juror: Yes, Your Honor,

Judge : Married or singla?

Prospective Juror: I have been marriod
five years, Your Honor,

Judge : Have you formed or expressed an
opinion?

Prospective Jurar | Not In five years, Your
Haonor.

“Young man,” sald the old one, severely,
“when I wax your age, I, ton, thouoght I
knew all. Now 1 bhave reached the conclu-
sion that I know very Hettle™

“ireat Beot!™ exclalmed the Ind in aston-
Ishment: “has it tnken you this long to find
that ont? Why, I knew it the minute I saw
votr ™



$1,000,000 Winter Highway Damage

By W. A. SMITH, Assistant Maintenance Engineer

U. 8. 66 blocked by flood debris at railroad underpass near Gish, San Bernardine County. Railroad was alse washed out

AMAGE to State highway
D structures and facilities in ex-

cess of  #$1,000,000 oecurred
during the winter seasom just past,
Nearly three gquarters of this damage
was in the Los Angeles and San Ber-
nardino areas.

A large portion resnlted from the
gingle three-day storm January 21 to
23, when 5.568 inches of rain fell in the
Los Angeles area and 7.23 inches in
San Bernarding, [t was reported thal
28 inches of rain fell at Camp Baldy
and 21 inches at Big Bear,

A second storm in April cansed
about $80,000 damage in the game #red,

With such a heavy rainfall in the
ghort period, it is not snrprising that
nearly every section of highway and,
in faet, other tyvpes of transportation
gyetems  were elosed o teaffie for
longer or shorter periods.

DERRIS CHOKED SUBWAY

At Cajon Pass on U. 8, 66, for
example, the (High subway was choled
with debris due to seouring out of the
highway well in advanee of opening
of the railroad

[Twelve]

nearby drainage structure. The em-
bankment under the railroad tracks
west of the subway was eompletely
washed out.
Highway maintenance forees were
ahle to start traffie moving over the
The most extensive damage oceurred

on State Highway Route 62 in Ban
Gabriel Canyon, and the cost of resto-
ration of channel paving in the Ar.
royo Seeo will be the largest single
item. Long sections of other routes
were covered with mud and debris up
to several feet in depth.

i

.
¥4 ]

State Highway 188 washed out; temporary detour near Crestline, S8an Bernardino County

(May-June 1943) California Highways and Public Works



OCEAN SOOTRED EMBANEMENT

At Camarillo on 10, 8. 101, the high-
way was blocked by euealyptus trees.
At El Morro Bay on State Highway
Route 60, the oeean scoured out the
highway embankment to the shoulder
line and only prompt aetion by high-
way maintenance forees in placing
heavy riprap prevented entire loss of
the section of highway,

7. 8. 99 was closed to traffie for
geveral days due to washing out of
approach to the Clastaic C'reek bridge.

Floods oecurred at intervals in the
southern parl of the San Joaguin
Valley, and most of the hishways in
parts of Tulare and Kern Counties
were under water at one point or
another, The most serions storm was
on March 9§ and 10, when one bridge
was destroyed and eight damaged in
this area. The most serious damage
from a traffic viewpoint was at Poso
Creck on U, 8, 99, near Famoso June-
tion. Traffic must detour at this point
for a period of three months while
repairs are made.

MANY BRIDGES DESTROYED

During the several storms, other
bridges were destroyed or damaged,
including structures across Little Cow
Creek and Oak Bun Creek at Mile 20
in Shasta County: five spans of the
Santa Ynex River bridge on Route 56
in Banta Barbara County ; the detour
bridge over the Salinas River on
Route 56 in Monterey County; and
complete loss of the bridge across
Matilija Creek on Houte 138 in Ven-
tura County.

The damage #s outhned does not
inelude such work as repair of pave-
ment which has been damaged by
flooding. This work is usually done as
part of regular maintenanee opera-
tions and is not ineluded in the esti-
mate, althongh the total sost will add
up to a considerable item.

Funds are not available for eom-
plete restoration of the highways at
this time. Ounly sofficient work is be-
ing done to make them safe for travel
at many points. The heavy damage
placed a severe strain on the limited
personnel and egquipment, but on the
whole the organization was fortunate
that the damage was not more wide-
spread.

Roadway between bridges washed out in S3an Gabriel Canyon

One lane of approach ta bridge over SBanta Clara River on U. 5, 6 damaged

California Highways and Public Works (May-June 1943 [Thirteen]
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CHITRALVALLEY
PROJECTS

~ |ROLEinThe WAR

e ¥ WATER PRCHECT AUTHORITY D}
\ of the State of Cal_lforma. Il

THE GREAT CENTRAL VALLEY

Length 450 Milea.. . Width, Approximately B0 Miles

Total Area 12,000,000 Acros

Irrigable Arca B,500,000 Acres

Presently lrrigated ... 3,000,000 Acres

Irrigable Area of the Central Yal-
ley Project

2,000,000 Acras
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Governor's Appeal Wins Approval

{Continued from page 1)
creased food production in  Cali-
formia will ease this transportation
problem,

FRIANT CONTEOL GATES NEEDED

“Certain features of the project
could be completed within a year,
and others within two years, which
would be of incalculable aid to Cali-
fornia agriculture, For example,
the Friant Dam on the Ban Joaquin
River is now complete with the ex-
ception of control pates. Bome $16,-

[Fourteen]

600,000 has been expended on this
strocture, yet today it is not
capable of even serving the purpose
of controlling floods. In its present
status no water can be impounded.
Installation of control gates in the
dam would make possible the regula-
tion of the water supply for 200,000
acres of fertile irrigated lands now
planted to many war crops, and also
a full dependable irrigation supply
for 65,000 acres of land potentially
capable of producing such crops.

“The Madera Canal, extending north-
ward from Friant Dam, has been com-

pleted through eight milas of the only dif
figult terrain It must traverss. | am |n-
formed that the remainder of the canal
could be completed for the most part as
an unlinad ditch in ene year, using only a
minimum amount of critieal materials.
This canal would serve 175,000 acres of
lands within the Madera Irrigation Dia-
trict of which 83,000 acres are presantly
irrigated for the most part from wells.

CANAL WORK STOPPFED

“Construction work on the Friant-Kern
Canal, extending wouthward from Friant
Dam, has not been started because of a
stop-order of the War Production Board.
The Bureau of Reclamation has stated
that with a gresn light an prioritlea for

(May-June 1943) California Highways and Public Works
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materials and aguipment, this canal could
be completed in & two-year period. Thia
canal would bring a supplemental water
supply to about 1,000,000 acres of irrigated
land in an area where a severs deficiency
in water axists.

“That the agricultural area to be served
by the Friant-Kern Canal is highly im-
portant in the production of war crops, |a
shown by the fact that two of the coun-
ties it will serve—Tulare and Fresno—
rank second and third in the wvalue of
food production ameong the counties in the
entire United States.

“However, the esffective oparation of
Friant Reservoir and the Friant- Kern and
Madera canale is depandent upon con-
struction of the Delta Cross-channsl and

¥l 2

front.

CALIFORNIA CENTRAL VALLEY PROJECT

WILL increase California’s vital war crop production by
more than 1,000,000 tons.

WILL save a 100-freight car train of transcontinental
shipping a day.

WILL protect strategic highways, railways and coemmu-
nication lines from food.

WILL provide food for the increased populstion in war
and military establishments on the Pacific War

WILL save critical materials by increasing food produe-

tion on fertile lands now farmed with highly

mechanized squipment.

BAVE MANPOWER BAVE TRANSBFORTATION
SAVE CRITICAL MATERIALS

the Delta-Mendota Canal, whieh will link
the Sacramonte VYalloy features of the
praject to those of the Ban Joaguin Val-
loy. These two featurem of the project
are sssential for importation of water to
roplace water which will be Impounded in
Friant Reservoir and transported in the
Madera and Friant-Kern canals,

“The Contra Costa Canal is completed
except for an eleven-mile section to |ts
proposed terminus near the oity of Marti-
naz. It ia the only feature of the project
at present actually In operation, and is
supplying water to cities, war industries,
and landa along the south shore of Buisun
Bay. Its operation during a dry year,
when water would be most needed, iz da-
pendent upon a supply from Shasta Hes-
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ervoir furnished through the Deltas Cross-
channel. This canal could be completed
within & year and would be capable of
serving some 20000 acres of agricultural
land, as well as many important war in-
dustries.

FLOGD CONTROL IMPERATIVE

"Completion of the Shasta and Friant
dams would ajid in the control of foods
on the Sacraments and San Joaguin
rivers. WYaluable erop lands adjacent to
bath rivers; and perhaps more impertant,
maln rail and highway systems, ars sub-
joct to damage from flood waters of these
streams.

"California is recognized as the main
basa far cperations in the War of the
Pacific. Any possibie steps that can be

[Fifteen]



taken to protect her rail and highway
systems, so vital to the movement of
troops and supnplies, should be of foremaost
importance and merit serious considera-
tion by the agencies which now control
priority ratings and by their rulings the
appropriations from the Congress.

“0On the other hand, in a dry year such
as occurred in 1831, 1934, and 1939, water
impounded behind the Shasta Dam would
protact froem the menace of salt water
some 400,000 acres of lands in the Sacra-
mento-San Joaquin Delta largely devoted
to the growing of supar beats, potatoas,
asparagus, celary, and other wvegetable
orops. In dry years, crop losses In this
area due to salt water invasion from San
Francisco Bay have run inte several mil-
lions of dollars.

POWER POSSIRILITIES AVAILABRLE

“plso, lands in the San Joaquin Valley
have suffered from inadegquates water sup-
ply and the use of electricity for pumping
in thesa dry years has increased tremen-
dously, While consumption of slectric
energy mounts rapidly in dry years,
hydro-eleetric  production of necessity
drops off due to depleted reservoirs, With
California's expanding war industries and
increased use of alectrlelty, the margin of
safety between production and consump-
tion of electricity at this time is little
more than adequate. If the present mar-
gin should be further reduced throunh
expanded eonsumption, installation of the
additional generating units at Shasta and
Keswick dams would provide the logioal
solution of the problem.

WAL this time, only two of tha five gen-
erating unite planned for Bhasta are being
installed snd the three units originally
planned for Keswick have boen held up
by War Production Board orders, When
additional electric power is required in
California, it ahould be pointed out that
the additional power facilities which are
an integral part of the project should be
the first installed to meat such Increased
demands.

LAND REVERTING TO DESERT

“There iz still another phase of this
entire problem which merits eansidera-
tion. | refer to the continued necessity of
deepening wells used for irrigation, par-
ticularly in the Southern San Jeaguin
Valley where the overdraft on under-
ground water supplies yearly grows more
acute, Critical materials that could well
be used for cther purposes are required
jn the deepening of these wulls and the
attandant replacement of pumping equip-
ment. Alse, as the water level recedes,
cost of electricity mounts in some- cases
to the point where it becomes uneconomic
to farm the lands. Already some 80,000
scres of land that once were producing
have reverted to desort.

“ln view of the foregoing facts. | am
firmly convinced the completion of the
Central Valley Project is so essential to
the war effort that | feel it Incumbent
upon mysell as Governar of California to
call these matters to your personal atten-
tion. | am certain that with your assist-
ance the necessary priorities and appro-
priations can be obtained to make pos-
sible the wuse of this great project in
California’s endeavor to increass its pro-
duction of foodstuffe vital to the MNation."
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PRESIDENT ROOGEVELT'S REFPLY

President Roosevelt wrote in re-
ply:

“The most careful comsideration
has been given to your letter of
March twentieth, in which you urge
gompletion of the Central Valley de-
velopment. The matter has been
taken up with the War Production
Board and the Pederal Power Com-
mission, and these agencies have
thoronghly re-examined the project
after consultation with the other in.
terested Federal departments,

“The deferment of work on the
Central Valley project, along with
many others thronghout the country,
was found necessary by the War
Production Board to meet a eritical
materinls situation toward the end
of 1042, While the problem of bal-
ancing our war budget in terms of
materials and manpower is still an
extremely diffieult one, the current
review of the irrigation, power and
flood control features of the Central
Valley development has led to the
conclusion that further work oan
and should be authorized to the fol-
lowing extent:

“1. Completion of the Friant Dam
with installations of the valves re-
guired for storing water but with
continued postponement of the spill-
way gates;

"2, Completion of the Mudern
Canal;

“8. Completion of the concrete
work on Keswick Dam.

ATEEL RUPPLY CRITICAL

“The principal critical material re-
guired for this work is steel. The
War Production Board hopes to be
able to supply a majority of the
necessary items from distress stocks,
and in that way avoid interference
with other urgent war production,
The concrete work on Keswick Dam
will make it possible to continue the
contractor on the job for some
months to come and will facilitate
the nltimate completion of the pro-
ject whenever it can be authorized.
The completion of Friant Dam and
Madera Canal should increase food
production to some extent as early
ns 1944, with still greater benefits in
1945,

“Berions consideration is being
given to the gquestion of restoring
the halted Shasta unit and the two
Keswick units in terms of the fuel
oil supply situation in the Pacific

Coast. In view of the fact that this
is & direct concern of the Petroleum
Administrator for War, the matter
has been placed before him. If he ad-
vises that the units are essential as
an oil ‘conversion’ measure, we are
hopeful that the necessary materials
for their completion can be found.

“At the moment there are serious
obstacles to authorizing the remain-
ing irrigation features of the Central
Valley development. They would

nire considerable amounts of eriti-

materials and it would require a
much longer period to make their
henefits available than in the case of
Friant Dam and Madera Canal.

“T fully share your view that this
great public work in which we have
already invested so much in money,
material, and labor shonld be
brought to completion as soon as
feasible. The additionsl work which
is now being anthorized will permit
the project to make important and
reasonably prompt contributions to
the war program, and I am hopeful
that the matter can be reconsidered
again at an early date so that still
further work may be authorized.”

AOVERNOR OLOSELY ABBDCIATED

Since his inauguestion ag Chief
Execative of the Btate, CGovernor
Woarren hng continued his eloge asso-
piation with the activities of the
Water Project Authority, sttending
its meetings and giving the newly ap-
pointed members the benefit of his
experience on the Authority, The
membership of the Auvthority now
eomprises, (!, T1. Pureell, Director of
Public Works, Chairman; Attorney
General Robert W, Kenny, Director
af Finance John F. Hassler, Btate
Controller Harry B, Riley and State
Trensurer Charles (. Johnson, State
Engineer Bdward Hyatt is the Exee-
utive Offleer nnd Deputy State Hngi-
neer A, D, Bdmonston, Acting Seere-
Lary,

The Water Project Authority
adopted resolutions urging comple-
tion of major irrigation featonres of
the project and construction of the
transmission line from Shasta to Oro-
ville, Resolutions also were adopted
by the Californin Farm Production
Couneil and Californin State Board
of Agrienlture urging completion of
the Central Valley Project to assist in
the produetion of food and fiber in
California.

These resolutions were sent to the
President, Secretary of the Interior,
Becretnry of Agriculturs, War Food
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Administrator, War Production
Board, Federal Power Commission,
California Members in the Congress
and congressional ecommittees econ-
gidering  appropriations for  the
project.

ATUTHORITY DELEGATES AT WASHINGTON

Htate Treasnrer Charles A. John-
son, senior member of the Authority,
State Hngineer Bdward Hyatt and
Supervising Hydraunlic Eungineer Ray-
mond Maithew, representing the
Water Project Authority, went to
Washington to present the case of the
Central Valley Projeet to the Depart-
ment of the Interior, Department of
Agrienliure, the War Food Adminis-
trator, Federal Power Commission
and the House Bubeommittes on Ap-
propriations, They were materially
assisted by Northentt Ely, special rep-
resentative of the Authority in Wash-
ington,

In these presentations it was shown
what completion of various units of
the project would make possible in
the way of inereased production. For
example, installation of control gates
on Friant Dam alone would provide
some 600000 sere-feet of additiomal
water on the average annually lor use
in the San Joaquin Valley where at
present there is a grave deficiency.

With improved resulation of the
San Joaquin River by Friant Dam
alone it has been estimated by the
State Division of Water Resources
that the better irrigation supply fo
approximately 200,000 acres down-
stream wonld make possible inereased
production on lands now farmed
equal to bringing in 27,000 acres of
new lands. The prineipal advantage
of this production lies in the fact that
the lands are now cultivated, the
farm eguipment is highly mechanized
and most of the manpower needed for
the additional production is already
employed on the lands to be served.

The Madera Canal, extending from
Friant Dam northward throngh Ma-
dera County, has been eompleted for
a distanee of eight miles, bringing it
throngh the foothills to the valley
floor, Tt stops just short of the lands
that eonld be supplied with water,
Completion of this canal will make
possible an inerease in_fuil-m produe-
tion equivalent to bringing 30,000
acres of new elass A lands into pro-
duetion. Tnder the WPRB orders this
work has heen anthorized.

Work on the Friant-Kern Canal
which will extend from Friant Dam

southward to Bakersfield, a distance
of 160 miles, has not been authorized
by the War Production Board. The
area to be served by this eanal is in
great need of additional water sup-
plies, The United States Burean of
Reclamation has submitted to the
WPE a revised plan of eonstruction
for this canal which materially re-
duees the amount of eritical materials
reqoired,

As in the case of the Madera Canal,
the Friant-Kern Canal wonld serve
lands now largely under irvigation
but which have an inadequate water
supply. It has been estimated that
the increased produoetion of critical
war crops possible nnder this eansl
wonld be the equivalent of bringing
200,000 aeres of new class A lands
into production.

Through the Contra Costa Canal
whieh tuns along the south shore of
Suisun Bay from Enightsen west-
ward it has been estimated that an
area of 16,000 acres ean be brought
under irrigation by 1945,

Thus completion of these unitz of
the projeet wonld make possible an
inereased production of eritical war
erops in the Central Valley alone
equal to bringing more than a gquarter
of a million aeres of new lands into
production, Tt has been estimaied
that these lands would prodnce more
than a million tons of eritical ervops
which now must be imported from
ontgide sonrees.

Roughly this increased production
in California would save the use of a
100-car freight train a day for every
day in the year—a tremendouns sav-
ing in transportation alone, which
today presents one of the greatest
bottlenecks in supplying the war of
the Pacific. Much needed steel,
tanks, guns, ammunition and other
war materiel could be moved into the
California supply bases if trains now
required to transport food for the
Btate's bulging civilian and military
population were releazed through
the increased production which is
possible under the Central Valley
Project.

W aterway Ratings Adopted

(Continued from page 10)

veloeity of only 10 feet per second.
Velocity of 21 feet per second wounld
have been fipured from an assump-
tion that energy gradient equaled the
enlvert slope of 0.02,
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Like eomputations for box enlverts
are much simpler and no table is
neaded. For the first step, the eriti-
eal depth in terms of discharge,
and span, b, is

G a 23
".,'_-\jlb—“g ~ = 0,314 ( = )

For areh eulverts, the computa-
tions wonld be Just like those for
pipes if a table (like Table 8) of
elements was available. It is reeom-
mended that such a table be prepared
for each standard arch and placed on
the detail drawing.

Conclusions of Committee

Summarizing its findings, the com-
mittes recommends generally that:

(1) Culverts larger than 15 rq. ft.
in section be elassed as ‘‘large cul-
e LE )

(2} The equivalent usable wetted
section of a large culvert with free
outlet be ecalled its ‘‘rated water-
way. "

{(#) For preliminary estimates, the
rated waterway may be determined
from formula or Tables 4-T herein,
for use if culvert section is selected
on an area basis,

(4) For final design, a hydraulic
analysis may be advisable, particn-
larly for the larger sections on steaper
gradients discharging in erodible
channels. Method of analvsis is out-
lined and illustrated in the report,

(5) Design of arch eulverts should
be more considerate of hydraulic ele-
ments. The multiple areh has hy-
draulic advantages, suggesting econ-
omy of more frequent use in design,

Bibliography

(1) Flow of Water in Irrigation
and Bimilar Canals (F. C. Scobey,
Technical Bullelin No. 652, Depart-
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November, 1842—Highway Culvert Location
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Praotice,

Decomber, 1942 — Culvert Entrances and
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January, 1#43—Culvert Dutlets and Endwalis
on Callfornia Highway System,

Febroary, 1843—TTtillzation of Biphon Prip-
clples in California Culvert Practies,

March-April, 1943—Harth Loading Factors
Affecting Fleld Installations of Culverts,

[Seventeen]



Western Highway Officials Discuss
War Transportation Problems

IGHWAY transportation mat-

ters of importance to the war

effort and the postwar era
were acted upon at the recent two-
day annual meeting in San Franciseo
of the Western Association of Siate
Highway Officials, which ineludes 12
States,

Officials of the California Highway
Department and the eleven other
western and southwestern States make
up the organization. Robert Lee Bob-
bitt of San Antonio, former member
of the Texas Highway Commission,
presided at the conference as presi-
dent before retiring and handing af-
faira of his offiee over to Fred J.
Gromm, Assistant State Highway
Engineer of OCalifornia, who was
elected to succeed him,

Director O, H. Purcell of the Cali-
fornia Department of Public Works,
State Highway Engineer G. T. Me-
Coy, Mr. Gromm, and other Cali-
fornia road officinls took part in the
meeting,

DEVOTED TO WARTIME PROBLEMS

The eonference—the twenty-second
annual meeting of the association—
was strietly a wartime business ses-
sion, President Bobbitt pointed ocut

President Brady Gentry of the
American Association of State High-
way Officials and Chairman of the
Texas Highway Commission : Thomas
H. MacDonald, Commissioner of the
Publie Roads Administration, Wash-
ington; G. Donald Kennedy, Viee
President of the Antomotive Safety
Foundstion and president last year
of the Ameriean Assoeiation of State
and other wartime highway road and
transportation offieials, addressed the
meeting.

President Bobbitt anncumeed that
wartime highway transportation prob-
lems would be the chief topie, sinee
the first ohjective of everyone, of
course, is to win the war. At the
same time, however, he added, State
road officials are working sn praeti-
eal plans for highway rehabilitation
and development in the postwar
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period because highways will play &
major part in that era and will po
far to help bring a sound, prosperous,
peace-time period.

Highway development on & vast
new seale will be a chief asset for eco-
nomie prosperity in the postwar
period when development of all types
of transportation will be tremendous.
Highways, airways, railways, and wat-
erways all will have their place and
will be dependent upon each other

POSTWAR BUILDING PROGEAM

More than 80 per cent of every dol-
lar spent for highway construetion
goes for employment. Thas, hichway
projects by State Highway Depart-
ments ean do much to ease the transi-
tion from war to peace tasks, will em-
ploy hundreds of thousands of per-
soms, and will help take eare of the

Fred J. Grumm Elected
President of W. A. S. H. O.

necessary shift of employment when
peace comes.

A chief subjeet eonsidered by the
Western Association of State High-
way Officials’ meeting was the post-
war highway and road building pro-
gram by the States As recommended
by the American Assoeiation of State
Highway Officials to Congress, this
would provide for a $1,000,000,000
per year distribution among the States
of road users’ tax revenues as Federal
highway aid during the first three
years of the postwar period.

COVERING REEOLUTIONS PASSED

Action was taken at the meeting de-
signed to assist in early passage of
Congressional legislation to authorize
this program in order that work may
start as soon as the war ends and the
transition to peacetime begins.

A number of resolutions eovering
this and other recommendations made
by the speakers were later adopted.

A recommendation that the trans-
portation problem in California, Ore-
gon, and Washington be considered
& war-emergency will be made to the
War Production Board by Thomas H.
MaeDonald, Chief of the Publie
Roads Administration in Washington,
D. O, in the hope that present re-
strictions imposed by military neces-
sity on highway construction will be
lightened.

MACDONALD CITES TEUCE EFFICIENCY

Commissioner MacDonald told the
delegates that speed and Hexihility
are characteristics which give to truck

ion an indispensable war-
time funetion in the long hanl field,
supplemental to that of rail trans-
partation.

“The movement of war goods is
characterized by urgeney and sudden
changes in plans, requiring, in many
cases, a form of transportation more
flexible than that offered by railroads
with their long trains and rigid
sehedules,"” MacDonald said. He
added that he has eompleted a swrvey
in California, Oregon, and Washing-
ton, to determine the importance of
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| highway facilities almost im-
this emer.

gency; now, therefore, be it
Resolved, That the Western
Association of Btate Highway

Fran-
Jand |
con-
Man- |
Belee- |
and

b

25g . §14
TH &
Eg%gi

highway transportstion in wartime
eeonomy.

TRUCK TRANSPORT FASTER

“"The average speed of trucks over
long runs,”” MaeDonald said, “*such
as, for example, from Seattle to Ban
Franciseo, is only slightly, if any,
lower than that of the fastest passen-
ger trains, mnd the elapsed time be-
tween pickup and delivery is muech
less than for any express serviee

0. H. Purcell, Director of the Cali-
fornia Department of Publie Works,
submitted a number of examples, In-
clnding one concerning boiler tubes
shipped by truck from Oakland to
Beattle in 30 hours to effect emer-
gency repairs to & transport.

“‘In another ease, eited by Mr. Pur-
eell, a earload of speeial powder eon-
signed to the Benicia Arsenal was de-
laved in transit and loeated in the
Roseville freight vards of the South-
ern Pacific Company. Arrangement
was made to haul this material from
Roseville to the Benieia Arsenal, a
digtanes of 76 miles, by troek over-
night, The powder was then placed
in pmmunition and the ammunition
shipped by truck to San Franeiseo in
time to meet a transport sailing for a
Pacifie combat gone. Tt is estimated
that this movement would have re-
guired about seven days by rail
owing to freight congestion,

“Chief Engineer R. H. Baldock of
the Oregon State Highway Depart-
ment reported that 11487 pounds of
east iron pipe which left the Pugel
Sound Navy Yard at Bremerton,
Washington, by troek on the morn-
ing of April 10 had to arrive at the
Navy Overseas Terminal at Alameda
before noon the next day and made
the entire distanee in less than 36
hours elapsed time.

“Following the reeent Missiszippi
floods, the War Produetion Board saw
fit to declare the problem of hishway,
bridge, and levee repair in the fond-
ed area an emergency, which permit.
ted the restrictions on road building
and eritical materials to be lifiad for
the purpose of restoration work.

“I am hopeful that we ean convinee
the War Prodostion Board that the
transportation problem on the West
Coast is also an emergency, requiring
more flexible regulations governing
highway sonstruction and mainte.
nance,""
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| Formula™Approved

for Post-War Fund

| Apportionments

The following revolution was
passed by the Western Associa-
tion of State Highway Officials
at the recent twent y-second an-
wnal mecting:

“Whereas, The American As-
sociation of Btate Highway Of-
ficials has recommended that
Congress authorize ome billion
dollars per year for each of the

years, said

| formmls giving one-hall weight
to population, onequarter
weight to area, and one-quarter

| gress; now, therefore, be it

“Resolved, That the Western
Appociation of Btate Highway
Officials endorses and approves |
the amount recommended and

method of appor.
: and be it further




Report on Highway Maintenance
Equipment and Rental Procedure

By T. H. DENNIS, Maintenance Engineer

The following articla is the second installment of a condensed report of the Sub-Committee on Highway Maintenance Equipment
appointed by the Highway Research Board in 1940 to make a specific study of various types of equipment available or in use in
performing highway maintenance work with a view to recommending the most suitable and practicable equipment for specific main-
tenanee operations and the establishment of uniform sguipment rental procedure throughout the United States. The report repre-
sents two years’ work by the sub-committee members, T. H. Dennis, Chairman; A. A. Anderson, Portland Cement Association; H. K.
Bishap, Chief of Construction, Public Roads Administration; B. E. Gray, Chief Engineer, Asphalt Institute; J. E. Lawrence, State
Highway Maintepance Engineer, Massachusetts; Rex M. Whitton, State Highway Maintenance Engineer, Missouri, and was presented
The pictures shown illustrate type of equipment only and the type is not restricted
to any particular product. The first article appeared in the issue of December, 1942,

at the recent convention of the Board at Datroit.

for the different size motor

graders covered, in general,
two classes, namely the 35 to 55 H.P.
with 10-foot to 12-foot blade and the
G0 plns H.P, with 12-foot to 14-foot
blade. There is apparently no defi-
nite explanation of this elassifieation
other than the distinetion indicated
by the length of blade, The 14-foot
blade, incidentally, is not standard
and is probably aceomplished by spe-
eial extensions.

REGUBH:EEN DATIONS received

FIGURE 18

The motor grader is recommended
above all other blading units for
normal requnirements. It is  also
adaptable to spow and iee removal

FIGURE 20

operations within its capaeity. For
thiz partienlar worl the 45 to 65
plus H.P, unit is the most popular
and is operated either with the blade
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Equipment Rental

{Continued from Decombar (ssaa)

STATES AGREE

It may be assumed that in
States where the cost of fuel and
lobrigants and other operating
items are not ineluded as part of
the rental rates, such charges are
distributed direetly to the cost of
the work., On that assumption
there is very substantial agree-
ment among the 33 States as o
the items which should be in-
eluded,

The inelusion of charges for
furel and Iubricants as part of the
rental rates presents little diffi-
eultv. There is no guestion but
that the inclusion of these items
in the rental rate would permit a
more aecurate distribution of the
eoat of work than is the case
when fuel, oil and other lubri-
cants are delivered in bulk and
distribution of the cost thereof
is made to road sections on a mile-
age or soma other fixed basis,
This is not the case with the labor
engaged in servicing and operat-
ing the equipment.

Maintenance erews are gener-
ally organized and trained to
perform the rontine as well as
special work within their sse-
tions, Obviously each section is
not fully equipped for all such
operations since much of it is
either intermittent or seasonal

{Contlnued on next page)

T

or 4 “V" type snow plow attached to
the front end. For ice removal a
saw tonth blade i8 recommended,

FIGURE 21
Max. B.H.P.  Siagle Drive Tandem Drive
Length Not  Shinplng Shipping

of Blade less than Weight*  Tires  Weight  Tires

1o’ J1ee 9,500 12.00+24 13,250 10,00x24
12 44 15000 13.00x20 15,000 11.00x24
1z G2** 18,500 13.00x24 19300 13.00x24
by 32+=e 11000 13.00x20 13,200 10.00x24
1z 5Qe%s 15800 14.00¢20 17,500 12.00x24
1z G5%&% 1E000 13.22x24 20,000 13.00x24
*lncludes Searifier. *¥Gasallne, ***Diegal,

The motor grader should be power con-
trolled and should have not less than four
speeds forward with a high gear speed at
governed speed of engine not less than 10
milea per hour. I sheould be equipped
with service brakea on at |east two of the
driving wheels with a hand operated
brake for parking or emergency. The
scarifler attachment should be mounted
independently of the blade and with sepa-
rate cantrols so that either the blade or
scarifier may be operated separately or
simultaneously. The searifier teeth should
be spaced not more than 4! inches on cen-
ters apnd should ba held in the black by
means of wedges or keys. The wearing
joints should be fitted with take-up bear-

FIGURE 22
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FIGURE 23
Power Unit Reguired
Ln&ll‘ Min. Weight Traclor
Lass Scarifier Sk H.P. Truck Sian
L4 1,400 L] 1jie 2 lem
L 3.:00 5 2 19 5 ten &-wheel drim
| 5,200 40 2 ta 3 ten 4-whenl driey
wr 7.300 = 2 ta 5 ten 4-whesl drim
o 5500 @phm 2t e 4wl drie

The tow typs blade grader should be
prneumatic-tired, hand cperated, leaning-
wheel® high 1ift typs, squipped with =
stesrable® hitch. The wearing joints
should be fitted with take-up bearings to
compensats for wear, particularly the
blade-1ift contrel. All gears reguiring
constant lubrication should be enclasad in
pll-tight casss and all bearings protected
from dust.

FIGURE ™

The scariher attachments® should have
not less than five testh, and should be
mounted separately from the blade with
separate controls so that either the biade
or scarifier can be operated (ndependently
or simultansously as desired. The scari-
fier teeth should be secured in the bleck
by means of wedges or koys, The open
space between teeth should not sxceed &
inches.

Mo jac I

The mudjack is used in all but the
Mountsin States where there is a
comparatively small amount of eon-
erete pavement. On badly warped
slabs the mudjack bas proven effee-
tive for eorreetive work. Praetice
vares—in some instances, premived
asphaltic material is used for level-
ing rather than attempting to re-

* Mot applicable for 1,400 minimum weight
graders.

Equipment Rental
{Coatinnsd from prooeding page )

As a result equipment is trans-
ferred from place to place as the
need arises. Equipment rented
on an operated basis under such
conditions would necessitate a
uniform rate which might eon-
flict with the classification and
wy scale of the particular erew.

ikewise the permanent assign-
ment of the operator to the equip-
ment might not always be either
pconomical to the maintenanee
organization or fair to the equip-
ment oPerator.

HENTAL SYSTEM FAVORED

The majority opinion favors a
rental system which inclndes de-
preciation, repairs and upkeep,
plant and storage, and all oper-
ating costs exespt wages of op-
erator. From a eost accounting
viewpoint, such & systemn permits
a day by day eost distribution
on the basis of aetual use of
equipment. It simplifies the

daily aceumulation of expendi-
tures so that the men in charge

ean readily ascertain the status
of their job funds at any time.

A study of data fornished by
the States shows the variety of
methods followed in calenlsting
rates and a wide range in the
rates for similar units of equip-
ment

There is also a wide varianes
in the basis on which rates were
established. For instance, rates
were reported as being on an
hourly, daily, weekly, monthly,
mileage and seasonal basis One
State reported a seasonal rate
for its snow plows and a second
State reported n weekly rate for
two water pumps. A number of
Siates use either a per mile or
monthly basis for automobiles
and a monthly rate for graders
and similar equipment.

BASIS FOR RATES

By gronping like equipment
and neglecting incidental differ.
ences it was asceriained that the
following basis for rates pre-
vailed among the 33 States re-
porting :

{Continusd on next pags)
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store the slabs to their original posi-
tions; and in others, the premix is
laid as a temporary measure pending
final restoration to grade with the
mudjack at which time the pateh is
removed.

FIGURE 3

The tes whesl presumastic-tired cart
type mudjack (Figere 28) should have a
hopper capacity of apprawimately 4 cubic
fart with full skirted guard. The height
should not excesd 38 inches. The mud
pump should be the single piston type
with rubber ring built-in inlst valve and
capable of producing 100 pounds pressure
per square inch. The mud valve should be
the floating ball, self-cleaning type.

The unit should be powered with an air-
cooled gasoline englne and should waigh
approximately 500 pounds.

FIGURE 26

The large type mudjack (Figure 26)
should have a capacity of approximately
12 euble feet and should be mounted on
a four-wheel pnoumatic-tired trailer. The
mixing wnit should consist of & chamber
containing a paddle type mixing shaft
with ssaled antifriction bearings and in-
depandent mud glands. The mud pumps
sheuld have rubber ring pistons and built-
in inlet valves all capable of safely with-
standing 250 pounds pressure per square
Ingh. The mud valves should be the float-
ing bail seif-cieaning type. A two-way
walve should be provided ts permit use of
twe hose lines. The waler supply should
conalit of at lsast a T-inch rolary typs
pump having a capacity of 20 gallons per
minuts. The unit should be powsred with
at loast a 25 H.P. gasoline engine, radiater
cooled. The complets unit will weigh ap-
proximately 5000 pounda completely
equipped with the necessary hess and
nozzles.
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] Snow Removal Equipmeant |

The type of equipment required
for smow removal wvaries with
loeal conditions, The field ineludes
straight blade and “V" type push
plows and rotary plows,

The push plow will handle 12
inches to 24 inches of new smow at
truck speeds of 12 miles per hour,
The reversible type push plow lacks
the eapaeity of the ome-way push
plow and is efficient in f{resh snow
depths of less than 15 inches,

The “V" type plows can ba oper-
ated in approximately four feet of
fresh snow at truck speeds of three
miles to six miles per hour. Equip-
ped with wing blades, they are eap-
able of maintaining sections where
the maximum seasonal snowfall does
not exceed nine feet, The rotary
type plows nre essential for opening,
widening and clean-up operations
where heavy snd continuing snow-
fall makes disposal necessary.

FIGURE 27
FIGURE 28

FIGURE 2

The one-way anow plows (Figure 27)
should ba from 10 to 12 feet in length and
weigh from 1,500 to 2,400 pounds, includ-
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Equipment Rental

{antinued from preceding page)

Bawnis of Percentage of

Applying Rates Units Reported
Hourly _________ 59.1
Dally .- oo ., 1659
Weekly ___.. 01
Monthly ________ 20.3
Mileage ______ 44
Beasomal ________ 0.2

100.0

The 59.1 per eent that favored
rental on an hourly basis was
broken down to indicate the pref-
erenee as to method of eomputing
rates;

79.9% favored an hourly ren-
tal to cover all operat-
ing vosls except oper-
ator,

12.6% favored an hourly ren-
tal to cover deprecia-
tion, repairs and up-
kesp,

4 8% favored an hourly ren-
tal to eover all operat-
ing costs exclusive of
depreciation and oper.
ator,

27% favored an hourly ren-
tal to cover all operat-
ing costs ineluding op-
erator,

These porecentiges are repre-
sentative only of the total unite
reported in the hourly rate
Zroup.

SUMMARY

A summary of the information
and recommendations secured
from the different States and
views of the subeommmittee mem-
bers lead to the following conclu-
sions in regard to the subjects
eoverad,

In view of the many methods
of handling equipment as re-
ported by the different States, it
is evident that considerable diffi-
eulty would be encountered in
attempting to establish a uniform
poliecy, The reporting sgeneies
appear satisfied with their pres.
ent setup and no changes {rom
the adopted policies are contem-
plated.

(Continusd on next page)

— ]

ing the push frames. The reversible type
plows (Figure 28) should be at least 10
feet in longth and weigh approximately
1400 pounds Including the push frame.
The “¥" type plows (Figures 29, 30 and
31) should have cutting edges at leaat B
feet in length, and will weigh from 1,500
to 2200 pounds Inoluding the push frame
but without the wing attachment. The
wing attachment which is most generally
uesd on the heavier typs of plow should
be about 10 feet in length and will weigh
approximately 1,100 pounds ineluding at-
tachment frame.

FIGURE 20

FIGURE 3

The push frame or under frame hitches
for the light duty plows (1,500 pounds or
less) should be adjustable and Inter-
changeable on the 1) to 2 ton two-whesl
drive trucks. The heavy duty snow plows
should be hinged ahead of the front axle
or pushed from a bracket in the middle
of the frame by push members hinged to
the front axle. The plows should be sup-
ported on adjustable type runners with
replacenble shoes, and contralled from the
cab by a hand cperated hydraulic lifting
device, The plows should alse be
aquipped with a hinged spring mounted
deflactar.

FIGURE 32
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The rotary typs snow plow should be
designed so that the snow will be forced
inte the rotor or rotors. The plow should
be mounted on a heavy duty truck, pre-
ferably driven frem both tha front and
rear axies. In general & separate engine
should be provided for oparating the snow
removal mechanism in addition to the en-
gine that propels the truck. Under cer-
tain conditions where smowfall s com-
paratively light, the plow mechanism may
ke operated from the truck meter by
means of a power take-off and reduction
gears.

FIQURE 23

The plow should be capable of cutting
an B-fool cleared width and should be de-
signed so that all loosened snow or slough
frem esither opening, widening or windrow
clean-up operations; should be forced into
the rotor and thoereby removed from the
cleared strip. Raising and lowering the
plow should be accomplished by means of
a hydraulle lifting device with hand con-
trols located in the truck cab. The cut-
ting edge clearance should be regulated
with an adjustable runner equippad with
a romovable shoe, The plow should be
capable of clearing the snow down to the
road surface and have possible vertical
clearance range of at least 12 inches.

FIGURE 4

The plow should be equipped with ad-
justabls deflector chutes that will permit
directing the discharge either to the right
or to the left. The plow should be de-
signed so that & power operated atiach-
ment may be installed which may be vsad
to break down drifts to within range of
the plow.

The puenmatie-tired roller is
recommended for compaction of
oiled gravel, road mix, plant mix
and retrend surfaces. It is also used
to a lesser extent on other types of
surfacing. The five to 10-ton three-
wheel rollers are generally aceepted
as the “all-around” unit, apparently
meeting any und all rolling require-

Equipment Rental

{Continued from proeceding page)

Maintenanee of State high-
ways should be performed with
State personnel and equipment
Work of considerable conse-
quence where the quantities in-
volved are readily determinahble
and other conditions are favor-
able may frequently be let to
contract.

The State shonld own all
equipment that is exiensively
used or special units that are par-
ticularly designed for hishway
maintenance. Seasomal equip-
ment should be rented from pri-
vately owned sources during the
required period.

Administration of State-
owned squipment should be han-
dled by a separate department
under an equipment engineer
who is directly subordinate to
the chief engineer or eominis-
sionar,

All mobile equipment and cer-
tain other units of a pre-deter-
mined minimum value should be
placed on a rental basis, Rental
rates should be established from
actual records of the eosts and ex-
perienee as to usable life for the
particular type of equipment in-
volved,

Depreciation is generally eal-
culated by the **Straight Line"’
method based on the estimated
trade-in value of the equipment,
and applied throughout the en-
tire serviee life of the unit.

Rental rates established for
each class of equipment shonld
be sufficient to eover all eosts
except operntor. The most gen-
erally favored method of assess-
ment s on an honrly basis.

ments. The third seleetion is the
two to five-tom power-driven port-
able roller closely followed by the
twe to five-ton portable tow type.
Due to their portability these latter
two units are partieularly suited to
seattered pateh work. The five to
10-ton tandem ranks fifth in prefer.
ence, the five-ton unit being gener-
ally used more on routine mainte-
nanee work,

The pneumatic-tired roller should con-

sist of pneumatic-tired wheals of equal
gsize and diameter with an effective rolling
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area af not less than B0 inches. The
frame should be rigid construction and
provided with a loading platform or body
suitable for carrying ballast. The front
axle should rotate arcund a king pin so
located that the roller may turn within a

FIGURE 1%

FIGURE 38

minimum circle. The roller should be de-
signed to carry sufficlent load to provide
not less than 326 pounds per inch of tire
tread.

FIGURE 7

The three-whesl roller should be
powered with & gassline engine of at lsast
four cylinders and have a tmmmn
with two or more speeds in sach direcbon.
A water tank should be provided and all
wheels Eited with an sttschment for wet-
ting. Suitable brakes should be provided
capable of holding the roller on grades
without the gears being engaged. The
three-wheel roller most generally used for
highway maintenance operations will
weigh from § to 70 tons, approximately
one-third of which should be carrisd by
the front rell.

The motorized roller of the trailer type
should have a drive roller drum not less
than 24 inches wide and provide a pres-
sure of at least 150 pounds per lineal inch
when empty, It should be eguipped pre-
ferably with an air-cooled gasoline engine
and have at lsast two spesds forward and
ane in reverss. A water tank should be
provided and both rellers fitted with an
attachment for wetting.

The roller should be equipped with
pneumatie-tired wheels for trailing and
provided with sultable raising and lower-
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ing mechanism, Also a traller tongue for
trailing should be included.

FIGURE 38

The roller should weigh at least 5000
pounds without operator or added water
in the rollers

FIGURE

Tha tow type roller should have a single
drum 48 inches or 60 inches in width. The
drum should be of hollow semi-steel cast-
ing with a full length hub so constructed
that it will hold water, sand, dirt or any
other ballast material, Ballaat Ffller
openings and plugs should be previded in
the sends of tha reller drum. The roller
should be squipped with a water tank and
Ftled with a device for wetting the roller.
Check wvalves to prevent emptying tank
whenr in trailer position should be pro-
wided.

The roller construction should include
permanenily attached pReumatic-tired
whoels for trailing which bscome opera-
tive when the unit is in trailer position.
The roller should weigh not leas than 100
pounds per lineal inch of drum width
without ballast.

The tandem roller should be powered
with a gasoline engine of at least four

FIGURE #0
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eylinders and should have a transmission
with twe or more speeds in each direction.
A water tank should be provided and
beth rollar drums fitted with an attach-
ment for wetting. Suitable brakes should
be provided capable of holding the roller
on grades without the gears being en-
gaged. The tandem rollear most generally
used for highway maintenance operations
will weigh from 5 to 10 tons

| Shovels

The one-half eubie yard shovel is
definitely the preference of all re-
porting agencies. The erawler type
with trailer is more popuolar than the
trnek mounted type. The erawler
type possesses a traetive advantape
which evidently outweirhs the lack
of portability. Some agenecies are
still operating units of threeeighths
ecobie yard eapaeity, but there is
little economie justifieation for soch
practice,

FIGURE &1

FIGURE 42

The truck mounted shovel should be the
full revelving type. The revolving frame
rollers should be readily replaceable with-
out the necessity of raising the revelving
frame from the rotating base. The capac-
ity of the dipper should be struck
measurement. The sizes most generally
used on highway maintenance work are
the § or } cubic vard capacity. The dip-
per should be constructed with tooth bases
that will permit the use of detachable
points, The boom should be self-locking
type; power operated. Provision shouwld
be made for taking up wear at the points
where the dipper stick or sticks pass
through the saddle blocks.

The shovel unit should be mounted on
a pneumatic-tired truck chassis powered
with at least n six-cylinder gascline en-
gine. A separate power unit is not neces-
sarily required for the § cubic yard shovel.
The § cuble vard outfit should weigh not
less than 185800 pounds complete, as

against 27,000 pounds for the ) suble yard
unit.

A dragline boom with a clamshell and
dragline bueket should be provided.

FIGURE 43

The crawler shovel should be the Tull
revolving type powered with an industrial
type gasoline or diesel engine. Tha re-
volving frame rollers should be readily
reglaceable without the necesaity of rais-
ing the revelving frame frem the rotating
base. The | cubic yard capacity truck
measuremant s the most popular sized
used en highway maintenance werk. The
dipper should be constructed with tooth
bases that will permit the use of detach-
able points The boom should be self-
locking type power operated. Provision
should be made to taks up wear at the
points where the dipper sticks pass
through the saddle blocks

The steering controls should be located
at the operator’s position in the cab and
the machine should be stesrable with the
boom in any position with relation to the
tracks. Brakes should be provided to
hald the shovel both during travel or oper-
ation on any grade usually encountersd
on highway work. They should be de-
signed so that full braking sMect can be
secured from the cperataor’s position in
the cab.

The shovel should not weigh less than
25000 peounds nor more than 30,000
pounds. A dragline boom with & clam-
shell and dragline bucket should be pro-
vided. A skeleton or platform type trailer
squipped with preumatic tires should be
provided for transperting the shovel. The
crawler shoes should be flat without
grUUEETE.

Spreaders—Sand, Chip or Bltone

The two-wheel roll feed hopper
type spreader, 10 feet or 12 feet in
length, is highly favored, particu-
larly for the maintenanee and con-
strnetion of thin oil top, retread and
nonskid type surfaces.

FIGURE 44
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Sen_mnd in choice is the tail gate
gravity spreader generally used
where it is desirable to operate the
vehicle in reverse to apply material
in ndvanee of the wheels.

The revolving dise type spreader,
while not rated as highly as the
other two for spreading aggregate,
is deflnitely the more popular unit
for aanding operations on snow and
iee removal, It is also suitable for
spreading ehlorides,

FIGURE 46

FlGuURE 47

The gravity type spreader box (Figure
44} should be designed to permit quick
attachment and to cperate entirely sus-
pended from the transporting wehicle.
The box should be se constructed as to
permit blanking off at least 50% of the
effactive opening and the rate of spread
should be controlled by decreasing the
width of the discharge opening. The

spreader should not weigh less than 300
pounds.

The force feed spreader box (Figure 46)
should be the hopper type mounted on
prnoumatic tires with a driving mechaniam
from the wheels to control the feed roll
and agitator. It should be of sufficlant
size to permit spreading of aggregate up
to 2} inches in size and should weigh not
less than 1,500 pounds.

The rotating disc spreader (Figure 48)
is oparated entirely suspended {rom the
rear of the transporting vehicle. The ma-
terial distributing dise o rotated by
means of a small air-cooled gasalina en-
gine. The spreader should weigh not less
than 300 pounds.

The rotating dise type spreader (Figore
47) is alee powersd with a small alr-
cooled gassline engine. It differs, how-
ever, from the spreader (llustrated In
Figure 72 in that it ia mounted on pneu-
matic-tired wheels and is towed behind
the transporting wehicle. This type
spreader should weigh not less than 800
pounds,

- Sweepsrs |

The front-end tractor mounted ro-
tary broom is the most extensively
employed type of sweeper reported.
The reason for this evidently is the
compactness of the unit which per.
mits turning within a short radius,
thus minimizing interference with
traffic. The attachment is ecasily re-
moved, freeing the tractor for other
operations. The greatest use of this
nnit is in eonnection with seal eoat
applisation,

The four-wheel trailer mounted
power-driven broom is a elose sec-
ond ehoiee for ull sweeping reqnire-
ments,

The four-wheel trailer mounted
traction-driven broom is apparenily
less popular than the power-driven

types.

FIGURE 48

The broom used in rotary swespers
should be the refillable type and shislded
with a full length metal hood. The broom
should ba driven by means of roller chains
and sprockets. Construction should be
such that the broom can be raised from
the roadbed and disengaged while not In
use for aweeping and alss adjustable for
variable sweeping pressures. It should be
raversible type capabla of sweeping either
to the right or left.

The throa different types of mountings
are as Tollows:
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The traction driven broom, tew type
(Figure 48), should be mounted on not
less than three pneumatic-tired wheels
with transmission drive of not less than
two specds, preferably thres.

FIGURE 48

FIGURE 50

The power driven broom, tow type (Fig-
ure 48) should be mounted on four pneau-
matic-tired wheels and driven with an in-
dustrial type gasscline engine.

The wheel tractor attachment type
sweeper (Flgure 60}, is driven by means
of a power take-off and universal joint.

| Tanks—0il Storage

0il supply tanks covered a wide
range of eapaeities. General prae-
tice indieates little preference as to
type of mount for the group between
B00-gallon and 1200-gallon eapuecity,
There iz a definite trend townrd
truck mounting of tanks ranging
from 1200-gallon to 2000-gallon
eapacity,

The 10,000-gallon to 14,000-gallon
capacity oil stornge tanks are not
generally used, doe perhaps to the
ease of securing material deliveries
as needed. Present transportation
diffienlties will no doubt eneourage
a return to the early practice of road
oil and asphalt storage.

Tanks—Water

The T00 to 1000-gallon ecapacity
truck mounted tanks with sprinklers
are not extensively used, but are
preferred to the trailer mounted
tank of tha same capacity. The
truck mounted unit of approxi-
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mately 1000-gallon capacity is the
maost popular size for tree watering.

Tractors, Tow Graders l

The reporting agencies generally
favor the 256 HLP. to 50 ILP. traek-
laying type tractor towing an eight
to 12-foot blade grader for the
maintenanee of earth, gravel and
erushed rock sorfaces. The unit is
also adaptable to maintenanee of
oiled surfaces as well as shoulder
and roadside blading. The size and
eapacity of the unit are governed by
loeal eonditions.

A tractor of aspproximately 40
H.P. with 10-foot blade grader meets
the demands of routine maintenanes,
Traetors up to 70 HLP. with 12 to 14-
foot blades were aceorded second
thoiee for maintenance of earth
roads, possibly due to their adapt-
ability to comstruction work when
not required as maintenance units.

Wheel type traetors of 25 to 50
HP. towing an eight to 12-foot blade
grader have also provenm satisfae.
tory for traveled way maintenanece
on both treated and untreated sur-
foees. This particalar eombination
is more adaptable to light work
where tractive eonditions are favor-
able. The wheel type tractor is par-
tieularly suited to the operation of
various attachments sneh as the
front-end loader, hoists, tractor
driven rotary sweeper and mowers.

The track-laying type tractors of
40 to 85 H.P, are very popular. The
larger sizes equipped with angle or
bulldogers are most efficient in slide
removal and grading work, espe
eially where traction is poor. They
alse perform exeeptionally well in
combination with loading attach-
menis. The 40 H P, unit is the most
widely used on highway mainte-
nanece worlk
Drmniar B P Vovses i les e

B » o 5 Ll .1
Weight= ot b B, B —

Dissel €000 5000 11500 16000 20000 27800

Bewiew 200 OO0 11,000

The tracklaying type tracter should be
powarsd with sither & gascline or diese!

engine and squipped with s suitable
starter.

The tracter should be provided with a
take-olf suitable for opersting mechanical
or hydraulle units. A canopy top and
side curtains should be provided.

Drawbar W.F.: Wasimem

L E— ] 30 ] a3
Welghts Nal foes than, (b 2.500* 3.800% 4,700 4200
Rapammanded warilog

wight, Mo .. 1500 SA00 KOO0 16500

* Not applicable for 1400 miniorom weight
gruidars,
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.::" ::":t::ﬂ* “’““:i ""'"":!:.Im' The one and one-half to two-ton

gt bl gl e o capacity dump troek is the most
2nd provision Ter mewer takeait, sher  Widely used truck on highway main-
frant, side or rear as desired. tenanee. The unit is eonsistently
favored on all types of maintenanee,
other than bridges, even for haoling
material. It is likewise osed in tow-
ing light blade graders, drags. road
maintainers, mowing machines, pro-
pelling the light duty straight biade
snow plow, sanding icy pavements
and all relsted work.

The one and one-half to two-ten

capacity flat bed is widely used in
the maintenanee of safety deviees,
sinee speeial racks or compartments
ean be constructed readily,
FIGURE B In eertain localities a mited num-
ber of three to six-ton dump trocks
have been found desirable either be-
cause such units are required for
snow removal operations, or they
ean not be rented readily from out-
side sourees as needed for slide re
moval, grading and large seale hanl-
ing. Apparently their neeessity and
sdvantages for specifie operations
outweigh their lack of adaptability
to rontine maintenanee.

On snow removal work the four-
wheel drive termek, two to five-ton
FIOURE 82 capacity, with dump body is greatly
favored over the two-wheel drive of
gimilar eapacities. They are also
suitable for towing grading units
and the transportation of mainte-
nance miterinls, Where snow re-
moval i8 of no eonsequence the two-
wheel drive trucks will meet all re-
quirements.

FIGURE 84

The one-half to three-fourths ton
express boady, while very popular for
shoulder, roadside and traveled way .
maintenance in the Paecifie States, is
not so extensively used in the re-
muining areas where the one and FIGURE 84
one-half to two-ton capaeity dump e e s el R

truck apparently meets general de- ok should have a chassis weight of not
manis, lens than 2,000 pounds and 2,400 pounds
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respectively and should have at least & 75
H.P. six-eylinder gasoline engine. The
cab should be stes! onclosed with safety
glass

FIGURE 5%

FIGURE &

Contrary to general expeetations,
geographical locations exhibit little
influence om the general trends of
equipment usage. The few instances
where this oecurred and the par-
tienlar units affected are enumer-
ated herewith:

The light one-balf to three-fourths
ton eapacity express body truck is
used as a patrol unit in the Pacifie
and Mountain group of States. This
particular unit was not recommended
clsewhere. The one and one-half to
two-ton capacity dump truek is fa-
vored by the remaining reporting
ageneies.

The portable two-bilade muintainer
is most ecommonly used on mainte-
nanee of untreated erushed rock or
gravel surfacing. Its use is confined
mainly to the Central States having
n considerabe mileage of untreated
rock or gravel surfacing.

Small portable bituminous mixers
are favored in all but the Pacifie and
Mountain States. This might indi-
cate that in the latter two areas
patch material is either blade mixed
or purchased from eommercial
sourees.

Ihises and harrows were recom-
mended by the Paeifie Group of
States for use in oil treatment work.
This equipment s apparently mnot
nsed in other areas.

Large dump trucks are recom-
mended omly by the Pacific and
and Mountain States. The one and
one-half to two-ton eapacity dump
truck is more popular in all other
areas. This use of heavy trucks
may be due, in part, to the neses-
sity of utilizing the heavy trucks
when not required for snow removal
work,

For loading operations the Pacifie
and Mountain States prefer the
power shovel rather than the me-
chanieal loaders used in the oiher
loealities.

FIGURE ¥

FIGURE @

Sadm Tam e mrm
Cawacity: Wamifantursry grosa
load rutw ol bess fhee . _14.000 15000 23,000

Welghl, Chasain: Nt fow fhen
Ll ]

B3 =4 &

s s ens 208 7,300 K000
Englne: Gawaling, umidur hood,
shoubd have ot least slw eyilne
dery denioping oot less Uhan,
| ¥ S cosnan - B 10

California Highways and Public Works (May-June 194)

Control of Roadside
Vegetation to Reduce
Fire Hazards

(Continesd [rom page )

This kind of burning, without the
drying effect of diesel oil, progresses
slowly. Tt can be devastatingly swift
in action, however, in dry vegelation
and must be done with eare. Then—
there is always the possibility of using
soil steriliring and growth killing
chemicals to produce a firebreak. So
far, materials available for such work
are either based on arsenical com
pounds, which eannot be used by high
way forees on the State right of way
becaise of danger to livestock, or are
chlorate compounds that ecause too
greal a fire hazard either when
sprived on growth or inadvertently
on operator's elothing. Other types
are oo eostly to nse in a large opera-
tion imvolving over 1,000 miles of
roadside,

Under general conditions in Cali-
fornia diesel oil is the most satisfoe-
tory material that has been found for
nse in econtrol of roadside vegetation,
It is economieal in flrst cost and ap-
plication, In areas where livestock
raising is a predominant industry,
there is no possibility of polsoning
stoek which travels along the highway
or is pastured on adjoining lands,
During its application, no undue haz-
ard to operators or equipment devel-
ops because of a high degree of mflam-
mahility.

It is felt that a greater degree of
oooperation between the property
owners or operators and the Division
of Highways is much to be desired.

TRUCKS GENERAL:

All trucks up to 3 ton capacity should
have at least four speeds forward, the
trucks sbove 1 ten capacity should have
not less than five. Helper springs should
be provided om the rear and vacuum
booster or compresssd air type brakes
should be provided on all four wheels
The wheels should be steel, dual on rear
with balloon tires. The cab should be
steel enclosed with safety glass.

The dump body on trucks should net
excond 120 inches in length by 72 inches
in width. The body should be sguare
cornered with straight sides which are
rainfaresd wilh gussel type braces at-
tachead 1o the running board which should
extand the Tull langth of the body. The
top of the sides should be reinforced and
provisions made for sxtending the height
with weosden sidebaards. The dumping
mochaniam should be hydraulically oper-
ated wilth controls located in the cab.
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