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ide Problem

STORMS DO COSTLY DAMAGE
ON STATE HIGHWAYS YEARLY

By T. H. DENNIS, Maintenance Engineer and R. J. ALLAN, District Materials Engineer, District VI

HE removal of slides and re.

pair of storm damage are major

phases of State highway main-
tepance work. In the 10 years sinee
1931, expenditures of $13,780,000 or
practically one-sixth of the total of
&82 656,000 required for maintenanes
has been used for this purpose, Some
9,000 miles of the system are located
in rugged or rolling country or in the
flood ehnnnel of large streams, and in-
cludes the portion of the system on
which such damage oceurs. The travel
on this mileage represents two-thirds
of the total travel for the entire rural
State Highway System. In many
sections, the elosing or even partinl
elosing of the rosd presents an
emergency situstion,

Naturally, the amount of expendi-
ture from maintenance funds varies
from year to vear, depending on the
severity of the particular season, This
is shown by comparison of the pro.
portion of total funds required for
gueh work as indieated below:

Perientage of Ex
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aimtemance Ex-
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1936536 __________ 16.27
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The _hlﬂm'.l:u!l: of extreme conditions
is evident for the 1937-358 season.

BLIDE REMOVAL TROBLEM

In modern highway work, the prob-
lem of slide remowal, correction of fill
foundations and  protection  from
storm damage is of major importanece
from the standpoint of eonstruetion,
as well as the maintenanee cost. On
two major projeets, (1) the Ameriean
Clanyon on State Highway Route 7 in
Solano County, on which grading was
completed in 1985, and (2) the Cuesta
Grade improvement on State High-

SALES TAX NOT
VALID ON BEORROW
PIT MATERIAL

Under a ruling by the Attor-
ney General, a sales tax is not
payable on gravel or other ex-
cavated material used in high-
way construction and mainte.
nance and purchased under the
form of “borrow pit agreement”
used by Division of Highways.

In the past, property holders
who have disposed of such
materinl have been assessed a
sales tax based on the amount
of money paid to them by the
Division of Highways or its
contractors and have added the
tax to the price charged for
the material, !

In the opinion of the Attor-
ney General, which has been
nccepted by the State Board of
Equalization, transfer of gravel,
dirt, rock or other excavated
material under a written instran-
ment wherein the Btate is
“granted * * * the right of
easement and privilege to enter
upon * * * Iand and exca-
vate and remove * * =
materials, if and when and as
needed by the State and in any
amount or amounts up to and
not exceeding the maximum
amount specified as the State
may deem n " does not

constitute a sale of tangible per-
sonal property and, therefore,
no sales tax is payable.

The opinion is in accordance
|| with views heretofore held by
attorneys for the Division of
Highways,

wiy Route 2 in San Luis Obispo
County, completed in 1937-38, for ex-
ample, the removal of slides repre-
senited approximately 12 per cent of
the total cost. During the past 10
vears more and more attention has
heen given to design of slopes and to
correetive work during eonstruetion,

Construetion which invoelves ents of
100 feet or more in depth, and fills of
50 feet or more in height, is certain to
disturb the surface balanee which nn-
ture has achieved over hundreds of
years. Likewise the area of slopes
subject to wash and weather is greatly
inereased for such work as compared
to enrlier designs. Equipment and
methods for ascertaining subsurface
eonditions and materials have been
developed, and more attention is be-
ing given eonstantly to the matter of
design of slopes in ents and of founda-
tion for fills on all new construction
projects. Even with the best equip-
ment available, however, only limited
information can be seeured as to
probable foture developments once a
grading project is completed.

BLIDES ARE EMERGENCIER

For through routes, particularly
where the daily traffie averages from
10,000 to 20,000 or more vehicles, the
partial or complete elosing of the road
by slides or slipouis becomes an emer-
gency. This has been evidenced on
the Bay Shore route when the road
has been partially closed at Brishane
slide at times, and on Waldo approach
to Golden Gate Bridge, which is elosed
for short periods once or twice each
season.  Roads available for detours
at these two locations are inadequate,
and confusion results immediately
when the traflic flow is interrupted.

In the case of the Waldo approach,
a speeial study was made of the slopes
on eampletion of the regular grading
work while the eontraclor's equip
ment was on the job, and some 300,000
cubie yards of additions]l material was
removed, with the result that inter-
ferenee to traffie has been kepl to a
minimmum on this important seetion.
The present policy recognizes this ad-
vantage to trafiie in planning slope
and protective work us part of con-
straction,

ON RURAL BYETEM

For the rural State Highway Sys-
tem as 8 whole, charges for major
slide removal or storm damage were
made against 6,765 miles of road for
the 1938-3% Winter season, and 6,896



These pictures show velume and forge developed by a cireular type slide, auch as ccourrad ot Kellogg Hille

miles for the 1939-40 season. In an
extreme storm, two-thirds of the daily
traffic on the entire system would be
endangered or inconvenienced in some
degree, From the traffie as well as
vost of maintenanee points of view, il
is  very desirable thalt the most
thorough job of slide removal and
protection work be carried ont al the
time of construction, From a strietly
gseonomic  viewpoint, however, ex-
treme measures may be diffienlt to
jnstify. The final stabilization of a
road may require years in time and
neeessarily  involve heavy mainte-
nanee expenditures.

In general, landslides are of the
following types:

1. 8lides due to weathering or ero-
sion,

These may consist of broken
maszses of rock or earth, or of
soil or gilt washed from the face
of a cut into the side ditches or
onto the pavement, sometimes
to a depth of several feet.
Blippage along defined planes
which become Iubricated by
rain or springs.

3. Crushing of the underlying for-
mations, which are not strong
enough to withstand the load
when the support is removed
in excavating the road prism.

R

FILL: SLITMOUTS

Sliponts refer, in general, to move-
ment of fill material and may be due
gither to movement of the natural
ground as a result of the fill load, or
movement of material in the fill,
which becomes saturated to the point
where 1t flows under the existing load.

Stabilization of the face of ent
slopes against ordinary erosion is a

[Two]
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ORDER OF WORK

1. Bxeavaete npper bewch
2. Budld temparary counterasight

V. Execavata secandary beach
4. Remove counterioight

SECTION THROUGH KELLOGG SLIDE
ON U, § HIGHWAY Fo—WEST OF FOMONA

somewhat expensive process.  The
most desivable method is the establish-
ment of natural vegetative cover,
However, this requires fertile soil and
soil moisture, and is not generally of-
fective where slopes are steeper (han
1§ to 1, sinee the lmported soil will
wush away, Some snecess has been
lad by construction of tereaces or
digeping holes in which fertile soil
could be placed for support of plant-
ings. For sandy soils, paving or oil-
ing of slopes has been careied out in
particular coses and, for mod fows,
bridges have been constrocted to carry
the material under the roadway,

Weathering of cut slopes goes on
continually, and slides from this
canse may oecur years after the orig-
nal econstruetion, even though all
loose materinl had apparently been
removed.

All slides are failures due to in.
sufficient frietional resistance of the
soil 1o resist the driving loree cansed
by its weight. They are usnally

vaused by exeess moisture i the soil,
which not only inereases its weight
bul  also  decrenses its  eohesive
sirength.  Hydrostatie pressure de-
veloped by underground water may
wlso eontribute to the canse of earth
[ailures.

Although every slide or slipout
must be studied as an individual
vhse, certnin geneval prineiples of
investigation and correction are
usnally applied, The study asually
vonsists of a boring investigation,
in some eases supplemented by o geo-
loggieal study, to determine the type
of slide, the loeation of the sliding
surface, and the presence of under-
ground water,

Where a definite souree of under-
gromnd water can be located, provi-
sion should be made for intercepting
the water and removing it from the
slide area. In many cases, however,
no definite souree of moisture can be
found, saturation having taken place
by a more or less uniform pereolation

{1ty 1941) California Highways and Public Works



Views of slipout on Ridge Route Alternats, U. 5 88, Sketch shows method of correction

of surfaee waters, [t is always ad-
visuhle to look for shallow ponds or
springs above the slide area and to
drain any that may be found. In
any case, diversion ditehes should
be eonstructed to keep surface water
out of the slide cracks whieh have
developed.

CIRCULAR TYPE BLIDES

Tn the correstion of ithe eireolar
Lype of slides, the forces aeting upon
the eireular slide surface are first
analyzed. DBenches are them exca-
vated in such & manner as to reduce
the driving foree as much as possible
without reducing more than neees-
sary the forees which tend to in-
erease the frietion om the sliding sar-
fape, This is usnally aceomplished
by removing benches toward the
upper portion of the sliding are.
This type of correetion is illustrated
in the accompanying sketeh of the
Kellogg slide. If the angle of -
ternal friction and the cohesion of
the soil can be determined by tfest
methods, a reasonably aecurate
mathematical analysis of such slides
may be made to determine the
amount of material which must be
removed in order to stop the move-
ment. Where these properties of the
soil ean not be readily determined,
they may be estimated in order to
make an approximate analysis,

In the case of bedding plane or
faunlt plane slides, the omly possible
corrective measures which ean be
appliad are the interception of nn-
derground water which may be
Iubrieating the slide plane and the
removal of all of the loose material
above the plane. In many cases
where the dip of the strats is rela-
tively flat, this type of slide is pro.
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ORDER OF WORK

1. Remove slide material
2. Place perforaled pipe in boring
V. Comitrucd imtercepling trench

4, Cowstruct gravel subdraim
5. Rebwild fill

SECTION OF SLIPOUT
SHOWING METHOD OF CORRECTION

gressive and enormous guantities of
material must eventunlly be re-
moved. In some extreme cases, it
may even prove to be more econom-
ical to relocate a portion of the high.
way than to attempt the removal or
correetion of this type of slide,

SEURFACE BOIL BLIDES

The eorrection of surface soil
slides is similar to that which is ap-
plied to the bedding plane type,

Sinee most slipouts aré caused by
saturation of the foundation soil, 1t
is ohvions that drainage of the foun-
dation is of major importance as a
eorrective measure, This is usually
accomplished by the eonstruction of
a ent-off trench on the upper side of
the fll to intereept the flow of under.
ground water., An outlet for this
{rench is psunally provided by means
of u pipe installed through the fill,
either by jacking the pipe, boring, or
installing the pipe in a trench,

California Highways and Public Works (july 1941)

The slide material is excavated
down to relatively dry impervions
soil and either s gravel blanket
placed or gravel and tile drains
oonstructed in the foundation soil,
After these drainage provisions have
been eompleted, the fill is then re-
ponstructed.

Where the topography is favorable,
the waste material removed from the
slipout may sometimes be used to
adventage in the construction of a
connterweight or bracing fill below
the main fll,

This procedure is practicable only
where the ground slope below the fill
is relatively flat, or where the eoun-
terweight may be construeted across
tha bottom of the eanyon to form
a support sgainst the opposite side.
It is usually necessary to provide
foundation subdrains under such
counterweight fills, as well as under
the main roadway fill.

{Continued on page 103
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lioga Pass

HIGHWAY ENGINEERS ACHIEVE ANOTHER
VICTORY OVER NATURE IN HIGH SIERRA

By J. N. STANLEY, Resident Engineer

ITH two and one-half miles
of its precipitons roadway
widened and realigned to

eliminate grade curves, historie Tioga
Pass highway, blanketed with snow
sinee early last fall, was opened to
summer trafiie on June 20th.

This most recent improvement of
Tioga road between the easterly
boundary of Yosemite National Park
and Lake Ellery in Mono County was
eompleted toward the end of last vear
at a cost of 878,600, The eontractor
glarted work on Angust 15, 1939, and
finished the work on September 20,
1940, using well over a vear to do a
job that eonsisted prineipally of ex-
eavating Tess than 50,000 cubie yards
of rock. However, in all of that time,
the opposing elements of nature—tem-
pestuons winds, snow storms and
freeging temperatures—allowed the
eontractor only 165 working days and
many of those were spent in drilling
only, when snow was still too deep to
permit fnll seale operations,

Tioga Pass highway is on State
Sign Route 120, which after crossing
the snmmit drops down the castern
slope of the Sierra Nevads range to
Mono Lake and eontinues on to the
Nevada State line near Tonopah, Tt

Section of new Tioga Pase Highway leaking snsterly toward Camp Tiogs.

[ Faur]

forms the esstern entrance to Yo-
semite. At the sommit it conpects
with the hiehways of the park system.

HIGH ELEVATION

The project recently completed is
sitnated on the highest seetion of road
in the State Hizhway System. Be-
rinning in Tiogs Pass st an elevation
of 9,941 feet above sea level, it eurves
easily downward past meadow, brook
and peak fo Lake Ellery, an elevation
of 9500 feet.

In the viecinity of this pass are
found some of the most beautiful and
mieresting spots in all California and
the eompletion of the improvement is
regarded locally az one of the high
lights in the 80 years of man's
struggle against the barrier of the
Sierra at this crossing.

To the motorist passing through
this region for the first time, there
comes & fesling of pioneering. It is
impossible to escape the impression
that this area has just been opened to
travel or to escape a sensation of new-
ness and freshness, A maze of tree.
less peaks, whose slopes are mantled
with spotless snow fields, surround the
wayfarer. The stones along the way
are as ¢lean a8 o dining table and may

he safely used as such. Crystal clear
streams fed by the melting snow
banks descend in foaming ecatnracts,
The roadway seems to have been
earved from the primeval rock only
vesterday and the air gespns fresher
than any ever sensed befora,

PIONEFRRS FACHD PROBLITM

The impression of newness, how-
ever, arises, not from the Cact that
man has not previously invaded this
territory, but from the fact that his
puny efforts have been of little avall
against the obstacles set i1 his path by
Natore, Alaskan winters thal close
the pass from six to nine months of
each yvear have kept him at arm's
length, The eMeiency of man, beast,
and machine is so reduced by the ef-
fect of altitude that the most Hereu-
lean efforts, backed by eareful plan-
ning and organization have left little
more than faint evidences of the pains
tiken through four-fifths of a eontury.

The first pioneers to this region
were the inevituble prospectors. HEn-
tering by horseback from the west and
from the east the hard way, afoot,
over the erags, their prying eves ind
picks soon found reasons for staying,

{Cont'nued on page §)

Left—Before and (right] after improvement

(uly 1941) California Highways and Public Works
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Views on now Tloga Pass Highway Uppor—Vista of Tiega Laks. Center—Looking sasterly from Yosemite Park checking station
Bottem—Entrance to Yosemite Valley
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Left—S8ection of old Tioga Pass road at Lesvining Croek bridge.

{ Continuoed Prom page 43

The Sheepherder Mine was loeated in
1860, and a small town, Beanettville,
soon sprang up, This settlement was
later renamed Tioga, and was located
abont two miles northerly from the
present road on sparkling Mine Creek.
The hardy souls inhabiting the now
long vanished community managed
without a road for over 20 vears, sur-
viving in some maumer on the meager
supplies that could be brought in over
dim and tortnous pack trails,

TOUGH JOH FOR MINERS

The miners were caught on the
horns of a dilemma: they could mot
afford to bulld a road until the mines
eonld be made to produce the large
sums required for such an undertak-
ing; and, without the roads, machin-
ery needed to develop the mines conld
not be bronght in. After many years
of hesitation and attempting various
schiemes, a plan was evolved wherehy
they might bring in the mining equip-
ment without a road. They decided
to take advantage of the chief impedi-
ment to the development of the whole
region, namely the snow and iee of
the long eold winter,

A lusty and booming mining town
named Lundy grew np with the sod-
den vigor characteristie of such settle-
ments on the shore of nearby Lundy
Lake. This camp was less than 10
miles from Tiogn ns the erow flies but
a good 3,000 feel lower in elevation.
Lundy was connected to the outside
world by pood wagon trails leading
throngh the then metropolis of Au-
rora, Nevada. The much needed ma-
ehinery was shipped to Lundy, in the
summer time, and the Tioga miners

[ Six]

settled down and waited for the aretie
winter to freege the mountain lakes
inte hard surfaced boulevards and
for the deep snows to iron out minor
irrecularities of intervening talus
wlopes and boulder-choked gorges,

SLEDE HAULED OVER THMIA

The winter that followed would
seem to have been of a severity most
pleasing to the furtherance of the
transportation plan. From that win-
ter s news in the Lundy Miners Index,
edited and published by one “Lying
Jim™ Townsend, the following item,
among others, hay heen preserved at-
testing to the gratifying depth of the
SIOW !

“Our devil suyve that he doesn't
mind earrving the paper around on
snowshoes; that is grent fun; bot
thinks his eyesight injured by smoke
while ealling down stove pipes and
ehimmeys to people to look after their
paper as he deopped it down. "

When the smow was econsidered
deep enough and the lakes frozen o
foot thick, the goods destined for
Tioga were loaded on especially pre-
pured sledges and the moving job
began, The heavy loads were towed
slowly along by long ropes woind
ingh by inch onfo eapstans set up
far ahend. When the capstans were
reached they were dismantled and
carried mhead another lap, and the
ropes again attached and again wonnd
slowly in.  And go they proeeeded,
neross the frozen Inke, up the ey
talus slopes, over eliffs rising hun-
dreds of feet vertically, The loaded
sledges broke through the snow again
and again, wedging themselves erazily
inte draws aud oreviees, where they

Right—Same section after /mprovamant

were painfully pried out by pole and
erow-har, or bloek and toekle snubbed
to sernb juniper or drill steel ardu-
onsly set into the rock where no tree
grew. Every ounce of propulsive ef-
fort was furnished by buman musele,
and when the task was done it had
eost three lives and many thonsands
of dollars.

ROAD BUILDNG EXPENEIVE

Realizing that they could not afford
to get rich by sueh transportation
methods, the miners decided to boild
a road at any cost. In 1883, money
was raised in Sonora for & road lead-
ing down the west side to that place.
Waork was started at once, and a road
14 feet wide was completed in 1884,
from Carl Tnn to Tioga. No figures
as to the cost are at hand but it is
understood  that the road building
exhansted the finances of all eon-
cerned.  Internecine strife then broke
out among the stockholders and the
mines languished thromgh wyears of
eourt action. The new road fell into
disuse and negleet and beecame im-
passable until taken over by the Na-
tional Park Serviee many vears later
and developed into the sturdy moun-
tain highway now serving the west-
ern approach to the pass

In the meantime another mining
combination, known as the Creat
Sierra Mining Company, came npon
the scene and took over Tioga's
mines. The long trek out to Sonora
was discarded as an eeonomie impos-
sibility for their venturs, so a much
shorter road was hnilt castward down
Leevining Canyon to the shipping
and supply eenters of the Mono
Lake area, This road was litile more

(Iwly 1941) California Highways and Public Works



than a trail that clung most precari-
ously to the gray granite walls of the
ereat abyss below Lake Ellery, al-
though it was known as “*The Great
Sierra Wagon Road.” Its cost
greatly exceeded all expectations and
apparently depleted the ressvurces of
its builders as completely as had the
road previcosly boilt toward Sonova,

ETATE TACKLES PROBLEM

The Great Sierra Company hung
or and tried o maintain the road.
enlisting the aid of Mono Clounty, but
suech [lunds that all interested par-
ties were able to raise towards its
maintenanee and improvement were
insufficient. The workable summer
season seemed only long enough to
elear  pway the previons winter’s
slides and then another winter was
upem  them, and another year had
fled.

The Californin State Highway
Clommission beegme interested in the
possibilities of this route neross the
Bierras and in August, 1914, a party
of Commissioners attempted to in-
gpect the road driving up the grade
from Mono Lake. Hall way 1o the
summit, st “*Blue Blide,"" progress
was barred by a fallen roek and the
trip abandoned. Under the cirenm-
stinees, it s small wonder that the
Commisgsion should have felf reloe-
tant to have the rowd taken into the
State system, particularly sinee the
Great Nierra Company was asking
£25,000 for its interest in the rond.

In 1915, the situation took on a new
ecomplexion,  Puoblie spirited Stephen
T. Mather, one of the outstanding
flgures of all thme in the National
Park BRerviee, purchased the road

with his own and other donated pri-
vate funds and turned it over to the
public as a gift,

NOW MODERN HIGHWAY

The name “Grest Sierrn Wagon
Road'' s practically forgotten and
can only be encountered in old ree-
ords and the files of old newspapers,
The route is now identified under the
more deseriptive title of ‘' Tiogn Pass
Road." The State took over the road
a5 4 State highway many vears ago
and has gradually improved the entire
length from Mono Lake to the som-
mit. It has been widened through-
ont, and improvements conlinue year
by wyear, shooting off a peint here,
building a wall there. providing safe
and adeqnate bridges, all eombining
to produee a road of a guality far ex-
eppding the wildest dreams of those
dauntless men whe braved the erags
so lomg ago.

The little valley forming the east-
ern approsch to the pass was earved
from a solid bloek of hard rock by
prehistoric glaciers which left dozens
of little knolls and hillocks of solid
rock, seattered without reference to
pattern. These small ridges and
humps consisted of the hardest kourls
in the original rock mass, the type of
rock that could, and did, stand up
under the grinding of thousands of
tong of ice made abrasive by ineluded
rock partieles throngh a period of
thousands of yvears. Seratchies made
on the surfaces of the rock masses by
pebhles drageed aeross them in the
grip of the grinding glaciers still
show plainly, althongh winds and
snows of some 50,000 wvears have
sought to erase such evidenee,

Most of the excavation on the
project was encountered in eutting
through these small hard-roek hills
and, in spite of the faet that the con-
tragtor had equipped himsell with
the most modern equipment, his prog-
ress was slow in such material.  Drill-
ing was the major problem, as the
rael was ervstalline and broke up
readily onee the explosives were prop.
erly placed, Jackhammers searcely
dented the rock and were given up
in favor of wagon drills except for
use in plogging isolated bonlders
Dirill bits were used literally by the
truck load, and a grinder was kept
eoing steadily night and day. Water
heads were mstalled and were com.
paratively suecessful, mereasing the
average hole drilled per bit from one
inch to five inches. Cold weather
prevented a eomplete change over to
wet drills which counld only be used
when the temperature was above
freezing.

The work was barely finished in
1940, and the road-mixed surfacing
was laid out after the first fall of
snow had alrendy whitened the moun-
tains.

The eontract was performed by s
bell Construetion Company, of Reno,
Nevada.

TIMIA HIGHEST PASS IN ETATE

Of 14 prominent mountain passes in
California, Tioga is the highest with
an elevation of 9,941 feet.

Sonora s 9,624; Ebbetts, #.800;
Carsom, 8,660 Conway, 8100; Keho,
T7.8965: and Denner, 7,135,

The other passes range from 4,315
to 6,350,

These are two maore views of Tioga Pass Highway before and after realignment

California Highways and Public Works (juiy 1941)
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highway. This road is a part of the
main east-west transcontinental hich-
way terminating at the San Fran-
eiseo Bay area and carries heavy traf-
fie, both eommercial and pleasnure,
throughout ifs entive length. Tis de-
velopment as a divided highway will
enable it 1o serve the constantly
inereasing  traffie with a greater
degree of efficiency and safety.
Previous artieles in ‘*‘California
Hishways and Publie Works' have
discussed  the contracts which pro-
vided for the gprading and the eon-
stroetion of bridges and underpasses
on new alisonment befween 1.3 miles

[Eight]
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Looking toward Davis from a point on realigned L. 5 40 Highway south of State Nursary

|mprovement

ORK iz now under way on
three projects between Dixon
and Sacramento which are

'I.IIILiL‘i in the development of this por-
tiom of 17, 8. Route 40 into a divided

north of Dixon and 1.0 mwile east of
the Davis Subwav, A contract has
just been awarded providing for the
placing of Portland cement concrete
pavement on both lanes of the high-
way from the SBouth Fork of Putah
Creelk to 1.0 mile east of the Davis
Subway and on the new sonth lane
hetween Swingle and the Yolo
Canseway,

Between 1.0 mile east of Davis Sub-
way and the Yolo Causeway, the same
contractor is completing work on two
contracts, The first contract covers
the grading and snrfacing with Port-
land cement econcrete pavement of the
new sonth lane of a divided highway
and the resurfacing with plant-mixed
surfacing of the existing highway,
whieh will serve as the north lane,
The limite of thiz work are from 1.0

NEW CONSTRUCTION PROGRESS ON
U.SS. 40 BETWEEN DAVIS AND DIXON

mile east of the Davis Subway to
Swingle. The second econtract pro-
vides for prading a new south lane
hetween Swinzle and the Yolo
Clanseway.

The zoil in the vieinity of all these
projects, while snitable for ecertain
types of agriculture, is, in general,
not particularly well adapted to use
i roadd eomstruction, sinee it usually
has a low bearing wvalue and fairly
high swell. After econsiderable in
vestigation, sonrees were located from
which sandy or pgravelly material
conld be ohtained for use in the upper
part of the roadbed, but it was neces-
sary for reasons of economy o nse the
poorer soil in the lower portions. In
orider fo insure a proper moisture comn-
tent in this material and prevent

(Continmed on page 17)
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Views of realigned U, 5§, 40 between Davis and Dixen in Yols County. Upper—Looking toward Yele Causeway and Sacra-
menta from point near State Mursery, showing resurfacing material windrowed in center of old highway. Center—Looking toward
Davin; State Nursery on left. Bettom—Fill and widening operations for divided highway at point directly south of Yolo Causeway

California Highways and Public Works (juiy 1341) [Nine]



The upper thres pictures show a slide in progress south of Topanga in Los Angeles County. Lower pictures show hazard and extent
of typical alipouts. Shketch shows method of correction

Storms Do C05t|y
Damage on Highways

i Cantinusd from page 1)

It will be peadily seen that, before
porrective designs for slipoats ean
be made intelligently, an investiga.
tion by means of borings to loeate the
saliirated zones is absolutely neces
sary, Furthermore, great care must
bhe taken during construetion to vers-
fy the information disclosed by the
borings and to be sure that the strip-
ping operations are carried down to
relatively dry amnd stable material.
before the foundation drains are in-
stalled and the fill reconstructed.

Failure to remove all of the plas.
tie soil, or to place the drains suffi.
ciently deep before reconstructing
the fill, may result in complete fail-
ure of the corrective messures and
consequent low of all of the work
performed. For this reason, inade
gquate preliminary investigation or
lack of inspection of the work during
its progress, may prove to be very
eostlv.

BRATTURATION

For several years past the rain-
fall in the Los Angeles area has heen
wiell in excess of the normal, During
the past rainy season, for instance,
an  allstime record was established

[Ten]

Saturated Plastic
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ORDER OF WORK

1. Placwe pips im creek bed
1. Reweve side material
1. Place perferated pipe im baring

4., Comitrudt isfercaplimg Proweds
5. Cosstvuct gravel suddrsim:
. Rebumild fll

SECTION OF SLIFPOUT
SHOWING METHOD OF CORRECTION

when the precipitation was more than
double the normal amount. The cum-
ulative #ffect of ths series of exess-
sively wet seasons is being shown in
the large number of serions siides and
slipouts which have oecurred this
vear. In many instances, cuts and
fills which had previously shown no
indieation of instability have failed
because of the high degres of satura-
tiom which has been aseumulating.

The Kelloge slide in located om
Garvey Avenme (L. 8 70) near the
Kellogrg Ranch, a lew miles west of
Pomona, on a secetion originally eom-
pleted in 1833,

As may be seen from the aceom-
panving diagram, this is a very good
example of the eirenlar are shide amd
serves well to illustrate the method
of ecorrection applied to this type
It will be moted that this actually
comsists of two slides. one within the
other. The lower or secondary slide
was the first to be noticed. Soon
afterward the pavemeni started to
bulge and the upper slide erack was
discovered. The movement was grad-
nal but during one period amounted
to several feet a day and the pave-
ment was uplifted as mueh as 15

{ Cantinoed on pags 23)
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Supreme Court Upholds Authority
Relocation of Pipe Line Placed in Highway Under State Franchis

of Public Works to Require

By FRANK B. DURKEE, Attorney, Division of Contracts and Rights of W ay

UTHORITY of the Department
of Poblic Works to require
the owner of a pipe line to

move the same, at the cost and ex-
pense of such owner, to a different
location within the highway, ** when-
aver necessary to insure the safety of
the traveling publie or to permit of
the improvement of the highway,'' as
provided by Section 680 of the Streefs
and Highways Code, has heen npheld
by the Elu,prnme Court in the case of
State of Catifornin va. Marin Munioi-
pal Water District, decided April 2,
141, and modifled in certain partien-
lars on Moy 1, 1941, (101 Pac. (2d)
1112; 111 Pae, (2d) 651; 3 Cal. Dee.
152, 631.) The decision is now final.

The pipe line, subjeet of the litiga-
tion, was placed in what was previ-
ougly a county highway of the County
of Marin by the predecessor in inter-
est of the defendant Water Distriet
pursnant to a permit granted by the
Board of Supervisors in 1908, [Tpon
establishment of the State Highway
System, the highway in question was
taken over and imeorporated into the
right of way of the State highway
{ Road IV-Mran-1-C}.

JUDGMENT FOR ETATE

The section of pipe line required to
be moved was loeated in an area
which had been originally a mud fiat
along the shore of Richardson Bay,
Building of the Waldo Approach to
the Golden Gate Bridge reguired
plaving of a considerable fill over a
portion of the area. Engineers of
Distriet IV were of the opimon that
the fill would cause such a subsidence
of the ground as would result in rup-
ture of the pipe line, with consequent
destruction of the fill and hazard to
life and property.

A formal demand, in writing, as
contemplated by the ende, was served
upon the water district divecting it
to relocate its pipe line from within
the area within which the fill was to
be made. The distriet declined to aet,
wherenpon the department had the

necessary  work performed by the
State's eontractor. The action in the
superior pourt was brought pursnant
to Mection 722 of the eode to recover
the pnmount puid the contractor under
the extra work order,

Upon trial, it was shown that re-
moval and relocation of the pipe line
was necessary, not only to insure
sifety of the traveling publie, but,
also, to permit improvement of the
highway, Judgment was for the
State, and the water distriet appealed,

DISTRICT APPEALS

The defendant district contended
that, under the language of Section
19 of the Municipal Water Distriet
Act, it had a grant from the State
which gave it a vested right to ocenpy
the highway with its pipe line; that
to require it to assume the cost of re-
locating the wain wonld violate eon-
stitutional provisions against the im-
pairment of the obligation of eon-
tracts and the taking or damaging of
property without due process of law;
that, in any event, Section 680 of the
Streets and Highways Code was not
applicable to the situation, on the
ground, among others, that a water
distriet is a subdivision of the State,

In affirming the judgment, the
Supreme Court held that the right of
a district, organized nnder the Munie.
ipal Water Distriet Aet, to maintain
water mains along o public hichway
must be considered a *franchise’
{which was the position of the depart-
ment ), whether regurded as derived
Prom the distriel’s sequisition of the
assets and property of the private eor-
poration, its predecessor in inferest,
the wet under which the distriet was
organieed (Stat. 1911, p, 1200, or the
general provisions of the several stat-
utes conferring upon munieipalities
the right to construet water mains
along the highways. (Stat 1911, p,
852; Stat. 1923, p. 147.)

In modifving its opinion, subse-
gquent to filing of a petition for a re-
hearing, which was denied, the sourt

Califernia Highways and Public Works (jaty 1941)

specifically held that the defendant
water district derived its *‘ franchise "
by virtue of its existence as n subdi-
vision of the State from the Statutes
of 1511 and 1923 granting to mumici-
palities certain rights to ocenpy high-
ways, These statutes, the vonrt said,
eonferred npon the distriet the right
to maintain a pipe line along the
highways of the Btate only ““in such
manner ns to afford security for life
and property, "'

AUTHORITY GIVEX

Heetion GBD of the Streets and
Highways Code, the court pointed
out, gives the Department of Publie
Works the anthority to require re-
moval of a pipe line at the owner's
expense when *‘necessary to insure
the safety of the traveling publie or to
permit of the improvement of the
highway.

““It is elear,”” the court went Gn to
say, ‘‘that neither defendant nor any
other municipal water distriot has the
authority to mainlain pipes on the
highway in a position whieh does not
afford security for life or property,
andl therefore that the applieation of
Section 680 to munieipal water dis-
trigts wonld not result in a limitation
tipon their otherwise walid power,
but would operate only to prevent
them from exercising their franchises
in & manner contrary to law.”"

In other words, the seetion in ques-
tion is *“elearly within that residuary
power of the State ®* * * known
us the *poliee power” ™

Further, the court held, relocation
of defendant’s pipe line wonld not
deprive it of its franchise; *‘it has
simply been required to bear the ex-
pense of removing its mains to a loea-
tion on the highway consonant with
publie welfare, The benefit to the
public a8 o whole * * * alparly
outweighs the burden impossd upon
defendant, and the legislation (See-
tion 6800 15 therefore valid.”’

{Continued on page Bi)
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Central Valley Project Will Serve

ONSTRUCTION work on the first 8 -mile section of the Madera Canal iz reaching an advanced stage. This
C shows one of three large siphons being built. The siphon will be 600 feet long and will have a barrel about
12 feet in dinmeter, The Madera Canal will extend from Friant Dam on the 8an Joagunin River 40 miles north

to the Chowehilla River and bring a new water supply to lands in Madera County.

¥ KHereim of Morlewnlhis ghoie
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ast San Joaquin Valley Acreage

RIANT DAM, now more than half completed, will impound the 8an Joaquin River to furnish a supplemental
Fwnter supply for 1,250,000 ncres of land in Madera, Fresno, Tulare, Kings and Kern Counties, This artist's

perspective drawing shows the 200-mile long canal system which will carry irrigation water from Friant
Reservoir as far south as Bakersfield and north almost to the Merced County line,

i . - f 4 L
':Z- 2}:1.“}5 .
L = ri e -
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Future Roads

HIGHWAYS OF TOMORROW
TAX INGENUITY OF BUILDERS

By CONDE B. McCULLOUGH, Assistant Oregon State Highway Engineer

Conde B. McCullough, Assistant State Highway Engineer of the State of Oregon, in an address before the
highway section of the Institute of Government recently held in Bacramento, discussed “highways of tomorrow,”
in which he reduced certain fundamentals of economic highway planning to mathematical formulas. Excerpts from
his paper are presented in the following article. Mr. McCullongh bears the titles of Professor of Engineering, Doctor
of Laws and Honorary Doctor of Engineering.

provement programs has always

been somewhat of an administra-
tive *‘headache ' but the development
of the future highway plan is quite
likely to aggravate this eondition into
n malady of major dimensions. It is
true, of conrse, that throughout the
Btates the nueleal systems have al-
rendy  been  welected but  transport
necessition are developing at sueh a
rite g% o produee demands for better.
ments and extensions hitherto unpre-
dictable—for a transportation plant
designed  for henvier loads, higher
speeds, and unprecedented traffic den-
wities,

How is this new plant to take
shape! Out of the myrind needs how
are the priorities to be established !
All too frequently, in the past, im-
provemen! programs have been die
tated by re rather than reason,
by expedieney rather than logie, re-
sulting in & badly balancsd growth.

TIHKEY FSSENTIAL FACTORS

These early errors have already
oceasioned large economic waste,
have necessitated extensive recon-
struction eosts. [T this condition is
not to be repeated it is essential that
the highway transport plant of te-
morrow be planned along sound lines
and that there be developed a suit-
able eriterion or “yard stick™ for the
measurement of ceonomie priorities

T IE formmlation of highway im-

ratio in which they are interrelated.
Revennes must be sufficient to bal-
ance costs, otherwise eventual bank-
ruptcy is inevitable, Revenues must

[Fourteen]

also be backed corresponding
mmm“—%-mwmp
for lack of economic support.

These, the nbove, nre the eardinal
principles of all construction eeo-
nomies ; and, like all good engineers
who have gone before us, let us see if
we can't “sav it in the form of an
algebraic expression.”

If we let

C: represent the total annual cost of any

proposed project inclusive of avary
item of expense invelved in its financ-
ing,; maintenance and operation;

I+ represent its probable net arnual reve-
nue expectancy; and

B. represent the annual benefita to be de-
rived from s utilization,

we may develop two eriteria in the

form of quotient or ratio valnes as

follows -

A so-called solremcy quotient Q"
measuring the finaneial soundness of
the project, and a bemefit guatient
“Qy"" measnring its economie justi-
flemtion.

We may then write:

Q- == 1:/Cs, and Qv = B-/C+

Here, then, are our “vard sticks™
in algebraic form. 1f Q, is less than
unity the projeet is not self-liquidat-
ing and ean only be built by subsidy.
If Q, is less than unity the projeet
has po justifieation and should not
be built at all. If Q, is especially
high the project may merit consider-
ation even though it may need sub-
sidy (provided, of course, that sur-
plus revennes are available),

In the field of highway economics
the formulas are not guite as simple
ns above stuted for the reason that
n portion of the benefits (fnel sav.
ings) operates to deplete resulting

ineome values so that the two quo-
tients beeome interrelated. More-
over, a eorreetion is neeessary to
take eare of that portion of the an-
noal ineome derived from traffie
“drained™ or diverted to the new
mmprovement from other portions of
the aystem. Methods for applying
these eorrections were developed by
the Oregon Highway Department
and publighed in 1938 as Technieal
Bulletin No, 7.*

WHAT FORMULAR ACCOMPLIRR

[et us gpot back to our formulas,
It is true that they are somewhat
erude and inexact. Tt is also troe
that the problem postulated (the
development along sound eeonomie
lines of a highway plant to meet
future needs) i8 not one which is
susceptible of exact mathematieal
analysis sinee in the end the selee-
tion of both design standards and
priority schednles must be tempered
by human judgment and an under-
standing of individnal conditions and
neads. What good, then, are the
formulas? What do they accom-
plish! What have we done so far?

So far we have aceomplished this
—we have taken our problem apart
and put it together again in logical
form. We have determined what we
need to know. We now have a refer-
enee frume into which we may fit our
experimental data. Some of our in-
gredient factors (costs, revenges and
benefits) involve eomplexities which
render them hopelessly diffienit of
exact evalnation baot at least we are
on the right track. We know the
direction that our future research
must take,

* The Eosnomies of Hizhwsy Planning.
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Let us, then, proceed to consider
in turn each of the economic factors
involved (C,, I, and B.). Luet us see
what we now know about them and
what we have vet to learn,

THE COST FACTOR
This factor may be writien :
o= e + Cam + U:w

where (., Tepresents the annual cost
of eapital, C,, the annnal cost for
maintenanece, and (,, the annual cost
for operation,

The first item (..} comprehends
all expense which acerues by virtue
ol the use or provision of funds for
the project considered, and may be
broken down into two components:
(1} an annual charge in the nature of
a fixed rental (interest] for the use
of the funds mvolved:; and (2) an
anomal provision for amortizing the
first cost of the project during its
serviee-life expectancy. The sum of
these two may be represented by the
formula

r
[
L
G!r Atr"—1)

1

FT1A

1

where “*C,.7"" represents the annual
ecapital cost; ““C'" the total first cost
™ the interest rate; and “‘n'" the
service life in years.

The second item () involves the
maintenance expense and may be
broken down into: (1) maintenance
of pavement and roadway surfaces;
(b} maintenanes of roadbed, shonl-
ders, and right of way; (¢) mainte-
nanee of stroetures; (d) miscellane-
ons peneral mamtenance; and (f)
maintenanece administration expense.

OPERATION CO05TS DEFINED

The third item “operation costs”
ineludes the expense of all of those
funetions and necessities which are
ineident to fornishing highway trans-
portation to the public and which can
not be classified either as maintenance
or as capital expense. Among the
various activities embraced nnder this
designation are (a) the operation of
travel and information bureans, (b)
traffic eontrol, and such policing of
highways as is required to be per-
formed from highway funds, (e} the
operation of lighfing svstems for road-
ways, bridges, tunnels, ete., {d} the
development and operation of parks
and recreational facilities, and (e)
any other activity concerned with
transportation and required to be

done by the highway organization,
which 1s not properly chargeable to
either construetion or maintenance,

In general the cost factor (.. is
susceptible of evalnation with fair
aceuracy onee the first cost is deter-
mined, althongh we need to know a
great deal more about service-life ex-
pectancies for the various constrie-
tion components in order correctly to
evaluate the term *‘n. "' The first cost
element “C"” (in Formula 1) will de-
pend upon the design types necessi-
tated by the fuoture and here we must
launch out into uncharted seas. The
road of today must be desigmed for
tomorrow, for every tomorrow dur-
ing its service-life expectancy. Dhur-
ing this period what top speeds will
it be necessary and possible to pro-
vide for? What traffie densities,
maximum loads, lane widths? What
pavement thicknesses shall we em-
ploy? How should bridge stand-
ards be modified! To what degree
will ehammelization, signalization, and
wrade separations be warranted ?

In every case the answer is indi-
eated, thongh highly involved. Desion
standards ean be raised if and only
if the tax strueture base is or can be

adjusted to meet the eosts incurred.
In other words, if and only if it is
possible to maintain an average value
of the solveney guotient “*0Q,"" at or
above unity; and this tax strueture
base, in furn, ean be maintained only
it the benefits are snfficient to war-
rant.

And so our problem shifts to the
other factor groups.

HIGHWAY REVENUES

The second ingredient factor, T,, is
obviously eompounded from the an-
nual traffie {in gross ton miles) and
the unit net ineome, segregated by
vehicular types. Table T hereinbelow
indieates the segregation adopted by
the Oregon Department, and Table TT
the unit net income values developed
by the Oregon Highway Planning
sorvey.

Table 11 is for the highest type of
roadway surface, For lower surface
type standards the unit net income
values will be slightly higher because
of the greater fuel consumption,

The table data are of conrse appli-
eable only to Oregon highways and to
the Oregon Hichway Tax Strueture,
but the wvarions highway planning

TABLE |
ANNUAL ROAD EARNINGS

Grose Gross Unit MNet Total
Type of Traffic Tons Ton Miles Income Per Annual
Per Annum | Per Annum Ton Mile Revenue

Passenger Cars (Oregon)_ ... ..

Passenger Cars (Foreign).
Trucks (Light)____.._____
Trucks {Medium). .

Busses (School). ..
Busses (Other)____
Other Traffie_ ...

TABLE I
GROUP 1—HIGHWAYS (Highest Type)

Mot Revenues Per Gross Ton Mile From

Type of Vehicle Registration Motor Trans- Taotal Net

License Fees partation Fees Fuel Taxes Revenues

Passenger cars (Oregon)_______ §0.000422 50001645 $0.002067
Passendgoer cars (foreign). ... ... BREIhea, 0.001787 0.001787
Trucks—light —oooooooo.... 0000563 $0.000127 D.001087 0.001787
Trucks—medium _____.________ 0.0003%4 0.000517 0.000823 0.001744
Trucks—heavy .. _________ 0.000286 0,000517 0.000658 0.001461
Trucks with semi-trailer...._.. 0.000332 0.000517 0.000550 001408
Trucks with full trailer________ 0000425 0000517 0.000426 0001369
Boamaes: facheal) Lo ol T cnl s aiianal 00 seeamenes’ 000 el
Busses (other) ..ceeeeeooco.... 0.000125 0.000517 0.000723 0.001365
[Fifteen|
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to the counties of California for
the fiseal year July 1, 1940, ta
June 30, 1941, will make the vounties’
share of gas tax funds for the present

hiennium total $33,962.279.75
Daring the Ninety- ﬁrst r 1;-.&&[ Year
which Ellr]fﬂ June ‘3[’] 1940, the coun-

G:ifif}lJlNE 1ax apporiionments

ties received #$16,652,561.22, During
the Ninety-zecond Fiseal Year ending
June 30, 1841, they will receive $17,-
09, 718,53, an inerease of 657,157 31,

In apportioning gas tax moneys
to the counties, each such political
subdivigion first receives a mininium
of 37,500, The remainder is allocated
in the proportion that the registration

AS APPORTIONED TO CALIFORNIA COUNTIES
DURING THE 91st AND 92d FISCAL YEARS

of motor vehicles in each of such eoun-
ties bears to the total number of ve.
hicles registerad in the State,

California’s motor vehiele regis-
tration as of April, 1941, on which
was hased the apportionment to eoun-
ties for the present fiseal vear wis
2.775,635.

;‘Lppnrﬁumuvnis were s follows:

Minety-first Ninety.sacond Taials Ninety-first MNinety-secand Totals
c £ Fiscal Yoar F'il-l:ﬁt Yeoar N'""‘ty{;ﬂ”t c t Fiscal Year Fi:nzl Year ch::'ﬂﬁr“
ounty July T, 1838,  July 1, 1840, Ni“t;f_‘nwnd cunty July 1, 1838, July 1, 1940, pinape carong
June 30, 1940 June 30, 1541 Fiacal Years June 30,1940 June 30, 1941 Tpr o wag g
Alameda ___________ §1,058,666.98 §1,100,600.39  §2,159,267.37 Plicar o e w 97,297.99 98,156.88 185,453.87
Alpine ... 30814.58 30,806.13 81,620.71 Plumas ... ... E2,022.44 54.161.03 106,183.47
Amador _..... 4 49,814.59 50,176.98 99,991.57 Riverside ...........  267.877.80 27242674 540,304.54
Butte . _ . 138,919.29 140,079.11 278,998.40 Sacramento _ 415,162.90 432,415,32 847,578.22
Calaveras ... ______ 50,680.97 51,118.26 101,799.22 San Benito.___._____ 60,006.36 60,011.43 120,017.79
L o7 (1T e B e 58,542.26 57,513.18 116,055.44 San Bernardino_.__ 382,138.77 394,146.98 776,285.75
Contra Costa 241,188.16  258,a74.25  499,562.41 San Diego-——— .. 22,0675  B73477.92  1,206,445.45
Del Norte_ ____—____ 41,111.35 41,114.99 82,226.34 San Francisco.____ 1.046,712.07 1,073,622.29 2,119,234.36
El Darado_—— . ____ 58,902.06 549,789.08 118,691.14 San Joagquin________  326,746.72 332,681.27 658,427.99
Fresno : 453,583.68 469,658.15 023,241.83 San Luis Oblspo_...  114,082.70 119,096.40 £33,189.18
Glenn ______.___. . 63,717.23 63,770.32 127,487 .55 San Mateo....—-—-_. 257,616.43 275,570.83 533,187.27
Humbeldt —_________ 13090321 132,474.06 263,377.27 Santa Barbara._._.__ 204,802.28 206,377.63 411,179.91
fmperial oo 170,281.23 170,514.05 340,795.28 Banta Clara.________ 448,354.81 457,896.99 906,251.80
17, - T 49,118.83 49,%40.26 99,069.149 Santa Cruz-.- . ____ 143,051.92 14307237 2B6,324.60
Kern _ooeecaca . 380,714.36 366,304.88 717,078.24 Shasta _________.._. 86,367.51 104,632.73 201,000.24
Kings ...~  114,451.07 119.875.05 234,426.12 Slerra o ____ 36,679.55 36,221,234 72,800.88
LAkl o amniiaa s 52,741.44 52,810.42 106,560.86 Sliskivou .oc.o-—— 91,875.20 84,579.60 186,454.90
Lassen ____ . . ... 60,249.66 63,212.41 123,462.07 Solang co-—e——— 13277832 142,924.73 275,704.06
Los Angeles__. ...__ G174103.59 6,429.486.64 12,543,590.23 Somoma . _____  207,369.61 209.820,07 417,189.68
Madera .. B4838.38 87,777.03 172,716.42 Stanislaus __________  219,380.00 222,750,556 442,136,556
Marin e 123,804.94 128,488.32 252,303.26 Subter oo 75,744.84 77,002.49 1562,747.13
Mariposa _.__... 43,488.05 43,227.02 86,715.97 Tebhama . ____.... 67,319.44 66,874.92 134,1949.38
Mendocine _________ 84,738.93 B5,711.70 170,450.63 ey o 38,367.39 3B,656.82 77,023.21
Merced .. - 137,088,823 142,668.37 278,707.20 Tulare oo 271340 281,825.80 554,539.20
Modot _.eeeu—ma= 48,320.92 50,540.24 99,861.16 Tuslumng —.c.oea.. 56,7 10,70 8631777 112,028.47
Mono -l 34,899.51 34,946.11 69,845.62 Ventura .. _.___.. 183,021.04 186,753.62 369,774.66
Monterey ______.___ 195,742.42 209.832.81 405,576.23 - | A e s 98,188.27 100,016.10 199,205.37
R e 91,108.01 04.882.06 185.990.07 Vbt ool TRONEE 75,553.81 148,482.46
MNevada . —coe - 70.732.14 71,635,176 142,367.30
Orenge —— o caee-—.. 362,06589 365,060.19 727,106.18 Total ________...316,652,561.22 $17,300,718.53 $33,962.279.75
o = E— ——— o T - R - - ———
offected.  The delegates will diseuss requirements providing for the wet-

Pan-American Highway

Will Be Discussed in
Mexico City

The fourith Pan-American High-
way Congress, meeting in Mexico
City Beptember 15th to 24th, will
have ss one of ils Important topies
for dispussion the subjeet of the de-
valopment of the Inter-American
Highway System. Delegations from
each country represented will report
on the status of construction and
the program for futore activities,

A permanent organization of Pan-
American Road Congresses will be

connecting points of the Pan-Ameri-
can Hirhway at international bor-
ders, the financing of the highway
and the extension of the system for
insnlar republics,

The Inter-American Federation of
Automohbile Clobs will diseuss co-
pperation n the development of inter-
national traffic and special sipgns and
markers

Construction Progress on U.S. 40
[Continued from page B)

future swelling, with the accompany-

ing distortion of the pavement, a

clause is included in the new eontract

California Highways and Public Works (july 1941)

ting of the lower quality material
underlying the gravel sub-base until
the upper two-foot portion has a mois-
ture eontent between 17 per cent and
25 per eent.

The eompletion of the work now
under contract will provide a divided
four-lane hiphway from the South
Fork of Potah COreek to the Yolo
Canseway, Plans are now being made
to develop other sections of this road
between Dixon and Saeramento to the
same standards as rvapidly as funds
berome available,

Fredericksen and Westhrook are
the eontractors on the work and J. W,
Corvin is the resident engineer,

[Seventeen]



Coast Roa

By A. WALSH, Resident Engineer

HE LEGISLATIVE act of

19412, added to the State High-

way System that portion of the
Const Kond between Santa Cruz and
Watsenville in Santa Craz County.

This seetion of two-lane concrete

vement has developed a heavy traf-
:lnwinmnfﬂm-flﬂpwit}‘
of the romd,

To relieve this traffic burden a ma-
jor eonstruetion project has been un-
der study for several years.

The State Highway Budget for the
Ninety-first - Ninety-second Fisecal
Years provided funds for stage con-
struetion of a portion of this road
which is now under contract.

This contract, 6.2 miles in
connecting with the City of Watson.
ville on the east, consists, in general,
of eomstrueting a 47-foot graded
rondbed sufficient for a three-lane
pavement and seven-foot shoulders,
widened to a 64-foot roadbed over
summits where sight distance Is
Timited,

The work was let to contractors
N. M. Ball Sons, of Berkeley, in De-
cember, 1040,

The new loeation lies between the
present road and the coast line and
erosses several old tidal channels
which have filled up with alluvial
waste amnd vegetable matter in the
form of t land. The forma-
tion in I.E:t arvas vary in depth of
from 10 to 43 feet.

These arcas required special foun.
dation treatment to support the super-
imposed Joads placed thereon by the
highway fills. Test were
made to determine the character and
depth of the peat formation and it
was derided to stabilizge the founda-
tions at Farkins and Watsonville
Sloughs by sonstroeting vertieal sand
drains to permit the escape of ground
waler as pressure was applied to the
surface by placing the 1l  These
draing were constructed by drilling
wells 20 inches in dismeter throngh
the peat formation, varying in depth
from 10 to 43 feet, spaced on 13-foot
centers parallel to eenter line and on

[Eighteen]

11-font centers at right angle to center
line.

To insure the wells being free of
sodiment  before bhackfilling, clear
water was injeeted into the well and
removed by a soetion pump which
earried away the silt amd sediment.
This process was continned until the
water ran elear, after which the wells
were backfillel with a clear graded
sand.

A three-foot sand blanket s being
placed over the entire area to provide
a drainage outlet from the sand
drains.

To determing the rate of setile-
ment and side pressures being devel-
oped by placing the fill and the safe
rate at which the load ean be placed,
pressure gruges connected with well
points at the bottom of the
peat formation are losated at the gides
of the fill and settlement platforms
are installed at intervals beneath the
fills.

Frrom these platforms one-ineh pipe
in extended vertically as the fills are
constructed, and level readings taken
therson to determine the amount and
rite of settlement

Rome 70,000 cuble yards of mate-
rial will be required for the 35-foot
fill at Harkins Slough and is the
larger of the two being treated with
sandd drains

At several other erossings of peat
land formation overloading of the
foundation by inereasing the height
of the fill s being done. The largest
of these is at Struve Slough where
B4 cubie yards of fill material will
be placed, 35,000 enbie yards of which
is provided for subsidence and dis-
placement of the peat land Tounda-
tion

The peat at this loeation has a
maximmn depth of 35 feet. The
height of the grade line above the
natural ground is 35 feet.

;

GRADING PROJECT, WATSONVILLE
TO ROB ROY, IS NEAR COMPLETION

Results secured from these alver-
nate methods of hastening settle-

Throughont the proj
have been flattened to 11 to 1 and
will b soversd with six inches of top
soil sown with grass seed to retard
erosin.

Some of the major eontract items
om this job arve;

1,225,000 onbie yvards roadway ex-
envation,

16,190 lin. ft. of 207 diameter

drilled wells for fill sta-

!ﬂliuﬁnn nt slough eross-

ingx.

9000 lin. ft. of eorrugated
metal pipe of varions
dinmeters,

490 enbie ;uﬂa snnerete,
650,000 Ibs. reinforeing steel.
10,000,000 sta. yids. overhanl.
Contract eost £285 481 00

The project is being financed from
both State and Federa] aid funds

Approach roads on the proieet are
held to a minimum and are restrieted
to loeations eonsistent with safety.

The grading is being done by means
of seven 15 cubic yard carryalls pow-
ermd with RDS tractors; three 12
eubie vard Tu ;: and one 14
cubie yard Euelid The Turnapulls
and Euelid units are relatively new
on highway eonstruction. They are
self-powersd. have a short turning
radins, and have a speed of approxi-
mately 20 miles per hour.

The terrain which the road trav-
erees contains many springs and
ground water which are being treated
by sonstrueting trenehes through the
water bearing sirata and backfilling
game with drain rock.

{Continuesd on page B4)

(Inly 1941) California Highways and Public Works
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Construction on new Rab Roy-Watsonville Highway
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on any batter up to the one i four
maximum and in both of the required
directions,

Despite the low cost per square
foot of deck area. this structure de-
signed to care for modern -
tation demands, is less than ene-
mile long and eontains sufficient eon-
erete to build over 11 miles of the
type and width of conerete road that
adequately served the needs of this
region some 20 years ago.

The ereck draining a large area
of the eity runs direetly onder and
follows the line of the viaduet for a
distanee of abont 1200 feet To
properly control the fow throogh
this channel it will be rebmit di-
rectly down the centerline of the
structure where storm waters ean
flow between the eolumns without
danger to the viaduet substroeture.
New econerete culverts are required
mmder gach of four major eity streets,

CONSTRUCTION PFROBLEMS

Tt is eustomary to think of a bridge
ne something to span aeross a ereek
but eertninly somewhat onusunal for
nosteoetiure to be located direetly
over uoereels for g distanee of 1,200
feet, This fealure eaused many eon-
struetion problems during the rainy
season due to flood waters flowing
through the foundation exeavations,
After onch heavy rain, the fooling
excavations would be refilled with
mud and debris for a depth of six to
eight feet and it was necessary to
again exeavate them. Some of the
excavations were cleaned out as

it permitted at least some of the
work to be earried on at times when
the entire project would have been
completely stopped under any other
plan,

The plans for highway reconstrue-
tion near the south end of the via-
duet enllad for traffie from the south
destined for San Rafael to be routed
over the old Irwin Street entranee

| Twenty-twa]

to the eity. In order to eomplete
these plans, it was part of the work
embraced by the viaduel eontraet to
construet 8 triangular shaped bridge
at the San Rafael Harbor erossine.
While working on this strueture it
was noted that the adjacent Irwin
Stres bridge was in very poor eondi-
tion and that heavy loads being
hanled over it made immediate re-
plasement  desirable. Dizenssions
were started with eity officials rela-
tive to replacing the nmtm; bridge.
The city welcomed such an improve-
ment and with its participation a
new two-span concrete bridge sup-
ported on roncrete piling was built
and the old unsafe wooden bridge
removed.

TIME SAVED

The San Rafael viaduet will allow
the Redwood Highway to assume an
even more important role in the eco-
nomiec and soeial welfare of the
northern coastal area than it has
in the past, as it is essentially a time
BAVOr,

Time saved is an important and
definite eeonomic factor where there
is hmvy commercinl rafie soeh as
there is on this arterinl, and it has

a definite monetary value to both the
H‘!Iﬂ'liﬂ-tl':r’ whose time is direetly saved
and to society at large,

less tangible perhaps but equally
important in the long range view, is
the time saved hy eountless pleasure
ears and the lessened wear and
tear on the human system when
driving over a modern highway as
compared with the older roads with
their lower standards of carvature,
grades and widths; and the never
ending snocession of restricted speed
zones and other obstacles to free traf-
fie How.

With the Nation's major efforts
now concentrated mpon problems of
National defense and with present
day military units almost completely

mechanired,

facilities betwesn strategic points
heuqunmnﬂrrnfln-imn}'impuh
tanee in case of war.

During recently observed praetice
MmANSUvers, (roop movemenis were
considerably hampered by using the
present route through San Rafael
and local traffie was eompletely dis-
rupted.

Completion of the new skyway will
eliminate San Rafael as an obstacle 1o
rapid military transportation throngh
this region.

Pit River Bridge
Agrzzmznt With
U. S. Is Signed

On behalf of the State of Califor
nia, Nireetor of Poblie Works, Frank
W. Clark, has signed an agreement
with the United States under which
the Division of Highways and the
Southern Pacifie Railroad Company
Jointly will maintain and operate
the five million dollar Pit River
Bridge the world's highest double
deck span whish is being eonstroeted
by the United States Burean of Reela-
mation to reroute the Pacific Highway
and the railroad around the Shasta
reServoir.

The eontract signed by Clark has
been under negotiation between the
Feidornl and State Governments anid
the railrond eompany for approxi-
mately two years, Title to the bridge
is to remuin  permanently in the
United Stutes, Tt will be maintained
by the State and railroad company at
their expense, the Btate receiving
from the Fadoral Government a per-
pietunl  easement Tor the exclusive
highway facilities,

The agreement provides in detail
for the method of determining the
eost of maintenance and the items
which shall be included in computing
the same, as well as liability and
indemnification of the respeetive
parties in connection with the main-
The agreement also pro-

cifie Gas and Eleetric Company.

Edith ; “Ddck dear, your office is in State
Srreet, 't it

A gir! was discoversd erving hitterly the
wiher day. Iler mwother saked her what was
the matier.

Livtle Girdl {wuiling)— Boo hoo ! My new
whoes hurt me !

Mother—Well, no  wonder,
them on the wrong feel

Little Girl (protesting)—1 boven't sny
other fest.

You have

(1uty 1941) California Highways and Public Works



Yearly Storms Do Costly Damage to the State Highways System

feet before sorrective measures could
be started,

NUGE EARTH MOVEMENT

It is estimated that approximately
one-quarter million cubie yards of

marked (3) on the diagram, is for
the purpose of stabilizing the lower
of secondary slide. Sinee it was nee-
essary, in any case, to move some of
the material twice, it was deeided o
place this material in a form of a
temporary eounterweight (2) in or
der to slow ap the movement pending
the completion of the beneh excava-
tion. The removal of this temporary
counterweight will be the last oper-
ation to be performed.

It is believed that the moisture

completed in 1533, 15 shides slip-
outs have during the past
scason. of these are

eult to eompact in embankments. In
some portions of this area compara-

iCoatinesd from pags 10)

tively hard sandstones oceur, but
these are invariably interbedded with
thin shale strata whick becotne plas-
tie and slippery when wet and thus
induce alides along the bedding

learned about the stability of cuts
and fills, and about methods of an-

ticipating and preventing them.
CORRECTION MEASURES

The general methods of correcting
the more serions slipouts are shown
in the secompanying dingrams.

For some of the smaller slipouts
and some of the fills which are show-
ing the flrst signs of instability, the
carrective mensures proposed  will
eansist of druinage by means of per-
forated pipes installed in borings
_-']liehmnldrhy means of a hor-

these fills which are showing the
first signs of failure

There ie considerable evidence that
mueh of the water which is satorat-
ing the fills is eoming from seepape
in eut seetions which drains down-
grade into the adjoining fillk In
pormme eases n considerable flow of
water has been found traveling under
the conerete pavement. An extensive
program is m}nhnphtn] to eliminate
this souree of water by construeting
longitudinal subdraing along the gut-
ter line in eut seetions with trans-
verse draing across the highway at
the ends of the euts

The three mujor slides on the Ridge
Houte which are shown in the photo-
graphs involve an estimated total of
approximately 200,000 cobie yards.

California Highways and Public Works (1uly 1941)

The cost of this work will be ap-
= am Tl

t__-_mwi'ii-'-.-“-

-—mh-mm.&

= ey

)

L e ‘E

Ti-mmh cubvry n

Bty [LE Lio 1500

In the preliminary investigation
of proposed construction projeets,
the soil survey and foundation in-
vestigation is becoming inereasingly
important, The location of the high-
wuy should be influenced to a con
sidernble extont by eonditions dis.
clowed by geological studies and
horing Investigations, in order, where
possible, to avoid euts in unstable
soils or in siratified rocks where the
dip i8 unfavorable. Cut slopes
should be designed sufficiently flat
or should be benched to avoid major
slides, mand fill foundations shonld
be ldﬂ:lifl? drained, especially
where eross-slope of the ground
is appreciable. A thousand dellars
spent on the prepuration of a fill
foundation may t a slipout
which would cost 10 to 30 times
that amount to correet.

With California leadine all the
States in the Union, the third
annual inerease in registration of
molor vehicles since the depression
occturred in 1940, the Public Roads
Administration of the Federal Works
Agency annotinees

Publie, private and sommercial mo-
tor vehieles registered in California
Inst year totaled 2,810,566, New York
State was in mnd;lmeﬁth-reg-
istration of 2,778,212, Pennsylvania
was third with 2.160,702 wvehicles
Six States, Illinols, Indiana, Miehi-
gan, New Jersey, Ohio and Texas ex-
coeded 1,000,000 registrations each.
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CALAVERAS COUNTY—Between Ames
and South Fork of Mokelumme River, about
3.8 miles in lemgth to be graded and sur
faeed with road-mixed surfacing on a base of
importsd borrow, Distriet X, Feeder route,
Claude 0. Womd, Lodi, 2118028 ; Harme
Broz, Bacramento, 3128371 ; Johnston Roek
Co., Ine, Btocklion, $125,204: A, Teichert &
Bon, Ine., Baeramente, $134422.  Conteaol
awarded to REimer J. Warner, Biockton,
$117.160,

CONTRA CORTA COUNTY—A  toll
plaza for the Antioch Bridge at its south
approach, consizsting of o toll booth, rein-
foreed conerete eeale ple, seales, concrete
roadway widening and appartenanees there-
to.  Dhstriet IV, Houte 11, Hection A.
Underground  Construction  Cop,,  Oakland,
518971 ; I». W. Nicholson Corp, San Lean-
dro, 321,0060; Albert H. Biemer and Jobs
Careino, Ran  Anselmo, 1,211,  Contract
awarded to M. A, Jenkins, Sacramento,
1T 6T

FRESNO COUNTY—Batwesn  White
Deer Road and Bequoln Forest Boundary,
ahout 81 miles, bitumineoes surface treat-
ment to be applied to the existing roadbed.
Diateiet VI, Route 41, Beetion T. Geo. E.
Franee, Visalia, $13,245, Contract nwarded fo
Oilfields Trucking Co., Balkersfield, 127

HUMBOLDT COUNTY—Across Eureka
Hloogh at Eurekas, a bridge having an overall
length of 848 feet 6 inches consisting of two
stee]l (ross spans and 17 reinforeed concrete
girder spans to be oconstrueted and ap
prodaches about 0.5 mile in length to he
graded and surfaced with plant-mixed sur-
facing on a gravel buze, Distriet I, Route 1,
Heatione Eur.&H. A. Bodo & Son, Oakland,

3048T8;: C. W, Caletti & Co., San Rafnel,

06,014,  Contraet swarded to Ralph AL
Bell, Ban Merino, $280.47H,

KERN OOUNTY-—Between Leves Canal
and &, P, railroad crossing at Oildale, about
12 miles te bhe graded and surfaced with
asphalt comerete.  District VI, Route 142,
HSection A, Pinzzan & Huntley, San Joge,
$105,895+ A. Teichert & Son, Ine, Sucra.
mento, $113021. Contraet awarded to
Griffith Oo,, Tos Angeles, 806405135,

LO8 ANGHELES OOUNTY—On el
flower Boulevard between (L3 mile south of
South Street and Artesian Avenue, about 1.3
miles, to be graded and surfaced with plant-
mixed surfacing. District VII, Route 169,
Hections A LBch. Nick Peracallo, Loa An-

al #4317, 1 Griffith Co., Log Anpgeles,
EHS 07 ; Vido Kovacevich, South Gate %’a”ﬂ,-
a5 Oswald Bros., Los Angeles, $42,722)
Bully Miller Contracting Co., Lurmialinﬂeh.
44, Oontract awarded to J. B, Had-
ek, Lid., Pasadens, 835042,

LR ANGELES COUNTY—AL Topanga
Creeli nesr Banta Monien, a peinforeed con
crete girder hridge to be constructed and
abont 027 mile to be graded and sgrfaced
with plent-mized surfacing sand bitominous
surface treatment applied (o shoulders,  This
triot VII, Route 156, Section A, J. 8, Metz
ger & Bon, Loa Angeles, §77,620 The Con-
triveting Engineera Co,, Tos Angeles, 881,707,
Contract awacded to J, B, Hadilock, Ltd.,
Pasadenn, $61.241.

IO ANGELES COUNTY — Betwesn
Cypress Avenue and Big Dalton Wash, abour
0 mile to be sraded and sorfaced with
dant-mived sorfacing. IHatriet VI Houte

2, Seetion 1), Wm. C. Horn Co., Pomona,
13,640, Controct awarded to J. B Had-
ook, Lid., Pasadena, 811,116,

MENDOCING-HUMBOLDT COUNTIES
—Between Hidgewood Ranch and one mile
north ef Dyerville, about 5.9 miles to be sur-
fueed with imported borrow and road-mixed
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surfacing,  IMetrict I, Hoote 1, Sections
THH,BIN  Contract awarded to Cloode ©
Waod, Laodli, 827,900

MERCED COUNTY—AL pointa hetween
12 pod 18 miles cast of Lop Banos, 7 bridges
1o be widened and approaches thereto to be
widened gnd surfaced. District X, Roate

22, Hection 1, Tarl W. Heple, Han Tose,
%!i?.}ﬂ‘i. Contraet awarded w Kiss Crane
Service, Berlkeley, 338174,

MODOO COUNTY-—DBetween Likely and
Cedar Pasg, about 13.3 miles, construction
of a graded roadbed, placing road-mixed sur-
facing and =zeal coat on imported boerrow on
a portion, placing plant-mixed surfacing and
seal coat upon imported borrow on other por-
tions. Distriet 11, Routes 73, 28, Sections
CD A Contract awarded to Harms
Bros. & Powers & Patterzon, Bacramento,
807,268,

PLACER OCOOUNTY—Hetween Lincoln
and Yoho County line, about 2.5 milea to be
surfaced with plant-mixed surfacing. Ts-
trice ILL, Route 3, Bection B. OContract
awarded fo Hemstreet and Bell, Marysville,
£12,350.

PLUMAS COUNTY —BRetween Orescent
Millz and Greenville, nhout 4.2 miles to be
surfaced with road-mix surfecing.  TMstriet
11, Route 83, Bection B. Pooles & MeHwen,
Boeramente, 2260 ; Les J. Tmmel, Berke-
Tey, $25,0603. Contract awarded fo Oranges
Bros, Stockton, 817,831,

PLUMAS COUNTY — Between Guiney
and Western Pacific 8nbway about 6.5 miles
to be graded and surfaced with gravel base
and plant-mixed surfacing and reinforesd
eonerete box oulverts to be constructed.  This
trict II, Route 21, Section I).  Johnston
Heek Co., Ine, Stockion, £149.346; Fred
riclkgon Bros., Emeryville, 2150,760; Hem-
street & Tell, Marysaville, $153,082 ; Parish
Bros., Saernmento, 8171,740 : Isbell Constre
tion Co., Reno, $183008,  Contract owarded
to Harms Bros, Sacrnmento, 134,110,

RIVERBIDE COUNTY-—Across Pinto
Gulel about 26 miles eust of lodio, a bridge
to he eonstructed. District X1, Hoate [iES
HBection 1. Hensler & MacDonald, Highway
Highlands, #2883 ; Holand 1. Heynolds,
Ansheim, $252325: The Contracting Engi-
neers Co,., Los elog, 829 606, I%-ontrﬁ.r_'i
awarded to J. 5. Metzger & Son, Loa An-
grled, B205 623,

HACRAMENTO QOUNTY —Between the
American River bridgpe aond North Saers-
mento, 4 reinforeed comcrete viaduct to be
constrooted and abeat 0.4 mile of roadway
to be graded and paved with portiand cement
voncrete, asphalt concrete wnd plant-mix sur-
fucing, Disteict 111, Route 3, Beetion B,
N. Bae. Heafey-Moore Co. & Fredrichson
& Watson Construction Co,, Oolkiond, 2637,
144y Comphell Constroction Co, Baeramento,

8,548 ; A, Boda and Sen and Parish Bros.,
Oakland, $641,611, Contract awarded fo
Harl W, Heple, San Jose, 285287150,

BACRAMENTO OOUNTY—Across Co-
sumnes River and Overflow channels, bridges
to b repaired,  Distriet 111, Route 4, See-
ton A, I, Kans, Stoekton, S15,280; Albert
H. Siemer & John Carcano, San Anselmo,
522414, Contract awarded to M, A, Jon-
kins, Sacramento, 814,722

YOLO COUNTY — Acrosg  Saerimento
River at Knights Landing, leavez of existing
haseule bridge to be redecled.  Distriet LI
Routa BT, Section A, P. F. Bender, North
Bacraments, FHOA5: M, A, Jenkins, Sacra-
menta, 810,754 + F, Kans, Stockton, £135,621
L J. Immel, Berkeley, 813,253, ntract
awarded to O, 1, Gildersleeve, Berkeley,
50,544,

Supreme Court Upholds
Authority of Public Works

(Continued from page 11)

The desision is important becanse
it elearly is applieable to the whole
gquestion of regulation of encroach-
ments in State highways, ineloding
those existing pursuant to permits is-
gued by the department, It is im-
portant, also, because

It upholds validity of Seetion G8()
of the Streets and Highwavs Code;

It wvalidates, in effect, the proce-
dure adopted by the department for
the relocating of the water main:

It clarifies the authority of the
department over holders of so-called
“Htate franehises” to ocenpy high-
ways, including rights conferred by
Section 536 of the Civil Code, by
the Irrigation Distriet Aets, Poblic
[tility Distriet Aet, Metropolitan
Water Distriet Act, by former Bee-
tion 19 of Artiele XT of the Constitn-
tion, and other similar enaectments,

The legal office wishes to express its
appreciation of the cooperation re-
ceived from Colonel Jno. H. Shkeges,
Distriet Engineer, Distriet IV, and
Mr. E. G. Poss and other members of
the distriet staff, in preparation and
trial of the ease in the superior eourt,

Coast Road Grading Project

Near Completion
{Continued from page 18)

The project is operating an a two-
ahift basziz and at the presenf rate of
progress will be completed well ahead
of schedule.

The budget for the Ninety-third-
Ninety-fourth Fiseal Years provides
funds for completion of the grading
from the end of the present project
to a conneetion with the old road at
Rob Roy and for surfacing the proj-
ect from Watsonville to Rob Roy.,

When this work is completed, an
overtaxed traffic artery will be re-
ligved, saving more than two miles
of travel distance between Watson.
ville and Santa Cruz.

The military value of this improve-
ment is significant hy reason of the
fact that it malkes easier access to
Camp MeQuaide, which is located be-
tween the highway and the oeean,
and also shortens travel time and
relieves traffic eongestion between
the many military training camps in
this coast area.
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