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Roseville Underpass oz

By G. A. GREENE, Associate Highway

-I-HE ROSEVILLE UNDERPASS was opened
with appropriate local ceremonies on
April Ist. It is another important step
in the relief of bottlenecks and con-
gested urban areas along Route US99E.
This project, having a total cost of
about $1,485,000, is in the heart of the
City of Roseville, Placer County, run-
ning from Vernon and Grant streets
through the center of town and two
miles north of town toward Marys-
ville.

Southern Pacific freight yards in
which freight trains are made up for
the trip over the mountains going east,
divide the City of Roseville. In the
past these yards formed an effective
barrier to highway traffic. Owing to
the very large number of switching
operations in progress in the yards, the
grade crossing at Lincoln Street was
customarily blocked for long periods
of time and the delays to highway
traffic were very severe. The fact that

BLANDLY OBLIVIOUS

"Blessed be the bridge that carries me over”
Said the sage of ages past,
When bridges were weak and crudely built
And each crossing might be the last.
They blessed the road fhat guided them:
QOur forbears plodding along;
Though wearied by the rough, faint trail,
Their hearts heat a grateful song.
The bridge foday is strong and sure,
A thing of beauly and grace,
Leaping safely o’er road and river,
Gladly bearing one on apace.
The road today is marked and smooth,
Delighting the traveler's eye,
Like the rug of a giant magi,
Through the valleys and meunfains high.
But who foday gives time or thought
As he rushes from dawn to dawn,
To contemplate the blessings of
These fruits of brain and brawn

S. R. OFFUTT
District VII, Division
of Highways
Dedicated to Spencer V. Cortelyou, Assistant
State Highway Engineer, Retired

Engineer

there are 17 railroad tracks at this loca-
tion made the construction operations
difficult and separation of the crossing
required a project of major magnitude.

Underpass Has Four Lanes

THe south end of the work begins
at the intersection of Vernon and
Grant Streets. Traffic will be tem-
porarily routed around one block to
come on to the four-lane divided sec-
tion of the underpass at Washing-
ton Street. The underpass itself,
which will be a continuation of Wash-
ington Street, provides four lanes of
divided highway underneath the rail-
road yards. The crossing at Washing-
ton Street is parallel to and one block
south of the old grade crossing on
Lincoln Street.

The portion of the structure under
the railroad tracks is 360 feet long, the
railroad being carried on steel rolled
beams. Coming out of the underpass,

Close-up view of Roseville underpass which carries traffic under railroad fracks to and from U. S. 40 and U. S. 99E







Widening of U. S. 99E gives sight distance at Andora subway one mile north of Roseville, previously a traffic hazard

the highway continues in a north-
easterly direction on Washington
Street which was rebuilt and widened
to provide four lanes with a center
dividing strip. About 2,000 feet from
the subway the four lanes are de-
creased to two lanes which extend to
the end of the project about two miles
north of town.

Andora Subway Approaches
Another major feature of the new
alignment is the elimination of the
dangerous curves adjacent to the An-
dora Subway about one mile north of
Roseville. The old road approached
this narrow subway with a sharp curve

<«—Aerial view of the improvement included in the
Roseville Underpass project. The old route entered
from Sacramento on Vernon Street af the lower left,
thence to Lincoln Street and a leff turn across the
railroad tracks near the end of the yard af right
center. The old route then followed the railroad to
the Andora Underpass in the center distance where,
with two sharp curves it ducked through under the
railroad.

The new layout envisions a connection to the
new freeway from Sacramento in the cenfer fore-
ground. For the present, traffic going north will make
a right turn off Vernon Street and then two left
turns to lead info the underpass and under the
railroad yard.

Through town the highway is divided, reducing
to two lanes af the north edge of town. The aline-
ment js improved at the Andora Underpass, elimi-
nating the hazardous curves. The new line joins the
old in the right distance.

and Public Works

on each end of the underpass. The
new alignment making a considerably
wider swing on each end, approaches
the: underpass on a tangent and by
eliminating the dangerous curves, gives
the traffic a straight approach to the
opening.

The underpass itself has a rein-
forced concrete deck on steel beams.
The spans are 31 feet and 39 feet, sup-
ported on reinforced concrete abut-

ments with a steel center bent between.

the two lanes of traffic. This provides
two 24-foot roadways in each direc-
tion with a six-foot center dividing
strip. A seven-foot elevated sidewalk
is provided along the west side.
Owing to the length of the struc-
ture and its tunnel-like aspect, it is
necessary that continuous lighting be
provided for both pedestrian and
vehicular traffic. It was also necessary
to provide a pump house with sump
pumps to remove the runoff which
will accumulate in the depressed por-
tion.
Problem of Railroad Tracks

The major problem of constructing
the underpass beneath 17 active rail-
road tracks without disrupting the
railroad’s use of its facilities was ac-
complished by doing the construction

in three separate operations. The rail-
road tracks were moved sufficiently to
provide working room for approxi-
mately one-third of the structure.
After this portion was completed, the
tracks were moved back to their orig-
inal position except that they now are
supported by the new structure. After
three such shifts and three stages of
construction of the underpass, all of
the railroad tracks were replaced ap-

" proximately in their original locations.

All of the track work, moving, and
reconstruction of the railroad appur-
tenances was done by the Southern
Pacific Company’s forces.

In addition to the underpass under
the railroad, two overcrossings were
provided over the depressed section to
carry Vernon and Atlantic Streets
across the highway. Both of these
structures are of reinforced concrete
slab construction with center bents in
the dividing strip.

Concrete Pavement
The concrete portions of the pave-
ment are uniform thickness eight-inch
slabs placed on four inches of cement
treated base which over-laid a base
course of selected material. The plant-
mixed portions of the road consist of

...Continved on page 8
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ic Striping

New Idea for Laying Out
Highway Traffic Stripes

By DON WIEMAN, Highway Superintendent

UPPER LEFT—Transit, set up near the end of existing
center stripe, ready to control spotting adjacent un-
painted section. LOWER LEFT—Spoiting device in
operating position, showing the actuafing mecha-
nism coupled to the control trigger of the spray gun

THE PRACTICE of painting lines and
other markings on highway surfaces,
generally referred to as traffic striping,
is probably the greatest single contri-
bution in many years to highway
safety. The placing of this traffic stripe,
however, is not only one of the most
hazardous of highway maintenance
operations but is a costly process as
well.

In studying the problem of lowering
costs and reducing hazards it is at once
apparent that the materials used are
standardized and their costs are not
very flexible. Neither is there much
allowable variation in the actual apply-
ing of the paint which is done by means
of spray guns mounted on a light-
weight striping machine. This machine
is pushed ahead of a truck which car-
ries the supply of paint and an air com-
pressor. Both paint and compressed air
are delivered to the striping machine
through hoses. The operator of the
striping machine steers it along the
established course while the spray guns
apply the paint either as dashed or solid,
double or single lines.

Hazardous Job

The repainting of existing stripe is
relatively simple where there is enough
of the old paint remaining on the pave-
ment to serve as a guide for the striping
machine. The possible saving in cost
and the greatest possible reduction of
hazard lies primarily in the work pre-
liminary to painting new stripes. This
has always been an awkward and in-
efficient procedure. The practice has
been that of “pig tracking” which con-
sisted of painting spots by hand along
a rope stretched tightly between pre-
viously established points—these spots
or “pig tracks” being used as a guide
for the striping machine. This method
was slow and particularly hazardous to
those so engaged because of their ex-
posure to vehicles travelling along the
highway.

. .. Continved on page 52

UPPER RIGHT—The last spot of a run. Equipment re-
mained in this position o serve as a back sight for
nexf transit setfing

LOWER RIGHT—Line of spots produced by spotting
device
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Thirteen Miles of Limited Freeway
Completed on U. S. 40 During 1949

By M. C. FOSGATE, District Construction Engineer

DURING 1949, District X of the State

Division of Highways opened to traffic
as an expressway (limited freeway) a
total of 12.95 miles of four-lane divided
highway on U. S. 40, extending from
Vacaville, by-passing Fairfield, through
the American Canyon to a connection
with the existing four-lane road near
the Napa county line.

All two-lane road is eliminated between
Sacramento and the Bay area with the
exception of that portion which lies be-
tween Ledgewood Creek and Cordelia, a
distance of 5.24 miles, and o short sec-
tion betwene Ulatis Creek and Alamo
Creek, 1.4 miles. It is hoped both of these
remaining sections will be under controct
before July 1st of this year.

The section between Ulatis Creek
and Alamo Creek will require the con-
struction of a separation structure over
a county road and the Southern Pacific
Railroad branch leading into Vacaville.
A railroad underpass structure is also
included in the plans for the Ledge-
wood-Cordelia unit.

American Canyon Section

The most important section of this
‘construction, as far as the traveling
public is concerned, is probably that
section known as the American Can-

yon, which, when originally opened to
traffic in 1936, eliminated the old wind-
ing road through Vallejo up the Napa
Valley to the Napa Wye, then winding
back through the Jamison Canyon to
the Cordelia Wye, now the easterly
terminus for the American Canyon sec-
tion of U. S. 40.

When the American Canyon section
was first opened to travel, it was con-
sidered one of the outstanding revisions
of highway routing in Northern Cali-
fornia. However, as traffic volumes
increased, along with rising vehicle
speeds and continual expansion of truck
transportation, the long grades and
curves made passing extremely hazar-
dous. By 1940 traffic conditions were
such that four lanes were necessary, but
the war caused postponement of any
construction. In 1942 the department
widened a section from near the Napa
county line on the east through Rind-
ler Creek and over the two major sum-
mits in .the American Canyon to a
four-lane undivided highway. This re-
vision eliminated the high, dangerous,
wooden structure across Rindler Creek
by filling from slides on the two sum-
mits. This was all the work that it was
possible to do during the war years for
relief to traffic on this section,

The present four-lane improvement has
made it possible for the faster-moving ve-
hicles to pass the trucks throughout the
canyon, and this section is no longer a
hazard or a hindrance to fast-moving
vehicles.

Smoothest Pavement

The added lanes on the section from
Vacaville to the commencement of the
Fairfield By-pass were placed to the
north of the present traveled way,
utilizing the present traveled way for
eastbound traffic. This is also true in the
American Canyon. The section from
3.5 miles east of Fairfield to Ledgewood
Creek, a distance of 4.7 miles, is on new
alignment, consisting of two 24-foot
concrete roadways. :

The section of U. S. 40 past Fairfield
was measured for roughness by a ma-
chine perfected at the University of
California and found to be the smooth-
est pavement so far measured.

Heavy Grading

Due to the heavy grading necessary
on the Vacaville end as well as through
the American Canyon, the dividing
strip between the two traveled ways
varied in width, and in some cases is as
narrow as 16 feet, which is considered

View on the Fairfield by-pass section of U. S. 40, showing the westerly approach to Fairfield

-
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Section of Fairfield by-pass with the eastbound lane to the right near the east entrance fo Fairfield

the least that is desirable on a divided
highway. Where these narrow medians
exist, it is necessary that the difference
in elevation of the two roadways be
held to a minimum. In such locations,
particularly around curves, guard rail-
ing was considered necessary to pre-
vent cars from going over the grade
and into opposing traffic. This guard
rail also partially deflects headlight
glare at night. A total of 13,000 feet of
guard rail was placed on these three
projects. To delineate the roadways in
locations where guard railing was not
used, reflectorized sight posts were
placed. At night these reflectorized
sight posts give the effect of illumina-
tion, and it is believed that these three

projects are delineated as well as any
project not using artificial lighting.

Many Cuts

The three projects consist of five-
sack-per-yard concrete pavement,
eight inches thick, each roadway 24
feet wide with plant-mixed borders, the
remainder of the shoulders outside of
the borders being covered with a Class
“C” seal coat. Under the concrete slabs
is a four-inch subbase. All cuts, of
which there were many, were sloped
1%:1, which should preclude any
heavy sliding of material in a locality
where the formation tends to slip at
the least provocation.

There was but one heavy slide on

these projects and it included the re-
moval of only 20,000 cubic yards.
There was one cut on this project 200
feet high. This cut was about half out
when a spring developed at the bottom
of a layer of sandstone. This spring
was not extensive; however, a consid-
erable area of the bank was saturated.
To stabilize the saturated area, willow
sticks were planted, and at the present
time are growing rapidly, apparently
having accomplished their purpose as
no slides or slipouts have developed in
this area.
Drainage Problems

There was one major spring area in

the American Canyon where the ma-
terial was saturated by flows of water

View on Vacaville project facing east, showing the new lane on the left at the intersection of the old state highway routing now known as the Cherry Glen Road




View facing west with new lane showing on the right about 2.5 miles westf of Vacaville

from the hills to the north. This condi-
tion had previously been encountered
in the original construction of the
American Canyon section and consid-
erable effort was expended in draining
the area under the original grading con-
tract. However, approximately two
years after this section was under
traffic the designed system of drainage
became plugged, the highway fill col-
lapsed and moved out, necessitating
detouring traffic around the area.

A study was made by drilling test
wells to determine the depth to em-
bedded shale and the water stratum.
The fill was then removed and the
ground stripped to the embedded shale
area. Drainage systems were installed
and drain rock was placed. The fill was

then reconstructed and the traffic was
rerouted over the original alignment.

The presence of the spring was the
reason for placing the added lane over
this section on the west side of the
existing traveled way, thus placing the
new lane into the hill and avoiding
overloading the spring section. It was
necessary to remove the soil under the
new road to a depth of 45 feet, where
the embedded shale was again found,
and a new drainage system installed. It
was planned to jack pipes through the
existing highway. It was, however,
found that the fill underlying this high-
way was not of sufficient stability to
allow the jacking of the pipes, and it
was necessary to cut this road in two

places in order to drain the water en-
countered under the new construction.

Major Contract Items

The major items on these three contracts
make quite imposing figures. They include
the following totals:

1,010,688 cubic yards roadway excavation

35,857,495 station yards overhaul

268,706 tons imported borrow
232,504 square yards cement-treated
subgrade
54,167 tons untreated rock base
26,902 tons plant-mixed surfacing
55,076 cubic yards portland cement concrete
520,000 pounds reinforcing steel

In addition to the grading and pav-
ing the projects included construction
of three bridges.

Under a separate contract, a traffic-
actuated signal system was installed just

west of Fairfield and lighting was

View on the American Canyon section with the new lane on the left
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placed at the east entrance of Fairfield.
HNlumination has also been placed at the
transition to two-lane pavement west
of Ledgewood Creek, and also at the
transition to the two-lane pavement
near Vacaville.

The total money involved in actual
construction was $2,914,000.

The contractor on the 4.1-mile sec-
tion near Vacaville was Harms Bros.

8

and the Resident Engineer was E. L.
Craun.

The other two sections were con-
tracted to Parish Bros., and the Resi-
dent Engineer on both projects was
Wm. L. Hurd. All work was super-
vised by M. C. Fosgate, Construction
Engineer, under the general direction
of C. E. Waite, District Engineer, and,
after his transfer to Headquarters
Office, ]J. G. Meyer, District Engineer.

Roseville Underpass

Continved from page 3. .. <

three inches of plant-mix surfacing on
six inches of crusher run base and 15
inches of imported borrow.

Also in connection with the work,
a large storm sewer was constructed
and irrigation facilities were installed
in the slopes and center dividing strips
within the city to provide for watering
of future planting and landscape devel-
opments.

As a part of the project, traffic
actuated signal lights were installed at
the intersection of Vernon and Grant
Streets and all of the roadway within
the city limits is lighted by means of
mercury vapor and incandescent units.
At some future date, it is anticipated
that an approach will be provided to
the south which will eliminate the
present necessity of three right-angle
turns to get on and off of Washington
Street from the south.

Collier-Burns Act Funds

The Roseville Underpass became a
reality as a result of the Collier-Burns
Highway Act. During the war when
state highway construction was at a
very low ebb, plans were made by
Governor Warren for a postwar high-
way program. Legislation was spon-
sored appropriating $12,000,000 for
the preparation of plans and the acqui-
sition of rights of way for postwar
construction. The Roseville Under-
pass was one of the many projects
included in this program.

At the 1947 Special Session of the
Legislature, the Collier-Burns High-
way Act was passed which increased
highway revenues and provided for
the development of a long-range high-
way construction program. From this
program came the Roseville Under-
pass on which work was finally started
October 27, 1948, after 20 years agita-
tion by its local sponsors.

The project was designed and con-
structed by the Bridge Department,
Division of Highways, under the di-
rection of F. W. Panhorst, Bridge
Engineer. The Guy F. Atkinson Com-
pany of San Francisco was the
contractor, and the author acted as
Resident Engineer for the Bridge
Department.

California Highways




(Cooperation

Community Planning ‘Spurs Freeway
Progress in Alameda County

By‘ NEWELL A. GROVER, Senior Right of Way Agent, District IV

/A\s YOU SPEED along a new freeway
through an urban area you probably
do not realize the background of coop-
erative planning which has preceded
the location and clearance of the right
of way to be used in the development
of the modern express highway which
so well serves all people and which is
so appropriately designated by Cali-
fornia as a “freeway.”

An outstanding example of the re-
sults of such planning may be seen
along the East Shore Freeway through
Alameda County, the first section of
the QOakland portion of which was
opened to traffic last summer.

During the middle 30’s, state, city
and county officials realized the neces-
sity of looking forward to a fast,
through artery to carry a large volume
of motor traffic from the northerly to
the southerly limits of the city and
thence to the southerly county line.

Congested Areas

The metropolitan area of Oakland
had its beginning along the level
waterfront areas, with business enter-
prises developing near rail and water
facilities and the early homes located
not too distant from the centers of
business and industry. By 1930, how-
ever, the city had built up so that there
were very few sizeable vacant areas
left between the bay and the foothills
running parallel thereto. Existing sec-
tions of state highways serving north-
and southbound traffic ran along Mac-
~ Arthur Boulevard, Foothill Boulevard
and Fast 14th Street, respectively,
carrying through-traffic along con-
gested city streets with interference at
each intersection in spite of boulevard
stops and signals.

Early studies for Route 69 through
Oakland explored the possibility of
improving one of the existing city
streets into a freeway, but it was
finally decided that, as had been done
in the case of the Bayshore Highway
along the westerly side of San Fran-

and Public Works
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State highway rovte through Oakland and vicinify with portion of Route 69, or East Shore Freeway,
shown by broken line

cisco Bay, a new location should be
provided through the Oakland area,
which, insofar as practicable, would
pass through the lesser developed areas
between the easterly shore of the bay
and the existing industries along the
railroad lines.

Freeway Planned

After further extensive study a loca-
tion was agreed upon for what was
finally to develop into a portion of the
East Shore Freeway, starting toward

the bay from a point at Sixth and
Fallon Streets, a short distance west-
erly of Lake Merritt, and then cross-
ing over the the main line tracks of
Western Pacific Railroad Company
and those of Southern Pacific Com-
pany so as to run parallel with the
shore of the bay to a point near 23d
Avenue.

The route selected then crossed 23d
Avenue to run approximately parallel
with the Southern Pacific right of way
until it again approached the shore area

9



Air view norfherly along East Shore Freeway from point near Davis Street, San Leandro, showing built up subdivisions on each side of the freeway right of way
reserved several years ago when the residential development started, and now being utilized for the advancing freeway construction. Brookfield Village and the
98th Avenue and Hegenberger Road overcrossings show in middle distance, San Lleandro Creek marking the southerly city limits of Oakland in center, and subdivi-
sion near Davis Street in near portion of picture

in the vicinity of 50th Avenue, where
the outline of the waterfront referred
to as San Leandro Bay returned to a
position not too far distant from the
proposed freeway. Leaving 50th Ave-
nue the location was across tide tmarsh
areas until the shore line again swung
southwesterly in the vicinity of the
Oakland airport.

Not only did this route pass close
to the industrial, business, and county
office sections of the metropolitan
county seat but it provided the advan-
tage of a water-level location except
where it was necessary to carry the
freeway over railroad grade separation
structures or across bridges requiring
some clearance above water courses.

10

City Cooperation

The City of Qakland, in addition to
its cooperation in the matter of plan-
ning for this freeway- set aside the first
large parcel of right of way required
for the project, made up of approxi-
mately 22 acres of industrial water-
front property under the jurisdiction
of its Board of Port Commissioners,
and located between the so-called Low
Tide Line of 1852, near Lake Merritt
Canal, and 19th Avenue. The clear-
ance of this parcel required the com-
plete removal of several waterfront
industries and the major rehabilitation
of scveral other large plants with
marine ways, warehouses, etc., as well
as the construction of a new belt line

railroad track between the south-
westerly side of the freeway and the
waterfront to replace the existing rail
service furnished to the waterfront
industries from a track on the South-
ern Pacific Company’s right of way
adjacent to but on the northeasterly
side of the freeway.

Between 19th and 50th Avenues the
acquisition and clearance of the right
of way for the freeway, which was
carried on over a period of several
years, involved the complete removal
of one large chemical plant, the re-
habilitation of several other large
industries, the removal or rehabilita-
tion of numerous smaller industrial
and commercial developments, as well

California Highways




as the removal or rehabilitation of
many homes.

San Leandro Expansion

After leaving 50th Avenue the pro-
jected location ran across what was
then practically undeveloped country
area. This country section, however,
between Hegenberger Road and the
environs of Hayward has since been
subject to an expansive development
of industries and homes so as to make
it, from the planning point of view,
one of the most interesting portions of
the entire project.

Vacant industrial area closer to the
center of Oakland had become quite
scarce, with the result that more and
more industries sought the larger loca-
tions available near San Leandro, and
more and more workers turned in that
direction for their homes. This resulted
in a rapid growth, both industrial and
residential, of the southerly portion of
the City of Oakland, as well as the
adjoining City of San Leandro. The
residential expansion, accentuated by
war conditions, spread to San Lorenzo
where an entire new community
known as San Lorenzo Village was
grafted onto the south side of the
trunk of the old village, with a result-
ing growth which is rightly a matter
of pride to the developer, David D.
Bohannon Organization, as well as to
the entire area.

Brookfield Village

The first major subdivision effort
along this vacant section of the Fast
Shore Freeway was the development
known as Brookfield Village. Tentative
maps for this residential project had
been prepared prior to the time that
the freeway location was established,

R

Recently completed section of East Shore Freeway just north of 98th Avenuve, Oakland, with Hegenberger
Road overcrossing in disfance and Brookfield Village homes, built several years ago, on each side of
freeway right of way

and so when these maps were presented
to the City Planning Department, it
immediately became necessary to re-
design the subdivision in order to co-

-ordinate it with the future freeway.

The subdivision streets were built
parallel to the freeway with one tier
of lots intervening, the rear of which
abuts upon but has no access to the
through highway, in accordance with
the generally accepted design. The
main cross artery to serve the sub-
division, both before and after the
freeway development, was 98th Ave-
nue, and a sizeable commercial area
of stores, service stations, etc., started
to build up between the freeway loca-
tion and San Leandro Street, which is
a county road forming the present
north and south artery just westerly
of the Southern Pacific Company
tracks.

The homes in the Brookfield Vil-
lage on both sides of the freeway right
of way were constructed and occu-
pied during the war period to take
care of workers in the growing indus-
tries throughout the East Bay area.
The freeway right of way remained

Construction of San Leandro Creek bridge and approaches proceeds in 1950 on reserved section of East
Shore Freeway right of woy north of Davis Street, San Leandro, where homes hordering the freeway were
built several years ago

and Public Works

vacant, however, until 1949 when the
construction project of the Division
of Highways proceeded with the
building of the freeway paving and
the separation structure necessary to
carry 98th Avenue over the freeway.

‘Other Subdivisions

Several other subdivisions went for-
ward during this period in the vicinity
of Davis Street, San Leandro, which
is the next east-west artery south of
98th Avenue. Here also efficient plan-
ning by the County Planning Com-
mission and the subdividers resulted in
the development of residential areas
located on both sides of the freeway
right of way, which was set aside as a
part of the cooperative master plan
and which remains vacant today, al-
though early freeway construction is
now on the program of the State.

The next major subdivision to the
south was the San Lorenzo Village,
and here again the developers have
cooperated by setting aside a wide
vacant swath along the easterly side
of the project to accommodate the
ultimate East Shore Freeway.

Although the growth of San Lor-
enzo has been mainly residential, the
area along the freeway location
through San Leandro has witnessed
the establishment of many large indus-
trial and commercial plants, several of
which were relocations required by the
clearance of the freeway right of way
through Oakland proper and the right
of way for the Bayshore Freeway
through San Francisco.

These industries are attracted to San
Leandro by the readily available land,
rail facilities, the fine surrounding
residential area in which workers may

.. . Continved on page 54
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New Poute

Expressway Around Stockton
Will Be Completed in June

By JOHN G. MEYER, District Engineer

JUNE, 1950, will see the completion
of a contract awarded to United Con-
crete Pipe Company in June, 1949, for
the paving and completion of the ex-
pressway project located on the eastern
fringes of the City of Stockton.

Its location met with the approval
of the Stockton City Council, a large
majority of the business men of this
area, and the San Joaquin County offi-
cials. The finish of this contract will
complete the project which was de-
scribed in more detail in an article pub-
lished in the July-August, 1949, issue
of this magazine and which was started
by a previous contract held by Lord
and Bishop and M. J. B. Construction
Company in June of 1948.

This expressway is a portion of Rt.
U. S. 99 and begins at the Mariposa
Road one and one-half miles south of
Stockton. It extends thence in a north-
erly direction over new right of way
to the Calaveras River where it joins
an eight-mile piece of four-lane divided
expressway between ~the Calaveras
River and Lodi. The rerouting saves

through traffic 1.57 miles in distance as
well as a tedious drive through a busi-
ness area in Stockton.

Avoids Congested Area

The project also includes a two-mile
extension of U. S. 50, locally known
as Charter Way, from Wilson Way in
Stockton to join the expressway at a
point 300 feet south of Main Street.
The U. S. 50 portion includes a struc-
ture over Mormon Slough as well as
an underpass under the Santa Fe Rail-
road. In making its connection with
U. S. 99, an overhead separation is con-
structed which allows north-bound
traffic to cross the expressway and then
blend in with through traffic near the
south entrance of the Main Street over-
head or with local streets.

The two traveled ways from Mari-
posa Road to Calaveras River are of
Portland cement concrete, each con-
sisting of one 11-foot lane and one 12-
foot lane. The outside and inside
shoulders consist of plant-mix surfac-
ing three feet and two feet in width,
respectively, adjacent to the pavement

edges, with bituminous surface treat-
ment applied to the remaining five-foot
and three-foot widths. The speed
change lanes and the inlet and outlet
ramps consist of plant-mix surfacing
on either untreated rock base or Port-
land cement concrete base.

Four-lane Divided Highway

On U. S. 50 there is a four-lane di-
vided highway from Wilson Way to
D Street, a distance of approximately
3,600 feet, where the northbound
traffic to Stockton uses a new 23-foot
Portland cement concrete traveled way
and the southbound traffic uses the
existing pavement which is being re-
surfaced. From D Street on to the
expressway the construction consists
of a two-lane 23-foot Portland cement
concrete traveled way with combina-
tion shoulders of three-foot plant mix
adjacent to the edges of the pavement
and bituminous surface treatment on
the outer five feet. Right of way for
Route 50 has been acquired for future
development to four-lane throughout.

New twin bridges for north and southbound traffic at diverting canal across Mormon Slough on U. 5. 99
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These aerial views show old and new locations of
U. §. 50 and U. S. 99 in area covered by new
Stockton Expressway

The structures on U. S. 99 were a
major item of work, there being an
underpass under the Santa Fe Railroad,
twin bridges across Mormon Slough,
an overhead for the connection of
U. S. 50 and the overhead at Main
Street, a pedestrian underpass at Miner
Avenue, twin bridges across the divert-
ing canal, an underpass under the Cen-
tral California Traction Company Rail-
road, an overhead to connect north-
bound traffic leaving Stockton to the
expressway as well as a bridge across
the Calaveras River and an extension
and widening of the original Calaveras
River Bridge.

Flat Curvature

The terrain through which this
project is located is level and while
there are eight curves in the project,

. . . Continved on page 50
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Truck Turns

State Makes Exhaustive Study of
Truck-Trailer Paths on Short Radius Turns

By J. C. YOUNG, Traffic Engineer, Division of Highways

geometric design.

combination is 35 feet.

The prevalence of large truck and trailer and tractor-truck semitrailer combinations on California highways makes
the room required for these vehicles on short radius turns at intersections and connecting ramps an important consideration in

In order to determine lane widths and shapes for minimum design, several large truck combinations were driven in
short radius turns on an airport, and the resulting tracks were measured and plotted. This report presents the results of the trials
and provides recommended curve data and lane widths which will accommodate the largest legal vehicles in California. These
maximum legal vehicles are 60 feet in over-all length. The maximum-legal length of the trailer portion of a tractor-semiirailer

Track widths are given in tabular form for various radii and central angles. The track width of a legal semitrailer
turning 180 degrees on a 50-foot outside radius is 20.2 feet. The sharpest turn recommended is a 50-foot radius for the out-
side lane edge. Allowing a two-foot tolerance, the radius of the outside wheel track becomes 48 feet for which the net track
width is 21.0 feet. The lane width including a tolerance of 2.0 feet on both sides is 25 feet.

CHANNELIZED INTERSECTIONS and
grade separations frequently require
turning lanes to provide for very low
hourly traffic volumes; in other words,
for “occasional” vehicles. It is essential
to provide for these occasional turning
movements, but it is impracticable to
provide long radius curves which
more important turning movements
would justify.

California design for cases of this
kind frequently provide curbs on both
sides of the turning lanes, or, in the
case of channelized intersections,

Apparatus used for making trace on pavement
(Front overhang of bus)
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For the purpose of presenting this
material in the form of a magazine
article it was necessary to reduce the
drawings of test truck paths to an
odd scale. A few drawings, not es-
sential to the sense of the text, are
omitted entirely. Readers who are
interested in scaling dimensions may
write to the State Highway Engineer,
attention of J. C. Young, Traffic Engi-
neer, and drawings on a scale of
1”7 = 20" will be furnished. Avail-
able drawings which are not shown
in this article include minimum turns
for the 2-axle truck, 3-axle truck
(left turn), 2-axle bus, truck and
trailer type 3-3, train type 2-$2-2;
and 180°, 50-foot radius turns of the
2-axle bus, 3-S2, 3-3, and 2-S2-2.

islands - whose boundaries comprise
segments of imaginary turning lanes.
In order to maintain traffic flow in
these turns, they must be passable by
the largest legal vehicle, although this
class comprises a small percentage of
total traffic. :

It has been California practice to lay
out a geometric line, i.e. compounded
circular curves, as the inside lane edge,
and to allow 2 lane width from this
edge which is dependent on radius
alone. However, the width needed
changes not only with the radius of
the curve but also with the central

angle. Furthermore, increasing the
inside edge radius does not necessarily
make the lane passable.

Available information on lane
widths required by semitrailers is
based on experiments made about ten
years ago on a semitrailer having an
over-all wheel base of 35 feet and a dis-
tance from kingpin to rear axle of 21
feet. Measurements made of random
vehicles in California show that in
1949, 98 percent of all California 3-S2
combinations exceed 35 feet in over-all

Apparatus used for making trace on pavement
(Rear wheel of trailer)
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wheel base and 88 percent of them.ex-
ceed 21 feet in distance from kingpin
to forward rear axle,

It was therefore decided to conduct
physical experiments with the view of
determining simple geometrically
shaped paths which would accommo-
date large vehicles. It would, of course,
be possible to lay out a circular inside
edge, adding sufficient width for any
vehicle to negotiate the turning lane
around the circular curve. In this case,
it would still be necessary to deter-
mine the widths experimentally. How-
ever, circular inside edges call for con-
siderable extra pavement which would
be unusable by any vehicles; even pas-
senger cars.!

VEHICLE TYPES

With the cooperation of the truck-
ing industry and truck and trailer
dealers, critical vehicles of types which
approach or equal the legal size limits
in California were taken to an aban-
doned airstrip and driven around vari-
ous kinds of turns.

The vehicles used are diagrammed in
Plate 1 and are briefly described as fol-
lows:

a. 2-axle fruck, 17.5 ff. wheel base, 25.4 ft. over-all

length

b. 3-axle truck, 21.0 ft. wheel base, 29.6 ft. over-all
length

¢. Tractor-fruck and semitrailer type 3-S2, having:

20.0 ft. whee! base, fractor

29.0 ft. kingpin to rearmost semitrailer axle
46.0 ft. over-all wheel base

50.8 ft. over-all Jength

35.0 ft. over-all length of semitrailer van
(maximum legal size)

d. Tractor-truck, semitrailer and full frailer, fype
2-52-2, 60.0 ft. over-all length (maximum legal
length)

e. Truck and trailer fype 3-3, 60.0 ff. over-all length
(maximum legal length)

f. 2-axle bus, 22.0 ff. wheel base, 34.7 ft. over-all
length

g. Tractortruck and articulated semitrailer fype
3-AS2, having:

19.8 ft. wheel base, tractor

31.3 ft. kingpin fo rearmost axle

48.1 ft. over-all wheel base

53.0 ft. over-all length

35.5 ft. over-all length of semitrailer van

Four of the vehicles used in the tests
are shown in accompanying photo-
graphs.

The relative importance of the vari-
ous types in actual road use, and a

* A discussion of the merits of compound
curves for inside lane edges on sharp turns is
found in “A Policy on Intersections at
Grade,” American Association of State High-
way Officials (Washington, 1940) (pp. 13-16).
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UPPER—Tractor-truck, semi-trailer and trailer, Type 2-52-2. BELOW—Truck and trailer, Type 3-3.
NEXT—Tractor-truck and semitrailer, Type 3-52. BOTTOM—Two-axle bus



comparison of the test vehicles with
those on the road, is afforded by the
annual Loadometer Survey conducted
by the California State-wide Highway
Planning Survey. This survey consists
of a random sample of all commercial
vehicles at 20 points throughout the
state highway system.

Semitrailers Critical Vehicles

Of all vehicles having more than
four tires (that is, of all trucks and
" combinations exceeding the pickup
and panel delivery type), 30 percent
are semitrailers, Of these 30 percent,
one-half are of the 3-S2 type. It will be
developed later in this report that the
3-S2 is the critical vehicle on turns,
insofar as lane width is concerned, and
the prevalence of this type on the road
signifies its importance in design. The
vehicle used for the tests (see photo-
graph) is typical of the 3-582’s found on
the road. During the 1949 survey, it
was found that in over-all wheel base,
48 percent of the type were within two
feet of the wheel base of the test ve-
hicle (14 percent were from two to
four feet longer); and in distance from
kingpin swivel to forward rear axle of
the semitrailer, 57 percent were within
one foot of the test vehicle (10 percent
were from one to three feet longer, and
33 percent were shorter by more than
one foot).

Two points are made here: First,
that the vehicle used for the tests is not
so exceptionally large that it can ever
be ignored in design; and second, that
the vehicle used for tests, for purposes
of lane width determination, is large
enough (i.e., long enough from swivel
to axle) so that the data derived from
the tests may be depended upon to
accommodate practically all legal ve-
hicles in California. In fact, the van
body on the test vehicle was 35.0 feet,
exactly the legal limit for any single
unit, and it would be extremely un-
likely that a van of this length could
have a significantly longer wheel base
than the test vehicle.

DESCRIPTION OF TESTS

Tests made included:

1. Runs of each vehicle type to deter-
mine the sharpest curve which could be
used for the outside lane edge that will
accommodate all vehicles.

2. Runs of each vehicle type on prede-
termined paths, to determine lane widths
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for various curve shapes. These runs were
made in the following separate ways:

a. Inside rear wheel following prede-
termined compound curves of various
radius combinations.

b. Inside rear wheel following circular
path.

c. Qutside front wheel following circu-
lar path.

In all the tests an apparatus was
mounted on the vehicles to produce
marks on the pavement, as shown in
accompanying photographs. The ap-

paratus was very simple and consisted
essentially of reservoirs to hold the
marking fluid (whitewash), together
with outlet tubes which were posi-
tioned to flow from critical points on
the vehicles, namely:

1. The outer front end of the vehicle,
which usually overhangs the outer
front wheel path on short radius
curves;

. The outer front wheel at the hub;

. The inner rear wheel of the tractor,
or leading vehicle of combinations;

4. The inner rear wheel of the trailer.

w N
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MAXIMUM TRACK WIDTHS ATTAINED IN 180° TURNS OF VARIOUS RADII

BY SEVERAL VEHIGLE TYPES
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Plate 2

The tests consisted merely of driv-
ing the several vehicles at slow speeds
(3 to 6 m.p.h.) around various types of
curves, leaving whitewash traces at the
outside and inside edges of the paths
occupied. The traces were then re-
corded in terms of polar coordinates,
and were later plotted up in the office
on large scale drawings (5 feet to the
inch, or 1:60).

RESULTS OF THE TESTS

Sharpest Curves by Various Vehicles

In this phase of the tests, each test
vehicle was successively driven in
right-hand and left-hand turns on a
blank pavement, leaving marks as they
fell; in other words, it was not attempt-
ed to follow a presurveyed mark. In
each case, the steering wheel was
“cramped” over as far as it would go.
Typical paths are shown in Plates 9
to 12. .

The critical radii are listed in Table
I. The minimum radius for the three-
axle truck is the largest of any of the

and Public Works

vehicle types; 45.0 feet for left turns
and 43.0 feet for right turns. The same
truck towing a full trailer describes
the same outer wheel path. All other
types and combinations having a
shorter wheel base in the tractor unit
are able to turn within these outside
curves.

Required Outside Radius

It is seen in Table 1 that several
vehicles require an outside radius of at
least 43 to 45 feet when being driven
under ideal conditions and at very low
rates of speed (the bus, in making a
right turn, requires a 42.8-foot radius
for the front tire, but the front end
overhang is 2.3 feet).

It was concluded that for minimum
practical turns which would be built
to accommodate all vehicles, 50 feet is
the least radius of front wheel track
which would be worth investigating
for lane widths. It may also be noted
in Table 1 that the types requiring the
greater lane widths were those whose

outside radius was less than the mini-
mum for other types. In other words,
turns must be built with an outside
radius sufficient to accommmodate a bus,
but must be wide enough to accommo-
date a semitrailer. The semitrailer lane
width shown in Table I is not signifi-
cant, because turns of such short out-
side radius (33.6 feet) are not practical
or possible of negotiating by other
large vehicles.

Transition From Tangent to Curve

Before proceeding to discuss the
test runs on fixed paths, attention is
invited to some other facts revealed by
the minimum radius drawings. First,
transition (variable radius) curves
comprise a portion of the wheel paths
of both front outside and rear inside
wheels. For long combinations making
turns of moderate central angles, the
inside track is wholly transitional. For
this reason, mnimum possible turns
are difficult to describe other than
graphically. The actual paths drawn
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to scale are almost the only way of
testing design.

Second, the transition at the begin-
ning of the outside wheel curve attains
a sharper curvature than the minimum
radius (see Plate 9), and the offset
from the circular curve (produced) is
minor at slow speeds. It is apropos here
to call attention to a common fallacy;
namely, that when entering a circular
curve from a tangent, the front wheels
must be abruptly changed from a
straight-ahead position to a specified
angle. On the contrary, the only way
a vehicle can enter a circular curve
with the front wheel is to turn the
steering gear gradually.

Circular Curve Not Abrupt

Suppose that the vehicle is traveling
on a straight line, is brought to a halt,
and the front wheels are turned to an
angle while the vehicle is in a standing
position. Upon resuming the motion
of the vehicle, the front wheels will
take off in the direction in which they
are pointed, and their traces will form
a definite angle, rather than a point of
tangency. This means that far from
being impossible, as has been held in
many quarters for 30 years or more, a
circular course is negotiable from
a tangent, and at slow speeds is the
natural way for a vehicle to change
direction.

Third, the tractor-truck semitrailer
invariably makes a wider track than
the truck and trailer, although the lat-
ter is longer. Comparison of Plates 11
and 12, which show the effect of the
tongue and swiveled axle on the full
trailer,reveals the reason for the differ-
ence in width.?

COMPOUND CURVES

In an attempt to find out what lane
widths would be required for symmet-
rical compound inside edge curves
which have been in use in California,
five such curves, having various cen-
tral angles, were surveyed and painted
on the pavement. These curves are
described as follows:

2 The statement made in this paragraph
applies to the conventional semitrailer with
fixed axles. There is a patented type of trailer
which has no front axle and in that respect is
a “semi” trailer, but has articulated rear axles,
and for a given body length occupies consid-
erably less lane width.

A discussion of this trailer is included in the
appendix of this arficle.
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Outside Radius; Vehicle Type 3-52

Plate 3

3-center compound curves

Offset
R Re Rs for Rz
Central angle degrees feet feet  feet  feet
32 120 5
32 120 5
32 120 5
32 120 5
32 120 5

It was found that it was very diffi-
cult for the drivers to follow these
tracks with their rear wheels,requiring
continuous jockeying and resulting in
an irregular wobble path for the front
wheels. Furthermore, the general path
of the front wheel followed no de-

scribable geometrical form because the
natural path of the truck calls for a
longer transition at the end of the
curve than it does at the beginning.

It was then attempted to drive the
trucks around a circular path for the
inside lane edge. In other words, it was
attempted to make the rear wheel fol-
low a circle. This resulted in the front
end making a sort of pear shaped line,
which would be very impractical for
purposes of tabulating or design, since
it would bulge out into the adjacent
lanes at take-off -and merging points.
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WHICH WILL ACCOMMODATE LARGE SEMITRAILER COMBINATIONS
Table 7 \b
RADIUS OF RANGE OF TNREE <CENTER
OUTSIDE CENTRAL ANGLES COMPOUND CURYVES FOR
EDGE INSIDE LANE EDGE - .
R, A R, Ry R, . . P|O|1e 4
FEET DEGREES N FEET FERT FEET FEET FEEY
60° 1o 9D° 180 45 250 59 15
50 91° teo 180° 120 30 200 43 4.5
OVER 180° 80 25 200 50 0
60° te 90°® 120 58 308 69 13.5
60 91° te 210° 120 40 300 58.5 1.5
ovex 210° 80 a8 380 (1] 0 BCg
0o to 90°D | 120 60 300 | T4 10 =3 f
81 91° te 180° 120 49 300 66 .
ovER 189° 1e0 46 300 67 9
40° te  59° 200 90 300 104 17
75 ,60° te 210% 120 57 300 4 1.5
ovez 210° 120 s 300 5 L4
* o 300 220 ® F o
too 31° te 60° 200 | g0 400 | 204 | 5.5 H A
‘ oviz  §0° 120 | 83 | 400 | 100 v 4
H B
150 0° te 25° 390 @ o
over  25° 300 135 400 150 o
200® 8° te  20° 400 @
OVER 20° 400 186 400 200 0 i o
FORMULAS FOR LAYOUT COMPUTATIONS
Radii of 1, han 75 f f 1 f 1 han 60°, 1 - -
) :E..E;:io {:E’i :‘E, inkies.iess than 0%, are not recommeoed becosee COs A' =R Rf-e- R:Vl')
0 f di i1l allow fi ieall; initial d of large bl - - - -
ORI ot T e COS Ay = Ra=(Rezwe) =5 SIN L -(e~Ra) COS b
(@  Single circulsr curve. 3 2 A+l ) Cos A e W)
. Ro=W,+ S SINA+(€-Re - -W
dius betw d 2 . = - 2
@  Tona adie Srpen 200 agd 00 fees uae concentre v Tec = (Ri=R) SIN Ay + SIN A TAN A
transition curves of twice the centrel rodius. ( R -w SSINA+ (e R ) COSA
= (Ra=Ry) SIN A, +(&-Wi) _ Re-Wy+ e
Tee = 2 *+siNa TAN A

The next step was the construction
of nonsymmetrical 3-center curves,
which were laid out as follows:

3-center compound curves

__ OffietforR:
From From
Central approach leaving
angle, R: Rz R:  fangent fangent
degrees  feet feet feet feet feet

90 - 120 40 120 4 14
120 . 120 40 120 4 14
180 120 40 120 4 14

Somewhat the same difficulty was
found in running these curves that
occured with the previous set. How-
ever, the outside track followed a gen-
erally circular path.

CIRCULAR CURVES

In contrast to the process of pre-
determining a geometric path for rear
wheels and the difficulty of attempting
to develop the outside curve which
corresponded, it was found practical
to keep the front wheels on a circular
path and simply to record the spiral
path of the rear wheel which naturally
followed. A circular path for the front
wheels is also a natural path and for
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turns at slow speeds the transitions at
beginning and end of the curve are
short and of small offset. For the same
reason that it was found difficult to
drive anything but a circle or definite
geometric path with the front wheel
during the tests, it may be concluded
that channelization or ramp design
should similarly be based upon geo-
metrical paths for the outside front
wheel, using this path as the independ-
ent line, and determining the inside
edge as a dependent function thereof.

Circular curves of the following
angles and radii were painted on the
ground and run with the front wheel
of each vehicle type on the curve:

Radius, ft. Central angle
180°
.. 90°, 120°,
— 90°, 120°,
180°
180°
160°
136° -
100°

The maximum track width attained
by each vehicle type in making a 180-

180°
180°

500 .

degree turn on each radius is shown
on Plate 2. These widths varied from
slightly greater than the eight-foot ve-
hicle width at radii greater than 300
feet to more than 20 feet for the semi-
trailer at 50-foot  radius. The semi-
trailer combination produced a wider
track than any other type at all radii.
It was from 0.5 foot wider, on a 250-
foot radius, to five feet Wlder on a 50-
foot radius, than any other type.

Since the semitrailer track is ade-
quate, at outside radii of 50 feet or
greater, for all other types, the remain-
der of this report is devoted te the
detailed results obtained from runs of
that vehicle type. Design which pro-
vides for this type is the minimum per-
missible, and tracks made by other
vehicles are only of academic interest.

Plate 3 shows the tracks made by the
3-S2 in turning 180 degrees both left
and right on a 56-foot outside radius.
The left and right paths are congruent
if folded left hand to right hand. This
fact was tested for other radii as well,
and it was found true that left and
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right turns are always congruent pro-
vided the outside radius remains the
same.?

Plates 5, 6, 7 and 8 show the tracks
made by the 3-S2 semitrailer combina-
tion for various radii and angles. These
drawings were constructed from field
potes of the marks actually produced
by the vehicle in following the stated
circular curves with the outside front
wheel, through 180 degrees of azimuth.
The off-going spiral of the rear wheel
is a constant shape for every angle and
radius, the length of which varries
according to the total track width
attained. When the angle between the
tractor and the semitrailer has reached
the value necessary to produce a cer-
tain track widch, and the front wheel is
then driven along a straight line, the
process by which the angle was attained
has no effect on the future course of the
rear wheel.

Tables 2 to 6 show track widths for
each radius with various central angles.
They were prepared by scaling from
large scale original drawings of the
plates.* Track widths for radii and cen-
tral angles not shown in the tables may
be interpolated, bearing in mind that
the test methods and the nature of the
work do not justify accuracy closer
than one-half foot, plus or minus. The
widths are shown to a tenth of a foot
for convenience and to smooth out
irregularities which would result if
one-half foot deviations were con-
nected on a large scale layout.

APPLICATION TO DESIGN

As has been explained above, the out-
side wheel track has to be tied in to the
inside wheel track in order to be sure
that the resulting lane will have ade-
quate width. The curves made by the
two wheels will not necessarily be
concentric. ‘

For practical application in “most
cases, it will be feasible to lay a circular
curve which represents the outside of
the lane. The problem then becomes to

3The absolute minimum turn that can be
made to the right has a smaller radius than the
minimum turn which can be made to the left.
However, if a right turn is made at a radius
equal to the minimum left turn radius, the
track widths of both will be equal.
. *Table 3-A is interpolated from the other
tables for the convenience of designers who
desire to use a 67-foot radius for outside lane
edge.
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Plate 5

lay a geometric curve of some shape
which will provide adequate width
within this outside circular curve, and
at the same time will not create a large
area of unusable pavement.

For' the convenience of designers,
inside lane edges which correspond to
certain outside edge radii, namely 50,
60, 67, 75, 100, 150, and 200 feet, have
been determined by a process of trial
and error, and are listed in Plate 4. The
curve data in this table will closely ap-
proximate the lanes required for the
radii specified, and may be used if these

radii will fit topographic or other phys-
1cal controls.?

The data given in Plate 4 may also be
used to test intersections which include
islands or other obstructions, by laying

5 A three-center compound curve for an
inside pavement edge may be regarded as a
circular curve at a widened distance from the
outside edge, or centerline, with circular
transitions at each end from the non-widened
approaches to the widened center curve. This
concept is not new. It is found, as an example,
in the California Division of Highways “Man-
ual of Instructions for Surveys and Plans”
(1931) (p. 108).
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imaginary lanes equal to those in the TABLE 1

table. MINIMUM RADIUS TURNS

PlShOz;ﬂd the outsclide rgldn g1}\;en in Radius, feet
7 -

. ate 4 not prove adaptable to t ¢ par Vehicle type Direction Outside Inner Track
ticular pr oblem at hand, as will often of turn front wheel | rear wheel | width, feet
be the case when designing complex track track
%nterc}.)ang es or any other junctions oo T Right_ .. 33.2 22.0 11.2
involving structures, recourse may be Left ._..___ 39.8 29.6 10.2
had to the track width tables (Tables 2~ Truck—3axle..__._._._ ... Right_____. 43.0 30.7 12.3

6 inclusi Left. . ____ *45.0 33.0 12.0
to 6 inclusive). Bus—32 axle . oo _____ Right______ 42.8 28.9 13.9
In using either table it is important to Left . ... 41.8 28.0 13.8
keep in mind: Semitrailer 3-S2_____.__.____._____ 1 ___ Right______ 33.6 0.0 *33.6
P P ) Left ... 43.4 20.6 22.8
(1} The outside (i.e., the side farthest  pupttraitersa___ ... . . ___ Right__.___ 43.0 26.6 16.4
from the center of the curve) must be tied Left...____ *45.0 29.0 16.0
in with the inside edge. Merely laying oyt~ Train2-82-2 ... ... Right_.._.. 31.1 ¥ ¥
. . . . . Left ______. 34.0 15.4 18.6
the inside lane edge without a tied-in out- ” - - z
side edge is not sufficient to insure o pass- ox ﬁoa’;?;ﬂl;gtgg‘g’;ﬁdth
able lane. 1 Undetermined; continuous spiral
TABLE 2
TRACTOR TRUCK-SEMITRAILER TRACK WIDTHS, 50-FOOT OUTSIDE RADIUS 7
Width in feet at various stations !
’fangent Interior o
deflection angle Central angle ahead of BC Back of EC
BC BC BC EC EC EC
—50 | —25 ‘ l \ +25 | +50
A 15° 30° 45° 60° 75° 90° 105° | 120° | 135° 30° 15°
or
more
_ - N \ I N
30° 150° 8.0 85 |10.4 | 11.8 |_____ | _.______________\______ ‘ ____________ R | A I 11.4 9.1 8.5
45° 135° 8.0 8.6 |11.8 | 13.5 |___.__|________.___ [ \ ,,,,,,,,,,,, o ,,_“ ____________ 14.0 | 12.9 9.7 8.5
60° 120° 8.0 8.6 |11.9 | 14,1 |15.3 |_.____ [ B [ S i,,,,,,,.-,_,! ,,,,,,,,,,,,, 15.3 | 13.8 | 10.0 8.5
75° 105° 8.0 8.6 | 11.9 | 14.5 |16.0 |._.____|___... ‘, _____ ‘ ,,,,,, ‘ ______ IR I 16.8 | 16.4 | 14.7 | 10.4 8.6
90° 90° 8.0 8.6 |11.9 | 14,56 |16.3 | 17.2 |______|._____ . | ... Jl17.8 | 17.2 | 15.2 | 10.6 8.8
105° 75° 8.0 8.6 | 11.9 145 | 16.3 | 17.6 | 18.3 |______ ' . . _ ‘ ______ . R 18.6 | 17.8 | 15.8 | 10.8 8.8
120° 60° 8.0 8.6 |11.9 (14.5 (16.3 | 17.6 | 18.5 | 18.8 |______|______|.____ | _____ 19.0 (| 18.2 | 16.1 | 11.0 8.8
135° 45° 8.0 8.6 11,9 |14.5 | 16.3 | 17.6 | 18.5 | 19.2 | 19.5 |______| . ____i...__._ 19.5 | 18.7 | 16.4 | 11.0 8.9
150° 30° 8.0 86| 11.9 1145 |16.3 | 17.6 | 18.5 | 19.2 | 19.6 | 19.7 |______|_.____ 19.6 | 18.7 | 16.4 | 11.1 8.9
165° 15° 8.0 8.6 |11.9 | 14.5 (16.3 | 17.6 { 18.5 | 19.2 | 19.6 | 20.0 | 20.1 |______ 19.9 [ 19.0 | 16.6 | 11.1 9.0
180° | _.__. 8.0 8.6 |11.9 | 14.5 | 16.3 | 17.6 | 18.5 | 19.2 | 19.6 | 20.0 | 20.2 | 20.2 || 20.1 | 19.0 | 16.8 | 11.1 9.0
1 Net tire marks, measured along radial lines of outside circular curve. B
TABLE 3
o T&ACTOR TRUCK-SEMITRAILER TRACK WIDTHS, 56-FOOT OUTSIDE RADIUS - B
| Width in feet at various stations ! )
Tangent Interior e R
deflection angle Central angle ahead of BC Back of EC
BC BC BC EC EC EC
—50 | —25 +25 | +50
A 15° 30° 45° 60° 75° 90° 106° | 120° | 135° 30° 15°
or
more
30° 150° 8.0 8.1 (103 (118 ____ | _____|-___.__ e e e e e 11.1 9.0 8.4
45° 135° 8.0 8.1 | 11.3 | 13.4 | | ||| [ DT R | M 14.0 | 12.7 9.6 8.4
60° 120° 8.0 8.1 |11.4|13.6 | 14.7 |______| o |oo e e e 15.0 | 13.5 | 10.0 8.5
75° 105° 8.0 8.1 | 11.4 | 13.7 | 15.3 | .| |e o oo 16.0 | 15.8 | 14.2 | 10.1 8.6
90° 90° 8.0 8.1 (11.4 | 43.7 | 15.3 | 16.3 | ____|______|-___\______|.- ] 16.8 | 16.4 | 14.5 | 10.2 8.6
105° 75° 8.0 | 8.1\11,4 (13,7 |15.3 |16.5 | 17.2 | ____ | |co o loooo_ oo 17.5 | 16,9 | 15.0 | 10.4 | 8.7
120° 60° 8.0 8.1 (11,4 (13.7 | 15.3 |16.5 | 17.2 | 7.7 | |oe o |om | .. 17.9 | 17.1 | 15.0 | 10.5 8.7
135° 45° 8.0 81 |11.4 /13,7 |15.3 (16.5 | 17.2 (17.8 | 18.8 | _____|._____|..__._ 18.2 | 17.5 | 15.4 | 10.6 8.8
150° 30° 8.0 8. 11.4 | 13.7 | 15.3 (16.5 ) 17.2 | 17.8 | 18.3 | 18.4 |______|______ 18.4 ([ 17.5 | 15.5 | 10.6 8.8
165° 159 8.0 8.1 11,4 |13.7 | 15.3 | 16.5 | 17.2 | 17.8 | 18.3 | 18.5 | 18.5 |______ 18.4 | 17.6 | 15.5 | 10.6 8.8
180° L. 8.0 8.1|11.4|13.7(15.3 (16,5 | 17.2 | 17.8 | 18.3 | 18.5 ) 18.5 | 18.5 | 18.4 | 17.6 | 15.5 | 10.6 8.8

1 Net tire marks, measured along radial lines of outside circular curve.
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TABLE 3-A

TRACTOR TRUCK-SEMITRAILER TRACK WIDTHS, 65-FOOT OQUTSIDE RADIUS

‘Width in feet at various stations !
Interior
Tangent angle .
deflection Central angle ahead of BC Back
BC BC BC of EC| EC EC EC
—50 | —25 +25 | +50
A 15° 30° 45° 60° 75° 90° | 105° | 120° | 135° | 150°
or 15°
more
30° 150° 8.0 8.2 10.1'; 11.6 .o || e [ (RN (USRI PERRIRRONY [RUIRERIRIRN | IR 11.0 9.0 8.2
45° 135° 8.0 8.2 110.6 | 312.4 |_____ | ||| e oo 13.0 | 11.9 9.4 8.3
60° 120° 8.0 8.2|110.6 | 12.7 | 14.0 | _____|_____ ||| 14.0 | 12.6 9.6 8.3
75° 105° 8.0 8.2 (10.6 | 12,7 | 14.2 | 15.0 |_____ | | e e e e ] 14.7 | 12.9 9.7 8.4
90° 90° 8.0 8.2 (10.6 | 12.7 | 14.2 [ 15.1 | 15.5 |____ | |o o |oC |l 15.1 | 13.1 9.8 8.4
105° 75° 8.0 8.2|10.6 | 12.7 | 14.2 | 15.1 | 15.6 | 15.8 |._____| . |- | oo _|o_____ 15.4 | 13.4 9.9 8.5
120° 60° 8.0 82 10,6 (12,7 | 14.2 | 151 | 15.6 | 16.0 | 16.3 |._____ | . | wooo|n - - 15.5 | 13.5 | 10.0 8.5
135° 45° 8.0 8.2 (10,6 | 12,7 (14,2 (151 (15.6 | 16.0 | 16.4 | 16.4 | _____|__. . _.|_.___.. 15.6 | 13.6 | 10.1 8.6
150° 30° 8.0 8.2 |10.6 | 12.7 | 14.2 | 15.1 | 15.6 | 16.0 | 16.4 | 16.4 | 16.4 |______| _____ 15.6 | 13.6 | 10.1 8.6
165° 15° 8.0 8.2|10.6 | 12.7 | 14.2 | 15.1 | 15.6 | 16.0 | 16.4 | 16.4 | 16.4 | 16.4 |______| 15.6 | 13.6 | 10.1 8.6
180° ... . ___ _.8.0 8.2 /10.6 (12,7 (14.2 (15.1 | 15,6 | 16.0 | 16.4 | 16.4 | 16.4 | 16.4 | 16.4 || 15.6 | 13.6 | 10.1 8.6
1 Net tire marks, measured along radial lines of outside circular curve.
TABLE 4
TRACTOR TRUCK-SEMITRAILER TRACK WIDTHS, 75-FOOT OUTSIDE RADIUS
‘Width in feet at various stations *
Tangent Interior
deflection angle .
Central angle ahead of BC Back
BC BC BC of EC| EC EC EC
—50 | —25 +25 | +50
A 15° 30° 45° 60° 75° 90° 105° | 120° | 135° | 150°
or 15°
more
30° 1 150° 8.0 8.2 9.8 | 11.0 ||| oo SN [ RO NP | O 10.5 8.8 8.2
45° 135° 8.0 8.2 (100 | 11.8 | __ ||| [ AR PR PR P 12.3 | 11.1 9.0 8.2 -
60° i20° 8.0 8.2 10.0 | 12.0 | 13.3 |.._ | ) | e 13.2 | 11.6 9.3 8.2
5° 105° 8.0 8.210.0 | 12.0 | 13.4 | 14.1 | ____ | ||| |eeoos 13.8 | 11.8 9.3 8.2
90° 90° 8.0 8.2110.0 | 12.0 | 13.4 | 14.1 | 14.5 | | |- oo 14.1 | 12.0 9.4 8.3
105° 75° 8.0 8.2|10.0 (12.0 | 13.4 | 14.1 | 14,5 | 14.7 | . |-l 14.2 | 12.1 9.4 8.3
120° 60° 8.0 8.2 |10.0 | 12.0 | 13.4 | 14,1 | 14.5 | 14.7 | 14.9 | ___ ||l _|.._._. 14.3 | 12.1 9.4 8.3
135° 45° 8.0 82 /10.0 | 12.0 | 13.4 | 14.1 | 14.5 | 14.7 | 14.9 | 14.9 |_____ | ____|..____ 14.3 | 12.1 9.4 8.3
150° 30° 8.0 8.2 (10.0 (12,0 | 13.4 | 14,1 | 14.5 | 14.7 | 14.9 | 14,9 | 14.9 |______|______ 14.3 | 12.1 9.4 8.3
165° 15° 8.0 8.2(10.0|12.0 | 13.4 | 14.1 | 145 | 14.7 | 14.9 | 14.9 | 14,9 | 14.9 |______ 14.3 | 12.1 9.4 8.3
180° | _________ 8.0 8.2 110.0 | 12.0 | 13.4 | 14.1 | 14.5 | 14.7 | 14.9 | 14,9 | 14.9 | 14.9 | 14.9 | 14.3 | 12.1 9.4 8.3
\

1 Net tire marks, measured along radial lines of outside circular curve.

(2) While it is possible for truck-trailer
combinations to turn within o 50-foot ra-
dius, it is very difficult, and in tests it was
found necessary for the truck to make
these turns at speeds of approximately
five m.p.h. It is recommended that the
minimum outside radius be at least 60 feet,
which will allow for a reasonable ap-
proach speed.
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‘ HOW TO USE THE TABLES
(1) Plate 4 (3-Center Curves)

Normally the given data will include
the pavement edges of the approach
and leaving tangents, and the angle at
which they intersect, or A. The de-
signer may then lay lines parallel to
these pavement edges, which will rep-

resent the opposite lane edges. In Plate
4, D-B is the pavement edge of the
approach tangent, and E-F is the pave-
ment edge of the leaving tangent. Lines
D,-BC, and EC.,-F, are laid at lane
widths W, and W, from the pavement
edges. W, and W, will normally be
12 feet, but may be 10 to 14 feet.

California Highways



TABLE 5

TRACTOR TRUCK-SEMITRAILER TRACK WIDTHS, 100-FOOT OUTSIDE RADIUS

Width in feet at various stations !
Tangent Interior o
deflection angle
Central angle ahead of BC Back
BC BC BC of EC| EC EC EC
—50 | —25 +25 | +50
A 15° 30° 45° 60° 75° 90° | 105° | 120° | 135° | 150°
or 15°
more
30° 150° 8.0 8.0 9.4 | 10.7 || o e e e e e 10.1 8.8 8.2
45° 135° 8.0 8.0 9.4 | 18,8 || e e e 11.7 | 10.6 8.9 8.3
60° 120° 8.0 8.0 | 9.4 |11.3 |12.2 | ____ | | e 12.3 | 10.8 9.0 8.4
75° 105° 8.0 8.0 9.4 | 11.3]|12.2 [ 12.8 |____ .| || o 12.6 | 10.9 9.0 8.4
90° 90° 8.0 8.0 9.4 |11.3(12.2|12.8|13.0 |______| | ||l |ea._ 12.7 | 10.9 9.0 8.4
105° 75° 8.0 8.0 9.4 11,3 |12.2 | 12.8 | 13.0 | 13.0 | . |- |oeeofomaooo|ocaaaon 12.7 | 10.9 9.0 8.4
120° 60° 8.0| 8.0| 9.4(11.3|12.2|12.8|13.0|13.0|13.0 | __.__|_____ || _____ 12.7|10.9| 9.0 8.4
135° 45° 8.0 8.0 9.4)11.3)12.2 | 12.8 | 13.0 [ 13.0 ([ 13.0 | 13.0 | _.__ | o _|-w-uo 12.7 | 10.9 9.0 8.4
150° 30° 80| 80| 9.4 |11.3 (12,2 |(12.8|13.0 | 13.0 | 13.0 | 13.0 | 13.0 | ___ . _|-.____ 12.7 | 10.9 9.0 8.4
165° 15° 8.0 8.0| 9.4 (11.3 (12,2 |12.8 | 13.0 | 13.0 | 13.0 | 13.0 | 13.0 | 13.0 |- ____ 12.7 | 10.9 | 9.0 8.4
180° ... 8.0 8.0 9.4|11.3 (12,2 (12.8|13.0 |13.0 | 13.0 | 13.0 | 13.0 | 13.0 ( 13.0 | 12.7 | 10.9 9.0 8.4
' Net tire marks, measured along radial lines of outside circular curve.
TABLE 6
TRACTOR TRUCK-SEMITRAILER TRACK WIDTHS, 200-FOOT OUTSIDE RADIUS
‘Width in feet at various stations ?
Tangent Interior
deflection angle ‘
Central angle ahead of BC Back
BC | BC | BC of EC| EC | EC | ECY!
—50 | —25 : +25 | +50])
A 15° 30° 45° 60° 75° 90° 105° | 120° | 135° | 150°
or 15°
more
30° 150° 8.0 8.0 8.4 | 9.6 ||| e 9.0 8.3 8.2
45° 135° 8.0 8.0 8.4 9.6 | e e e B 9.9 9.1 8.4 8.2
60° 120° 8.0 8.0 8.4 9.6 9.9 || e e 9.9 9.1 8.4 8.2
75° 105° 8.0 8.0 8.4 9.6 9.9 9.9 |______|.___ e e ] 9.9 9.1 8.4 | 8.2
90° 90° 8.0 8.0 8.4 9.6 9.9 9.9 9.9 || e ] 9.9 9.1 8.4 8.2
105° 75° 80| 80| 84| 9.6 9.9 9.9 9.9| 9.9 | ____ | . |oeoeoo|ococa]iiuaas 9.9 | 9.1 | 8.4 | 8.2
120° 60° 8.0 8.0 8.4 9.6 9.9 9.9 9.9 9.9 9.9 | __ | |emmeoo|aaean 9.9 9.1 8.4 8.2
135° 45° 80| 80| 84| 96| 9.9 99| 9.9| 99| 99| 9.9 | ____ | .| 9.9 9.1 84| 8.2
150° 30° 80| 80| 84| 96| 9.9| 99| 9.9| 99| 99| 9.9 | 9.9 |______|. .. 9.9 9.1 | 84| 8.2
165° 15° 8.0 8.0 8.4 9.6 9.9 9.9 9.9 9.9 9.9 9.9 9.9 9.9 |______ 9.9 9.1 8.4 8.2
180° | __________. 8.0 8.0 8.4 9.6 9.9 9.9 9.9 9.9 9.9 9.9 9.9 9.9 9.9 9.9 ‘ 9.1 8.4 8.2
i

1 Net tire marks, measured along radial lines of outside circular curve.

A circular curve BC,-EC, may be
selected which will fit physical controls
of the particular plan being designed.
The center of the middle curve, Cs, is
established at distances ¢ and s from
BC,, and the middle curve is described.
Curves C; and C; are laid tangent to
the middle curve and to whatever lines
are desired; normally pavement- or
lane-edges parallel to the approach and
leaving tangents.

Holding the distances e and s con-
stant through a wide range of deltas, as
this table does, will cause the offset
from the leaving tangent to vary as the
A changes. Trouble which has been
experienced with symmetrical com-
pound curves has been largely due to
trying to fix the location of the middle
curve at a constant distance from both
tangents regardless of A.

In solving the equations for A; and

and Public Works

the semitangents, care must be taken to
keep the algebraic signs of the various
terms correct. For example, sometimes
(e —R,) will be positive and sometimes
negative. Furthermore, with A of be-
tween 90 degrees and 270 degrees,
cos A will be negative.

(2) Tables 2 to 6 (Track Widths)

For testing previous designs where
the radius of the outside edge has
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already been determined, or for new
design where none of the radii given in
Table 7 (Plate 4) will fit physical con-
trols, and in designing ramps on struc-
tures, the following procedure may be
used:

Step 1. Draw lines which represent
the path of the outside wheels of the
truck in the through road and connect-
ing road. (“Outside” means the side
farthest from the center of the curve
which is being laid out.)

Step 2. Fit a circular curve tangent
to the lines produced in Step 1. The
radius of this curve may be chosen to
fic physical controls, but must be at
least 48 feet, which would allow for a
50-foot radius lane edge.

Step 3. Beginning 50 feet before the
BC and ending 50 feet beyond the EC,
lay off points at distances from the cir-
cular curve and approach tangents
which are given in Tables 2 to 6. For
radii and central-angles not given in the
tables, these distances may be interpo-
lated.

Step 4. (a) Lay a compound curve
to fit the plotted points, being sure to
allow leeway, since the widths given in
the tables are neat tire tracks and do not
allow for drivers’ judgment.

(b) Lay a circular curve around the
outside track which has been described
in Step 2, allowing similar leeway.

The curves laid in Step 4 may be used
for pavement edge, curb lines or island
limits, as the case may be.

It is recommended that nothing less
than a 60-foot outside radius be used
if it is anticipated that the vehicles will
be moving at even a nominal rate of
speed when they enter the curve.

Templates may be prepared for use
as overlays to test certain designs for
clearances. Plaze 13 illustrates a possible
layout of such templates. It has a scale
of 1”7 = 50’; however, the transparen-
cies can be made to any desired scale.
The radii of Plate /3 were chosen to
allow a two-foot clearance between the
front wheel and curbs of 50, 60, 67, and
75 feet in radius. The templates can be
produced by photographing Plate 13
(or a tracing of it) and then transfer-
ring the image to sensitized acetate film.

CONCLUSIONS
1. In making short-radius turns, a trac-
tor-truck-semifrailer combination having
legal dimensions describes a track whose
width exceeds the track of any other legal
vehicle in California.
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Plate 6

2. The outside track of a vehicle or com-
bination making a short-radius turn at
slow speed is a circular curve throughout
nearly all of its length and for practical
purposes may be considered to be a circu-
lar curve connecting the approach and
leaving tangents.

3. The sharpest circular curve which
can be described by the outside (front)
wheel of one legal vehicle is 45 feet. The
practical minimum outside radius for turn-
ing lanes is 50 feet.

4. All vehicles and combinations, par-
ticularly the 3-S2 combination, when mak-
ing a circular track with the front wheel,
produce o spiral track at the rear wheel.

5. The spiral tracks of the rear wheel
for left and right turns of equal outside
radii are congruent.

6. Track widths for various radii and
various central angles are given in Tables
2 to 6. Compound curves which will fit
these tracks with recommended leeways
are given in Table 7, Plate 4. The widths
vary from a maximum of 20.2 feet for 50-
foot radius curves with 180 degrees of cen-
tral angle, down to 9.9 feet for 200-foot
radius curves with central angles of 45
degrees or more. Standard curve widening
for curves of radius greater than 200 feet
will amply provide for large vehicles and
combinations.

California Highways



Semi’rrailer Wheel Tracks, 75-ft. Outside Radius

Piate 7

Scale of Feet
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Semitrailer Wheel Tracks, 100-ft. Outside Radius

Plate 8
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APPENDIX

TRACK WIDTHS OF EXTRALEGAL
AND UNCONVENTIONAL VEHICLES

The California Vehicle Code limits
the over-all length of any single unit to
35 feet, and the length of any coupled
combination to 60 feet. There are many
reasons besides maximum lane widths
for these limitations, but at any rate,
one effect of the 35-foot limit is to con-
trol the lane width used by semitrailers.
The amount of off-tracking is a func-
tion of the distance from the swivel
connection to the rear axle, and as long
as the body length is limited, this dis-
tance is limited.

In order to determine what effect the
limit on body length o7 wheel base has
upon lane width, a semitrailer with
conventional 3-axle tractor and 2-axle
rear assembly, but with an adjustable
length, was tested on the same runs that
were made with the van body semi-
trailer.

It was found that this combination
produced a track practically identical
to that of the van 3-S2, when the dis-
tance from kingpin to rear axle was the
same (this distance was 25 feet to the
forward rear axle and 29 feet to the
rearmost axle).

As the reach pole was lengthened,
the track widch increased as shown on
Plate 14. For radii greater than 50 feet,
the proportional increase in width was
not as great. The approximate relation
between additional trailer length and
additional track width is shown in
Table 8, as extracted from Plate I5.

TABLE 8
Radius of Additional  Additional
front wheel trailer frack widih
frack length in 180° turns
(ft.) (ft) (ft)
50 2 0.8
4 2.0
6 3.6
8 5.6
15 2 0.8
4 1.8
6 2.8
8 38
100 2 0.6
4 1.2
6 1.9
8 2.6
200 2 0.4
4 0.7
6 1.1
8 1.4

and Public Works

Effect of Lengthening Semitrailer

Plate |4

A patented semitrailer named
“Monotrailer” was tested on the 53-
foot radius turn. As shown in the
photograph on the next page, the four
rear wheels of this semitrailer are con-
nected to a platform which in itself
comprises a sort of full trailer. The van
rests on the turntable in the middle of
the assembly. The whole assembly as-
sumes an angle with respect to the
main van which makes its axis tend to

follow the curve of the tractor instead
of tending to follow a chord as do the
rear axles of a conventional semitrailer.

The comparative tracks of a
Monotrailer with a 31-foot reach dis-
tance (kingpin to rearmost axle), a
semitrailer with a 29-foot reach dis-
tance, and a 60-foot truck-trailer are
portrayed in Plate 16. The track of a
conventional semitrailer of the same
length is about 4 feet wider.
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Extensible semitrailer used in making tests on
extra length vehicles

MAXIMUM TRACK WIDTHS ATTAINED IN 180° TURNS OF VARIOUS RADII
BY SEMITRAILERS OF SEVERAL LENGTHS
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Rear axle assembly of Monotrailer. The tongues

form a pantograph, when attached to the main van,

which holds the front wheels parallel to the van;

while the whole assembly swivels about the furn-
table on which the van rests
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Plate 16

LEGEND

———— RT REAR WHEEL OF FULL TRAILER (3-3) 20 FT WHEELBASE.
—— RT. REAR WHEEL OF ARTICULATED SEMITRAILER 3-AS2, 35 FT. BODY.
—— RT. REAR WHEEL QF CONVENTIONAL SEMITRAILER 3-52, 35 FT. BOOY,

Comparison of Articulated
and Conventional

Semitrailers
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EDWARD A. WOLFE

The many friends and associates
of Mr. Edward A. Wolfe learned
with sorrow of his death on Saturday
afternoon, February 4, 1950. Mr.
Wolfe had served long and faith-
fully with the Division of Highways,
having been Maintenance Superin-
tendent of the Escondido territory in
District Xl since the formation of the
district in 1933.

Mr. Wolfe was born in lowa in
1884, was graduated from DeWitt
High School, and studied engineer-
ing at lowa State College for three
years. His experience in engineer-
ing for railroads and highways was
fong and varied. He was employed
for 13 years as an engineer in Ari-
zona and New Mexico with the
Santa Fe; he was employed in Peru,
South America, by the Cerro Pasco
Mining Company; in Mexico by the
Jalapa Railroad and Power Com-
pany; later returned to Arizona,
pouring the first concrete bridge
foundation for the Santa Fe; then
was employed by the Northwestern
Pacific south of Eureka, and spent
two years in Oregon building and
operating a logging railroad.

Mr. Wolfe was a veteran of World
War |, having served in France with
the fomous 23d Engineers. Following
his wartime service he returned to
Arizona as a construction engineer,
and went from there to Los Angeles
and to San Diego, where he was em-
ployed as a contractor’s superin-
tendent.

Then, in 1929, came the beginning
of Mr. Wolfe’s long and valuable
service with the Division of High-
ways. His early employment with the
State was in Districts VIII, VII, V, and
IV. Following this he transferred to
District X|, where he worked until his
death. His experience and ability
were always a source of satisfaction
and pride fo the district and to all
who worked with and under him. He
retained a fine sense of humor under
even the most trying circumstances.
All of his many friends and associ-
ates extend their sincere sympathy
to Mrs. Wolfe and their children, for

their loss is our loss, too.
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Preston L. Fite
Retires After
Long Service

HARD oN THE HEELS of the retire-
ment of its chief, T. H. Dennis, mainte-
nance engineer, the Maintenance De-
partment of the Division of Highways
lost another of its veterans when Pres-
ton L. Fite, Senior Engineer, Sacra-
mento Headquarters, retired on March
31st after 32 years of state service.

Fite had been senior highway engi-
neer since 1931. His duties as assistant
to the state maintenance engineer have
taken him all over the state.

He came West from his birthplace,
Philadelphia, Pennsylvania, in 1906.
He and his parents settled in Berkeley
soon after the San Francisco earth-
quake and fire. His family moved to
Sacramento in- 1911. He attended
schools in Sacramento as well as in
Philadelphia and Berkeley.

He was employed by the highway
department as a helper in the State
Testing Laboratory at the age of 18.
The laboratory then was located on
the State Fairgrounds

Joined Survey Crew

Fite next became a member of a
state highway survey crew doing high-
way location work between Grass Val-
ley, Nevada County, and Auburn,
Placer County, and later to Nevada
City, Nevada County, in 1916.

In 1917, he enlisted in the Navy and
later returned to the Highway Depart-
ment to work out of Lodi, Stockton,
San Joaquin County, on location sur-
veys between those points and Sacra-
mento.

He was transferred to Clarksville in
1919. He was timekeeper and later
assistant resident engineer on construc-
tion work between White Rock-and
Shingle Springs.

Fite left California in 1921 to accept
a position as resident engineer on a
construction project of the North
Carolina Highway Department. He
went to Mexico in 1925 as District
Engineer for the National Commission
of Roads of Mexico.

Returned in 1926

He returned to California in 1926
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E. G. Poss Retires After 32 Years’' Service
With the California Division of Highways

AFTER THIRTY-TWO YEARs of State
service, E. G. “Ed” Poss, Assistant Dis-
trict Engineer, District IV of the Divi-
sion of Highways, retired on January
1, 1950. Immediately thereafter, he left
on a month’s trip to Mexico where he
enjoyed the interesting scenes in the
vicinity of Mexico City, as well as the
sport of deep sea fishing at Acapulco.

Mr. Poss commenced his engineer-
ing career following the Spanish-
American War, in which he had seen
service. From 1899 to 1918, he was en-
gaged in railroad engineering in Michi-
gan, Tennessee, Florida, and in Mexico,
and was also employed by the North-
western Pacific Railroad as valuation
engineer in San Francisco. After this
assignment, he chose a career with the
Division of Highways, District IV, re-
porting as Assistant Resident Engineer
in March, 1918.

During Ed’s career in District IV, he
served successively as Assistant Resi-
dent Engineer, Resident Engineer, Dis-
trict Right of Way Agent, Construc-
tion Engineer, Office Engineer, and,
finally, as Assistant District Engineer.

Entirely through correspondence
courses and diligent self-education, in
the early days of his career he had
acquired a thorough knowledge of rail-
way and highway engineering prin-
ciples, and his knowledge, experience,
and good judgment were of great value
to his fellow employees as well as to
other engineers who contacted the dis-
trict in matters of mutual concern.

Ed Poss enjoyed a large number of
friends among his co-workers as well
as in agencies outside of the depart-
ment. He was held in high regard for
his unfailingly genial disposition, his
sympathetic understanding of the
problems of others, and his sincere de-

E.G. Poss
sire to help whoever turned to him for
assistance.

On the evening of March 1, 1950,
approximately 120 of Ed’s fellow
employees gathered at the Tivoli Res-
taurant in San Francisco to tender him
their best wishes upon the occasion of
his retirement. He was presented with
a number of gifts, most of which were
intended to increase his skill as a fisher-
man, as well as to induce him to pursue
this hobby with greater diligence now
that sufficient time is available.

Ed’s fellow employees are going to
miss him around the office but they
will be visiting him at his home in the
East Oakland hills whenever they wish
to reminisce over the “good old days”
or to plan some new hunting or fishing
venture.

and in the spring of 1927 was em-
ployed by the Division of Highways,
District 10, with headquarters in Sac-
ramento.

He was active in the organization of
the State Employees Association, be-
came the first president of the High

Sierra Chapter, is 2 member of the Elks
Lodge, the American Legion, the
Masonic Lodge and the Common-
wealth Club of San Francisco.

Highway Department officials and
employees honored Fite at a retirement
party on March 30th.
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Death Summons

Dr. L. 1. Hewes,
Road Builder

Dr. Laurence llsey Hewes, Chief of
the Western Regional Office of the
Bureau of Public Roads, Department
of Commerce, died suddenly in San
Francisco on March 2d. He was 74
vears old.

Born in Dover, New Hampshire, Dr.
Hewes attended Dartmouth College
and Yale University, where he earned
the degree of Doctor of Philosophy.
For 10 years he was an instructor and
later professor of mathematics and
engineering at Rhode Island College,
Yale University and Whitman College.

In 1911 he was employed by the
Bureau of Public Roads, at a time when
the science of roadbuilding was in its
infancy and the needs for modern high-
ways were first being felt. From the
beginning, Dr. Hewes has played an
important part in highway develop-
ment, not only in the discharge of his
official duties on assignments of great
responsibility, but as an original thinker
in the uncharted fields through which
highway development has advanced.

Avthority on Highways

Soon after employment with Public
Roads he became Chief of Economics
and Maintenance, and was shortly
recognized as an authority on highway
financing. He was the first to apply
systematic procedures in measuring
the economic need for highways.
With the initiation of federal aid for
highways in 1916, Dr. Hewes took an
important part in planning the organ-
ization’s administration and working
relations with the states.

Since 1920 he has been in charge of
federal aid and national forest road
construction in 11 western states,
Alaska, and Hawaii. In that capacity he
exercised great influence in a large re-
gion, and became recognized as an
authority on all phases of highway de-
velopment from the details of design
and construction to the broad general
policies of planning and economics.

He was chairman of the United
States delegation to the International
Road Congress held in Munich, Ger-

and Public Works
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HARVEY M. TOY

Harvey M. Toy, former Chairman
of the California Highway Commis-
sion, died in San Francisco on March
1st. His sudden death shocked a host
.of friends throughout the State.

Financier, owner of a string of
hotels and prominent in politics in
the 1920’s, Mr. Toy was a leader in
highway development movements in
California for many years. He man-
aged the successful campaign of
Friend W. Richardson for Governor
in 1922 and was appointed Chair-
man of the Highway Commission
when Richardson assumed office in
1923.

Mr. Toy was a grandson of a 49er.
His father, George D. Toy, who died
in 1921, omassed a fortune in San
Francisco and East Bay real estate
and his son increased the family
holdings through the purchase of
properties in various parts of the
State. For years his Manx Hotel on
Powell Street in San Francisco was
a rendezvous for political leaders
and good roads boosters.

Mr. Toy was president of the San
Francisco Hotel Association and

“head of the California Hotelmen'’s
Association. He twice served as
president of the California Mission
Trails Association. A widow, Juliette
E. Toy, a daughter, Mrs. Elizabeth
Lassen of Sacramento, and a sister,
Mrs. Francis Lucas, survive him.

many, in 1934. In 1946, on leave from
Public Roads, he served as engineering
consultant to the Government of Saudi
Arabia.

Wartime Service

Although he reached retirement age
in 1946, his services to the Bureau dur-
ing the war and postwar periods were
so needed that he was requested to
carry on, and gladly did so: The prog-
ress of his country and its highways
were always his primary interest.

Dr. Hewes was a prolific writer, de-
spite his arduous official duties. One of
his earliest works, “Highway Bonds,”
written in collaboration with Professor
J. W. Glover in 1915, is still a standard
work on the subject. His best-known

publication is the two-volume “Ameri-

can Highway Practice,” an outstanding

Texas Reorganizes
Highway Department

Complete reorganization of the ad-
ministrative and executive leadership of
the Texas Highway Department mod-
eled after the California Division of
Highways, was announced in January
by D. C. Greer, State Highway Engi-
neer of Texas.

As in the California Division of
Highways, there will be a deputy state
highwav engineer. Also named are
assistant state highway engineers and
engineers in charge of planning, con-
struction and maintenance, materials
and tests, and road design. In the re-
organization, Greer made promotions
from the ranks of veteran engineers of
his department, as did State Highway
Engineer George T. McCoy in re-
vamping the California department.

Pigeon Pass Renamed

Pigeon Pass Road in San Bernardino
County, the modernization of which
vas the subject of an article in the
January-February issue of California
Highways and Public W orks, has been
officially named Barton Road by the
Board of Supervisors of San Bernardino
County. The highway was named in
honor of Dr. Ben Barton, a pioneer set-
tler, physician, agriculturist, and edu-
cator of San Bernardino. His home still
stands where he built it on Nevada
Street in San Bernardino just north of
Barton Road.

textbook for students and engineers
alike, published in 1942,

In addition to his numerous bulletins,
papers, and speeches in the fields of
highway engineering, administration,
finance, and economics, he has, in pur-
suit of his hobbies, written articles on
mathematics and biology which have
been published in scientific magazines.

Dr. Hewes brought to the highway
field an inquiring mind, and a broad
education resulting from his ‘studies
both within and outside of the field of
civil engineering. Always he has been
among the leaders in anticipating fu-
ture needs and in planning to meet
them. His own stature has added much
to the prestige of Public Roads and of
the highway engineering profession
generally.
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~rosion (Lontrol s e
— State Highways Discussed

By H. DANA BOWERS, Supervising Landscape Architect

California, a wrinkled ribbon of land more than 800 miles long lying between the high Sierras and the Pacific
Ocean, stretches from the humid forested zone characteristic of the Pacific Northwest to arid northern Mexico, and ranges
in elevation from below sea level to more than 14,000 feet. Climatic variations are extreme, as might be expected, and
erosion control problems vary correspondingly. Many different types of control have, therefore, been found to be necessary.

The purpose of this series of articles is to discuss the varioble factors associated with erosion which affect Cali-
fornia roadsides, review the development of erosion control methods by the State Division of Highways, and describe ero-
sion control processes now being employed with reasonable success to stabilize slopes on California state highways. This
is the third installment.

It is felt that at least o few of the methods which have proved effective in California may be modified to suit
conditions in other regions. Consequently, descriptions have been made as complete and are illustrated as fully as possible
in order to permit duplication of these methods by nontechnical personnel.

The erosion problem on agricultural lands is another matter entirely. Since this phase of the subject is adequately
treated in publications of the Soil Conservation Service we will consider here only erosion as it directly affects roadsides.

WIND EROSION

W—IEN ROADWAY excavationsare
made through incompletely stabilized
sand dunes or the roadway lies in the
path of active dunes, wind erosion with
the resulting drifting sand becomes a
serious problem.

Mechanical methods of control; for
example, spraying the sand banks with
liquid asphalt, have the advantage of
stopping soil movement immediately,
but maintenance cost is usually high
and increases yearly until finally the
original treatment must be repeated.
This type of control cannot be consid-
ered permanent.

In arid or infertile areas where plant
growth is naturally sparse and rock or
gravel is plentiful, some form of the
mechanical method of control illus-
trated below may be utilized. The cost
of hand placing rock in this manner is
high, but this expense may be justified
under extreme conditions. A blanket of
coarse gravel is also reasonably effec-
tive when conditions are not favorable
for vegetative growth.

Vegetative Stabilization

Vegetative stabilization of areas sub-
ject to wind erosion is both practical
and inexpensive. A topsoil blanket, sup-
plemented by seeding, is often suffi-
cient to stop soil loss. If no topsoil is
available, seeding, followed by applica-
tion of a straw mulch worked into the
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UPPER—Wind erosion affects both the sandy cut slope and the traveled way. (Near Carmel, Monterey
County.} LOWER—Rock placed by hand on sandy cut slope face, controls wind erosion in desert areas.
(Near Litile Lake, Inyo County)
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soil with a sheepsfoot roller is usually
effective. In extreme cases where the
soil is very loose and the wind velocity
high, seeding followed by application
of alayer of cut brush will give control.

With any of these methods, the func-
tion of the humus, mulch or brush is
largely to suppress movement of the
soil until plants have become estab-
lished, after which the vegetation alone
gives adequate protection.

Moving sand dunes which threaten
to overwhelm a highway may be
stopped in their tracks by making use
of the beach grass which John Mec-
Laren found so effective when he re-

claimed dune country and transformed

wasteland into Golden Gate Park in A sandy slope, completely sfabili:’ed with cut brusféand European Beach Grass
San Francisco (Near Pescadero, San Mateo County)

European Beach Grass

Furopean beach grass (dwwmophila |
arenarial), a perennial grass with long
creeping rootstalks, is one of the
world’s best sand-binders. It is propa-
gated readily by division, and once
established forms clumps which dis-
courage further movement of sand.

Planting is usually done in the late
fall when continued rainfall in sufficient
quantities to establish plant growth may
be expected. A mulch of cut brush or
straw may be spread over the area to
be stabilized in order to stop movement
of sand until vegetation becomes estab-
lished. Divisions of beach grass are
European Beach Grass interplanted with ltalian Ryegrass controls wind erosion on a sandy slope. thep planted through the mulch %nto

{North of Eureka, Mendocino County) moist sand to a depth of about eight
inches. If sufficient moisture continues
to be available, growth is reasonably

Barley and weeds growing on a recently stabilized slope. (Near Monterey, Monterey County) rapid, and by the end of the first scason
the stand of beach grass is usually
sufficiently dense to afford effective
control.

If sand movement is not too vigor-
ous, the mulch treatment is often not
necessary. Divisions of beach grass may
be planted in the sand, and if this plant-
ing is supplemented by seeding with
Italian ryegrass or a cereal grain, satis-
factory control may be obtained.

SEEDING AND GROUND COVER PLANTING

Records left by early-day explorers
and missionaries indicate that in their
time wildflowers covered the State of
California from one end to the other.
Few of the annuals and perennials now
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livestock, and these must be eradicated
on highway rights of way in agricul-
tural areas. Consultation with the local
county agricultural commissioner in
regard to weed control and seed quar-
antine regulations is advisable before
sowing seed of untested plants in order
to avoid introduction of still another
pest which would add to our weed
control list.

Trial plantings of many varieties of
grasses and forage plants have been
made for soil stabilization purposes, but
for the most part results have been un-
satisfactory.

Perennials Unsatisfactory

A well-vegetated cut slope. Native shrubs are rapidly becoming established. Perennials are often difficult to estab-
(Near Watsonville, Santa Cruz County) lish and’ even thOUgh a gOOd stand may

' be obtained, too few plants usually sur-
referred to as native because they have

made themselves so thoroughly at home
here, had as vet been introduced. Rap-
idly, however, seeds of new plants were
brought in—some as impurities in crop
seed, some in the wool or hair of im-
ported animals, some in ship ballast, and
some deliberately for forage or agricul-
tural purposes. Finding the climate and
soil to their liking, hundreds of these
introduced plants became naturalized,
and the more aggressive among them
literally crowded out the true natives.

The point has now been reached
where introduced plants make up the
greater part of our herbaceous vegeta-
tion. Among these naturalized plants
are a number which have been declared
noxious weeds because of their growth A roodside planting of Mosombrvanth dole offectivel e vesds and red
habits’ Spiny or prlckly nature’ difﬁcul_ roadside pianiing o ’Zieg;?reriggarzf.n(uslzuefhuoi ;a::alVMea)"'i(;O)nh’O s weeds ana reduces
ty of control. or poisonous effect on

vive the summer drought to provide
effective protection the following year.
With the exception of Italian ryegrass,
also called annual ryegrass (Lolium
multiflorum), which grows as a short-
lived perennial and naturalizes well
along the north seacoast, and alfalfa,
which persists in a few locations where
conditions are to its liking, the peren-
nials so far tested offer no advantages
which would prove them superior to
annuals for our purpose.

Bermuda grass is extremely effective
for soil stabilization in milder sections
of the State, but it reseeds so freely and
is so difficult to eradicate when once
established that it has become a serious
agricultural problem in Southern Cali-
fornia and the Central Valleys. Public
reaction to its use in general highway

Willows planted in moist areas assist in stabilization. (Near Watsonville, Santa Cruz County)
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planting would be immediate and un-
favorable. Consequently, Bermuda seed
is planted only in localities where the
grass is already so thoroughly estab-
lished that further planting cannot be
considered the introduction of a weed
pest.

Annvals Not Effective

Annuals are usually effective during
the first year but, except for a very few
varieties in favored locations, do not
seem to reseed themselves well. Native
annuals eventually take over anyway,
and since they will offer adequate pro-
tection when once established, the
naturalization of introduced annuals is
not considered too important.

If it were possible to economically
obtain seed of the native annuals
through commercial channels, 2 more
rapid establishment of a permanent
cover could possibly be obtained by
sowing this seed during the first year.
Neither the quantity of seed available
nor the cost makes this procedure prac-
ticable, however, since annuals of the
type most valuable for stabilization
purposes are not useful otherwise, and
seed is not harvested commercially.

The conclusion has been reached
that almost any annual plant, seed of
which is cheap, easy to obtain, and ger-
minates quickly with the first fall rains,
will act as a nurse crop and afford ade-
quate and immediate protection. Dur-

ing first year, and toa greater extent the UPPER—Planting small Eucalyptus rostrata in plant band. LOWER-~Growth obtained 28 months

second vear, natives appear, germinat- affer planting. (Between Colton and Ontario, Riverside County)

ing from seeds present in the topsoil or ' '

lf)r om Wm}?blo‘c’l"?} lsc;:%ds }‘:’hldllk havcf]: stubble of the nurse crop. A sparse
c¢en caught and held by the stalks an growth of the introduced annual will

, X .
Growth made by Baccharis viminea four months after planting as cuttings, prObably voiun.teel the second year,
(City Creek Road, San Bernardino County) and the protection given by the com-

bination of growing plants, root mats
and straw remaining from the previous
season’s growth, is usually complete.

Barley Widely Used

Since barley is harvested in many
- sections of the State, is. about the-cheap-
est seed on the local market, is easily
obtainable, and has the virtue of germi-
nating quickly after a light rain even
when not covered by earth, it has been
most frequently used for stabilization
planting. Rye grain, oats, and vetch
have also been used successfully.
Grain seed is usually sown broadcast
on the rough and uncompacted surfaces
of the freshly made or topsoiled slopes,
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Dry vegetation means that fire hazard is high. (Near Bradley, Monterey County)

and harrowing or dragging the soil to
cover the seed under these conditions
has not proved necessary. In the event
rain falls before seeding can be done,
1t is necessary that the slope be culti-
vated to loosen the surface. Barley and
other large-size cereal grains are sown
at the rate of one pound per 200 square
feet, a considerably heavier rate than
that used by a farmer when seeding for
grain production.

Quantities of wildflower seed have
been sown on highway roadsides for
purely ornamental purposes, but this
practice has been largely abandoned
except on recently completed free-
ways where sprinkling systems are
installed. The successful establishment
of a good stand of wildflowers from
seed is so dependent upon rainfall con-
ditions in unirrigated areas and the cost
of the seed is so relatively high that it is
difficult to consistently show results
justifying the expenditures.

Poppies Not Lasting

When a roadside project is complet-
ed at the proper time of year, California
poppy seed is often sown on the new
slopes. Given an even start with the
weeds and grasses, the poppies will gen-
erally grow in sufficient quantity to
give a colorful appearance the first sea-
son, but slowly disappear thereafter ex-
cept in rare instances,

Seeds and shrubs and trees have been
sown on treated slopes with some suc-
cess. Spanish broom (Spartium jun-
ceum), California wild buckwheat
(Eriogonum: fasciculatum), silvergreen
wattle (Acacia decurvens dealbata),
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Encelia californica, and plume atb’7zia
( Albizzia lophantha) seem to germinate
well, since seed is easily gathered from
established stands, some use has been
made of these plants.

The selection of evergreen ground
cover plants for unirrigated areas is ex-
tremely restricted. Ice plant or Hotten-
ot fig (Mesembryantbemum edule) is
most frequently used along the coast
and is very nearly the ideal ground
cover plant, since it spreads by runners
which root at every node, makes a
dense mat which discourages weeds, is
not a fire hazard, is propagated cheaply
and easily by cuttings which root in
from 5 to 10 days, bears attractive
flowers, is drought resistant, and is not
seriously affected by pests or diseases.
1t does not spread by seed, and is very
effective in controlling erosion.

Ice Plant Use Restricted

Established stands of ice plant grow-
ing in soils of low fertility tend to die
out or become unthrifty after several
years. When this condition is not due
to lack of soil moisture following a dry
season, these patches may be rejuve-
nated with an application of fertilizer
followed by replanting with fresh cut-
tings.

Since the succulent leaves of ice plant
are composed largely of water, the
plant cannot be grown successfully in
areas where the temperature falls much
below the freezing point. This restricts
its use in the State to the milder sec-
tions where the temperature never falls
below about 25 degrees F., and to that
point only for short periods.

Other smaller-leaved members of the
mesembryanthemum family are slight -
ly more resistant to frost, but do not
spread so rapidly as mesembryanthe-
wmum edule.

Kikuyu grass (Pennisetum clandes-
tinum) has been used as a lawn, and
experimental plantings have been made
throughout the State. In areas which
are subirrigated or which can be given
water during the summer, kikuyu grass
does quite well. However, it freezes
completely back in colder sections and
is regarded by suspicion by county ag-
ricultural commissioners, who distrust
its lusty growth when once established
in irrigated districts, and consider that
it might become an agricultural pest if
widely planted.

Fire-hazard-control strip formed by the “spray and burn” method. Note the quanfity of unburned stems left
on the slope after a quick burn. (Near Castroville)
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Successful Plants

Ground cover establishment on freeway
slopes and other areas equipped with
sprinkling systems is comparatively simple.
The following is a list of plants which do
not require routine mowing or cutting back
and which have been used successfully for
this purpose. »

SOUTHERN CALIFORNIA

Lantana sellowiana ... Trailing Lantana
Lonicera japonica
halliana__________. R Halls Japanese
Honeysuckle

Hedera helix
Vinca major.
Vinca minor___.

English lvy
- Bigleaf Periwinkle
———_Common Periwinkle

Ip leari Dawnflower Morningglory
Fragaria chilonensis._______ Chiloe Strawberry
Mesembryanthemum—

many species_____._._.__. Ice Plant, Figmarigold

NORTHERN CALIFORNIA AND

CENTRAL VALLEY
Lonicera japonica

halliana_______ . Halls Japanese

Honeysuckle

Rosa wichuraiana._._____ Wichura Rose

Rubus ulmifolius inermis.._Evergreen Thornless
Blackberry

Hedera helix..... English Ivy

Vinea major_... __Bigleaf Periwinkle

Vinca minor . Common Periwinkle

Hypericum calycinum __.__. Aaronsbeard St. Johnswort

Gazania auranfiaca ... -Gazania

TREE AND SHRUB PLANTING

Since most of the trees and shrubs
planted on highway roadsides are ever-
greens, they are raised in and planted
from containers. Practically no balling
is practiced, since the cost of handling
and planting balled stock is consider-
ably greater than with stock in con-
tainers.

One-year-old plants in one-gallon
cans are planted preferably at the start
of the rainy season, mulched, and wa-
tered during the first summer, then left
to themselves except in the very arid
regions where they must be watered
until well established.

The cheapest and so far the most
effective method found for establishing
plants in the field consists of planting
very young plants in plant bands.
Plants from seced started in July are
pricked outinto 2 inch x 2 inch x 4 inch
wooden plant bands set in a nursery
flat. By October or November, roots
have grown to the bottom of the band,
and the plants, 2 inches to 4 inches high,
are ready to be set out. In the field, a
hole is dug just large enough to take the
plant band and the bottom of the hole
is flattened and firmed with a wooden

and Public Works

Fire-hazard-control strip formed by the soil sterilization method. Note beginning of soil loss on slope which
had previously been stable. (Near Paso Robles, San Luis Obispo County)

block so that air pockets will be elimi-
nated and roots at the bottom of the
band will contact the soil evenly. The
plant, band and all, is set carefully into
the hole, and moist soil firmed gently
around it to the level of the soil inside
the band. A small quantity of water is
then used to settle the earth and mois-
ten the root area, a mulch of straw or
manure is applied, and the plant nor-
mally receives no further attention. A
survival rate of 80 percent is not un-
common.

Distinct Advantages

This method has several distinct ad-
vantages. The cost of raising the plants,
transportation and planting is consider-
ably less than for larger plants; there-
fore, many more plants can be planted.
Maintenance cost is reduced or elimi-
nated, since the small plants grow like
seedlings and require no staking or
trimming. Any plants which die can be
replaced the following planting season
for less money than it would take to
water them during the summer. Since
root development has not been restrict-
ed while in the plant band, normal root
growth takes place in the soil outside
the band almost immediately after
planting. The planting operation in-
volves no disturbance of the root sys-
tem; therefore, the plant is not set back
and growth continues without a pause.

Several precautions must be observed
when handling planting stock in bands.
The young plants should be planted as
soon as the roots appear at the bottom
of the band. If planted sooner the roots

are dependent entirely upon the mois