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1. INTRODUCTION

It is estimated that more than 200 million automobile tires
and 40 million truck tires are discarded each year in the
United States. Over 20 million tires are discarded each
year in California. The magnitude of this problem prompted -
the 1973 California Legislature to request that Caltrans
study the problem of abandoned tires and develop possible
solutions for the disposal and recycling of used tires.

The subsequent 1975 report (1) indicated that discarded
tires have been used for numerous purposes, such as retain-
ing walls (Photos 1.1 and 1.2), rubberized asphalt, artifi-
cial reefs, breakwaters, and as a source of energy.
Caltrans has been instrumental in studying the use of dis-
carded tires in the reinforcement of earth structures and
pavement structural sections.

The high cost of new constfuction materiéls which provide
temporary protection for erosion control can delay con-
struction on projects. The availability of discarded tires
at low cost makes this waste product extremely attractive
as an alternative construction product for erosion control.
Standards for used tires as a substitute material to con-
trol slope erosion, stabilize drainage channels and control
blowing sand are lacking. Before a large investment is
made utilizing discarded tires on various highway projects,
research is necessary to evaluate the uses for discarded
tires and to develop guidelines to insure successful cost
effective installations.

In addition to the above uses three Caltran districts began
exploring the use of tires on three different projects
located throughout california (Figure 1.1).






Photo 1.1 - Retaining Wall On Private Property

Photo 1.2 ~ Retaining Wall on Private Property
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PROJECT I (Staﬁ% Route fh - Tehama County) 1Installed dis-
carded tires in an embankment along a narrow portion of
Route 32 in Tehama County near Mount Lassen Volcanic
National Park to control shoulder erosion.

PROJECT II (Interstate Route 5.- Fresno County) Installed
discarded tires in a drainage channel along I-5 in Fresno
County near Kettleman City to control channel slope
erosion. |

PROJECT III (State Route 111 - Riverside County) Construc-
tion of temporafy tire barriers which protect a row of

T. aphylla (tamarisk) trees being established as a wind~-
break from blowing sand on Route 111 in Riverside County
near Palm Springs.

The concepts of the utilization of discarded tires were
initiated by district maintenance personnel in each of the
three districts in 1981. The three research projects were
consolidated under a federally funded research project
entitled, "Guidelines for Using Recycled Tire Carcasses in
Highway Maintenance". In October 1982 FHWA approved a 5
year research project to study these three projects. The
Translab assisted the districts in the research to further
develop the concepts behind the projects, evaluate the aes-
thetics and prepare engineering guidelines for these pro-
jects. Since the project concepts originatéd with people in
the field, it resulted in the research being readily
implemented.



2. OBJECTIVES

PROJECT I: Develop engineering guidelines for the use of
discarded truck tires and recycled materials as a mechani-
cal means of stabilizing highway shoulder erosion problem
at various locations along a mountainous highway.

PROJECT II: Determine if discarded truck tires and recycled
materials would be feasible for channel slope protection.
Also to investigate configurations and interlocking proce-
dures and develop solutions for the use of discarded tires
for bank protection.

PROJECT III: Evaluate the effectiveness of discarded auto-
mobile tires in various configurations as tire barriers to
protect tamarisk tree seedlings planted within an existing
tree row from blowing sand.






3. CONCLUSIONS
PROJECT I (Reinforced Shoulder)

With the exception of some minor erosion, the tires
remained stable and maintained their integrity including
the clips and steel posts that retained the tires in the
mats. This installation has provided an economical solu-
tion to an increasing problem occurring on many low volume,
narrow mountain highways throughout California.

PROJECT II (Bank protection)

If installed properly in low velocity sheet flow drainage
facilities, discarded tires can provide immediate and eco-
nomical mitigation solutions Discarded tires can for many
bank erosion problems.

PROJECT III (Protective barriers)

The discarded tire barrier for protecting plants and cut-
tings was satisfactory for both the protection of the tree
row and some of the young plants. It prevented the buildup
of sand on the roadway and used a large number of discarded
automobile tires. However, it remains labor-intensive.

The installation of snow fence or fences constructed of
polyethylene type material mounted on metal posts is more
economical for impounding sand.

‘The tire barriers resulted in an additional benefit during
‘the research period by serving as a diversion groin for

diVerting storm waters from eroding the highway embankment.

-y



The cost of discarded tire for reinforced shoulders and
channel slope protection from erosion is less than half the
cost of the next acceptable solution for this purpose.

Summary Of Observations And Findings

- Construction of the shoulder reinforcement and the slope

protection concepts by Maintenance personnel are simple and
economical.

- The availability of discarded tires is unlimited at this
time. In some instances they may be provided free by
vendors.

- Selection and;grading of all material (tires, post, back-
£ill ete.,) is required in order to provide uniformity and
a desirable finished product.

- Where possible, discarded tire projects should be
constructed out of sight of the traveling motorist. How~
ever, treatment by planting woody plants and grasses or
painting the tires to conform to surrounding terrain can
provide an aesthetically pleasing project.

- The reduction of injury and fatal accidents with the
improvement of the shoulders of narrow mountainocus
highways.

- Substantial savings can be made in lower maintenance cost
for rebuilding eroded highway drainage facilities and the
elimination of poﬁential claims from adjoining private
property owners.

- With the large numbers of tires being discarded annually
and the accelerated rate of registering vehicles, an



additional disposal method will mitigate the discarded tire
problem. The use of tires in highway construction or
maintenance projects such as shoulder reinforcement or
slope protection, will provide both design and maintenance
personnel with immediate solutions. The availability, com-
bined with the low cost of acquiring and installing dis-
carded tires, makes tires the ideal solution for many emer-
gency problems which occur on California highways.

- Using readily available, low cost, discarded tires in
lieu of more expensive new materials can provide substan-
tial cost savings. In addition, part of the tire disposal
problem will be eliminated by additional alternative uses
of discarded tires.

- During the course of the project the use of truck tire
51dewalls or treads only was suggested (similar to the
reinforced earth concept) to facilitate easier compactlon
in the reinforced shoulder concept. This proposal may have
some feasibility. However, truck tires appear to be quite
difficult and expensive to split and could be difficult to
incorporate in a stable installation. The concept was
dropped early in the research period.






4. RECOMMENDATIONS

Implement the shoulder reinforcement and channel slope pro-
tection concepts. It is recommended that tires be acgqguired
by donation or purchase and delivered to the site when
quantities justify it. As suppliers are finding it harder
to dispose of tires this makes the discarded tire projects
especially advantageous.

Hydraulic analysis should be conducted prior to considering
any application to a channel problem as discarded tires
may not always be the best solution.

. When tire projects are being undertaken adequate safety
measures must be undertaken to assure the safe working
environment required by CAL~OSHA.

This report along with standard-plans could be uéed'as a
design guideline for installation of discarded tires for
maintenance purposes. Effort should be made to utilize
salvaged materials for slope and erosion mitigation
throughout california. The availability of the tires is
unlimited and usually free. With the exception of minor
amounts of additional material, labor and equipment are the
primary costs of the tire installations. Standard plans
would serve as adequate guidelines for the design of dis-
carded tire shoulder stabilization and channel bank
protection.

The discarded tire projects were constructed of truck and
automobile tires and salvaged steel posts, Installations of
discarded tires are especially economical for small pro-
jects constructed by district maintenance pers=onnel,






5. IMPLEMENTATION (Projects I, II and III)

The construction of similar reinforced shoulder projects at
various locations such as minor contract projects, a chan-
nel weir and shoulder reinforcement on Routes 10 & 247 in
Riverside County (Photo 5.1 & 5.2) and other maintenance
constructed projects using automobile tires on Route 70 in
Plumas County (Photo 5.3) indicates a general acceptance of
discarded tires for shoulder reinforcement.

Included in this report are guidelines for the use of dis-
carded tires for controlling erosion on embankments (Figure
7.6) and controlling erosion on channel banks kFigufe 8.8).
These guidelines are plans which will allow designers to
develop discarded tire projects. They will also provide
maintenance personnel with an immediate solution for an
erosion problem until more permanent measures can be under-
taken. These guidelines also provide various aesthetlc
measures to consider during the project development stage.

This report will be distributed to Caltrans Districts and
Headquarters offices, FHWA and will be available to other
interested parties upon request.

The proper installation procedures for tires is very impor-
tant. The slope protection projects shown in Photos 5.4 &
5.5 reflect a lack proper engineering practices for
installations.

This information could be presented at various meetings
held by Caltfans engineers and maintenance Personnel. A
slide program is available for interested individuals,
district maintenance and design personnel.

10



“rranslab is available to  assist the districts with any
future site evaluations, design and installation
assistance for the development of discarded tire projects.




Photo 5.1 - 1l1-Riv-10 - Channel Weir - Minor Project

Photeo 5.2 - 08-Riv-247 - Minor Contract
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Photo 5.3 - 02-Plu-70
Installed By Maintenance Forces

Photo 5.4 - Slope Protection In San Luis Obispo
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Fresno County - 06-Fre-46
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"6. BENEFITS ’

— USE FOR DISCARDED TIRES - The use of discarded tires in
highway construction and maintenance projects such as
shoulder reinforcement or channel bank protection will
assist both departments with immediate solutions.

- IMMEDIATE IMPLEMENTATION - The availability combined with
the low cost of acquiring and installing discarded tires
makes tires the ideal solution for many emergency problems
which occur on California highways.

- LOW COST MAINTENANCE SOLUTIONS - The use of discarded
tires for shoulder reinforcement and channel linings is

considerably more economical than many alternative
materials.

- SAFER HIGHWAY - Shoulder reinforcement will provide a
wider road-way section, which will make a safer
traveled way.

15



7. “PROJECT I - SHOULDER STABILIZATION WITH RECYCLED TIRES

7.1 TIntroduction

Highway embankments in mountainous terrain are highly sus-
ceptible to sevére soil erosion. In some locations the
shoulders are eroded all the way to the edge of the
pavement. It is this situation that this phase of the
research project will address. The process investigated is
the mechanical stabilization of the shoulders utilizing
discarded tires.

7.2 Backdground

Route 32 is a narrow winding mountain roadway whose shoul-
ders were being eroded by both rainfall and snowmelt. The
water was overtopping the embankments and causing erosion
so severe that, in some locations, embankments had eroded
back to the pavement edge (Photo 7. 1l).

The District had previously installed several discarded
tire shoulder reinforcement units on Route 32 in Tehama
County. Therefore, it was decided that two additional
sites in this vieinity would provide the opportunity to
monitor the earlier installations as well as the new
research project (Figure 7.1 & 7.2). In December of 1981
the decision was made to install discarded tire shoulder
reinforcement units wan g wge utilizing modifications
recommended by the Translab (Photos 7.2 & 7.3).

7.3 Design Descgription

In this project-entire truck tires were used to reinforce
the road shoulder. Engineering fabric was utilized in one

16



Photo 7.1 - Site Before Installation Of Tires
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. TIRE PROJECT I

LOCATION MAP

02-TEH-82 P.M. 22.8
SHOULDER STABILIZATION WITH RECYCLED TIRES

FIGURE 7.1
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Photo 7.2 ~ Unit "A" Installation

Photo 7.3 - Unit "B" Installation
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0f the installations for controlling erosion. Clips made
of 1/2 inch steel reinforcing bars were used to hold the
tires in point contact thereby forming a continuocus mat
(Figure 7.3). Salvaged anchor posts were used to secure
the tire assembly to the embankment.

Figure 7.2 shows the location of the six discarded tire
shoulder reinforcement units. Four of the units were
placed by the District in 1980 and the other two units were
placed in 1981 as part of this research project. The
research project units were located north of the existing
discarded tire units on Route 32 at Post Mile 22.7.
Subsequent to these six installations district maintenance
forces have installed several discarded tire shoulder rein-
forcement units.along Route 32.

Two modifications to the original method were introduced in
the installation of the two‘1981 research projects. The

- modifications to the 1980 installations were the addition
of anchor posts and engineering fabric.

7.4 TInstallation Procedure

A bench was cut about five feet below the top of the pave-
ment (Photo 7.4) and sloped slightly (-5%) towards the
traveled way. The width of the cut was the width of the
truck tire mat plus a minimum of six inches. This extra
width was to prevent undercutting of the tire unit by
erosion. On Unit "A" engineering fabric was placed behind,
under and over the tires to prevent soil from eroding
(Photo 7.5 & Figure 7.2), As a comparison (control sec-
tion) fabric was not used in Unit "B".

The tires were connected using clips which were made from
1/2" inch steel reinforcing bar. Salvaged snow poles were

21



TIRE PROJECT I
REGYCLED TIRE INSTALLATION FOR UNIT'A' &'B'

—Edge of Pavement

Recycled Sieel Post
Anchors

PLAN

_—Edge of Pavement
R RS R TG
Variabt Backfill fo top of tires with
drianie

" ' Clip /permeuble material.
60
MAX. | l I_/\ ‘
e

[ o
' Bench Toe—"
\Recyc[ed Steel Post _

ELEVATION
NOTE:
Tires horizontally secured
by 172" rebar clips.
Engineering fabric, see
Figure 7.2 .
FIGURE 7.3
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Photo 7.4 - Bench Excavation - Unit "a®

Photo 7.5 - Tire Placement With Engineering Fabric
Unit "A"

23
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driven through the hole of every fourth tire in the inside
row (Photos 7.6 & 7.7 and Figure 7.3). The top of the pole
was driven flush with the top of the second layer of tires.
The tires were placed in parallel rows and backfilled with
imported permeable material (Photo 7.6). A 12 inch layer
of permeable material was placed on top of the first layer
of tires. Then the second layer of tires was placed and
backfilled. To provide an unpaved shoulder an 18 inch
layer of native soil was placed on top of the tires and
compacted.

7.5 Components

7.5.1 Tires

Truck tires were used extensively for this project. They
were obtained from local tire shops at no cost and stock-
piled at the Chester Maintenance Station. As the two pro-
jects developed, additional tires were cbtained and trans-
ported to the project. The truck tires varied in outside
diameter from 40 inches to 42 inches. This variation in
size tended to create sone difficulty in developing a uni-
form installation. However, most of the irregularities can
be overcome by adjusting the tire clips (Photos 7.8 and
7.9) to obtain the desired configuration of the tire mat.

The condition of the tire carcass is important in the con-
struction of the mat. Tires with weak tread or'sidewalls,
tended to create stacking and alignment problenms.

New truck tires weigh between 90 and 200 pounds (2) and
light truck tires weigh between 30 and 60 pounds. Weight
loss as the result of wear is estimated to be approximately
fifteen percent. The average weight for used truck tires is
estimated to be 85 pounds. They are easily managed by
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Photo 7.6 =~ Backfilling With Permeable Backfill

Photo 7.7 - Unit "B" Without Engineering Fabric
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Photo 7.8 - 1/2" Rebar Tire Clips

Photo 7.9 - Assembling Truck Tire Mat
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two people. Used automobile tires welgh between 15 and 30
pounds, averaging 22 pounds. Careful selection was neces-
sary to insure that the stability would remain in its manu-
factured form after installation in the embankment.

Unit "A"™ (Figure 7.2) was installed with engineering fabric
and required the use of 40 tires for the mats. Unit "B"
(Figure 7.2) required the use of 30 tires and was con-
structed without the engineering fabric.

7.5.2 Engineering Fabric

As a result of a soil .erosion problem on the previously
installed shoulder reinforcement projects, it was decided
to investigate the use of engineering fabrics. In order to
evaluate the performance of the fabric it was installed on
only one of the two research sites.. The fabric was placed
around the tires in Unit "A" as depicted in (Photo 7.5 and
Figure 7.3). Unit "A" with the engineering fabric did much
better in retaining material than Unit "B" (without the
fabric). Some fabrics, if exposed to sunlight, deteriorate
gquickly from the ultraviolet rayé. It is recommended that
engineering fabrics that have been treated to resist ultra-
violet degradation be used.

7.5.3 Tire Clips

Originally,'the use of heavy dﬁty commercial staples was
considered as a method for connecting the tires in the
mats. However, as part of a previous research project (3),
it was found that the staples failed to develop sufficient
resisting force to mobilize the inherent tensile strength
of the tire sidewalls. The method chosen for connecting
the tires was the use of 1/2 inch steel reinforcing bar
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bent into the fErm of alélip (Photo 7.8). These clips pro-
vide a.strong connection and a longer corrosion life.

The effect of corrosion on the tire clips was considered in
determining the size of the rebar required. The Translab
estimates soil corrosivity by combining the relative influ-
ences of the hydrogen-ion concentration (pH) and the mini-
mum resistivity of the soil. Samples of soil scheduled for
an embankment were tested for potential corrosivity. The
material was found to have a pH of 5.5 and an average min
imum resistivity of 2400 ohm centimeters. This data indi-
cated that the metal loss would be approximately 10 mils
per year. This was interpreted as a weight loss of about
0.8 ounces per year. Based on this information, a 3/8 inch
rebar was estiﬁéted to have an effective life of over 40
years. Therefore, the decision-to use 1/2 inch rebar clips
was made in order to provide an extra safety factor. Photo

7.9 shows the formation of a tire mat by using clips on the
truck tires.

7.5.4 Backfill’

Backfill for units "AY and "B" was imported permeable mate-
rial from the local area, It was determined that the mate-
rial taken from the excavation was not suitable for the
project backfill due to its low permeability. However,
existing excavation material should be used as backfill
whenever possibie. Backfill material should have some
cohesive quality and be free-draining. If possible, all
voids in the tire should be filled (spreading the sidewall
during backfilling) to prevent excessive settlement. If
compaction is less than 90 percent, it should not pose a
problem, as this portion of the roadway section is not
intended to support wheel loads. Some minor settlement of

28



the backfill occurred subsequent to the completion of the
installation.

7.5.5 Salvaged Anchor Posts

The posts selected for anchoring the tire mats to the fill
were salvaged 10 foot snow poles. It was originally
planned to use metal fence posts but they weré_not avail-
able. The anchorage device is not limited to any specific

type of post providing it is adequate to secure the tire
mats.

7.5.6 __Revegetation

In the spring of 1982 after this project was completed,
maintenance personnel planted two rows of (approximately
fifty) western redbud (Cercis occidentalis) on the slope
‘below the tire installations. This was done to accelerate
the reestablishment of vegetation. The plants were spaced
from 3.5 feet to 4.5 feet apart and were not watered at the
time of planting. The Western Redbud is native to
California and found in the Sierra foothills and Coastal
Ranges at elevations between 1000 and 4500 feet.

In the fall of 1983, 38 woody plants were‘planted in a 15
by 25 foot test plot below the tire installations as sHown
in Figure 7.4. This planting consisted of the following:

18 - 1l=-gallon ' Manzanita (Arctostaphylos) (Photo 7.10)
15 = liners Deer brush (Ceanothus integerrimus)

‘ (Photo 7.11)
5 = l-gallon Deer brush (Ceanothus integerrimus)

- 29
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ta (Arctostaphylos)

i

10 - Manzan

-

Photo 7

)

ilnmus

.

Photo 7.11 ~ Deer Brush (Ceanothus Integerr
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In the spring of 1984, 35 woody plants were planted in a 15
by 25 foot test plot below the tire installation as shown
in Figure 7.4. This planting consisted of the following:

19 - 1-gallon Manzanita (Arctostaphylos)
16 - liners Deer brush (Ceanothus integerrimus)

The selection of these plants was the result of an earlier
investigation to determine the varieties of native plants
growing on the site.

An additional measure taken during the spring planting was
the installation of metal cages to protect the plants from
foraging animals and provide the plant some protection from
erosion. The planting plot was separated into two sections.
One section included the metal cages and the other did not.
After 13 months 50 percent of the manzanita and 29 percent
of the deer brush survived where the metal cages were used.
During the same period and where no cages were used only 17
percent: of the plants remained. It is reasonable to assume
that the metal cages did help protect the seedlings from
animals and from erosion covering the small plants.

The plants for the fall and spring pléntings were obtained
 from the California Conservation Corps Native Plant Nursery
in Napa, California. The manzanita was from 4 to 6 inches
in height and the deer brush was from 2 to 3 inches in
height. Leaf color and foliage on both varieties were
good. The plants were hardened at the Chester Maintenance
Station for 20 days prior to planting. At the time of
planting, the soil two inches below the ground surface was
moist, Piahts were watered when planted,'but there was no
supplemental watering. No nutrient additives were used
during the planting, as the intent was to establish the
plants in the native soil only. Plants were spaced
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2.5 feet apartfin a mixed selection on the slope. Included
in the test plots were eight of the western rosebuds
planted in 1982 by maintenance forces.

The lower slope used for vegetation test plots consisted of
slopes ranging from 1:1 to 2:1, 30 feet high and west-
facing at an elevation 4500 feet. The surface of the
slopes was a rocky, brown, silty sand (Photo 7.12). The
slope was SIighﬁly rilled with very little vegetation
present.

7.6 Personnel, Eggipmenﬁ And Materials

The installation of the 40 foot tire Unit "A" and the 27
foot tire Unit "B" took 16 hours each. The. following per-
sonnel, equipment and materials were used on the project.
Personnel: 1 - Foreman

- 3 - Maintenance Workers

Equipment: 1 - bﬁmp Truck
1 - Pickup
1 - Backhoe and Loader

Material: Engiﬁeering Fabric - 80 square yards
Tires - Unit "A"-40 and Unit "B"-32
Clips -~ 180
Backfill Material - 18 cubic yards
Recycled anchor posts - 10

7.7 Installation Costs

Cost fd: Unit “A“ and Unit "B" combined was as follows:

Cost of Ma?erial $ 100
Cost of Labor $ 2,774
Cost of Egquipment $ 1,245
Total 67ft - 5 feet high $ 4,119*% (360 per linear foot)

* 1986 cost
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Photo 7.12 - Project Site Material
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An estimate from the Caltrans Bridge Department for a com-
parable reinforced concrete type retaining wall would be
$250 per lineal foot for a five foot high wall.

7.8 Cost Comparison For Alternative Reinforcing Systems

The following cost comparison is the cost per lineal foot
based on a wall height of five feet. These costs includq
all labor, materials and equipment for excavation, erection
and backfilling.

Discarded Tire Wall 3 60.00
Gabion Wall $ 125.00
Concrete Crib Wall $ 175.00
Reinforced Concrete $ 250.00

The cost comparisons were taken from Caltrans Report
FHWA/CA'/TL—84/16, "Field Performance of Experimental Tire
Anchor Timber Walls"(4). The cost for the Discarded Tire
Wall is for a wall installed by Caltrans maintenance
personnel. Gabion wall cost was derived from 1986 state-
wide averages. The alternative walls are contractor-
installed costs. A contractor-installed discarded tire
wall would exceed the maintenance unit cost as the result
of smaller projects, and move-in and move-out costs at
remote locations.

7.9 Monitoring

The project work plan for monitoring the project consisted
of the following:

- The overall project and the stability of the porizontal
rows of tires was determined by visual inspection and pho-

tographic log.
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- Undermining of the slope by erosion was monitored
visually.

7.2.1 Instrumentation

Survey points were established by driving masonry nails
into the sidewalls of the tires at their outside edge. The
nails were placed approximateiy every ten feet along the
tire installation to document vertical and lateral move-
ment. Elevation reference points were placed along the cen-
terline of the traveled Way,'on the edge of pavement and on
the tires. They were monitored to detect vertical dis-
placement during the study. During the initial monitoring,
a string line was used to measure the offset resulting from
vertical or horizontal movements. String line and eleva-
tions (Photo 7.13) taken during and at the conclusion of
the study indicated there had been neither significant set-
tlement nor horizontal movement.

7.9.2 Settlement And Stability Of The Tires

The survey points on the tires indicated the movement was
undetectable during the research period. Elevation refer-
ence points on pavement indicated settlement of less than
.04 of a foot. There were 2 inches of initial settlement
of backfill material at the location immediately after
installation of the project.

7.9.3  Shoulder Cracks L

Several small cracks developed immediately after installa-
tion of the tires in Unit "A", Subsequent to patching by
maintenance forces no further cracking or significant move-
ment in the tites or pavement in either the test sites "an
and "B" occurred (Photo 7.14).
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Photo 7.13 - String line And Elevations On Tires

Photo 7.14 - Shoulder Cracking

37







7.9.4 Frosion

Erosion was monitored visually as well as by string line
stretched across the area below the tires. There was con-
siderable undermining due to erosion at the outside edge of
the bottom row of tires on both sections. However, the
tire-earth system remained stable during the entire study.
Engineering fabric-Was placed under and behind the tires in
Unit "A". This was done to prevent soil erosion from
behind the tires and in the event that the tires were sev—
erely undermined it would prevent the backfill material
from washing out. There was less erosion and undermining
in Unit "A" with the engineering fabric than with Unit “gW
without engineering fabric (Photos 7.15 & 7.16).

7.9.5 Revegetation - Survival And Crowth

Sixteen months after the fall 1983 plantiné there were
5(28%) l-gal manzanita and 1 deer brush remaining. This
heavy loss of plants in the fall plant was the result of
debris from snow removal operation covering the young seed-
lings before they became established.

In the spring 1984 Planting, 32% of the manzanita remained
and 25% of the deer brush. Initially in the spring plant-
ing half of the plants were protected from animals by the
installation of plastic cages (later these were replaced
with metal éages). Although there is fauna in the area,
there was no browsing during the course of the study. The
pPlant cages primarily protected the plants from erosion.

Evaluation of the fall 1983 and spring 1984 plantings indi-
cated marginal success. This lack of success is believed
to be the result of winter roadway cleanup debris
ovértopping the plants.
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Photo 7.15 ~ Unit "A" Site (1983)

Photo 7.16 - Unit "B" Site (1983)
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At the conclusion of the study in mid-1985, 5 (10%) of the
western redbud plants remained of the original 50 that
maintenance had planted in the project area.

In summary, at the conclusion of this research (Photos 7.17
& 7.18), manzanita from the one gallon containers that were
protected from animals and erosion by wire cages showed the
best survival rate. The study period was 1% months for the
fall plant and 13 months for the spring plénts. This is a
relative short duration.for obtaining conclusive data for
revegetation research. A larger, more extensive planting
project, extending over a longer period of time would pro-
vide more conclusive results.

7.9.6 Precipitation

The amount of rainfall and snow cover was recorded to
assist in the analysis of erosion. In October 1982, three
rain gauges were installed on the project (Photos 7.19).
Due to vandalism, snow and freeze-~thaw conditions,

readings were unreliable. Weather information from the sta-
tions within the area shown on Table 7.1 were determined to
be sufficient for necessary weather data. -

Precipitation for the area was estimated from data recorded
at the National Oceanic and Atmospheric Administration
(NOAA) Weather Station located in Mineral (Photo 7.20), 17
miles west of the project and the U.S. Forest Service
Weather Station at Chester (Photo 7.21), 12 miles east of
the project. The average annual rainfall in this portion
of Tehama County varies from approximately 33 inches at
Chester Weather Statioﬁ, to 53 inches at the Mineral
Weather Station. The reason for less rainfall in the Ches—
ter area is that Chester lies within the rain shadow of an
eastern slope, and thus, receives less rainfall from
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Photo 7.17 - Fall Plant (1983) - Plastic Cages

Photo 7.18 - Spring Plant (1984) - Metal Cages
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Photo 7.19 - Rain Gauge
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YEAR

82-83
83-84

84-85

85-86

TABLE 7.1
PRECIPITATION SUMMARY

TOTAL RAINFALL (inches)
(Fuly 1 - June 30)
CHESTER
*(33.09)

57.20
36.48
21.43
- 27.89
*Normal Annual Rainfall

LOCATIONS OF WEATHER STATIONS

Son
A Franciwo

MINERAL WEATHER
STATION

S
J( FIGURE 7.5
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MINERAL
*(53.45)

101.72
67.42

34.81

50.66
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Photo 7.20 - Weather Station (Mineral)

Photo 7.21 - Weather Station (Chester)
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winter storms. Rainfall in the project area (Table 7.1)
was above normal with the exception of FY 84/85. In Table
7.2 monthly rainfall data are listed for both stations
between July 1982 and June 1986.

There was approximately 12 to 30 inches of snow cover
between December and February 1983 at the project (Photo
7.22). Average snow depths ranged form 12 to 48 inches on
the project site during the winter months.

7.10 Aesthetics

Aesthetically, the.tirg carcasses were embedded under the
shoulder and were generally not visible from the roadway.
Planted and native growth tend to camouflage the assem-
blages and blend the installation with the surrounding
terrainf

The District Landscape Architect made visual observations
of the slope during the research study to determine if the
installation presents any negative visual effect. Tt was
felt tires used on the lower slope in areas of low visibil-
ity would be acceptable.

7.11 Appendix: Guidelines.

Figure 7.6 contains the guidelines for shoulder stabiliza-
tion using recycled tires.
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‘Table 7.2
'PROJECT I
MONTHLY PRECIPITATION DATA (inches)
FISCAL MONTH CHESTER MINERAL  FISCAL MONTH CHESTER MINERAL

YEAR YEAR
82-83 7 0.41 2.23 84-85 7 0.05 0.00
8 0.31 0.28 8 1.53 1.52
9 1.23 2.24 ' 9 0.98 0.27
10 5.68 10.80 10 2.40 5.96
11 6.44 9.47 11 8.46 13.88
12 7.31° 11.66 12 0.92 2.45
1 8.54 14.20 1 0.79  1.27
2 11.43 15.68 -2 2.16 3.68
3 10.70 - 24.23 3 3.37 4.56
4 4.12 5.96 4 0.40 . 0.52
5 0.21 3.11 5 0.33 0.55
6  0.82 . 1.90 6 0.04  0.13
82-83 TOTALS  67.20 101.76 - 84=-85 TOTALS 21.43 34.81
83-84 7 0.03 0.30 85-86 7 0.00 0.00
8 “0.43 0.51 8 0.12 0.10
9 0.90 1.87 9 2.43 ° 5.60
10 2.07  2.52 10 1.34 2.20
11 11.19 20.81 11 5.25 6.88
12 11.65 22.01 | 12 2.58 4.82
1 0.23  0.55 1 6.26 10.89
2 2.72 5.69 2 1.26 2.16
3 3.33 5.60 3 3.91 11.63
4 1.68 4.04 | 4 1.68 2.19
5 0.97 1.22 5 2.19 4.01
8 1.28 - 2.30 6 0.87.  0.18
83-84 TOTALS 67.42 36.48 85-86 TOTALS 27.89 50.66

46



Photo 7.22 - Site In Winter
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8. PROJECT II -~ CHANNEL SLOPE PROTECTION WITH RECYCLED
TIRES

8.1 TIntroduction

Considerable scour occurs in drainage channels on many of
the highway right-of-ways throughout the San Joaquin
Valley. - This scour is due to the highly erodible nature of
the non-cohesive soils found in this area. Project II
addresses this erosion problem through the use of discarded
tires as a 'means for shielding the channel banks from storm
water runoff. The site chosen for this project is located
in Fresno County, on Route 5 at post mile 0.43, the Lassen
Avenue Overcrossing interchange (Figure 8.1).

8.2 Background

In 1978, Caltrans District 06 maintenance forces installed

discarded tires to provide channel bank protection at the
Lassen Avenue Overcrossing interchange. The channel banks
in this area had severely eroded up to the adjacent private
property (Photos 8.1 & 8.2). Maintenance installed two
discarded tire units (Figure 8.2, Units "A" & "BM") along
the lower portions of the drainageway. These installations
were necessary to restore the channel banks downstream from
a 66 inch reinforced concrete pipe culvert. The waterway
before the discarded tires were installed consisted of a
275 foot length of channel 20 feet wide with approkimately
2:1 side slopes. At this point the channel widens to an
undetermined width until it reaches a 54 inch culvert at
Lassen Avenue approximately 500 feet downstream.

Unit "A" (Figure 8.2) was a 200 foot section of truck tires
which were placed against the north bank. The tires were

stacked side by side, seven to eight tires high. To secure

49



TIRE PROJECT I
LOCATION MAP

06-Fre-5 P.M. 0.4
RECYCLED TIRES IN DRAINAGE CHANNEL

OREGON

sSacramento

Francisco

TO KERMAN—)»

TO LEMOORE =——p

A~ ~fec)
COALINGA \ [2

Co.

FIGURE 8.1
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Photo 8.1 - Unit "A" - Eroded Channel Slope (1978)

Photo 8.2 - Unit "A" - Channel After Tire
Installation (1978)
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TIRE PROJECT I
SITE PLAN

RECYCLED TIRES IN DRAINAGE CHANNEL
06-Fre-5 P.M. 0.43

L
“Sens 4y,
/ ENUE

54" R.C.P

UNIT'A'" 360 Truck tires,
stacked vertical. Tnstalled by
Dist. 06 Maint. in 1978.

UNIT "C" 150 Truck
tires, stacked staggered
Installed by Lab/
Maint. in 1983.

UNIT "D" 125 Truck tires,
stacked vertically. Installed
by Lab/Maint, in 1983:

UNIT "B" 180 Auto tires,
stacked verficaily. Instailed
by Dist. 06 Maint. in 1978.

/ / -
/ .
<=  1-5 NORTH BOUND
FIGURE 8.2 .
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tﬁe tires in piace, posts were driven at each end of the
unit with #8 gauge wire strung horizontally between them.
Wire was then laced through each stack of tires and secured
to the horizontal wires. Tires were backfilled with the
native excavated material. Unit "B" (Figure 8.2) was com-
posed of discarded automobile tires. This unit, 100 feet
in length was placed on the south bank of the channel and
constructed in the same fashion as Unit wan,

The installatidns were very successful in mitigating the
scour problem and subsequently, the channel banks were
revegetated (Photo-8.3). In subsequent years several addi-
tional sections (locations Unit "cv & "D"}of the channel
had eroded and it was decided to study the use of discarded
tires through a research project. The research project
would investigate the configurations and interlocking

procedures needed and develop guidelines for the use of
.discarded tires for scour control.

Due to the conﬁinuing channel bank erosion it was decided
to extend the existing bank protection. Unit "c" would be
an extension of Unit "B" and Unit "D" would be an exten51on
of Unit "an (Flgure 8. 2).

8.3 Design Deééription

As part of the research project two sections of channel
bank protection were evaiuated. In February 1983, the two
research units:"C" & "D" were installed. Unit "C" con-
sisted of 150 discarded truck tires. The unit measured
épﬁfoximately 100 feet long and was placed against the
south bank (Figure 8.2). Unit "D" consisted of 125 dis-
carded truck tires placed along the north side (Figure 8 2)
and measured 75 feet long. All preliminary work,
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Photo 8.3 - Units "A" & "B" Revegetated Slopes (1983)
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including material, transportation and site excavation was
performed by District 06 maintenance personnel.

8.4 Installation Procedure

For both discarded tire research units a foundation of one
tire in depth was dug in order to provide a stable footing
(Figure 8.3). The channel banks were excavated and sloped
to a slight batter of approx1mately one in twenty to insure
the stability of the tire wall. Engineering fabric was
Placed under and behind the tires as shown in (Photo 8.4
and Figure 8.3).

In Unit "C" truck tires were placed in a staggered configu-
ration similar to construction of a brick wall (Figure
8.4). The bottom five layers of tires were banded together
and the top four layers were. banded together w1th and over-
lapped into the bottom five 1ayers as shown in Figure 8 4.
The south end of Unit "C" was turned into the slope to pre—
vent water from flowing behind the tires and causing soil
to erode. At the west end of Unit "¢w, a staggered tire
configuration meets with Unit "B", a vertically stacked
configuration. With the two dissimilar configurations,
keying Unit "C" into the channel bank, as shown in Figure
8.4, prevented water from getting behind the tires and fur-
ther eroding the slope.

For Unit "D" the truck tires were stacked eight high in
straight columns (Figure 8.5). Unit "D" was not keyed into
the channel bank ‘due to abutting a headwall at one end and
"Unit "A" with a similar stacking configuration at the
other. The tires were then strapped together both horizon-
tally and vertically using 1/2 inch wide polypropylene
strapping. :
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PROJECT IL
TYPICAL CROSS SECTION FOR UNITS "C" & “D"

Proposed backfill ——-} —

Side sloped to
. match exist. tire ¢

Banding
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Fabric

Recycled Steel
Post Anchors

Propose_d backfill
Exist. slope
(Bafare installation)

Channel
bed:

2.5 {min.)

4

'FIGURE 8.3
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Photo 8.4 -~ Unit "C" Engineering Fabric Placement
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TIRE PROJECT I

"RECYCLED TIRE INSTALLATION FOR UNIT'C"
(STACKED STAGGERED)
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“TIRE PROJECT I

RECYCLED TIRE INSTALLATION FOR UNIT D'
| . (STACKED VERTICALLY)

Top of excavation limits ’
/ /R'-’C‘I‘-"Ed pnsts\ ‘/Enqineerinq fabric
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The tires in both units were backfilled with the excavated
material and compacted by ponding and jetting, and using a
vibratory compactor. Metal posts éhen were driven through
the center hole of every fourth tire. The area above the

tire units was then revegetated.

8.5 Components

8.5.1 "ires

Two hundred seventy five truck tires were used in the con-
struction of the two research units. The tires were
acquired from a local tire shop in Kettleman City near the
project site. The tires were transportéd on a flatbed
trailer (Photo 8.5) to the site and stockpiled by mainte-
nance personnel. The majority of the tires selected were
in fairly good condltlon with the exception of those that
had been run flat, thus developing a weak carcass. The
tires were segregated in order to accomplish an orderly
staggered stacking of the tires. It was determined from a
trial stacking of the tires that if they are stacked in a
random fashion without regard to size that serious problens
could occur. For example, when the tire sizes are grossly
mismatched, the vertical poles cannot be positioned prop-
erly. Also, horizontal bending of the wall occurs because
the tires do not remain on a level plane.

On the research sites problems occurred due to different
thickness of tires and weak carcasses. On Unit "D" the
problem was the tilting outward of the tires. Another was
the loss of the staggered layered pattern, on Unit "c", as
the tires progressed toward the end of the section due to
the variation in sizes of tires. |
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Photo 8.5 - Transport Vehicle
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8.5.2 Engineering Fabric

Engineering fabric was placed behind the tires in both
units. The fabric was used to prevent the backfill material
from being washed through tires in the event that moving
water got behind the tire installations.

8.5.3 Strapping

Strapping was used to bind the tires together to form a
continuous channel protection unit. Half inch polypropy-
- lene strapping was used due to its strength and resistance
to corrosion. The tires were strapped together as shown in
Figure 8.4. Due to the flexing of the tires it was diffi-
cult to secure tight banding.

8.5.4 Backfill

After placement of the tire assemblages, backfill material
was dumped into the tires (Photos 8.6 & 8.7) and compacted.
The excavated material was selected for backfill as it was
felt that the sandy loam would readily fill the space
inside the tires and easily compact. The first row of
tires was placed and backfilled. This was done to provide
a stable and level base to build upon. Difficulty was
encountered in the backfilling operation in that the soil
did not easily flow into the tires thus leaving large
voids. A vibratory compactor was used in an attempt to
assist the movement of the scil into the voids. This
procedure proved to be ineffective. Ponding and jetting
was then tried and this method proved to be somewhat suc-
cessful. The backfill material had a tendency to flow out
of the interstices in the installation. This backfilling
difficulty occurred most often when the tires were stacked
when the staggered fashion.
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Photo 8.6 - Unit "C" Backfilling With Excavated Material

Photo 8.7 - Unit "D" Backfilling With Excavated Material
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It is felt that, with the assistance of a vibrator, of a
more granular backfill material would flow into the tires
more readily.

8.5.5 Anchor Posts

Metal posts were driven through the center hole of every
fourth tire. Some difficulty was encountered when driving
the posts through the staggered configuration due to mis-
alignment of the tires. Recycled steel posts 8 to 10 feet
in length were driven with sledge hammers. For larger pro-
jects pneumatic hammers would be more applicable.

8.5.6 Revegetation

The area above Units "C" & "D" were revegetated following
the installation of the discarded tires. The slopes were
seeded with a grass seed mixture of blando brome (10%) and
Belford barley (90%). Within one month after planting and
fertilizing there was significant growth. Within three
months excellent stands of vegetation had grown and had
effectively stabilized the upper slopes.
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The fbllowing pérsonnel, equipment and materials were used

"'8.6 Personnel,” Equipment And Materials

on these two units:

Personnel: 1
3

Equipment:

H R HH RN

Foreman
- Maintenance workers

- Pickups

= Dump Truck

= Loader

= Water Truck

= Water Tank

- Flatbed Trailer

Material: Tires - Unit "c" 150

Unit "D* 125

‘TEngineerihQ Fabric - 500 square yards
'Recycled Anchor Posts -~ 20
‘Strapping - 1 coil

8.7 Installation Costs

The following costs are for both Units wgw & wpwe:

Personnel
Equipment

$ 4,625
$ 1,858

Materials S 593
‘ % & 7,076

* 1986 cost

The final cost per linear foot was $40.
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8.8 Cost Comparison For Alternative Channel Slope

Protection

The following cost comparison is the cost per linear foot
based on a wall height of five feet. These costs include
all labor, materials and equipment.

Recycled Tires ' $ 40.00
Rock Slope Protection $ 95.00
Broken Concrete Slope Protectlon $ 115.00
Gabion Wall , $ 125.00
Reinforced Concrete $ 250.00

The cost for the recycled tire channel slope protection is
for recycled tire wall installed by Caltrans maintenance.
The alternating walls are contractor-installed costs. The
cost for a contractor to install recycled tires for .slope
protection would exceed the maintenance unit cost as the
result of being a small project.

8.9 Monitoring

The project work plan proposal for monitoring the project
consisted of the following:

- The overall project and the stability of the tire instal-
lation were determined by visual inspection and photo-
graphic log;  )

.= Channel condition was monitored visually.

R

8.9.1 Settlement and Stability

Visual inspections. and a photographic log were the methods
used to evaluate settlement. For stability, the alignment
of the tire units was checked for overturning and sliding.
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Al'though some settiément odcurred on both Unit "c" and "Dv,
the settlement was not enough to cause concern (Photos 8.8
& 8.9). There were no stability problems on either unit.

8.9.2 Control Sections

Portion of the.channel downstream from the tire installa-
tions were selected as cdontrol sections (Photos 8.10 &
8.11). Prior to and during the course of the project some
bank slope erosion occurred on the control sections.

8.9.3 Scour

During the course of the study, photographs were taken at
predetermined locations for monitoring scour of the channel
bed. There was no scour observed at the project site

8.9.4 Erosion

Due to the low rainfall in 1984 and 1985 the water flows in
the channel were low. Even with these low flows, compari-
son of the protected banks with the control sections shows
a marked difference. The only place any erosion occurred on
the test sections is where Unit "D" meets with Unit "A". Tn
this area the soil eroded from between the two Units. And
at that it was only minor. However, erosion of the channel
banks continued to occur in the control sections.

The channel was cross-sectioned to determine if any erosion
was occurring. ' During the course of the study, the flow
level was less than 4.5 inches and no erosion was noted in
the test section. On the slopes above the discarded tires
erosion was kept to a minimum by timely revegetation.
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Photo 8.8 - Settlement - Unit "¢

Photo 8.9 - Settlement - Unit "D
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Photo 8.10 Control Section - Channel East Of Unit "o

Photo 8.11 Control Section - South Of Lassen Avenue
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8.9.5 Revegetation Analvsis

The grass growth, percent of cover, density, and type of
plant were evaluated on the two sites (Table 8.1). The
growth was determined by measuring the height of the
grasses, percent cover was estimated, density and plant
type were determined by selection of one square foot of the
representative area for a grass count. Fertilizer was
applied to both units at a rate of 450 pounds per acre.
There was no watering at the time of planting or

thereafter.
Table 8.1 Plant Growth
Percent Plant
Unit Growth Cover Density Type

(Between) -
"cw 1" - 2,8" 50 - 55 600/ft2 10% - 20% BB*
80% — 90% B*#*

wpe 5" - gu 55 - 60 650/ft2 5% - 15% BB*
' 85% - 95% Bi#

* BB - Blando brome

** B - Barley

8.9.6 _Precipitation

The average annual rainfall in this portion of Fresno
County varies from 6.1 inches at Kettleman City to 7.8
inches at Coalinga (Table 8.2). These locations are 10
miles southeast and 15 miles west of the project site
respectively (Figure 8.6). There is also a weather station
at PG&E's Kettleman Compressor Station 1 mile sbuth of the
project (Photo 8.12). At the beginning of the project the
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FY

82-83
83-84
84-85
85-86

¥

TABLE 8.2
PRECIPITATION SUMMARY

COALINGA _ KETTLEMAN PG&E FACTLITY
*(7.83) *(6.12) -

13.62 ' 12.20 13.74

4.56 4.45 4.68

5.14 3.98 © 3.99

9.93 8.47 -

- *Normal annual rainfall

LOCATIONS OF WEATHER STATIONS

|

TO KERMAN—»
2

COALINGA

- FRESNO
co.

- FIGURE 86
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Photo 8.12 = PG&E's Weather Station
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rainfall for 1982-83 was well above normal. However, in the
following two years, the rainfall dropped well below normal
and, in FY 1985-86, the rainfall was slightly above normal.
In Table 8.3 monthly, rainfall data are listed for both
stations between July 1, 1982 and June 30, 1l98se.

Investigation of the upstream watershed during the monitor-
ing period indicated a restricted water source feeding this
channel. It would have required a significant storm to
obtain sufficient flow to adequately test the tire instal-
lation. As indicated on the Precipitation Summary (Table
8.2), the rainfall during the last two years of the study
period was below normal so that the project lacked the
storm intensity to fully evaluate the discarded tire
installations.

8.9.7 Channel Flow level

A crest gauge, to monitor flow levels, was installed on the
site in October 1983. The gauge was set on a 2.5 inch

steel pipe placed 4.5 inches above the channel bottom
(Photo 8.13). |

The crest gauge consists of a length of two inch pipe
capped at both ends and mounted vertically on a steel post
(Figure 8.7). The gauge contains a removable wood measuring
shaft with the bottom set at a fixed elevation. The gauge
unit is charged Wlth regranulated cork for recording the
water surface elevation on the measuring shaft. The intake
is positioned facing downstream.

The gauge recorded a maximum flow level of less than five
inches during the course of the study.
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F.¥. MONTH

“ DABIE 8.3

PROJECT IT

MONTHLY PRECIPITATION DATA (inches)

COAL~ KETTLE- PG&E

INGA - MAN
82«83 7 0.00 0.00
8 0.00 0.00
9 0.00 1.00
10 0.70 0.59
11  2.40 1.52
12  1.00 0.61
1 3.24 2.24
2 2.58 2.01
3 2.52 . 3.30
4 1.15 0.79
5 0.03 0.14
6 0.00 0.00
82-83
TOTALS 13.62 12.20
83-84 7 0.00 0.00
8 0.37 0.36
9 0.58 2.15°
10 0.82 0.46
11  0.53 0.00
12  1.81 . 1.35
1 0.18 0.07
2 0.14 0.06
3 0.06 0.00
4 0.07 0.00
5 0.000 0.00
6 0.00 0.00
83-84 .
TOTALS 4.56 4.45

FAC.

0.00
0.00 .
0.40

0.61
2,10
.80

3.45
2.01
3-45

0.92
0.00
0.00

13.74

0.00
0.23
2.15

0.46
0.52
1.25

0.07

0.00
0.00

0.00
0.00

0.60
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F.¥. MONTH COAL- KETTLE- PG&E

84~85 7

8

9

10

11

12

1

2

3

4

5

. 6

84-85

TOTALS
85-86

1

1

1
85-86
TOTALS

o O

INGA MAN Fac,
0.00 c.00 0.00
0.02 0.00 0.00
0.00 0.00 0.00
0.35 0.00 0.00
1.20 1.13 1.14
1.76 l1.58 1.58
0.25 0.80 0.35
0.05 0.07 0.05
1.27 0.17 0.80
0.24 0.06 0.04
0.00 0.17 0.03
0.00 0.00 0.00
5.14 3.98 3.99
0.00 0.00 -
0.23 0.00 -
0.40 1-14 -
0.35 G.00 -
1.42 1.56 -
0.68 0.49 -
1.79 1.70 -
2.75 1.985 -
1.99 1.61 -
0.32 0.00 -
0-00 0102 -
0.00 0.00 -



Photo 8.13 « Crest Gauge
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TIRE PROJECT 1
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8.10 Aesthetics

The channel sldpes were seeded with native grasses and the
growth photographed to determine the time required to erase
any negative visual impact. Previous experience at the
site demonstrated that the tires can be successfully
screened by the natural sloughing of the soil combined with
the growth of native grasses (Photos 8.14 & 8.15). It took
six weeks to develop this growth. Depending on the time of
year, it can take from one to four months to develop a sig-
nificant vegetative cover.

8.11 Appendix: Guidelines
Figure 8.8 contains the guidelines for slope protection
using recycled tires.

77



Photo 8.14 - Unit "A" - Vegetation (1984)

Photo 8.15 - Unit "D" - One Month After Seeding
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9. PROJECT III - PROTECTIVE BARRIERS FOR SEEDLINGS
AGAINST BLOWING SAND

9.1 TIntroduction

This project studied the alternative of using tires to
effectively eliminate damage to newly planted tamarisk
trees in gaps in an existing row of tamarisk trees.
Impounding the blowsand upwind of the existing tree row
permits early tree development which, in turn, provides
long~term protection for the vehicles and the highway.

9.2 Background

This project involved the continuous blowing sand problem
which occurs in low rainfall desert regions. Irrigated
vegetative windbreaks are commonly used and have proved to
be quite successful. However, there remain'some:problems
with achieving total success in starting seédlings where
blowing sand destroys the plants before they mature.
Consequently, gaps exist in the tree rows (Photo 9.1) which
allow wind-driven sand to collect on the roadway (Photo
92.2). The blowsand is abrasive. Tt damages vehicles,
reduces visibility and is hazardous to motorists. Removal
of the deposited sand constitutes an appreciable annual
maintenance cost. Such an area existed on State Route 111
south of I-10 in Riverside County near Palm Springs
(Figure 9.1).

In May 1975, Caltrans established a special protective
screen in the area of the Whitewater overflow where severe
damage to vehicles was occurring and district maintenance
personnel were unable to establish tamarisk tree plantings.
The problem was mitigated by the installation of a tempo-
rary protective fence fashioned from salvaged overhead
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Photo 2.1 - Tree Gap

Photo 9.2 - Blowsand Impoundment On Pavement

8l







TIRE PROJECT Il

LOCATION MAP

08-Riv-111 P.M. 62
PROTECTIVE BARRIER FROM RECYCLED TIRES

QREGON

—
——
—

PROJECT SITE

82

L
S\
A
s.
O
Q
FIGURE 9.1 N =



signs and recycled glare screens (Photo 9.3). This screen-
ing protected the new plantings from severe sandblasting,
thus promoting the ultimate development of the tree row.

In the early 1980's due to the shortage of salvaged over-
head signs or glare screening, it was necessary to develop
some other means of providing protection against blowing
sand at additional locations along ﬁhis tamarisk tree row.

9.3 Design Description

The original proposal provided for three wind path protec-
tion areas 150 feet wide. These three wind path areas were
designated "A","B" & "C" (Figure 9.2)

1. "A" consisted of a tire mat. .

2. "B" consisted of three tire barriers

3. "C" consisted of three tire barriers

Due to . design changes and prior to the construction of the
installation of the project the designations "A" "B" and
"C" were changed to :
1. Location "A" became tire Unit s.
2. Location "B" became tire Units 3,4 and a portion of Unit 5.
3. Location "C" became tire Units 1,2 and a portion of Unit 5.

Unit 5 is a composite of portions.of the tire barriers and
the tire mat in Units "a" wg» g nwcwe,

There were six tree aaps. ‘All but one had a single tire
barrier across the gap. The sixth gap was left open in
order to provide access though the tree row during the
project.

Two basic methods of 1mpounding wind transported sand with
discarded tires were proposed for this project. One is the
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Photo 9.3 - Protection With Salvaged Signs And Glare Screen
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laying out of a mat of tires, and the other, is the cre-
ation of barrier walls perpendicular to the direction of
the sand movement. The direction of sand movement was
extremely stable at the project site, rarely varying more
than a few degrees in the oncoming direction.

The automobile #ire mat provided an impounding capacity of
.approximately 90% of the volume of the overall mat dimen-
~sions. Each tire commands a space of approximately 6 cubic
feet (average), with about 0.75 cubic feet already having
been excluded for material volume and trapped airspiace.
Minor drawdown occurs between tires at the top level of the
mat. This mat method is extremely tire-intensive. Approx-
imately twice as many tires can be employed as with the
barrier method, with essentially the same effectiveness.
The mat contained approximately 16,000 discarded tires.

Barriers constitute a more effective use of tires for pro-
tection, if disposal of quantities of tires is not an
objective. Units 1 through 5 constituted the use. of
approximately 13,000 discarded tires.

There were also weaved tire walls constructed at each of
the 5 gaps in the tree row. The addition of these barrier
walls was to provide immediate protection for the planting.
A sixth opening was left without planting to permit access
for maintenance forces. The District is to close this
opening utilizing a mechanical barrier later.

Barrier walls in the five gap closures used approximately
2,000 tires. The total project including the tire blanket

to cap off the barriers utilized a total of approximately
31,000 tires.
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9.3.1 Site Selection

Unless protection against blowing sand is provided, severe
abrasion damage occurs to vehicles traveling westbound near
Palm Springs on State Highway 111, between Snow Creek Road
and Windy Point during strong windstorms (Figure 9.1). Cal-
trans has also encountered a considerable buildup of blow-
sand on the eastbound shoulder and through lanes which rep-
resents a potential hazard for motorists. Removal of this
material constituted an appreciable annual maintenance
cost. Of the several locations in the Coachella Valley
where blowing sand damages vehicles, this is probably the

. most severe,

The selection of this site was aided by the fact that it
provided an ideal location to formulate a project that
would study the alternative use of discarded tires to
effectively eliminate damage to newly planted tamarisk
trees by impounding blowsand upwind of the tree row, thus
permitting early tree development. An additional benefit
from this site selection was the long-term protection for
vehicles and the highway that would be provided by a com-
pletely solid tree row upon conclusion of the research
project.

9.3.2 Cross Section And Ceometrics

The original proposal was‘to examine three different con-
figurations of tire assemblages. The test area for each
was proposed to be 100 feet wide by 500 feet. T.ocation 2
(Figure 9.2) consisted of a tire mat placed over an area of
approximately one acre. The initial planned installation
was a single layer mat comprised of approximately 5,500
tires. It was anticipated to add additional layers to
impound the amount of sand received over a 3 year period.
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This method was extremely tire-intensive and it should be
noted that twice as many tires could be employed to achieve
the same effectiveness as barrier methods. If the primary
objective were to dispose of tires this method could be
used.

Also, in the original ﬁroposal locations B and € consti-
tuted the development of six discarded tire retention
walls, utilizing between 2,000 and 3,000 tires. The plan
consisted of three walls at each location, spaced approxi-
mately 170 feet;apartQ

Cabling of the tires in large groups was proposed to pre-
vent their being washed away by potential flooding within
the floodplain area. Experiments with the cabling process
indicated that lacing the tires would be cumbersome and
that it would be difficult to hold an entire installation
in a uniform manner if subjected to substantial storm water
flows. Prior to installation the decision was made to
enclose the tire walls in a ‘containment fence similar to
rock groins (Photo 9.4 & Figure 9.3), for retaining the
tires placed in the floodplain area.

The concept of vertical placement at Location C (Figure
9.4) was dropped in the initial installations as it was
difficult to stack and hold tires in a vertical position
even by cablingithe units together. A weaved configuration

(Figure 9.5) resulted in a much more stable and satisfact-
ory installation.

In order to obtain a positive barrier, the third units
downwind in each wind path were combined into one continu-
ous unit designéted as Unit 5 (Figufe 9.2). The overall
modification to the proposal resulted in constructing Units
1l and 2 into a weave configuration. Units 3 and 4
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Photo 9.4 - Containment Fences
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 “Gonsisted of stacked coﬁ%iguration (Figure 9.6). Unit 5
consisted of weaved and stacked configurations. The intent
of the overall modified plan was to provide the same con-
figuration within the 150 foot wind path for each of the
barriers. The tire mat configuration remained as designed
(Unit 6).

Units 1 througﬁ 5 lie within a floodplain area and were
enclosed within the containment fences.

9.4 Installation Procedure
9.4.1 Description

At the beginning of the research project 21,000 tires were
delivered teo the site for the installations. The tires for
this project were obtained from recapping companies and
tire outlets in the San'Berhardino/Riverside area. They
consisted primarily of discarded automobile tires. Tires
ranged in sizes from compact to pickup and 4-wheel drive
vehicle tires. They were available at no cost, with most
being picked up at the tire companies' facilities. The
tires were transported to the site in 24 foot vans (Photo
9.5). Each van load held between 450 and 500 discarded
tires. The total one-way haul distance averaged approxi-
mately 60 miles. To load, haul and unload took approxi-
mately four hours for a round trip. From 2,700 to 3,000
tires were hauled per day. The trucks were loaded and
unloaded manually. Towérd the end of the project, one ven-
dor delivered several loads to the site free of charge.

The installation of Unit 6 (Photo.9.6), was a single layer
mat comprised of approximately 11,000 tires. The area cov-
ered by the unit did not require any grading prior to
placement of tires. The tires were hauled from the stock-
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Photo 9.5 - Transport Vehicles

Photo 9.6 - Tire Mat
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pile and hand placed. Care was taken to place the tires
around the existing native plants. It was originally
intended to cable the tires together into one unit. How-
ever, due to the weight of the tires and the fact that they
immediately began f£illing with blowsand, cabling was not
regquired. The mat was not visible from the roadway and was
not given the aesthetic paint treatment.

At the Units 1 through 5 sites, the containment fences were
erected and then stacked with tires in the various configu-
rations. The top of the tire units were laced together
with number 10 wire longitudinally and across the unit
every 12 feet., Both Units 1 and 2 and Units 3 and 4 were
spaced approximately 115 feet apart. Each barrier wall was
5.3 feet wide and between 200 and 230 feet long. Each wall
protected a wind path approximately 150 feet wide. Units 1
thru 5 initially contained 10,000 tires and the tree gaps
1000 tires. Unit 5 (Photo 9.7) utilized approximately 5200
of the 10,000 tires. As the sand impoundment covered the
initial tires, additional tires were added to each lnstal—
lation to maintain maximum impounding capability.

Enclosures to retain tires were constructed of 1.5 inch
diameter by 8 foot long posts at end of fences and 7 foot
T-bar posts spaced on 6 foot centers for the remaining por-
tion of fence. The entire containment fence was comprised
of 36" wide property fence material strung on tension
wires. The tires were then placed in the containment
enclosures. These retention enclosures prevented the tires
from floating away during flooding periods or from being
easily vandalized.

Two methods were used to place the tires in the retention
walls. For Units 1 and 2, the weaving pattern was used in

the same-wind path as the weaving pattern in Unit 5. For
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Photo 9.7 - Units 1 Through 5 (5 In Foreground)
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Units 3 and 4, the stacking pattern was used. Unit 5 con-
sisted of both the weaving pattern and stacking pattern in
combination to form one continuous wall covering a total
450 foot wind path.

The posts, wire and hardware to construct the retention
units were state furnished material. Drivers for the vans
and workers for the total project were California Conserva-
tion Corps (CCC) personnel, contracted out of the San '
Bernardino Office. The CCC personnel used on the project
started work at approximately 8:00 AM in the San
Bernardino/Riverside area and returned at approximately
4:30 PM. A work day for each workman was approximately six
hours due to the 2 hours travel time to and from the
project.

Due to the terrain being covered with loose blowsand it was
not possible to drive the vans onto the test site. The
tires were unloaded along the edge of traveled way and
transported to the test unit locations by a loader and
trailer (Photo 9.8).

9.5 Components

9.5.1 Tires, And Materials, Handling And Sorting

The tires were hand loaded into the vans used for hauling
tires during the installétion periocd. There were three CCC
workers with each vehicle. The tires were loaded by plac-
ing them in a weave fashion starting at the front of the
vehicle proceeding toward the rear. At the project site, a
crew unlocaded the vehicle and stockpiled the tires (Photo
9.9). At the supplier's facilities all tires in a col-
lapsed condition and large truck tires were rejected. It
is difficult to obtain an acceptable installation if the
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Photo 9.8 - Transporting Tires To Sites

Photo 9.9 = Handling And Sorting Tires
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tires do not have a reasonable consistency as to size and
shape. It may be necessary to accept some of the undesir-
able units after they are delivered free of charge to the
site. '

9.5.2 Tire Volumes And Disposal Cost

Currently the disposal of waste in landfills in the western
United States averages approximately $10.00 per ton. Some
tipping fees for waste are as much as $36.00 per ton in San
‘Francisco and $37.00 in Cleveland, Ohio (4). Additional
charges are imposed by landfills for accepting discarded
tires. The main reason for the tipping fees being so high
is because the tires are bulky and undesirable for incorpo-
ration into landfills. The cost for disposing of 31,000
tires in the sand retention project exceeded $480.00 per
ton (90 tires per ton) Disposal of tires by this method is
economically impractical. The tires used on the project are
summarized below:

Location Size of No. of No. of

Tire Unit Tires Tires Tire

6.5'high Originally Added Total
Unit 1(¢) Weaved wall 230 L.F. 1,000 1,300 2,300
Unit 2(C) Weaved wall 200 L.F. 1,000 1,000 2,000
Unit 3(B) Column 230 L.F. 1,400 400 1,800
Unit 4(B) Column 200 L.F. 1,400 300 1,700
Unit 5(B,C)Combined 500 L.F. 5,200 - 5,200
Gaps in Tree Row 350 L.F. 1,000 1,000 2,000
Unit 6(A) Tire mat 1 acre 11,000 5,000 16,000

Total 22,000 2,600 31,000

Letters in parenthesis are the original proposal designa-
tion and were changed early in project to unit number
designations.
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'9.5.3 -'Mainteﬂgnce Problems

After completioh of the initial installation of the units
there were five specific maintenance activities required to
retain the overall project.

- At the point where the units were no longer effective at
impounding sand, it was necessary to raise the height of
the units in order to impound additional material reaching
the barrier. This required importing tires and stacking
them on top of the previously plaéed tires. The original
containment enclosures, in most situations, were adequate
to accommodate the additional tires. Number 10 wire was
laced through the top row of tires and crosstied every 12
feet (Photo 9.10). This secured the tires sufficiently to
prevent displacément or removal.

- It was necess;ry to occasionally pick up tires that had
been scattered by vandals (explained later in this report).
It was also necessary to replace many of the sand collec-
tion test devices that were flooded, broken or destroyed by
vandals,

~ During the prbject several warning signs were stolen and
several as shown in (Photo 9.11) were used as targets by
gun enthusiasts.

—- Replacement of plantings was a constant maintenance prob-
lem due to the lack of water caused by the irrigation sys-—
tem being destréyed by off-rcad vehicle activity. Irriga-
tion for this project was obtained from the system that
waters the main tree row. The main tree row has been devel-
oped for approximately ten years and did not require water
as frecquently as the cuttings. Interruptions to the irri-
gation system had a significant impact on the plantings.
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The existing water system consists of PVC pipe placed on
top of the ground due to the problem of the line being con-
stantly being buried in the rising blowsand within the tree
row. The PVC line was constantly broken by off-road
vehicles.

9.5.4 Vegetation In Tree Gaps

The original intent of this project was to interplant
either tamarisk cuttings or plants to fill in the gaps in
the tamarisk tree row on the project. Planting was not
undertaken until the majority of the tire barrier walls
were in place.

9.5.4.1 Tvpe Of Plants

The first plantings used on the project were 33 tamarisk
(I._aphylla) cuttings. Nineteen tamarisk cuttings were

- propagated at Sacramento TransLab and 14 plants were
started from cuttings obtained from the site and propagated
&t the Palm Springs Maintenance Station (Photos 9.12 &
9.13). The site was planted in February 1984. By December
1984 they had all died or been destroyed by dune buggies
and motorcycles. Signs were erected to discourage vandal-
ism. In December 1984, thirty l-gal and four 5-gal Arizona
cypress (Cupressus glabra) were interplanted in the gaps
within the tamarisk tree row. Additional cuttings of
tamarisk from the tree row were planted at the same time.

9.5.4,2 Materials Source

The plants were obtained from three sources. Cuttings
obtained from tamarisk trees on the project and propagated
at the Caltrans maintenance station near the project.
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Photo 9.12 - Tamarisk Plants

Photo 9.13 - Tamarisk Cuttings

104







Another was the propagation of tamarisk cuttings at the
Translab in Sacramento and returned to the project as one
gallon plants.

The 34 Arizona cypress were purchased from a nursery in
Palm Springs. The local water agency has established a
plant test plot near their facility in Palm Desert to
evaluate different plants that would be environmentally
acceptable and more water tolerant than the tamarisk. The
Arizona cypress appeared to meet those criteria and, in
cooperation with the water agency, the Arizona cypress
plants were included in the project.

9.5.4.3 Survival And Growth

In February 1984, when the tamarisk cuttings propagated at
the Palm Springs Maintenance Station and tamarisk trees
propagated in Sacramento were planted on the project they
had a very poor survival rate. The primary reasons were
the lack of water and the gaps in the tree rows being used
by the public for access to the desert area upwind of the
trees. This activity tended to destroy the plants, tire
walls and water system.

Although the survival rate was poor, the remaining plants
appeared to be assisting the existing tree growth close the
gaps. See Photos 9.14 & 9.15 for comparison.

9.5.4.4 PFloor Growth

Prior to this research project, the terrain within the test
area lacked any significant ground cover growth with the
exception of sporadic clumps of érease wood. The Unit 6 (tire
mat) generated considerable growth compared to the area
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Photo 9.14 - Gap Before Project

Photo 9.15 - Gap After Project
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immediately adjacent to the unit (Photo 9.16). The tire bar-
riers tended to provide protection in the downwind areas,
thus encouraging growth (Photo 9.17).

9.6 Personnel, Eguipment, Material And Cost

The following cost estimate for this project was used to
determine the cost-benefit ratio for using discarded tires
versus alternative materials to construct sand barriers.
Although the CCC personnel were not a direct cost to the
project, they were included in this estimate to derive the
cost for constructing this type of project. The $68.00 per
lineal foot cost for a 78" high tire barrier, greatly exceeds
the comparable cost for alternative materials.

Tire Barrier Installations

Material:

25,700 Tires (no cost) $ 0
Post and Fence 5,600
Hardware 700
Subtotal $ 6,300

Equipment: ,
1 = Passenger Van $ 3,600
3 - 14 Foot Vans 1,100
l - Loader and Trailer 6,300
2 = Pickups 7.200
Subtotal $ 18,200

Labor: T
10 - Laborers $ 81,400
1l - Foreman 8,900

1l ~ Operator 2,100

Subtotal $ 92,400
" Total $116,900
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Photo 9.16

Photo 9.17

- Plants Within Tire Mat

- Plants Downwind Of Unit 4
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Tire Blanket Installation

Material:
5,000 Tires (no cost)

Loader and Trailer

(cce)

Tire Clips
Equipment:

1l - Passenger Van

2 = 14 Foot Vans

l....

2 - Pickups
Labor:

10 - Labors (cCcCC)

1l - Foreman

1l - Operator

Paint Tires

Material:

Paint

Equipment:

5000 Watt Generator

Subtotal

Subtotal

Subtotal
Total

Subtotal

Wagner 1200 Airless Paint Sprayer.

Pickup Truck

Labor:

2 - Painters

Subtotal

Subtotal
Total
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8 0
13,000

$ 13,000
$ 1,000
300
1,800
2,000

$ 5,100
$ 22,600
2,500
1,100

$ 26,200
$ 44,300
$ 1,800
.300

300

400

$ 1,000
$ 2,000
$ 4,800



Plants

Material: _ _
30 - 1-Gal Arizona Cypress Tree
4 - 5-Gal Arizona Cypress Tree
24 - 1-Gal Tamarisk
Planting Mix

Subtotal
Labor: _
2 - Laborers Subtotal
' Total

Snow Fencing And Sand_Collection Devices

Material:
400 Lineal Feet
Sand Collection Devices

Subtotal
- Equipment:
Pickup ' Subtotal
Labor:
4 =~ Laborers
1l - Foreman
’ Subtotal
Total

110

110

360
600

500
600
100
700

200

900
1,600



COST SUMMARY
(Cost in 1986 dollars)

Tire Barrier Installations $116,900
Tire Blanket 44,300
Paint Tires 4,800
Plantings 600
Snow Fencing and Sand Collection Devices 1,600

Total Project Cost $168,200

Tire Barriers (78" high) $68.00 Lineal Foot
Tire Mat $ 1.02 Sguare Foot

2.7 Alternative Barrier Material
There are other types of material that can be used to build
a barrier wall to impound blowing sand.

There is a polyethylene material on the market that is
installed similarly to snow fence. Tt is very resistant to
ultraviolet radiation light and has an extremely high ten-
sile strength.

There are also the applications of salvaged roadway signs
and glare screens which have been used on earlier protec-
tive wall projects. Again, the project l1life of these mate~
rials is limited but in comparison to tire walls, they are
much more economical to install and less labor-intensive.
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9.7.1 Snow Fence

Snow fencing has been used for many years by highway
maintenance forces in areas where snow or blowing sand
tended to deposit next to or upon the traveled way or to
otherwise jeopardize motorist safety by impairing visibil-
ity. Snow fence tends to disintegrate in the desert areas
in a few years. However, it can provide for interinm pro-
tection from blowing sand for up to two or three years
depending upon the severity of wind conditions, the quanti-
ties of sand ihtercepted, and other site specific
conditions. ‘

9.7.2 Snow Fence Sgreening

As the result of concern for aesthetics by the local agency
during the project, five short lengths (20 to 30 feet each)
of snow fence were used to provide a screening effect to
mask off the tire walls along the tree gaps. The only
problem encountered was the destruction of the fence by
off-road vehicle users attempting to remove them to gain
access to the area behind the trees.

9.7.3 Polvethvlene Fence

Polyethylene feﬁcing which has appeared on the market in
recent years (although not used on this particular project)
may prove to bé more durable. Either type is relatively
inexpensive and more easily installed than discarded tire
installations which are labor-intensive.
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9.7.4 Cost Comparison

The following is a cost comparison for the sand barriers of
several materials now in use.

Cost per
48" high fence Lineal Ft
' Tire barrier $42.00
Polyethylene ' 3.25
Snow Fence 3.25

9.8 Monitoring

The project work plan proposal for monitoring the project
consisted of the following:

9.8.1 Cross Section Survevs OflThe Project

The test facility was monitored continually to determine
the amount of material retained and the degree of protec-
tion afforded. Three types of monitoring were conducted.
Cross section surveys were made of the test sites before
the test period. Each tire unit was surveyed for centinuing
impoundment of sand. At completion of the project the site
was surveyed for the total amount of sand retention.

9.8.2 Maintained Visual Inspection And Photographic Log

A photographic log was maintained of the overall project.
Photographs were taken of the gaps before the project began
and after completion of the research. Photographs were
also taken during the study of the change in flora (Photos
9.14 and 9.15).
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9.8.3 Monitor Plants And Growth

The progress of the tamarisk seedlings and surrounding des-
ert flora was monitored and evaluated during the course of
the research.

9.8.4 Sampling

Sampling consisted of reéovering samples from specially
designed collection containers. Sand collection containers
were installed throughout the project. The samples were
extracted from these units after each significant sand

storm. However, results were sketchy due to vandalism and
' flooding. Ten containers were installed; one container
upwind and one'downwind of each tire unit. Those contain-
ers located in the floodplain, were susceptible to flash
flooding and all contalners were susceptlble to vandalism
and the off-road vehlcle traffic.

9.8.5 Sand Collection Devices

The sand collection devices (Figure 9.7) were fashioned
from 5 gallon plastic containers. The device has 12.5
inches of 1 inch PVC pipe extending upwards from the top.
The stack consists of an entrance inlet and the vent
exhaust port. ‘The entrance inlet pipe is 1/2 inch inside
diameter x 2 1/2 inch long galvanized pipe. The reason for
the galvanized pipe was to with stand any distortion to the
entrance from sandblasting. The entrance was installed at
6 1/2 inches abpve the ground level. The exhaust stack
extended 6 inches above the entrance pipe. These character-
istics were arrived at through field testing to minimize
back pressure or suction at the orifice during normal sand-
storm conditions and relieve any back pressure developing
in the bucket.
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The méhiforingﬁaevices Jére'placed upwind and downwind of
each tire unit. The devices upwind of the tire unit were
to detect the amount of sand approaching the unit and
those downwind were to indicate the amount of sand which
escaped entrapment.

The plastic saﬁple sacks were affixed to the inlet pipe by
rubber fasteners. This provided easy extraction of the
sample from the container. The top of the plastic contain-
ers were pressure fit lids and were installed at ground
level (Photo 9.18).

2.8.6 Monitoring Tires

9.8.6.1 Sand Retention

At completion,zthe project had impounded approximately
6,100 cubic yards of sand on units 1 thru 5, 4,000 cubic
yards in the tire blanket and 1,000 cubic yards of sand in
the tree gap.

Unit Impounded Sand-CY'S
1 1,030
2 550
3 1,030
4 790
5 2,670
Tire mat | 4,000
Tree gaps 1,000

Total cubic yards 11,070
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Photo 9.18 - Sand Collection Device
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9.8.6.2 Stability Of Barriers

Stability of the barriers was very good. A section of Unit
2 experienced some erosion early in the project. Floocding
washed away the sand from the front of the barrier wall and
undermined a portion of the tire row. This was mitigated
by the installation of an additional containment fence and
depressing the tires below grade.

The weave pattern appeared to provide the best stability of
the three different methods. During installation of the
tires, the weave method provided the easiest means of
incorporating different size tires into the barrier walls.
The weave results in a form of interlocking of the tires
which creates a single unit effect.

The stacked installations required tying the units together
on top of the installation to prevent tires from falling
over and vandals removing tires from the barriers. oOnce
the tires became filled with blowsand, instability or
removal was no longer a problem. It is extremely difficult
for one person to dislodge a single impounded tire without
a shovel or mechanical equipment.

9.8.6.3 Vandalism Plants, Irrigation System, Sand Collec-
tion Devices And Signs

About the time this project started, the test area began to-
be used extensively by people with off-road vehicles. A
trade magazine advertised the area as one of the best loca-
tions in Southern California available for off-road
vehicles.

Problems that occurred during the project consisted of
- removing tires from the various tire units and using them
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'in-confiéuraﬁié%s to manéuver their vehicles and motor-
cycles through. Other problems experienced were the
destruction of plants, irrigation lines, sampling units and
signs used on the project.

Because of the remoteness, one main concern at the begin-
ning of the project was the possibility of vandals attemp-
ting to ignite the tires. However, this did not occur. It
would have been possible to remove tires from the installa-~
tions and burn then when they were initially installed:;
however, as the blowsand filled and covered the majority of
the installations, the possibility of igniting the tires
became near zero. ‘

9.8.6.4 Erosioh And Rainfall

During the course of the study there were storm periods
where storm water sheet flowed through the project. This
sheet flow resulted in some erosion to Unit 2, which
required maintenance. It alsoc flooded the collection
devices and voided the sample material collected.

One indirect benefit provided by the contained tire instal-
lation was the protection of the highway embankment by tire
Unit 5. Photo 9.19 shows the Unit 5 site before the
installation and the force of the sheet flow eroding the
protective slope. Photo 9.20 shows the area three months
after the installation of the tire barrier. The impound-
ment of sand has replaced the material removed by erosion
before installation of Unit 5. The unit now protects the
slope from further erosion as well as impounding sand
before it reaches the tree row.
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Phote 9.19 - Before Unit 5 Was Installed

Photo 9.20 - After Unit 5 was installed
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9.9 Aesthetics

Because of the visibility of the tire barriers from the
highway, the district was concerned with the compatibility
of the test installation with the desert environment.
Therefore, the various tire installations were evaluated by
an aesthetics committee set up by the district. This pro-
ject was declared categorically exempt by the District
Environmental Branch in 1982.

Prior to installation of the tire units, care was taken in

the selection of each unit site to insure that none of the

existing flora was disturbed during the construction of the
tire units or throughout the study.

During initial installation, aesthetic concern was raised
by the city of Palm Springs. However, a brief presentation
and discussion resulted in the City Planning Commission
acknowledging the benefits of the project and endorsing its
implementation. In return, Caltrans agreed to paint the
completed installations to better blend with the desert
surroundings.

Because this project is proximate to the environmentally
sensitive community of Palm Springs, utmost care Photo 9.20
in planning, installation and maintenance was required., At
the completion of the tire installation the tires in units
1 thru 5 were painted to conform with the color of the sur-—
. rounding terrain.

Throughout the project the tire installations provided an
excellent habitat for endangered species, the Coachella
Valley fringe-toed lizard (Uma inornata), and other small
animals indigenous to the area.
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9.9.1 Progress

Early in the project a concern was also expressed that the
tire walls installed at the gaps in the tree row, close to
the highway and visible through the gaps were unsightly.

In addition to painting these, tires they were also
screened with snow fencing.

As the project developed, between severe wind storms,
native desert flora tended to grow and cover the downwind
areas which were protected by the tire walls. The combina-
tion the painted surfaces and the native growth tended to
mitigate the négative visual impact of the tires.

9.9.2 Mitigation - Painting Tires

In August 1983,one of the tire walls in a tree gap was
selected as an'experimental test panel for specially tinted
paint. Three different coatings were sprayed onto the test
panels (Photo 9.21). One was a solid pattern, the second,
a dusted-on pattern and the third, a camouflage pattern
which consisted of green and the specially tinted paint.
The purpose of these on-site test panels was to develop an
aesthetic screening for the tire walls. After determining
the dusted on pattern would be the most acceptable, it was
applied to Units 1 through 5 (Photo 9.22).

The paint selected for the tires was Pittsburgh acrylic
outdoor flat (Product code 72-150, Color M-609 smokey beige
8010-009~1017-7). This paint was acquired under the state
contract for $6.05 per gallon. The paint was pretested by
applying it to aluminum plates and subjecting them to
accelerated weathering with ultra violet light according to
test method ASTM G53. No significant change was noticed on
the sample after 300 hours of exposure.
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Photo 9.21 - Test Panels

Photo 9.22 - Unit 1 Thru 5
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A simulation test was also performed in the laboratory by
applying the'smokey beige paint and a more expensive paint
to two automobile tires. These tires were allowed to com-
pletely dry and then were submitted to sand blasting simi-
lar to that which would occur in a severe sandstorm. They
were then shipped to the project site for color matching.
The smokey biege was selected for application on the
project.

The original paint test sections withstood the sandblasting
without any appreciable removal of paint from the surface
of the tires. The five tire walls which sustained signifi-
cant sand blasting over a period of 30 months did not show
any significant indications of paint removal. The acrylic
paint was the most economical on the market at that time.
The smokey beige color was close toc the sand color on the
project site, making the tires blend well with the terrain.

9.10 Aesthetic Guidelines

The main aesthetic mitigation for the tire barriers is the
application of paint to blend with the surrounding terrain
and limited screening with snow fence if required. These

applications are suitable for temporary installations and

not intended to become a permanent mitigating solution.

9.11 Tire Blanket

Upon completion of the project the District desired to
retain the tire installations and the impounded material by
covering each of the tire barrier Units 1 thru 5 with a
tire blanket as detailed in (Figure 9.8). This blanket
will retain the impounded sand and prevent any erosion of
the installation by sheet flow flooding of the channel. The
blanket is clipped together with cold rolled 3/8" diameter
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steel and the tires aesthetically treated to satisfy the
environmental concerns of the region.

9.12 Coordination With Other Agencies

There was considerable support for this project due to the
blowing sand problem along this portion of State Route 111.

During the course of the research, meetings were held with
representatives of various agencies to keep them abreast of
the progress of our research in the area. The area around
the project is administered by the city of Palm Springs,
Riverside County and various federal agencies, as well as
the Southern Pacific Land Company (S.P.L.Co.). |

The S.P.L.Co. is the owner of the property on which this
research project has been conducted. The S.P.L.Co. had a
significant interest in the project as protection of our
tree row also provides protection for their railroad
facilities.
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