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INTRODUCTION

A great deal of research on reinforced earth systems has
been conducted in recent years to establish design proce-
dures that are consistent with engineering theory and
observed behavior. The late Dr. Kenneth Lee had reference
to this objective when he stated: "Rationai design proce-
dures have been deveioped and demonstrated on many successful
structures - however, from a basic research point of view,
many fundamental details still remain to be worked out....
Although conceptually simple, the behavior of reinforced
earth is actually very complex..." (1). The subject of
this report is an earth reinforcement system utilizing a
waste product as the reinforcing element, i.e., discarded
automobiie tire sidewalls.

The major components of the tire-reinforced embankment are
s011-fi11 materials, tire sidewalls and their connecting
elements, and a wrap-around wire mesh slope face. The
tire sidewall mats are placed at predetermined vertical
intervals 'within the fi11 mass. The connecting element 1is
a reinforcing steel bar bent into the form of a clip. The
wire mesh is secured to the tire mats.-

The use of tire mats to resist tension and deformation in
embankments and théreby strengthen the soil structure, can
provide several significant benefits. For example, a highway
embankment could economically be buiilt without a conventional
wall facing, utilizing slopes that are steeper than normal
practice. A steeper slope design requires a lesser volume

of fill material and allows embankment construction on a
narrower base, thereby reducing right-of-way requirements.

ChbhbPDF - www . fastio.com - o s
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In addition to low~-cost roadway construction and a method
of disposing of unwanted used tires, the tire-reinforced
embankment offers the potential advantage of increased
res1stance to damage from earthquake- induced ground shaking.

Phase I of this research study was a laboratoery investigation
of the stabilizing effects of including various solid non-
b1odegradab1e waste materials in four typical highway embank-
ment soils. Waste materials included portions of discarded
rubber automobile tires, broken glass containers and tin and
aluminum cans. Compacted soil specimens with various per-
centages of waste materials in different layering systems
were subject to large-scale triaxial compression testing to
determine changes in shear strength parameters. These tests
were performed under high stress conditions representative

of high embankment construction {over 100 feet).

It was concluded that certain embankment soils could be
benef1c1ated by increased shear strength provided by
inclusion of relatively flat high tensile strength waste
mater1als. Flattened tin and aluminum containers were
found to provide the greatest stabilizing benefit and

strength improvement, Chopped rubber tire inclusions were
beneficial to moderately plastic, silty clay embankment

50i1 with low angle of internal friction. However, this
waste product was also found to lower the strength parameters

of better quality embankment soils. Broken glass performed
as an aggregate, but crushed under heavy loading, thus pro-

duc1ng no significant gain or loss 1n shear strength with
the typical embankment soils tested.

:This Phase 11 research study was initiated to demonstrate
~that placement of tire mats at vertical intervals within

tio.com
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the embankment will increase the strength of a given soil
mass and allow a steeper slope face. In addition, the
objective was to develop a design philosophy from the
gathered field data and observed behavior for the con-
struction of structurally safe and low maintenace rein-
forced earth embankments using tire mats.

SUMMARY AND CONCLUSIONS

During the late fall of 1976, an experimental embankment
approximately 300 ft in length was constructed on Route
236 in the Santa Cruz Mountains utilizing tire sidewall
mats as earth reinforcements. It was built to a maximum
height of 50 ft using 1/2:1 side slopes, as an FHWA
Demonstration Project. Instrumentation and monitoring
were carried out under Phase II of an HPR research project
entitled "Fj11 Stabilization Using Non-Biodegradable Waste
Products" (D-3-44).

The use of tire sidewalls as earthwork reinforcements
evolved from the results of Phase I of the above study,
experience from past research by the department on earth-
work reinforcement and a 1974 mandate by the State Legis-
lature to study means of disposal of discarded automobile
tires.

In the winter of 1978, following a period of almost
unprecedented rainfall, a slipout involving approximately
5% of the reinforced embankment occurred, due primarily
to an inadequate subsurface drainage system.

www.fastio.com
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“Repair of the embankment in the late fall of 1978 consisted
‘of the construction of a tire reinforced buttress, improved
slope protection, and the installation of additional sub-
‘surface drainage. The facility has been performing satis-
factorily since completion of the repair in January 1979.

‘The following are specific conclusions resulting from the
~study:

1. The suggested design procedures set forth in Sections
‘I, D and E, are suitable and practical,

'2. Instrumentation data and observed field behavior
~indicated that no tire mat slippage or stretching occurred

back of the slip plane or passive zone in spite of the

~eventual saturated condition of the embankment,

}3. The proposed design procedure for computing the
resisting force of a clip under varying overburden soil
‘pressures is consistent with observed fieid results.

‘4. The apparent friction coefficient between the soil
‘and surface area of sidewalls for this embankment is about

'0.36 as determined from the laboratory pullout test.

15. The 2 ft vertical spacing is about the maximum

allowable spacing between sidewall mats to develop the

pseudo-cohesive strength from friction between soil and
“the surface area of the sidewalls and resisting force of

the clips. In addition, a 2 ft or less spacing is needed

"to properly construct a wire mesh facing to retain the soil
at the slope during and after construction.

www.fastio.com
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6. The tire-reinforced embankment cannot be constructed
with a 1/2 to 1 or steeper slope without an erosion-
protective facing,

7. The assumption of a vertical face provides an active
pressure coefficient, Ka, which is conservative for the
sloped embankment condition.

8. The embankment behaved as an integral mass.

9. The dimensions of the tire-reinforced embankment must
be sufficient to insure both internal and external stability.
The embedment or adherence length of the tire reinforcing
mat is not critical for internal s%abi]ity when external
stability is satisfied. For the test embankment, maximum
height was dictated by the strength of the rebar clips.

10. No appreciable settlements occurred under this embank-
ment following construction, except at the zone of the slope
where failure eventually occurred.

11, Slack in the tire mats influenced the clip strain
gage and sidewall extensometer readings. The calculated
stresses did not agree with measured stresses.

12. The principal lesson learned from this study was the

importance of positive subsurface drainage and erosion
control for a tire mat reinforced embankment.

RECOMMENDATIONS

Six parameters must be considered in the design and con-
struction of a tire-reinforced earth embankment. They are:

www . fastio.com
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1. Coefficient of active earth pressure

2. Apparent friction coefficient between the soil
and surface area of sidewall

3. Sizes of tire sidewalls and clips
4, Vertical spacing of the reinforcing mats
5. Embedment length of reinforcing mats

6. Potential soil erosion of the embankment slope
face.,

The use of Rankine's active pressure coefficient, Ka, with
an assumed vertical face is recommended for design calcula-
tions. This assumption offers an added factor of safety
if'soil erosion occufs on the slope face.

Eiperience from this project indicates that a single tire
rim diameter should be specified for the sidewall to provide
a tighter sidewall/clip mat system., This will minimize
stack in the mats.

The design procedure set forth in Equation 3 is recommended
for calculating the resisting traction force of the side-
walls. The apparent coefficient of friction recommended

is tan{2/3p) with a maximum of 0.40.

The design procedure proposed in Equations 4 and 5 is
recommended to calculate the resisting traction force of
the rebar clips. The minimum recommended rebar clip
diameter is 3/8-inch. Clip design should consider both
strength and corrosion loss for a specific service life.

ClihPDF - www .fastio.com
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A maximum 2 ft vertical spacing for the reinforcing mats
is recommended. The mats should extend to a sufficient
embedment Tength to insure external stability.

A wire mesh or chain 1ink mesh similar to that shown 1in
Fig. 39 with aggregate or rock backfill is recommended
to prevent soil erosion of the 1/2 €to 1 slope. Steeper
slopes may be considered if efficient slope protection
systems can be utilized.

IMPLEMENTATION

The findings from this research project have been implemented
in the design of one proposed tire-reinforced embankment on
Route 39 in Los Angeles County. Other possible sites are
under consideration in our Transportation District 09, north
of Bishop; and in the San Francisco area (District 04).

SECTION I
A, BACKGROUND

In recent years, engineers have developed new techniques

and adapted a variety of materials to earth reinforcement.
The first proven and generally accepted method was rein-
forced earth, a patented construction procedure developed

by the French Engineer Henri Vidal in the late 1950's (2).
Vidal's system consists of a wall facing and compacted

soil backfill reinforced with steel strips at predetermined
intervals within the fill mass. The development of friction
between the soil and surface area of the strips provides
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ﬁ%éudo-cohesive strength within a relatively cohesionless
backfill. This holds the soil together as an integral
mass. For a soil to be satisfactory for reinforced earth
construction, Vidal suggests that it be predominantly
granular with a minimum angie of internal friction of 25
deqrees, The wall facing, usually consisting of inter-
locking steel or concrete panels, serves to tie the system
together and prevent local sloughing and erosion,

From the strip method introduced in the United States in
late 1960's, other earth reinforcement concepts evolved;
including the use of rebar welded mesh, wire mesh, fabrics,
and nets. The purpose of all such systems is to increase
the strength of the soil mass so as to permit vertical

side slopes. The first reinforced earth project in the
United States was constructed in 1972 by the California
Department of Transportation on Route 39 in Los Angeles
County (3).

The concept of tire sidewall reinforcement was derived
from a California Transportation Laboratory research study
in 1973. That study indicated that the inclusion of
certain high tensile strength non-biodegradable materials
increased the strength of the soil mass., The initial
Phase I lTaboratory study was described in an interim
report published in 1973 (4).

The Phase IT study was also stimuiated by a perplexing
problem in California, and throughout the nation: the
disposa] of discarded automobile tires. It has been
reported that approximately 200 million tires are discarded
each year in the United States. This problem was of such
magnitude that it prompted House Resolution #37 in the
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1973 California Legislative Session, which charged the
California Department of Transportation to study the
problem of abandoned tires and develop possible solutions
for their disposal or recycling. It was speculated that
tires could be disposed of in highway embankments and
could also serve to increase the strength and stability
of the soil element.

The major problems found in the burial of whole tires in
landfill is that the tires have a tendency to work up to
the surface and that soil is difficult to compact around
the tires. However, these problems were resolved with
the use of newly-developed equipment which separates the
tire treads from the sidewalls. It was reasoned that
sidewalls placed in strips with ties or laid and secured
in mats would eliminate the compaction problem.

The sidewall concept of soil reinforcement was encouraged
further by the results of a theoretical study to determine
the effects of tire reinforcement on earthquake resistance
of embankments. The analysis was accomplished with the
QUAD-4 finite element program developed at the University
of California, Berkeley. 1In addition to embankment
geometry and mat placement, the elastic properties of the
soil and tire reinforcements were introduced into the
problem with a dynamic loading simulating a moderate
intensity earthquake.

The results revealed a reduction in the dynamic shear
stress and strain of about 33 percent by the inclusion of
tire mats. The above analysis is treated in some detail

in "Use of Waste Materials in Embankment Construction" (5).
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f%us the initiation of Phase II of this research project
coincided with a California State Legislative mandate to
investigate the problem of used tire disposal. The
satisfactory performance of the reinforced earth embank-
ment on Route 39 in Los Angeles County and the results
of the QUAD-4 dynamic analysis provided further impetus
for a field performance study to evaluate tire sidewalls
as soil reinforcement.

Ih early 1976, a suitable Tocation for an experimental
embankment utilizing tire sidewall reinforcement was
found in the vicinity of the redwood basin, near Santa
Cruz. The site was a sidehill fi11 slide correction
pfoject located in a remote area, to which hauling
imported fi1l material would be expensive and where
lTimited right-of-way existed. The decision to use tire
sidewalls as soil reinforcement was made after consider-
ing four different slide correction construction methods.
Total cost estimates were based on 16,000 sq ft of face
area and are presented in Table I. The cost reflected

a’ requirement that complete excavation of the old embank-
ment would be necessary to install a new subdrainage
systen.

TABLE 1 COST COMPARISONS OF SLIDE CORRECTION METHODS.

Tire Crib or Bin Reinforced 2:1 Slope
Reinforcement Wall Earth Fill
(172771 STope) '

$11.60/sq ft $22/sq ft $15/sq ft $25/sq ft
$]86,000 $352,000 $240,000 $400,000

actual estimated estimated estimated

10
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B. SITE DESCRIPTION

The project is located on Route 236, between Boulder Creek
and Big Basin in Santa Cruz County, as shown in Figure 1.
Route 236 is a two-lane highway which traverses a dense
redwood-covered mountainous area. Adjacent to state parks
and other recreation areas, this route experiences moderate
to heavy passenger car traffic use, particularly in the
summer months. Several years previously, a landslide
caused by subsurface water movement occurred at PM 7.26.
The loss of most of one lane and subsequent repairs
resulted in an unusually tight curve. 1In 1976, Transpor-
tation District 04 (San Francisco) scheduled reconstruc-
tion of 350 ft of the embankment section to improve
stability and alignment.

The profile is a vertical curve from Elevation 398 at
Station 10+00 to Elevation 382 at Station 13+50. The
new and old alignments are shown in Figure 2. A view
of the site prior to reconstruction is shown in Photo 1.

At the critical section, Station 12+00, the height, top
width, and base width (Elevation 343) of the fill are
about 49, 40, and 27 ft, respectively. The average fill
height is about 42 ft between Stations 11+50 and 12+50.
At the base the width varies from 22 to 39 ft. At the
top, the width varies from 25 to 44 ft. A typical
cross~-section is shown in Figure 3.

C. SOIL PROPERTIES AND STRENGTH PARAMETERS
In 1976, a soil investigation of the site was conducted
with a hand-pushed 2-inch California sampler. The borings

were made along the slope and at the toe of the existing

11
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embankment., The existing embankment slide material was.
to be used in construction of the new tire reinforced
fill.

The existing embankment and foundation soils consisted of
moist, firm to dense, brown, gravelly clayey silt with
interbedded layers of dense sand. Laboratory analysis
indicated the soil unit weight to be about 115 pcf with
moisture contents averaging about 15 percent. Figure 4
shows the grain size distribution of the hand boring
samples of the existing material. Groundwater was not
encountered.

The upper 4 Teet of the experimental embankment was to
consist of imported material, the gradation of which 1is
also shown by Figure 4, Consolidated undrajned {CU}
triaxial tests (Ca]ff. Test Method 230) were performed on
six hand-pushed undisturbed embankment samples. For each
test, a confining pressure was first applied to a specimen
and maintained overnight, before applying a deviator stress
to failure at a controlled rate of strain of 0.06 inches
per minute, Specimens were subjected to confining pressures
of 1/2, 1, and 2 tons per sq ft, respectively. The six
specimens were not saturated in the laboratory prior to

the tests. The resulting strength parameters (c, and @),
the cohesion intercept, and angle of internal friction are
presented by Table 2. The Mohr strength envelopes are
shown by Figure 5.

In addition, CU triaxial tests were performed on remolded

embankment and imported fill samples compacted to 90
percent relative density. The remolded specimens con-
sisted of both saturated and unsaturated samples, which

15
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were subjected to 1, 2, and 4 tons per sq ft confining
pressure, respectively. The unit weight of these speci-
mens ranged from 120 pcf to 130 pcf. The imported fill
specimens were not saturated in the laboratory and were
subjected to 1/4, 1/2, and 4 tons per sq ft confining
pressure. The resulting strength parameters are presented
by Table 2. The Mohr strength envelopes are shown by
Figures &6 through 8.

TABLE 2 SUMMARY OF STRENGTH PARAMETERS (CU TESTS)

c Range of Confining
degrees psf Pressures (tsf)

Hand borings (Existing 29.5 1700 1/2 to 2

Material)
Remotided fill 31 1100 1/4 to 4
‘Remolded fi11 (Saturated) 25.5 350 1/4 to 1
Imported fill 35 300 1/4 to 2

D. PRACTICAL DESIGN CONSIDERATIONS

The design concept of reinforced earth as presented by
Vidal (2) assumes a composite material consisting of
tensile reinforcement and sandy backfill, The_rein—
forcement when properly oriented will significantly
increase the shear strength of the composite material
compared to that of unreinforced natural soils. This

is accomplished by pseudo-cohesion developed from friction
between the soil and the reinforcements. In simplified
terms, the behavior can be explained by a soil element

as shown in Figure 9.

21
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FIG.9 SOIL ELEMENT

In Figure 9a, a lateral strain (AX) occurs when a vertical
load is placed on the element due to dilation of the
granular material., 1In Figure 9b. lateral strain cannot
occur due to the reinforcing strips placed within the

soil mass unless pull-out or tension break of the strip
occurs. For vertical walls, it is necessary to provide

a wall facing to prevent soil sloughing and erosion at
the face. However, Hausman and Lee concluded from their
study that a definite reinforcing effect exists without

a wall facing (6).

T. Lateral Earth Pressure

In conventional reinforced earth walls, the state of stress
of the Tateral earth pressure depends on the validity of

two assumptions. The first is that, initially, the wall will
yield a sufficient amount to develop the maximum shearing

22
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strength of the backfill material. The second is that the
strength of the backfill, once developed, will remain
reasonably constant with the continuing wall movement.

The state of shear failure is called the Rankine active
pressure state (Ka). o

Vidal reasoned that soil in contact with the long rein-
forcing strips in the upper part of the wall is 1in an
at-rest state (Ko). As the soil confined by the wall
facing and strips cannot expand Iatera]ly, the resulting
horizontal shearing stresses are relatively small. For
the lower part of the wall, horizontal shearing stresses
are much greater due to higher overburden pressures. The
soil here is in an active state (Ka).

Chang (3) and Schlosser (7) have shown that the state of
stress in reinforced earth structures with wall facing

cannot be predicted accurately on the basis of a single

earth pressure coefficient. This has been demonstrated by
data gathered from instrumented reinforced earth structures.
Obrcian studied the influence of gradation, relative density,
vertical stress level, and loading history on the coefficient
of earth pressure (8). These factors were found to have a
pronounced influence on lateral stresses. The value of Ko

in particular, decreases with increase in vertical stress
level (8).

A tire-reinforced embankment is somewhat different in its
response to load. Although the flexible wire mesh facing
effectively retains the soil during compaction procedures,
it affords little resistance to lateral deformation of the
soil. Some slack can also be anticipated in the rebar
clip/side wall linkage of the tire mats. Until the slack
has been taken up, some lateral expansion of the soil can

23
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“be expected. This lateral soil expansion between layers
- of reinforcement would be sufficient to develop large
“horizontal shearing stresses resU]ting in an active
:state of stress condition within the embankment.

‘Therefore, a single earth pressure coefficient may be

- appropriate for the embankment design.

“For a steep~sloped embankment, the value of Ka may be

-calculated from the Mueller-Breslau equation (9). The
“equation is given below. Figure 10 defines the angles.

:where: Ka

cosZ (p—R8)
- - 2 Eq. (1)
cos? B cos (5+ B)[H- \/S'nt¢+ 5)sin ($- w):l

cos{ 8+ B)cos{w - B)

coefficient of active earth pressure

@ = angle of internal friction
§ = angle of wall friction
Byw = angles as shown in Fig. 10

“As described in Section I(B), the fil1 material for the
'subject project was a fine-grained soil that can exhibit
+potential creep. Other potential problems were taken

;into'account, such as environmental conditions {(heavy
‘rainfall), slope saturation, erosion, and instability.

'Since this project involved a system somewhat divorced

“from conventional reinforced earth, and for which there

“'was no past experience, a conservative design approach

~was utitized. An active pressure state with a vertical

‘face was assumed.

www.fastio.com
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& =friction angle

FIG. |0 MUELLER-BRESLAU ANGLES

2. Traction Forces in Sidewalls

As discussed previously, traction forces in the reinforce-
ment produce horizontal shearing stresses in the earth as
a result of adherence between soil and reinforcing strips.
For conventional reinforced earth walls, the traction
forces and tensile stresses in each layer of reinforce-
ment are calculated %ndependent of the stresses exerted

in the other layers. A local equilibrium condition
between wall facing and the layer of reinforcement must

be achieved at the level under consideration on the
assumption that the earth between the reinforcement 1is

in a state of incipient failure. The vertical stress

in the horizontal piane is assumed to have a uniform

25
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distribution., For a vertical wall, the direction of the

“ principal stresses on a soil element are vertical and
~ horizontal.

| Chang (3) and Schlosser and Long(10) have shown that the
‘- maximum stress developed in the reinforcing strips does
; not always occur at the face of the wall. Al-Hussaini

" and Perry confirmed this distribution by measurements of

the tensile forces in instrumented reinforcing ties (ll).

~ They also concluded that the maximum tensile stress that

- occurred in the reinforcing ties did not coincide with

- the theoretical Rankine failure plane. Hausman and Lee

" concluded from their study that the length of the ties
~affects the inclination of the failure plane (6). Schlosser
~and Long indicated that the points of maximum tensile stress

separate the structure into two zones, as shown in Figure 11.

* These consist of: 1) an active zone, in which horizontal

" shearing stresses exerted by the earth on the reinforcements
~are directed outward towards the face; and 2) a passive
‘zone, in which the horizontal shearing stresses are directed
. inwards from the face.

lThe length of reinforcement in the latter zone is defined

as the adherénce length. The boundary separating the two

"zones is dependent on geometry of the mass, foundation
~conditions, the magnitude and location of applied external
“loading, and the friction between the earth and reinforce-
?ments (10).

26
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The general formula for the traction force, T, assuming a
‘constant vertical spacing, may be expressed as:

T = KyHdAh ' Eq. (2)

where K coefficient of earth pressure
vy = unit weight of soil

H = depth of reinforcement below backfill level
d = horizontal spacing of reinforcement
Ah =

vertical spacing of reinforcement.

The resisting traction force, F, may be expressed as:

F = (yH){2A)tan & Egq. (3)
where A = surface areéa of reinforcemént
tan 6 = apparent coefficient of friction between

reinforcement and soil.

For a tire-reinforced embankment with the absence of a
wall facing, the distribution of traction forces along

the reinforcements is somewhat more complex and has not
been determined. However, the basic design assumptions
utilized for calculation of reinforcement traction forces
for reinforced earth systems are believed to be applicable
to tire sidewall-reinforced embankments.

27
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FIG.11 ACTIVE AND PASSIVE ZONES

WITHIN REINFORCED EARTH STRUCTURES
(AFTER SCHLOSSER & LONG,1974)

3 Friction Between Earth and Sidewall

'The development of adequate friction between the soil and
‘tire reinforcement is dependent on the characteristics of
ihe surface of the sidewall, the backfill and the backfill
density, and overburden pressures. Bacot, et al, concluded
in their study that the apparent friction coefficient
obtained from shear box tests is the minimal value for

soil reinforcement (12).

28
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A pull-out test was conducted for this project using a
special shear box for determining the apparent friction
coefficient between the proposed embankment soil and the
surface of the sidewalls. A 14-inch diameter automobile
tire sidewall was placed in the shear box between two
9-inch layers of soil compacted to a relative density of
90 percent. The soil was similar to the material at the
site. Photo 2 shows the sidewall resting on the first
layer of so0il. An overburden pressure equivalent to that
imposed by 25 ft of embankment was exerted on the upper
layer of soil with a hydraulic jack. The small exposed
portion of the sidewall was pulled with a hydraulic jack
and displacement versus puil-out force was measured and
recorded at various tensile Toads and as plotted in Figure
12. The pull force at yield strength was found to be
about 4800 1bs. The sidewall failed at about 8500 1bs.
At yield strength, the calculated apparent friction
coefficient from Equation 3 was found to be 0.36 which

is equivalent to a friction angle of 20 degrees.

This pull-out test demonstrated that the embedded sidewall
could not be pulled out of the soil; therefore, any system
failures would be as a result of tension break of the
sidewall or the connection system,

4. Strength_of Tire Clips

Originally, the use of heavy duty commercial staples was

considered as a method for connecting the sidewalls into

mats, However, laboratory trials of stapled connections

using both 14- and 16-gauge staples, in combinations of 2
and 4 at each connection, failed to develop sufficient

29
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FIG. 12 SIDEWALL PULL-OUT TEST
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resisting force to mobilize the inherent tensile strength
of the sidewalls. Other objectionable features of the
stapled connection, apart from its lack of strength, were
the necessity of overlapping the sidewalls and 1imited
corrosion life. Mats so constructed would have required
many more tires than the pattern eventually selected.

When the staples proved to be unsatisfactory, a No. 3
steel rebar clip was suggested. Details of the rebar
clip bend are shown in Figure 13. ' Consideration was also
given to using a No. 2 rebar. However, No. 3 rebar was
selected to provide a longer corrosion life. (Discussion
on the corrosion of the rebar clips follows this section,)

Pull-out tests were conducted to determine the resisting
force of the tire c¢lip before rebar yielding. The tests
were conducted with the clip embedded in a layer of well-
compacted, fine to medium sand in the shear box and sub-
jected to pressure equivalent to 48 ft of overburden
pressure. The sand layer thickness was 9 inches below
and above the clip. The c¢lip was placed in a vertical
Plane with the hook ends down. One end of the clip was
fastened to the rear of the shear box. A pulling force
was applied at the other end with a heavy duty chain.
The pulling force was found to be about 6500 1bs at the
yield point. The failure mode was by yielding at the
bend of the clip.
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A second pull test was performed in air with a Universal
Testing Machine. As anticipated, the failure mode was also
by yielding at the bend of the clip under a Toad on the
unconfined clip of about 700 1bs.

Results of both pull tests led to a rational method for
calculating the resisting force of the clips at any given
depth in an embankment. The procedure is based on the
general bearing capacity equation with a straight~line
Mohr envelope as shown below in Equation 4(13).

. = 1% tan5a+2c(tana+tan3a)+qtan4a Eq. (4)
Where qe = bearing capacity (psf)
' o = 45 + ¢/2

¢ = angle of internal friction

from laboratory triaxial tests (degrees)

¢ = cohesion intercept
from laboratory triaxial tests (psf)

= depth of clip below backfill surface (ft)
= width of rebar {in.)
= unit weight of soil (pcf)

< T I Qa
|

Examination of the bearing equation for a rebar indicates

the first term has a very small value and can be neglected.
The procedure to calculate the resisting force of the clip
with the remaining two terms in Equation 4 is illustrated
in Figure 13.
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FIG.13 FORCES ON TIRE CLIP

Given a height of fill above a clip, the forces F1 and F2
can be computed from Equation 4, where:

F] = q, x 3/8 inch x25 1gches (1bs)
144 in®/ft
F2 = q, x 3/8 inch x 0.7 inch (1bs)

144 in2/ftl

The resisting force, Fn’ of the clip may be obtained from a
summation of moments about point "A" divided by the lever
arm of 0.7 inch. The internal resisting moment MS of the
rebar was assumed to be 700 lb~in. Thus,

My = F

A X 2.50 inches + Fz X 0.7 inch + 700 1b-inch

1
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n - 0.7 inch Eq. (5)

Based on Equation 5 and assumed strength parameters ¢ and c,
the resisting force of the clip at various depths below the
top of the backfill may be computed. A chart showing re-
sisting force of clip versus depth will be shown Tater in
this report (Fiqure 16).

5. Corrosion of Tire Clips

As mentioned earlier, the effect of corrosion on the clips
was considered in determining the size of the rebar required.
The California Transportation Laboratory estimates relative
5011 corrosivity by combining the relative influences of the
hydrogen-ion concentration (pH) and the minimum resistivity
of the soi1(14). A chart developed for estimating under-
ground corrosion rate of steel pipe (shown in Figure 14)
ﬁresents the relationship between corrosion rate, minimum
soil resistivity (ohm/cm), and pH values-for acid and
alkaline soils.

‘Samples of soil at the construction site scheduled for em-
bankment placement were tested for potential corrosivity.
The material was found to be acidic with a pH value of 5.5,
énd an average resistivity of 2400 ohms per centimeter,
Tﬁese data when applied to the chart, Figure 14, indicated
that the metal loss would be about 10 mils per year. This
can be interpreted also as a weight loss of about 0.8 oz.
ber sq ft, per year. Based on this information, the No. 3
rebar was estimated to have an effective 1ife of over 40
years.
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=E.’“ DESIGN'OFHTIRE~REINF0RCED EMBANKMENT

In the design of the tire embankment, both external and
internal stability must be investigated. Internal stability
considers two failure modes, i.e., sidewall pull-out and

clip tension break. As described in Section D, test results
indicated that the governing failure mode is by clip tension
break (yielding at the bend). Therefore, the tire-reinforced
embankment design requires that the resisting clip and cor-
fésponding sidewall traction forces be able to resist the
lhtéral earth pressures at all points within the embankment.

Figure 15 shows the tire embankment with a level backfiil and
frictionless wire mesh facing. The assumed failure wedge
shown in Figure 15 is subjected to two sets of forces: earth
pressure, and sidewall-mat traction forces. The distribution
of earth pressures and traction forces with respect to depth
is assumed to be linear. The mat is assumed to be pulled
dﬁrect]y outward in the active zone or failure wedge. The
ﬂpdge is assumed to be at equilibrium under its own weight,
W; reaction, R, along the surface BC; and the sum of all

ﬁhe resisting forces, Foei®
How the wedge is influenced by the sidewall reinforcement
ﬁas not been determined.

to the resultant earth pressure.

The active earth pressure must be known to determine the
resisting clip and corresponding sidewall traction forces
at any point or level in the embankment. As suggested in
Section D, the coefficient of earth pressure may be calcu-
lated using Equation 1, and assuming a vertical face. Cal-
cutations for the active earth pressure at any point in

the embankment are as follows:
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Reinforcing

mats
7 -
1 7 N
C TR TS Frei
FIG.15 TRACTION FORCE AND LOADS
pa_,; = Kavh - 2c /Ra Eq. (6)
where pa .; = earth pressure at depth (n+i) per ft

depth

Ka = coefficient of active pressure
Y = unit weight of soil

¢ = cohesion intercept value of soil
h = depth to reinforcing mat
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“Once the active pressure at a point has been computed, it
‘can be compared to the corresponding resisting traction
force of the clip which must be equal or greater than the
_hctive pressuyre for equilibrium, In other words,

v

Foei = PRy Eq. (7)

clip resisting force at depth (n+i)
per ft width

F.S. = Fn+1/pan+i

{where Fn+i

‘The critical angle 6 1in Figure 15 can be determined from a
;conventiona} sliding wedge analysis.

;As an addftiona] check of the total c¢Tip forces at the
failure ﬁ]ane, the difference between the driving force and
‘the sum of the cohesive and frictional forces would give the
total clip forces. The equation may be written as:

'EFn+i 2'W sin o - (cL + Wcos8tand) Eq. (8)

{A]so, by taking incremental soiT layers from top to bottom,
feach corresponding clip force can be determined at the
failure plane. The process can be simplified by designing
‘the clip connection for the maximum embankment depth.

"Figure 16 shows the calculated traction forces of a sidewall
 and rebar c¢lip, and the variation in active earth pressure
fwith respect to depth for the given soil strength parameters.
This chart is for a 2 ft vertical reinforcement spacing per
:ft width, developed for the design of the subject project
‘and based on results of the pull-out tests and Equations 3
“through 6. Note that the maximum height of the embankment
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{g"dependent on the resisting traction force of the rebar
clip. Also, at shallow depths, the calculated resisting
traction force for the sidewalls is smaller than that for
the c¢lips. However, since the resuits of pull-out test
indicate that the buried sidewall cannot fail by pull-out,
the resisting traction force of the c¢lips is suggested as
the basis of the design,

External stability of the embankment involves consideration
of the behavior of the reinforced embankment as a gravity
system. Bearing capacity; overturning; stiding at the base;
and general slope stability, are all considered.

External stability dictates the minimum embedment Tength for
the tire-reinforcing wat system. At Station 12+00, a minimum
Factor of safety of 1.80 was found for a sliding wedge failure
dt the toe with soil strength parameters ¢ = 31 degrees, ¢ =
1100 psf and vy = 130 pcf. Under saturated conditions, the
minimum factor of safety for a sliding wedge failure at the
toe was found to be 1.03, with soil strength parameters ¢ =
26 degrees, ¢ = 350 psf and vy = 130 pcf., This latter condi-
tion was not expected to occur because drainage provisions
were included in the design, and embankment geometry provided
Tateral buttressing.

F. CONSTRUCTION OF TIRE~REINFORCED EMBAWNKMENT

Construction of the tire embankment began on September 22,
1976. During the ensuing two weeks, the designated portion of
the existing embankment was removed. The material was stock-
p11ed adjacent to the site. Excavation to a depth equal

to Elevation 335 was necessary to permit installation of

an underdrain system (see Figure 17).
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After the subdrainage system had been installed, the new fill
was brought up some 5 ft to Elevation 340, levelled, and
compacted to 90 percent relative density as determined by
California Test Method 237; after which, the initial layer

of sidewalls was placed (see Photo 3, and Figures 17 and

18). The sidewalls were installed in the horizontal plane

at intervals of 2 ft, vertically. Each level of tire side-
walls was placed in rows, forming a continuous mat. Each
sidewall was connected, using steel rebar clips, to the
adjacent sidewall sections in the row. Tires were fastened
in two directions to form a mat without overlap (see Photo 4).
Each row extended the full width of the new embankment.
Placement of the tire sidewalls started at the face of the
slope. Each sidewall was placed with the inside facing up.
No sTack was allowed so that the clips were in contact with
the beads of the tire sidewalls. Although an effort was made
to eliminate all slack in the tire-mat system during placement
of overlaying embankment material, some did occur. Tire mats
were placed to within 4 ft of the profile elevation. Back-
fill material was placed and compacted according to Section
19 of the California Standard Specifications.

A tota] of 24 layers of mats were installed with approxi-
mately 1000 sidewalls per mat. Construction was completed
December 17, 1976.

1. Materials

Passenger vehicle or pickup truck tires. in wheel sizes of 14
or 15 inches only were utilized on the project. Sidewall
sections were separated from the tire by cutting circumfer-
entially at each shoulder {the point where the tread and
sidewall meet). Tire sections in damaged condition were
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EMBANKMENTY FACE

PLAN VIEW OF TiRE PLACEMENT AND
TIE ARRANGEMENT

FIG.18 STEEL TIRE CLIP AND TIRE ARRANGEMENT
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%ccepted hroviﬁEd the bead area was intact for a minimum

distance of 2-1/2 inches measured from the inside edge of
the bead in a radial direction.

Although, the contract had originally disallowed 13-inch
diameter sidewalls, a change order was written to permit
their use. Only one layer (Layer 5) of the 13-inch diam-
eter sidewalls was instalied. Steel-belted tires were

not used. Tire clips were fabricated from 3/8-inch, Grade
40, reinforcing steel bars (Figure 18).

1mported saﬁdy material from a nearby quarry at Felton was
utilized to construct the upper 4 ft of the embankment.
Some 820 cy of this material was used, plus about 13,000

cy of excavated material for the lower portion of the fill.

Class I1 aggregate base material, also from Felton, was
used for the roadway structural section.

2. Cut Slope Erosion Protection

Some difficulty was experienced during construction in com-
pacting the embankment zone adjacent to the slope face. The
compaction effort forced the soil between layers of sidewall
mats to displace laterally. The probiem of preventing sliough-
ing during compaction was solved by using 1-inch wire-mesh to
contain the earth. The wire mesh was unrolled along the outer
edge and secured to the sidewall mat. See Photo 5. Earth was
then placed on the wire mesh and the free edge was pulied over
the loose material and again secured to the sidewall mat. The
material at the slope face was then densified with hand com-
paction equipment. The face of the slope was seeded to ground
cover to prevent erosion., The completed embankment is shown
in Photo 6.
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3. Construction Labor, Equipment, and Charges

The labor force for installing the tire mats consisted of
two taborers and a loader-operator. The tires were brought
down into the fill level with a loader and placed in the
desired pattern by the two laborers, as shown in Photo 3.
Sidewalls were then clipped together and manually tensioned.
Following are the summaries of the labor, equipment, and
material costs:

a. Construction Charges

Contract bid items for the project were as follows:

Tire sidewalls and clips installed - $2.00 each
Roadway excavation and fill - $6.00/cy

Imported fil1l material (in place) ~ $6.13/cy

Class Il aggregate material (in place) - $10.00/cy

. Additional charge for supplementary slope stabiliza-
tion including labor and material - $8,605.19

[N N FL I
« »

b. Construction Eguipment

The following construction equipment was used on this project:

- DC8 Caterpillar Dozers

~ 815 Caterpiliar Compactor

- 922 Caterpiilar Loader

12 Caterpillar Grader

- 40 ton Lorraine Truck Crane with dragline
- Watertruck

- Hand compactor

L
1
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"¢. constriuction’ Labor
fhe average labor force included the following:

- Superintendent or foreman

~ Labor foreman

Laborers

- Operating engineers for equipment
- Operator and oiler for truck crane
and others, such as truck drivers

B YR J1 TLaisr B
1

'G.  INSTRUMENTATION

A single test section was selected (Station 11+88) for field
instrumentation to monitor performance. The test section
consisted of four levels of 1nstrumentat10n, Levels A, B,

C and D {see F1gure 17).

On Level A, the lowest, one settlement platform was installed
near the face of the excavated slope. Two fluid level type
settlement platforms were installed on each of Levels B, C and
D. Two soil pressure cells were placed at Levels B and C,
dn]y,_as shown by Figure 17. Two extensometers were installed
to measure the elongation of the tire sidewalls on Levels

B, C and D. Two pairs of strain gages were installed to
measure the tension forces in the clips in the longitudinal
and lateral directions at Levels B, C and D. Two pairs

of Bison strain gages were placed in the soil within the
sidewalls to measure soil movements on Levels B, C and D.

Two extensometers were installed to measure soil movements
within the i1l on Levels C and D. A slope indicator was
installed to measure lateral embankment movements. The
locations of all instrumentation within the embankment are
shown in Table 3.
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TABLE 3 INSTRUMENTATION LOCATIONS

Station Distance Elevation
"J" Line ft ft
Level A (O¢t, 7, 1976)
Settlement Platform SI-1 11+75 Lt 22.5 332.87
Level B (Oct. 22, 1976}
Settlement Platform SI-2 11+91 Lt 28.0 350.20
SI-3 11+91 " 18.5 350.07
Sidewall Extensometer #1 11+86 " 17.9 350
#2 11+86 " 19.1 350
Soil Extensometer #3 11+88 " 18.5 350
#4 11+86 " 28.0 350
Pressure Cells #1 11+90 "17.2 350
#2 11+90 " 15.7 350
#3 11+90 " 33.3 350
#4 11+30 " 32.3 350
Bison Gages #1 and 2 11+88 "17.2 350
#3 and 4 11+88 " 30.8 350
Clip Strain Gages #1 11+88 ' 32.0 350
#2 11+89.2 " 30.8 350
#3 11+88 " 16.0 350
#4 11+89.2 "17.2 350
Level C (Nov. 4, 1976)
Settlement Platform SI-4 11+93.2 Lt 21.4 366.37
51-5 11+93.5 * 3.5 366.39
Sidewall Extensometer #5 11+91.5 " 10.0 366
#6 11+91.5 " 11.2 366
Soil Extensometer #7 11+52.5 " 9.4 366
#8 11+93.0 *20.1 366
Pressure Cell #5 11+92.5 " 4.9 366
#6 11+92.5 " 6.2 366
#7 11+93 " 23.0 366
#8 11+93 " 24.5 366
Bison Gages #5 and 6 11+89.2 " 28.2 366
#7 and 8 11+88.4 " 8.3 366
Clip Strain Gage #5 11+89.2 " 27.0 366
#6 11+90.4 " 28.2 366
#7 11+88.9 "7, 366
#8 11+90.2 " B.3 366
Level D {Nov. 24, 1976)
Settlement Platform SI-6 11+88 Lt 8.0 380.77
SI-7 11+92 Rt 7.0 380.36
Sidewall Extensometer #9 11+92.2 Rt 4.4 380
#10 11+92.2 Rt 5.5 380
Soil Extensometer #11 11+92.6 Rt 6.0 380
#12 11+88 Lt 8.2 380
Bison Gage #9 and 10 11+90.2 Lt 11.6 380
#11 and 12 11+90 Rt 4.6 380
Clip Strain Gage #9 11+90.2 Lt 10.4 380
| #10 11+90 Rt 5.8 380
#11 11+90 Rt 5.8 380
#12 11+91.1 Rt 4.6 380
$lope Indicator 12+00 Lt 22.5 387.0 {Top)
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ﬁinstruments were installed during October and November, 1976.

Installation of each level required two days. The instru-
ments were placed in a two ft deep trench at each level.

‘Backfill was placed above the instruments and compacted with
‘a hand-held compactor prior to allowing heavy equipment

‘to go over the trench. Photos 7, 8, 9, 10 and 11 show the
“settlement platform, pressure cells, extensometers, strain

gages for tire clips, Bison strain gages, and slope indi-

cator, respectively.

1. Field Data

‘A1l instruments were checked and calibrated in the Taboratory
and in the field prior to their installation. These instru-
‘ments were read at frequent intervals during construction; and
monthly, following the completion of construction, over a six
month period. The following is a summary of the results of
field instrumentation.

a. Settlement Platforms

Settlement data from the various levels is plotted in
Figure 19,

1) Level A

Settlement platform SI-1 showed an initial settlement of
'0.08 ft under a fill height of 8 ft. An additional 0.02 ft

of settlement occurred during the balance of the construction
period. No readings were made subsequent to January 4, 1977,

at which time a mudslide covered the readout box.
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"2)  Level B’

;The settlement platforms SI-2 and SI-3 malfunctioned follow-
ing installation and no readings were made prior to January
1977. After repairs were made, the reading showed 0.25 ft
of settlement,

3) - Level C

Measurements began on November 4, 1976. Platform SI-4
showed about 0.17 ft settlement during construction of the
fill. After the fill was completed, an additional 0.05 ft
occurred. Settlement platform SI-5 malfunctioned, and no
‘measurements were recorded.

4) Level D
iMeasurements began on November 24, 1976. Initial measured
settlement showed 0.20 ft for platform SI-6. Platform SI-7
ishowed about 0.10 ft settiement. After the fill was com-

‘pleted, no additional settiement occurred.

b. Slope Indicator

Horizontal movements of the embankment during and after con-
‘struction were measured by a slope indicator. In the North-
“South direction, a total longitudinal movement of 1.0 inch
‘occurred during and after construction of the fill, as shown
“in Figure 20. In the East-West orientation (towards the
slope), lateral movement of 2.8 inches was measured during
construction of the fill. From completion of the Till to
‘November 1977, this lateral movement increased by an increment
of 1.6 inches. The post-construction movement was apparently
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FIG. 20 SLOPE INDICATOR READINGS
(Longitudinal Direction including Construction Of Fill)
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Tf ited to the upper 18 ft of the embankment, as shown in
Figure 21. -As a result, a fissure approximately 1/2-inch
wide developed along the embankment/cut slope interface,

which required repairs.

After November 1977, large lateral movements occurred to-
talling over 20 inches, eventually resulting in localized
slope failure (see Figure 22).

C. Bison Strain Gage

Bison gages were used to measure small soil movements within
the instrumented tire sidewalls on Levels B, C and D. The
gages consisted of two circular disks implanted in the soil
which measured the movement between them by electro-magnetic
coupling.

1) Level B
Géges 1 and 2, located near the interface of the old fill mea-

sured a maximum elongation of 0.027 inch during construction
of the fill, but changed to compressive movement of 0.068

.inch after construction and to an elongation again of 0.08

inch prior to slope failure. Gages 3 and 4, nearest to

the new slope, showed consistent compressive movement up to
0.112 inch maximum after construction; changing to zero
before slope failure. See Figure 23 for the plot of gages
1 through 4,

2) Level C

-Géges 5 and 6, located near the interface measured elongation

of 0,03 inch maximum during construction; but changed to
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FIG. 21 SLOPE INDICATOR READINGS
{Lateral Direction Including Construction Of Fill)
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FIG. 22 SLOPE INDICATOR READINGS
{Lateral Direction Corrected After Fill Completed 12-7-76)
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0.09 inch maximum compressive movement after completion of
construction, and to an elongation again of 0.24 inch prior
to slope failure. Gages 7 and 8 recorded elongation of 0.065
inch maximum during construction; but changed to compressive
movement after construction of 0.041 inch maximum; and to an
elongation again of 0.07 inch prior to slope failure (see
Figure 24).

3) Level D

Gages 9 and 10, located near the interface, measured consistent
compressive movements of 0,095 inch maximum, even after the
i1l had been completed:; but changed to elongation of 0.36

inch prior to slope failure. Gages 11 and 12 recorded compres-
sive movement of 0,105 inch maximum changing to an elongation
of 0.149 inch maximum prior to slope failure (see Figure 25).

d. Extensometers

Extending rods were used to measure movement of the sidewalls
and soil at Levels C and D. The rods were extended out to
the slope face for measurements.

1) Level C
Elongations of only 0.05 inch were measured for the sidewalls
prior to slope failure (Figure 26). About 0.44 inch of elonga~-
tion occurred in the soil prior to slope failure (Figure 27).
2) Level D
Small elongations of 0.05 inch were measured for the sidewalls

prior to siope failure (Figure 26). About 0.45 inch of elonga-
tion occurred in the soil prior to slope failure (Figure 27).
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e. Forces in Tire Clips

Forces in the clips were measured with SR-4 strain gages
and found to be very small.

1)} Level B

Figure 28 shows the history of the clip forces in Level B.
Gages 1 and 3 1in the lateral direction experienced a maximum
tensile load of 29 ibs, then decreasing to a compressive

load of 108 1bs. Gages 2 and 4 in the longitudinal direction
also experienced a tensile load of 13 1bs and changed to a
compressive load of 113 1bs.

2) Level C

Figure 29 shows the history of the clip forces in Level C.
Gages 5 and 7 indicated the maximum tensile force of 32 1bs,

~then changing to a compressive force of 285 1bs maximum,

prior to slope failure. Gages 6 and 8 showed tensile force
of 152 1bs maximum and changing to compressive force of 115
1bs maximum prior to slope failure.

3) Level D

Figure 30 shows the history of the clip forces in Level D.
Gages 9 and 11, which are in the lateral direction, showed
tensile forces of 19 1bs maximum; then changing to com-
pressive force of 481 1bs maximum prior to slope failure.
Gages 10 and 12, which are in the longitudinal direction
experienced compressive forces with a maximum of 136 1bs
prior to slope failure.
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f. Pressure Cells

Horizontal and vertical soil stresses were measured hydrau-
lically with modified general transducer ojl-filled pressure
cells in Levels B and C.

Figure 31 shows the 5011 stresses at Level B. At the end

of construction, the vertical stresses varied from about 12
psi between the outside (Cell 1443) and inside (Cell 1449).
There was reasonable agreement between cell 1449 and the
overburden stress within the fi1l. Horizontal soil stresses
were about 7 psi for both (Cell 1338) and (Cell 2240). The
ratio K, as shown in Figure 31, was about 0.23 after the com-
pletion of fill for Cells 2240 and 1449. This would jindicate
that our suggested value of Ka (0.39) assuming a vertical face
is conservative. Cell 1443 is in the slope wedge and does not
offer a realistic K value. After September 1977, the cell
readings were negative.

Figure 32 shows the soil stresses at Level C. After comple-
tion of the fill, the horizontal stress (Cell 974) was about
4 psi. The vertical stresses varied from 15 to 22 psi be-
tween the outside (Cell 1316) and inside (Cell 971). There
was reasonable agreement between cell readings for 1316,

and 971 and the overburden stress within the total fill.
Cell 1387 malfunctioned. The ratio K, between 974 and 971
was found to be about 0.15 after the completion of the fill.
After September 1977, the cell readings became negative.

2. Discussion of Field Data

The settlement platforms indicated no appreciable settliement
of the embankment after the fill was completed, except at
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§i-4. An additional settlement of 0.21 ft occurred near the
slope wedge due to the pending slope failure.

The slope indicator showed about 1.6 inches of lateral move-
ment after the fill was completed, and an additional 20
inches prior to failure of the slope.

In general, field data obtained from the Bison and clip gages,
sidewall and soil extensometers were fairly consistent during
and after construction. The Bison gages within the sidewalls
showed soil compression., The confined soil would be compres-
sed by the compactibn effort. The clip gage data was con-
sistent with the soil and sidewall extensometer data which
showed elongation.

Prior to slope failure, field data collected were inconsistent

in that Bison gage readings showed elongation while the clip

gages showed compression, or reiaxation. Relaxation of the mat

hight have occurred as the slope approached failure. There was

little change in the sidewall and soil extensometer's readings
as the slope approached failure. No conclusion was reached as
to why the pressure cell readings became negative as the slope
approached failure. It was concluded that the slack in the

mat affected the clip gage and sidewall extensometer readings.

in summary, with the exception of that from the settlement
platforms and slope indicator, most of the data resulting
from the field instrumentation reflected too low a level of

activity to permit meaningful analysis. The same is true
of the data collected after reconstruction of the slope and
buttress. However, the new slope indicator showed about

one inch of lateral movement following reconstruction for

the six month period through July 1979, Additional readings
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in September 1979 indicated no further movement. Horizontal
control points on the pavement surface indicated that no move-
ment had occurred in the upper level of the embankment during
this time period. It is speculated that the one-inch movement
detected by the slope indicator is a result of readjustment of
the reconstructed fil11l and new buttress system. Instrumentation
monitoring will continue over the long term to verify this
assumption. No other instruments have reflected significant
changes in data measurements since reconstruction.
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SECTION II

k}

‘LOCAL EMBANKMENT SLIDE

A shallow local slide involving approximately 5 percent of
"the tire embankment occurred on February 7, 1978 (see Photo

12). The stide consisted of a triangular wedge about 80 ft
in length, centered near Station 12+00. This movement was
‘due primarily to seepage pressure resulting from an unanti-

lcipated rise in groundwater level as a result of unusually
‘heavy rainfall between December 1977 and January 1978.

This seepage was too high to be intercepted by the permeable

‘blanket instalied on the backslope or interface during con-
struction (see Figure 33).

'water_was observed dripping from the channels for the exten-
someters at Levels D and C, which are about 10 and 23 ft

Ebelow the slope hinge-point (see Photo 13). The heaviest
Seepage appeared just below Level C where erosion was the

most pronounced. The erosion undermined the slope and cracks

'appeared in the roadway shoulder from reduced lateral support.

Settiement of the shoulder indicated the slope mass was

fbecoming unstable {see Photo 14). The tire mats were not
‘designed to resist the seepage force or the saturated soil

‘condition in the embankment.

fThe lateral displacement at the hinge-point increased from
2 to 20 inches between December 14, 1977 to January 11, 1978.

Shortly thereafter, the slope indicator (see Figure 22) was
‘damaged to such an extent that additional measurements could
_hot be taken. This failure was witnessed by a forest ranger

‘who described it as a flow slide. The slide mass was com-

pletely saturated with water.
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%Iide Anaiysis

A wedge analysis of the slide was performed using strength
parameters determined from triaxial (CU) soil tests of re-
molded backfill samples as discussed previously in the Soil
Properties Section. The anaiysis assumed the following:

Resisting force (RF) = cL + Zclips + (N-U)tand
Driving force (DF) = Wsine®
Factor of Safety {(F.S.) RF/DF = 1 (at equilibrium)

F.S. = cL+Zclips+(N-U)tand

Wsino
where: N = normal force = Wcos®
‘ U = seepage force = YWAHA
Yo = unit weight of water
AH = hydraulic head

A = cross-sectional area of seepage of 1~ft width
Other items are previously defined.

Seepage forces were assumed to have acted at depths between

6 ft and 30 ft below the stope hinge-point, as shown in
Figure 33, These forces were assumed to be acting perpendi-
cular to the slip plane. The computed resultant seepage
force was 34,500 1bs (see Figure 34).

The clip and tire resisting forces were added from depth
4.7 and 30.7 ft from the hinge-point of the slope at 2-ft

vertical intervals. This force totaled 12,200 1bs for 13

mats using equations 4 and 5, or Figure 35.

The total weight of the wedge shown in Figure 34 was estimated

to be about 24,700 1bs excluding the eroded portion of the

slope. The length of the slip face considered able to develop
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s Neglect ¢

WCosO=N

' ¥ Clip = 12,200 |bs.

W = 24,700 ibs.
U cL= 34¢
U = 34,500 lbs,
{seepage)
w 1
Cos@1tan ¢ Y = 130pcf

¢ = unknown
¢ =26°

FIG. 34 FORCES ON FAILURE WEDGE
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a resisting cohesive force was estimated at 34 ft. Tension
cracks had developed on the paved shoulder and the depth was
estimated to be about 8 ft. The angle of the slip face from
the horizontal plane was estimated in the field to be about
45 degrees.

The results of the analysis are shown in Table 4.

TABLE 4 COMPARISON OF SOIL STRENGTH VYALUES

Condition c(req'd) c(availabie} ¢ Sample Condition
psf psf degrees
Non reinforced/ 200 1100 31 moist
no seepage force
Non reinforced/ 760 350 26 saturated
seepage force
Reinforced/no 0 1100 31 moist
seepage force
Reinforced/seepage 390 350 26 saturated
force

As can be seen from Table 4, the last condition (Reinforced/
seepage force) required a ¢ value of about 390 psf for a
stable slope which was in excess of the available ¢ value
(350 psf) from laboratory triaxial tests. As a result, the
slope became unstable.
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SECTION ITI

‘EMBANKMENT REPAIR

Several alternatives were considered for repair of the em-
bankment. One scheme involved rebuilding the embankment
to the original slope and using large rocks to control ero-

sion. This plan was discarded after further study indicated
it would be more costly than other alternatives, since heavy
construction equipment would be unable to work efficiently
within the restricted area of the project. In addition,

suitable rocks were not available near the jobsite., Another

scheme consisted of constructing a stepped 1/2 to 1 slope
utilizing treated wood facing, with provision for establish-
ment of native plants in the step areas. This, too, was
dropped for economic reasons.

‘The alternative selected embodied a strut placed along the
‘bottom half of the existing embankment. The strut would

be placed with a 1/2 to 1 slope. The upper half of the
?existing embankment, where local slope failure had occurred,

would be cut back to a 3/4 to 1 slope (see Figure 36).

This plan provided excavated soil at the site for the strut
and allowed adequate maneuvering area for the use of heavy
construction equipment. The strut fill also provided the

‘highest safety factor of the varjous remedial measures

considered.

An integral part of the repair was correction of an inadequate

subsurface drainage condition.
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FIG. 36 TYPICAL STRUT SECTION
(Sta. J 11+99)
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"Aéé%revious1y mentioned, the original plan carried the two

ft permeable lTayer up the backslope of the reinforced
embankment to within 15 ft of roadway level (see Figure

3); The decision to terminate drainage at this depth was
based upon a lack of evidence of ground water migration

at a higher elevation. However, the almost unprecedented
rainfall of the winter of 1977-1978 raised ground water
above roadway level at least Tocally as indicated by the
seepage from an old horizontal drain approximately 5 ft
above roadway level in the cut opposite the reinforced em-
bankment (see Figure 33). The subject drain had been
inactive for many years and was assumed to be plugged, if
indeed it had ever intercepted ground water. Thus a sub-
stantial portion of the reinforced embankment was undrained
under unusually wet conditions. That inadequate subsurface
drainage was a prime factor in the local slide is demon-
strated by the proximity of the undrained portion of the
emﬁankment to the zone of maximum movement as indicated by
the slope indicator (Figure 33). To correct the problem, an
additional permeable filled cut-off trench, 2 ft wide and
about 16 ft deep, was constructed at the toe of the cut slope
to intercept groundwater in the upper embankment zone {see
Phdto 15). Relief was accomplished by daylighting the trench
do@ns]ope and interception by horizontal drains from the new
bench.

1.° Construction

Rehair of the embankment was undertaken October 10, 1978 and
coﬁp]eted January 18, 1979. The embankment was stabilized

by installing %ﬁdewa]I sections cut from discarded automobile
tires in the embankment strut as shown in Figures 36 and 37
similar to the original contract (see Photos 16 and 17). The
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limits of the tire reinforcement for the embankment were from
Station 11+00 to Station 12+75.

The tire sidewall reinforcing mats were installed at 2-ft
intervais. Tires were fastened in two directions to form

a mat without overlap. Each row was extended through the
full width of the strut and connected to the existing side-
wall mats at the face of the original embankment. Placement
of the tires started at the existing sidewalls and con-
formed to the original sidewall pattern (see Photo 18).
Stlack was eliminated or minimized by tensioning the mats

so that clips were in contact with beads of the tire side-
walls. The first level of tire sidewalls was installed

at Elevation 342 (see Figures 36 and 37). Relative com-
paction of the earth between layers of mats was 90 percent.

2. Materials

The tire material requirements were generally the same as
the original contract. The rebar clips were increased to
1/2 inch diameter instead of the 3/8" that was used in the
original contract. Clip details are shown by Figure 38.

3. Strut Slope Erosion Protection

Strut slope erosion control consisted of stabilizing the
embankment with wire mesh and straw as shown in Figure 39.
The face of the strut slope was wrapped with 5-ft wide
strips of galvanized one-inch by 2-inch welded wire mesh.
Placement of tire sidewalls, the outer edge of compacted
embankment material, and compacted straw, were performed
prior to wrapping with wire mesh. Straw and soil were
placed in excess quantities so that when compacted by
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L (See Detail)

Ta Face at‘ .Sfrw‘ .Sfopc

Existing Sidewalls
exposed

)’ Jfope Face
“~Back of Strut

FIG.37 TIRE ARRANGEMENT AND CLIP
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0.25"

Foce of Struf Slepe :: | Back of Strut Existing N

2

Expase bead of
existing sidewall
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FIG.39 STRUT SLOPE EROSION CONTROL

NOTES

(a} Al measurements except band radius are fo
center of Bar. Band radius /s inside diameatar.

(5) Marerial is to be of “Cold-rotied ” 1" diameter steel.

FIG.38 TIRE CLIP

81


http://www.fastio.com/

ChhPD

wrapping of the wire mesh, they could achieve the minimum
dimensions shown on Figure 39. Adjacent edges and ends

of the wire mesh strips were overlapped a minimum of 6 inches
and tied securely at 18-inch intervals with 14-gage wire

or hog rings (see Photos 19 and 20).

&. Cut Stope Erosion Protection

éut-slope erosion control consisted of a biodegradable mat,
Straw, and a welded-wire mesh (see Photo 21). Prior to
ﬁ]acing straw, the biodegradable mat was placed horizontally
across the slope and anchored in place with 4-inch steel
staples. The biodegradable mat was in 3-ft wide rolls with
é_minimum length of 100 ft. The mat consisted of seed,
fertilizer, and peat moss bonded together between a polyester
insuTating mesh and Number 11 tissue paper. Straw was spread
evenly to an uncompacted thickness of not less than 6 inches
éver the areas to be stabilized. Following the straw, gal-
vanized 1-inch by 2-inch by 60-inch, 14-gage welded wire
@esh.was laid carefully and evenly across the slope. The
Wire was drawn taut and securely anchored to existing tire
éidewa11s as shown in Figure 40, Adjacent edges of the

wire mesh strips were securely tied at 18-inch intervals

@ith l14-gage wire or hog rings (see Photo 21).

5. Instrumentation Repair

A1l instrumentation readout devices were damaged by the

slide. A new slope indicator was installed in the strut
embankment. Existing instruments at Levels A, B, and C

were reconnected to readout devices.

The repair contract was awarded for a bid price of $140,000.
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SECTION IV

PERFORMANCE

Aé stated earlier in this report, the embankment was com-
pﬁeted in December 1976, and performed satisfactorily
throughout'1977, except for some soil erosion near the
Tower half of the siope. In February 1978, an 80-ft
pbrtidn of the slope experienced a sliding wedge failure.
Sée Photo 12. The slide was caused by a combination of
sbi] erosion, which undermined the upper portion of the
s]ope, and water seepage into the fill from the adjacent
hilliside due to unusually heavy rainfall. The performance
of the slope, mat feinforcement, tire clips, and the
embankment, based on observed and instrumented behavior
is described below.

1hitia11y, the embankment was to be constructed with an
unconfined slope. However, during construction, it was
fbund that the embankment could not be compacted properly
in the outer slope zone. This forced a change in the
initial construction procedure of the siope. A 1-inch
wire mesh was placed flat and anchored on the slope face
to contain the earth for the lower half (see Photo 6).
Déspite the 1-inch wire mesh, soil erosion occurred, and
was probably a factor in the local slide. The erosion,
about 2 sidewalls deep, undermined the upper portion of
the slope and caused cracks to open up in the roadway
shoulder area. See Photo 14. Settlement and lateral
movement of the slope occurred in the upper 20 ft. The
sﬁope indicator readings recorded the horizontal displace-
MEnts. See Figure 22. The 1-inch wire mesh wrap-around
bétween layers of earth for the upper portion of the slope
performed satisfactorily until the local siide occurred.
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In spite of the saturated condition, there was no evidence
of mat slippage beyond the s1ip plane or passive zone. This
confirmed laboratory findings which indicated that embedded
sidewalls subjected to an overburden pressure cannot fail

by pullout. The apparent minimum friction coefficient is
0.36. Extensometers installed to the sidewalls showed no
increase in elongation. Strain gages attached to the clips
showed no increase in clip tension in the Tateral direction.
However, there were increases in clip tension in the longitu-
dinal direction. The distribution of the traction force in
the mat was not determined. Examination of the slide debris
disclosed no sidewall failure due to tension break. The
design procedure for the traction force calculation with
respect to depth is considered satisfactory.

As indicated by pull tests, the tire clip proved to be the
critical element in the sidewall mat system. Examination
of failed clips showed that they were pulled straight from
a bend position at depths of 5 to over 20 ft (see Photo 22).

Observations showed that the embankment behaved as an
integral mass. Futhermore, Bison strain gages within the
sidewalls, and extensometers recorded very small internal
soil displacements. Only at near slope failure did the
Bison gages show positive soil displacements. The roadway
pavement experienced cracking only at two Tocations: at
the shoulder, and at the interface or joint between the new
and old existing embankment, See Photos 14 and 23. The
cracks at the shoulder were caused by the unstable slope
moving laterally and downward. The depth of the cracks at
the interface were estimated to be about 3 ft. The cracks
at the interface, 1/2 to 1 inch wide, gave evidence that
the embankment was behaving as a unit and moving outward.
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Pressure ce]ig at’iéve] B suggest that the Ka design parameter
(0.39) assuming a vertical face is conservative. However, this
assumption may be justified for design due to possible soil
erosion at the slope and loss of lateral support.

The performance of the reconstructed embankment with a strut
has been satisfactory. Instrumentation and visual monitoring
will continue for verification of long term performance.
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Photo 1 Site, Prior to Reconstruction

Photo 2 Sidewall Pull-out Test
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Photo 9 <Clip Strain Gages

Photo 10 Bison Gages
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Photo 11 Slope Indicator

Photo 12 Local Embankment Slide
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Photo 13 Seepage at Level C

Photo 14 Settlement at Shoulder
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Cutoff Trench

Photo 158

Strut Construction

Photo 16
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Photo 17 Strut Sidewall Mat

Photo 18 Sidewall Connected to Existing Mat
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Photo 20 Strut Slope Erosion Control (Wire Mesh)
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Photo 21 Cut STope Erosibn Control (Wire Mesh)

Photo 22 Clip Faf]ure
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Photo 23 Cracking at Interface (Sealed)
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