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ABsTRACT: The casc of a rigid wall retaining a reinforced cohesionless fill that
carries a uniform surcharge load has been analvzed based on the linit equilibrium
approuach, The reintorcement may be in the form of strips or mats that are not
connected to the wall. This analysis considers the stability of an clement of the
failure wedge. which is assumed to develop in the reinforced carth mass adjoining
the back face of the wall. Nondimensional design char:s have been developed for
computing the resulting lateral earth pressure on the wall and the height of its point
of application above the basc of the wall. The theoretical {indings have been verified
in two different scts of model tests on a rigid wall that is retaining a dry sand fill
and that is reinforced by aluminium and bamboo strips. Experimental results are
in good agrcement with the theoretical predictions. An applied example for an 8-
m high wall illustrates the design procedure.

INTRODUCTION

Reinforced earth wall construction is becoming popular in many coun-
tries. In this type of construction, the reinforcing strips are connected to
the wall [Fig. 1(a)]. The lateral thrust on the wall is almost eliminated due
to the development of soil-reinforcement interface friction and bearing.
Therefore, a thin wall element known as skin 1s found adequate to retain
the backfill resulting in considerable economic savings. However, in India,
the technique has not yet found acceptance due to limited awareness of the
approach among practicing engineers, as well as the high cost of reinforcing
materials. An alternative technique is a rigid wall in which the backfill is
reinforced with strips not tied to the wall [Fig. 1(b)]. This technique is
considered appropriate and acceptable to Indian conditions. In this type of
construction, the earth pressure on the wall is reduced significantly. Further,
there are cconomic benefits due to the elimination of fixtures, the use of
cheaper reinforcing materials such as bamboo strips, and a reductmn in the
level of skilled labor required.

Some studies on the performance of rigid walls with reinforced backflll
(ie., reinforcing strips not attached to the wall) are reported in the liter-
ature. On the basis of model test results, Hausmann and Lee (1978) reported
about a 40% reduction in the moment at the base of the wall by reinforcing
the dry cohesionless backfill soil. Nondimensional design curves were pro-
vided by Talwar (1981) fcr computing the resulting lateral earth pressure
and the height of its point of application above the base of a rigid wall
retaining a reinforced cohesionless fill.

These studies illustrate the effectiveness of unattached remforcement in
reducing the lateral earth pressure on a rigid wall. However, the effect of
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FIG. 1. Sections:(a) Reinforced Earth Wall; (b) Rigid Wall with Reinforced Backfill

external loading on the surface of the backfilled earth was not considered
in these studies. In practice, the backfill often must support external load-
ings. Thus, there is a need to develop an analysis for the design of rigid
walls that retain reinforced fill while supporting external loading on their
surfaces. An attempt has been made to develop an analysis applicable to
both strip and mat-type reinforcements.

THEORETICAL ANALYSIS

The following assumptions were made in order to proceed with the anal-
ysis of a rigid wall retaining reinforced fill:

L. The backfill is homogeneous, 1sotropic, and cohesionless.

2. The coefficient of friction between the soil and the reinforcement is
independent of the overburden pressure and the dimensions of the rein-
forcement.

3. The failure surface is a plane passing through the heel of the retaining
wall.

4. The frictional resistance offered by each reinforcing strip to the lateral
movement of the wedge is uniformly distributed over a fill height equal to
the vertical spacing of the reinforcement encompassing that fill layer.

- 5. Only the part of the strip that experiences movement of soil, relative
to itself, will be assumed to be contributing frictional resistance.

6. The retaining wall rotates about its base and away from the fill suf-
ficiently to cause mobilization of full soil-strip frictional resistance.

7. No water pressures develop within the reinforced backfill.

This analysis is for a retaining wall of height H with a vertical back face.
The wall retains a cohesionless backfill that has a dry density y and an angle
of internal friction ¢. The backfill carries a uniform surcharge of intensity
g. The backfill is reinforced with unattached horizontal strips of length L
and width w, placed at a vertical spacing of S. and a horizontal spacing of
S.. A failure plane BC. making an angle 6 with the vertical, passes through
the heel of the retaining wall (Fig. 2).

The frictional resistance offered by a reinforcing strip will be located in
the shorter portion of the strip, which moves relative to the failure plane.
The shorter portion ot the strip is referred as the ettective length. For
example, it strip DE is cut by failure plane at E. then the e flective length

1870




e e ]
q

S i{l'L_ 44 c
fa i r , Failure
= ) K [ Yo o ¥ wedge

: T 7
A LY
Y"Y / t
LA O
L s . Pe
it — r
. dpy t upture
nypy surface 1
Sy, i,

E

Reinforcement
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in Equilibrium

will be either DE or EF. In the case in which the portion of the strip length
within the wedge DE < EF. then EF will not move out of the soil mass.
DE will come out of the wedge as the latter moves away from the stationary
portion of the backfill. If EF < DE, the strip will move with the failure
wedge, pulling length EF out of the stationary mass of backfill. Therefore,
the effective length of the strip will be the smaller of DE or EF. A remforcmg
strip, located completely within the moving wedge, will not contribute any
frictional resistance to the movement of the wedge.

An element [JKM (Fig. 2) of the failure wedge of thickness dy, located
at a distance y from the top of the wedge, is in equilibrium under the
following intensities of forces: p, = pressure intensity acting uniformly on
1) in the vertical direction due to the self-weight of the backfill lying above
1Jand to the uniform surcharge g; (P, + dp,) = uniform reaction intensity
Jacting upward on KM in the vertical direction; p, = reaction-intensity on
JK acting at an angle ¢ to the normal on JK; p = pressure-intensity on IM
acting at an angle & to the normal on IM; o, = vertical stress due to the
weight of an element IJKM acting downward, or

B Y (1)

and t = (7/S.) = intensity of tension in the reinforcing strip, which is
assumed to be transmitted uniformly to the soil layers of thickness S. en-
compassing the strip.

Neglecting second-order and higher order terms. the static equilibrium
of an element [JKM (2H = 0. XV = 0, and ZM = 0) of failure wedge
ABC (Fig. 2) yields the following relationships:

B pcoso + 1
cos(6 + d)sec O

petyH —y) P sin o _ pysec Bsin(8 + d)
H - v (H — v)tan § (H — v)tan 8
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dp, 2p sin ©
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All notations used are explained as shown in Fig. 2. Substituting p, from
(2) into (3). equating it with (4), and solving for p, we get

p. tan 0 B ttan(f + )
cos d tan(@ + &) — sind  cos dtan(b + ¢) — sin d

p:

On differentiating (5). substituting for (dp,/dy) from (4). and using trig-
onometric identities

dp p i dt

- = = + )Y — T T T T

dy G H -y Cov = G dy (0)

where

C = 2sin d cos(B8 + &)

1 sin(@ + & — d)
co_ tan 6 cos(8 + &)
* sin(® + & — d)

sin(f + &)

g B o e e e A0S A RS B Bk b TR RS F - - o 7
Y osin(0 + & — d) 7)
Tension T at the limiting equilibrium can be taken as

2wfra l’
= e (3a)
S
where [ = effective length of strip, and
d
U;,=<y+7y>y+q ...................................... (80)

where ¢ = uniformly distributed external loading on the surface of the
retained soil. " will vary for each reinforcing strip, depending on the wedge
angle 6 and the length L of the strip as shown in Fig. 3.

1. Case 1: Htan 6 = (L/2)

= (H — van B (9)
2. Case 2: (L/2) = Htan 6 = L
L _
(H — Z)tan § = IR R R R R R PR PR (10a)
or
L.
A B - (10b)
' =L — (H — v)tan 0, foryv =2, ... (10¢)
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= (H — y)tan 0, BOr ¥ 2 2 v r i invnsnnnamme s SRS (11)
J. Case 3: Htan b = L
(H — Z)tan 0 = L .. (12a)
or
B DA <o (12b6)
and
M — Z)tan 0 % ........................................ (12¢)
or
= H — %cot() ......................................... (12d)

I =0, lory = Z, (13)
=1 — (H — y)tan 0, [OF Zy 2 ¥ = 2y ey (14)
' = (1 — y)tan 0, fory > Zs .o (15)

Z,, Z,, and Z, arc shown in Fig. 3

Differential cquation (6) is solved tfor these three cases separately. Bound-
arv conditions for the three cases are as follows:
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l. Case |: H tan 0 = L/2; [see Fig. 3(a)]
Py = q, EY S 0 L vinzsvenssains s i s s s caks s 6@ o e s % (16)

Pressure intensity p in this case is represented by p,.
2, Case II: L/2 < H tan 0 = L; [see Fig. 3(b)]. Pressure intensities in
this case are represented by p, and p2inzone Z, and H — Z,, respectively.
3. Case IlI: H tan 0 > L; [see Fig. 3(¢)]. Pressure intensities in this case
are represented by ps, p3, and p5 in zones Z,, Zy — Z,, and H — Z;,
respectively.

The procedure for deriving expressions for pressure intensity, resultant
carth pressure, and the height of the point of application of the resultant
earth pressure above the base of the wall is discussed for case 1 only. Similar
procedures have been adopted for cases 11 and I11.

In case I, tension stress ¢ is

Ay + d |
2wf*(H — y)tan 0 [y <}—22> + q]

I ==

SS. (17)
Differentiating (17) and omitting simall quantities of second order gives
dt - 2wf* tan 0 {
— = —————( — 2 — W} sewmimssusmsusEEEHEHEe R H A ® 18
[t H — 2y) —
L=k [( ) ‘7] ................................... (19)
dy Y
where
. 2wf*ytan 6 2y tan §
K = —ss b, TR treerrreriieeeeeai (20a)
where
f*wH
By = o & v mate@ D Gk eihuk ¥ S 0 % R B RN B eis § X 7 206
P S"JSZ ( )

It may be noted that D, is a nondimensional coefficient. For a given
height of wall H and reinforcing material (f* and w), D, is controlled by
the horizontal and vertical spacings of the reinforcement and is termed the
spacing coefficient. Eq. (6) now becomes

{

Lo, L vy - Gk [(H — 2y) — Q] ............. 1)
dy (H — ) Y

Substituting C, [or (3K

dp . P q

— = —C + Cyy — C H =2yl = *|  Gaieamaspoaase=: 22
dy YH <y 2Y 4 |:( - 2y) Y:\ (22)

The differential equation (22) is solved for the relevant boundary con-
dition, 1.e., p, = g at y = 0, and yields the following solution:
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B N (. » “! C,yH C.H?
P "Ml B H) (1 H) ] {(1 — Gy - co]

( y>"' ( 1)"" 2C,H?  C,Hq Kl - 1)
. CH) o 2-C) ~( ~-C) - H

y & oy “ g tan 0 — f, tan(® + ) '
3 (1 - E) ] + <1 H) l:COS dtan(0 + ¢) — sind| (23)

where

2wf*Hgqg tan 0
,([u = T .........................................

For presenting the results in nondimensional form, lateral earth pressure
p, is considered to consist of the following two parts: (1) Lateral earth
pressure due to backfill earth p,,; and (2) lateral earth pressure due to
surcharge load p,,; 1.e.

DL = Diy F Do oo (25)

where

. AN CoyH C,H?
Py = \:(1 H) (1 H) ] [(1 - C)) * (1 = Cl)l

v\’ Y\ 2,02 )
<k {( — H) — (l — ﬁ) :\ (2——_—6—1—) ...................... (20)

g tan 8 — £, tan(6 + )
cos & tan(® + &) — sin d

Expressions for pressure intensities p,.,, ps., p,,, and p3, [Fig. 3(b)] for
case 2 and pay, piy, Py, Pags Pags PR, [Fig. 3(c)] for case 3 were obtained
by the same approach (Garg 1988).

The nondimensional expressions for pressure intensities were obtained
by dividing the terms p iy, Pay, Piys Pays Piy, and p5o by yI1 and p,y ., pa,,
Pigs Pg» Pag» and ps, by g.

Lxpressions for pressure intensities are integrated over their respective
~domains to obtain the resultant pressure. The distance of the point of ap-
plication of the resultant earth pressure is first obtained from the top of
wall by integrating the moment of pressure intensity in each case and dividing
it by the respective resultant earth pressure. The height of the point of
application of the resultant earth pressure abpve the base of wall is obtain:d
by subtracting this distance from the total height of the wall.

The resultant earth pressure and the height of its point of application
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above the base of the wall in each case is expressed in nondimensional for
as follows:

for casce [:

K, = Py
: 1 : W
5 'yH- ; ’yH‘
H
qu = i 0 Pry'ydy
— - ‘—I‘{—_ ......................................
& - H . Py dy
H .
gk = Pa 0 P
. T gl ST A SEEREE R e R o e sl
fﬁ
E(Z B 1 0 plq .y dV
0 - e i R B S A D AR e § s e e
H Py @V
for case II:
Z\ H
1 3
K, = Py, - upy(V'i” le'ydy
g T i e | L.y B EREE B o«
1 " 1 5
(3] v (5)
Z) JH
) , 4 4
A, L P2y dy + |, pnydy
Tl S (H ........................
fH 0 P2y d.v + le P2y d.y
Z "
% &1 _ .qu d,v + Z qu dy
p oH T ereisesimimsissscenia

for case 111:
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2 Zy
J Py dy + psydy+Jp
K= —fo 2 21 e S (36)
1
(i) Lo (2) L
Z, Zy
i L Payy dy + psyy dy +f Py dy
=1 - 4 T (37)
1'1 Zz Z;y
H(L pwdy + | phdy+f Py dy
Zy
P 5 p3q d.y + z, p3q dy + j p
Kq — aﬁ qH ............... (38)
Z, Zy
oo , Payady ,psqydy+prdy
71‘1 =] ~ . (39)
Zy Zy
H (J:) plq dy + B p3q dy +f p )

It should be mentioned that the closed-form solutions of these equations
have been obtained. The details of the derivations are available elsewhere
(Garg 1988).

PARAMETRIC ANALYSIS

Eqgs. (28)-(39) were solved using the following ranges of the listed pa-
rameters: ¢ has a range of 30°-40°, at 5° intervals (where & = 2/3¢); D,
has a range of 0.2-2.0, at variable mtcrvals and L/H has a mn;,u of 0.0=
.0 of intervals of 0.2.

A typical plot of nondimensional pressure-intensity wethubnts with the
height of the wall is shown in Fig. 4. It is observed that the pressure intensity
becomes negative somewhere along the height of the wall, depending upon
the angle of internal friction ¢ of the soil and the amount of reinforcement
(D, and L/H) in the fill. The resultant earth pressure is obtained by inte-
grating the positive earth-pressure intensity diagram and then maximizing
it with respect to the wedge angle 8. This leads to the critical wedge angle
8.,. Resultant active earth-pressure coefficients and the corresponding points
of application were obtained using 6., in (28)—-(39). They are shown in Figs.

[t may be noted from Figs. 5-7 that the nondimensional coefficients
and K, diminish sharply with an increase in the L/H ratio up to aruum}
0.6, and thereafter either become constant or decrease marginally depending
on the values of D, and ¢. Further, K and K, diminish with an increase
in the spacing coefficient D, this reduction in their values become insig-
nificant when D, > 1.0, The plots of (£1,/H) and (II IHY | Figs. S(b)=7()|
show that the points of application of the Tesultant earth pressures shift
sharply downward toward the base of wall for L/H = 0.6.

MobpEL TESTS

Verification of the analytical findings was a{lcmplud using model exper-
iments on a 12-mum thick mild steel wall (L = 865 mm and /H = 990 mm)
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FIG. 4. Influence of ¢, L/H, and Spacing Coefficient D, on Pressure Distribution
Pattern behind Wall

FIG. 5. Nondimensional Charts for Resultant Pressure and Height of Point of
Application: (a) a and b Due to Backfill; (b) ¢ and d Due to Surcharge Loading (&
= 30°)

in a tank with dimensions shown in Fig. 8. A locally available uniform sand
(D, = 0.09 mm, Unified Soil Classification System (USCS) group svmbol
= SP. e, = 099, ¢,., = 0335, Dg = 73%.v = 16 kN/m*, and & =
399) was used. Strips of aluminium (width = 4.00 cm, thickness = 0.03 ¢cm)
and bamboo (width = 2.2 cm, thickness = 0.103 ¢m) were used as rein-
torcement. The angles of sliding triction between the reinforcement and the
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sand determined from laboratory box shear tests were found to be 30° and
34°, respectively. The intensity of normal stress was varied from 0.25 kg/
cm? to 2.0 kg/cm?. A section of one side of the tank was constructed ot a
12-mm thick glass sheet to allow observation of the rupture surface. The
lower end of the wall was ground to a knife edge and was fixed to the tank
base through hinges.

The lateral thrust on the wall was measured by a horizontally held cali-
brated proving ring attached to a screw jack at a height ot 450 mm above
the base of wall. The lateral displacement of the wall was recorded using
dial gages at three diffcrent heights on the wall. The wall was initially
clamped in a vertical position, and fill was placed by a raintall technique to
give an average dry density ol 16.0 kKN/m* (D, = 73%.). T'he 1l was placed
in layers, and the top surface of cach layer was leveled prior to the placement
of reinforeing strips at the specitied horizontal spacing. The strips were
aligned perpendicularly to the wall, just touching its inner face. Surcharge
loading was applicd by cast-iron wetghts placed over a mild steel sheet that
rested directly on the surlace of the fill reinforced with aluminium strips.
Tests with surcharge loading on the surface of the fill reinforced with bamboo
strips could not be performed due to lack ot time. The wall was unclamped
after the full height ot the backtill was attained and surcharge load was
applied (if applicable). The thrust corresponding to these conditions was
rccorded. Subsequently, the wall was allowed to rotate gradually about its
base by operating the screw jack. The force corresponding to cach position
ol the wall was recorded as the rotation of the wall was continued beyond
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FIG. 8. Dimensional Sketch of Test Tank

that needed for the active state. The shape and size of the failure wedge in
each test was observed by breaks in bands of colored sand through the glass
plate.

Details of the tests performed on the model retaining wall in the labo-
ratory are provided in Table 1. As evident from this table., the test conditions
were varied to show the intluences ot D, the L/H ratio, and the surcharge
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TABLE 1. Details of Model Tests

Test Details Intensity of
surcharge
A . S, S: loading
Test number | Reinforcement D, LH (cm) (cm) (kN m?)
(1) (2) (3) (4) (5) (6) (7)
1 None —2 — —* —3 0
2 Bamboo 0.2 1.0 21 35 0
3 ‘Bamboo 0.5 1.0 2] 14 0
4 Bamboo 0.5 0.8 21 14 0
5 Bamboo 0.5 0.6 21 14 0
6 Bamboo 0.5 0.4 21 14 0
7 Bamboo 0.5 0.2 21 14 0
8 None —2 —3 —2 2 10.0
9 Aluminium 0.2 1.0 22.00 52 0
10 Aluminium 0.5 1.0 21.75 21 0
11 Aluminium 0.5 1.0 21.75 2] 10.0
12 Aluminium 0.5 0.6 21.75 21 10.0
13 Aluminium 0.5 0.4 21.75 21 10.0

*Unreinforced fill.

intensity g on the resulting lateral pressures. A typical set of results is shown
in Fig. 9. and a summary of all the results is given in Tables 2 and 3. It may
be noted that the results are presented in the form of moments. obtained
by multiplying the observed lateral thrust by the moment arm of 450 mm
(the height of the screw jack above the base of wall). Details of the test
setup and procedure are given elsewhere (Garg 1988).

In the preliminary evaluations. the measured moments were found to be
significantly lower (40%-50%) than their respective theoretical values. Thus.
a method to correct for end effects was needed.

The height of the test wall (99 cm) was slightly more than its len0th (86.5

m). A common observation in almost all the model experiments was that
during the initial stages of the outward movement of the screw jack. which
resulted in reduced earth pressure on the wall, the wall either did not move
at all or moved insignificantly, confirming that the resisting frictional forces
on the two sides of the test tank were at least partly responsible for the
experimental values of the active earth pressure being lower than the the-
oretical ones. Side frictional force could be estimated by assuming an ap-
propriate angle of wall friction for steel and for glass. The value for steel
0, was taken equal to 2/3d. the same as for the test retaining wall, and that
for glass 8, equal to 1/34.

The area on the two opposite sides of the tank that contributed to the
resisting frictional force was assumec to be bounded bv the triangular failure
wedge in the active condition. Mathematical expressions derived to compute
the frictional forces and their moments are as follows:

1
P, = g [K,yH*tan 6(tan 8, + tan &.)] ........... ... ... ...... (40)

1
M, = B [K,yH*tan 8(tan &, + tan 8.)] ... ... ..... .. ... ... (41)
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FIG. 9. Typical Results of Model Tests for Reinforced Backfill with Surcharge

Lo L
Pe, = 3 (K,gH" tan 8{tan 8; + 11 8)] cvsviviviviimmrumnncnnans (42)
l
M, = c ([KogH tan 8(tan &, + tan 8.)] ... . ... . .. ... .. (43)
where Pp, and P, = side frictional forces due to backfill and surcharge
load. rc;pecm ely: Mn and M, = moments about base ot the side trictional
torces P, and P,‘, respccuvel\ K, =(l —sind): 8 = 23b = angle ot

wall friction between the sand and [hr: mild steel: dﬂd BRIGEES anglc
ot wall friction between the sand and the glass plate.
The experimental and the net theoretical moments (net theoretical mo-

ment = total theoretical moment — total tricttional moment on the two
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TABLE 2. Summary of Model Test Results Using Aluminium Strips as Reinforce-

ment
Reinforcing ) Angle of
Details Sur- Measured | Rotation of | rupture
Test charge, ¢ force wall top plane. ¢ | Moment
number | D, L H | (kN m3) (kN) (%H) (degq) (kN-m)
(1) (2) (3) (4) (5) (6) (7) (8)
| — — — 0.62 1.30 23 0.28
9 0.2 1.0 —- 0.31 1.24 20 0.14
10 0.5 1.0 R 0.17 [.:2 14 0.08
N — — 10 1.64 1.36 3l 0.74
Il 05 | 1.0 10 0.32 ©1.20 24 0.15
12 0.5 0.6 10 0.29 1.30 ' 26 - 0.13
13 0.5 0.4 10 1.00 1.34 27 0.45

TABLE 3. Summary of Model Test Results Using Bamboo Strips as Reinforce-

ment
Reinforcing Details Angle of
Measured | Rotation of rupture
force wall top plane, 6 Moment
Test number D, L'H (kN) (%H) (deq) (kN-m)
(1) (2) (3) (4) (5) (6) (7)
2 02 1.0 0.33 1.30 18 0.15
3 0.5 1.0 0.14 1.25 13 0.06
4 0.5 0.8 0.18 125 13 0.06
3 0.5 0.6 0.14 1.28 14 0.07
6 0.5 - 04 . 032 1.40 23 0.15
7 0.5 0.2 0.60 1.45 23 0.27
{ T T Y T

May = Moment due to backfill
Maoy+q=Moment due to surcharged backtill

-2r Predicted Experimental |
May —_———— °
May+q o]

Moment (kN-m)

T —-9—— —0-——
0 | | 1 n 1
0 0.2 0.4 0.6 0.8 1.0
L/H

FIG. 10. Comparison of Analytical and Experimental Results
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well (Frgo 10) suggesting that the proposed analytical approach is vahid tor
designing rigid walls with reinforced fill that supports surcharge loading on
its surface.

GUIDELINES FOR PRACTICAL APPLICATION

The following steps may be adopted for designing a retaining wall using
the proposed theory:

I. Collect the data for which the wall is to be designed: the height of the
wall H. and the density vy and the angle of internal friction ¢ of the fill
material; the coefficient of base friction w; the allowable soul pressure q,,
and the intensity of the surcharge load on the fill g.

2. Select the reinforcing material and obtain its frictional characteristics
/* and pernussible tensile stress o,.

3. Assume suitable values of L/H and D,. For economical design. it is
recommended to adopt L/H = 0.6, and D, ‘between 0.5 and 1.0.

4. Using Figs. 5, 6, or 7, obtain K H, /H K,, and H,/H for the appro-
priate value of ¢, and the assumed values of L/H and D

5. Select suitable reinforcing strip dimensions, b and w. The horizontal
and vertical spacings of the reinforcing strips, i.e., S, and S., may be kept
equal. Note that

f*wH
S . = T e
X fes D

p

By solving (44) for given values of f* and H and assumed values of D, and
w, values for S, and S. are obtained.

6. The tension in the bottommost strip 75 will be the maximum and is
given by

Ty = [YH(K,, — K,) + q(K,o = K)ISo"S. o] (43)

where K, and K, are earth-pressure coefficients for unreinforced backfill
obtained from Figs. 5, 6, or 7 for L/H = 0.0. For safe design, Tz < the
allowable tensile strength of the reinforcing strip, i.e., Tg < g,-bw.
7. The section of the wall is then checked for sliding, overturning. and
bearmo failure using the resultant earth-pressure values P_(yH*K /_) and
(qHKq) and their corresponding points of application defmed by H, and

o"
It may be noted that the proposed method is also applicable for mat-tvpe

reinforcement, 1.e.. using geotextile or geogrid. In the case of mat-tvpe
reinforcement '

f*H
D, = g ITIRITASEESNEmisucsiNiEL BIECEieswaesiUmnae (46)
and
Ty = [YH(K,, — K,) + q(K,, — Rod] ' Ss somvmenensnsiniamosnes (47)

Theretore. values of §. may be obtained directly by comparing T, with the
tensile strength of the geotextile or geogrid. Usually in this case. the value

1.4
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FIG. 11. Trial Section of Retaining Wall Selected for Design

of D, will be more than 2.0. Values of earth-pressure coefficients (Figs. 5—
7) may be obtained using the curves corresponding to D, = 2.0. since values
of D, higher than 2. 0 do not significantly affect the earth- -pressute coeffi-
cients.

DEsiGN EXAMPLE

1. Take the following data as given: H = 8 m,y = 1.6¢/m*. ¢ = 30°. p
= 0.5, g, = 30t/m?, and q = 3¢/m?*. These are galvanized iron (GI) strips
with f* = 0.75 and o, = 14,000¢/m?.

2. Assume L/H = 0.6 (L = 4.8 m). and D, = 1.0. from Fig. 5.
3. Ford = 30°, D, = 1.0 and L/H = 06 K, 0.105, K,
(H,/H) = 0.18, H, = 1.44 m. K, = 0.16. K,, = 0.30. (H, /H)

and H, = 5.6 m.
4. Selecting 3-mm thick and 100-mm wide rzinforcing strips of galvanized

iron and taking S, = S,

0.30,
0.71.

[l

D = 10 [wH _ 075 x 010 x 8.0

e e e e e e ———— 48
5 5 (48) .
and S. = 0.775 m. Adopt S, = S. = 0.75 m.
5. Tp = [YH(K,, — K,) + q(K,, — K)IS."S. ... . ... (494)

and



T, = [1.h x 8(0:3 = 0.103) = 3(0.3 = 0.16)]0.75 x 0.75 = 164

The allowable tensile strength = 14.000 x 0.10 x 0.003 = 4.21. Since T,
< 4.21. it is therefore safe. :

6. A trial wall section as shown in Fig. 11 was chosen for checking its
stability for pressures: P, = (1/2)yH*-K, = (1/i2) x 1.6 x 8 x 0.105 =
5.38#/m. acting at 1.44 m from the base: and P, = ¢-H-K, = 3 x 8 X
0.16 = 3.84, acting at 5.6 m from the base.

By checking the stability of the wall in the conventional way. we obtained
a factor of safety against sliding = 1.51, a factor of safety against overturning
= 2.2, and a maximum base pressure = 15¢/m-.

CONCLUSIONS

The following major conclusions have been determined from this study:

1. Unattached reinforcing strips, embedded in the cohesionless backfill
behind a ngid retaining wall, are effective in reducing the lateral earth
pressure on the wall.

2. The extent of reduction in the resultant pressure will depend on the
amount of reinforcement present in the backfill. Pressures due to both
backfill and surcharge loading are reduced about 50% for all practical values
of the spacing coefficient D,,.

3. Although the point of application of the resultant of lateral earth
pressures (due to both fill and surcharge loading) moves above the one-
third height of the wall only for certain combinations of values of . D,
and L/H. the overturning moment is less than the moment from pressure
due to unreinforced fill.

4. The optimum length of reinforcing strips is found to be around 0.6
times the height of wall for most practical cases.

5. The results of model tests show the credibility of the analytical ap-
proach.

6. While the assumption of a coefficient of soil-reinforcement interface
friction f* independent of the influence of the height of overburden and
the length of the reinforcing strip is in accord with the experimental data.
further investigation is needed to establish a simple procedure for evaluating

f*
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AppPENDIX Il. NOTATION

The following svinbols are used in this paper:

Q-

N

O
O

Soann

-~ 0
*

-

<

o=

Q

X
Q

~

Q
Q

Pl. P:- P}
Piys Pags Pay
P P

1y Eow Iy

I | A TR

il

thickness of reinforcing element:

uniformity coefficient:

constants depending upon &. 6. and 8:

KCy:

spacing coefficient:

relative density:

coefficient of apparent soil-reinforcement
friction:

height of wall:

height of point of application of earth pres-
sure due to surcharge load above base:
height of point of application of earth pres-
sure due to backfill above base:

2wf*y tan 6/S,S.;

coefficient of active earth pressure:
coefficient of earth pressure at rest:
coefficient of active earth pressure for sur-
charge loading in case of reinforced backfill:
coefficient of active earth pressure for sur-
charge loading in case of unreinforced back-
fill;

coefficient of active earth pressure for rein-
forced backfill;

coefficient of active earth pressure for un-
reinforced backfill;

total length of reinforcing strip:

effective length of reinforcing strip:
moment due to the side frictional force Pg,.
on tank side. about base;

moment due to side frictional force Pg,, on
tank side. about base:

moment of pressure due to surcharge load in
active condition about base;

moment due to backfill pressure in active con-
dition about base:

moment of pressue due to backfill plus sur-
charge load in active condition about base;
frictional force on tank sides adjoining wall
due to surcharge loading;

frictional force on tank sides adjoining wall
due to backfill:

resultant active earth pressure:

resultant active earth pressure due to sur-
charge loading:

resultant active earth pressure due to backfill:
p'v = pl/"
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pl‘f‘ p:v‘ péy PJy*‘ p_:!*r‘ p;'v

2.2, Z,. 2,4

I

il

i

I

Il

pressure acting on element of soil in vertical
direction;

intensity of reaction on failure surface;
lateral earth pressure intensity on wall;
lateral earth pressure intensitv on wall due to
surcharge loading:

lateral earth pressure intensitv on wall due to
backfill:

intensity of surcharge loading:

allowable soil pressure:

horizontal spacing >f reinforcement;

vertical spacing of reinforcement;

total tension in bottommost strip;

uniformly distributed tensile stress;

weight of slice or element of soil;

width of reinforcing strip;

distance along wall from top:

depth from top:

unit weight;

angle of sliding friction/angle of wall friction;
angle of wall friction between steel and sand;
angle of wall friction between glass and sand;
wedge angle with vertical; '
critical wedge angle with vertical;
coefficient of friction:

permissible tensile stress in reinforcing strip;
vertical stress in soil: and

angle of internal friction of soil.
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