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Abstract In the present paper, a method of
analysis for calculating the pressure intensity
corresponding to a given settlement for eccentri-
cally and obliquely loaded square and rectangular
footings resting on reinforced soil foundation has
been presented. The process has been simplified
by presenting non-dimensional charts for the
various terms used in the analysis, which can be
directly used by practicing engineers. An
approximate method has been suggested to find
out the ultimate bearing capacity of such footings
on reinforced soil. The results have been vali-
dated with the model test results. The procedure
has been made clear by giving an illustrative
example.
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Symbols

B width of footing

Dgr  depth of bottom most reinforcement layer

e eccentricity

f soil reinforcement frictional coefficient

D, soil — reinforcement friction angle

Y unit weight of sand

1 load inclination

I, dimensionless normal shear force
component for computation of driving
force of reinforcing layer at depth z

Jiz dimensionless vertical normal force
component in x direction for computation of
driving force of reinforcing layer at depth z

Jy, dimensionless vertical normal force
component in y direction for computation
of driving force of reinforcing layer at
depth z

L, length of reinforcing layer

LDR linear density of reinforcement

My, dimensionless normal force component in
x-direction for computation of soil-
reinforcement frictional resistance of
reinforcing layer at depth Z.

M,, dimensionless normal force component in
y-direction for computation of soil-
reinforcement frictional resistance of
reinforcing layer at depth Z.

Gur ultimate bearing capacity of reinforced
sand
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Ny Terzaghi’s bearing capacity factor

Tr allowable tensile strength of
reinforcement per unit length

T; reinforcement pullout frictional resistance

Tp driving force in reinforcement

Introduction

Soil is poor in its mechanical properties, in spite
of this fact; it is used as the readily available
construction material. It is also well established
that the granular soils are strong in compression
and shear but week in tension. However, the
strength of weak granular (e.g. loose and med-
ium dense sand) materials can substantially be
improved by introducing the reinforcing ele-
ments, like geogrids, geotextiles etc., within the
significant zone of influence with a suitable lay-
out arrangement and configuration. The benefi-
cial effects of using tensile reinforcement to
increase the bearing capacity of soil have been
clearly demonstrated by several investigators
(Binquet and Lee 1975a, b; Akinmusuru and
Akinbolade 1981; Das and Larbi-Cherif 1983;
Fragaszy and Lawton 1984; Guido et al. 1986;
Huang and Tatsuoka 1990; Dixit and Mandal
1993; Khing et al. 1993; 1994; Murthy et al. 1993;
Omar et al. 1993a, b; 1994;Yetimoglu et al. 1994;
Adams and Collin 1997; Yoo 2001; Kumar and
Saran 2001; 2003a, b, c; 2004; Kumar et al.
2005).

For designing foundations subjected to earth-
quake forces, adopting appropriate values of
horizontal and vertical seismic coefficients,
equivalent seismic forces can be conveniently
evaluated. These forces in combination with static
forces make the foundations subjected to eccen-
tric inclined loads.

The aim of analysis proposed in this paper is an
attempt to obtain the pressure intensity of strip
footing on reinforced soil, for a known settlement
(S) and pressure intensity (¢gq) of the same footing
resting on unreinforced sand.

The theoretical analyses proposed by Binquet
and Lee (1975a, b) to compute the pressure
intensity of strip footing which was extended by
Kumar (1997) and Kumar and Saran (2003a, b, c)
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for central vertical loading has been further
extended to compute the pressure intensity for
the square and rectangular footings subjected to
eccentric-inclined load, resting on reinforced soil,
for the known settlement of the same footing
resting on unreinforced soil and subjected to the
similar loading conditions.

It is the prerequisite that the aforementioned
analyses require the value of pressure intensity, at
a given settlement, of footings on unreinforced
soil subjected to the similar type of loading. For
footings subjected to eccentric-inclined loads,
pressure-settlement curves can be obtained by the
analysis proposed by Agrawal (1986) and Saran
and Agrawal (1991) using the constitutive rela-
tions of the soil.

Pressure ratio, p,

In order to express and compare the data a term,
pressure ratio, has been conveniently introduced,
which is defined as:

Pr=q/q (1)

where g, = the average contact pressure of foot-
ing on unreinforced sand at settlement, S. g = the
average contact pressure of footing on reinforced
sand at the same settlement, i.e., S

Assumptions

1. As the footing load increases, the footing and
soil beneath moves downward, while the soil
to the sides moves outward. The boundary
between the downward moving and the out-
ward moving zones has been assumed as the
locus of points of maximum shear stress at
every depth z.

2. At the surface separating the downward
moving and outward zones, the reinforcement
has been assumed to undergo two right angle
bends around two frictionless rollers and the
reinforcement resistance is a vertically acting
tensile force.

3. The soil-reinforcement friction coefficient has
been assumed to vary with depth in accor-
dance with the following equation:
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fe = mf (2)

where f = coefficient of friction between soil
and reinforcement, m = mobilisation factor
given by

=(1-2/B)0.7+03 forz/B<1.0
(2-2z/B)0.3 forz/B>1.0

m

The driving force in reinforcement on differ-
ent layer of reinforcement has been assumed
to vary in proportion of ry: r5: rs... r;, such that
ri+ry+r3+...+r;=1. The failure mechanism has
been assumed for various combinations of the
reinforcement pullout and reinforcement
breakage at different levels.

Forces calculated in the analyses are for the
same footing size and shape, subjected to the
same loading condition, at a given settlement,
for footing on reinforced and unreinforced soil.
Normal and shear stresses inside the soil mass
have been obtained using equations of the
theory of elasticity.

Analysis

Consider a rectangular footing of width ‘B’ and
length ‘L’ subjected to eccentric-inclined load of
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intensity g (P/A). The normal and shear stresses
at any point (x, y, z) in the soil mass, required for
the calculation of the driving force and pull-out
frictional resistance, have been computed by
using the theory of elasticity (Poulus and Davis
1974).

Evaluation of driving force in reinforcement,
Tp

Shear stress distribution at various depths z in the
x and y-directions is shown in Fig. 1. Let X, X;
and X, be the horizontal positions, along x-axis,
of zero shear stress, maximum shear stress (ty;) to
the side of the eccentricity and the maximum
shear stress to the opposite side of the eccentric-
ity, respectively, as shown in Figs. 2 and 3. Also,
let Y, define the horizontal positions, along the y-
axis, of the maximum shear stress (ty,), as shown
in Figs. 2 and 3. However, the distribution of the
stress along the y-axis is symmetrical about the x-
axis since the load has only x-axis eccentricity.
The extent of X, X; and X, varies with the
change in the eccentricity and inclination of the
load and the depth beneath the footing.

The loci of points of maximum shear stress,
which are equally the planes separating the
downward and outward moving zones, at every

X
/ P
Y Y
z b a
z
Tyz
Level -1
/ Tyz
Level-11 / X
/ Tyz
Level-11 7 VL
b a
Along Y-Axis

Fig. 1 Distribution of shear stresses beneath a rectangular footing subjected to eccentric inclined load
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Fig. 2 Assumed separating planes and components of forces for pressure ratio calculation of rectangular footing subjected

to eccentric inclined load on reinforced soil

depth z in the x and y-directions are shown in
Fig. 2.

Consider an element ABCD at depth z, as
shown in Fig. 2 in the x-direction, which is the
volume of soil inside the downward moving zone
lying between two vertically adjacent layers of
reinforcement. The forces acting on this element
are shown in Fig. 2, for the cases of unreinforced
and reinforced soil. The driving force will be in
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both the x and y-directions, since the reinforce-
ment is provided in these directions. Considering
the equilibrium of all such elements along the
whole length of the reinforcement at depth at z,
Kumar (1997) and Kumar and Saran (2003a, b, c)
developed the following expression for rectangu-
lar footing on reinforced sand, subjected to cen-
tral vertical downward load, for one layer of
reinforcement, along the x-direction:
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TDX = [JXZBL - IszAH]QO(Pr - 1) (3) i=n Xy z
L = — Z Taz (?h ; E) dy (6)

But, for footings subjected to eccentric-in- i

clined load, various terms in Eq. 3 are defined as ien ¥
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Fig. 3 Diagrams showing shear and normal stresses and non-dimensional forces in different directions
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where Xj; and X,; = the horizontal positions of
shear stress peak at ith element, as shown in
Figs. 2 and 3. L,, = length of reinforcing layer in
y-direction, AH = thickness of element, 7,, and ¢,
are the shear and normal stresses in the x-direc-
tion as shown in Figs. 2 and 3.

The interval (X;+X5;) is divided into small
units of size 0.01B. The length reinforcing layer
L., is divided into n intervals each of width
dy = 0.01B.

Similarly, the developed tie force in the
y-direction is given by:

Toy = [Jy.BL — Iy,BAH]qo(pr-1) 9)
which
1 & Yo z
Iy, = qu; Ty <B,B) Ox (10)
| i Y0i
Ty = qTLZ / o.dydx (11)
= _yor

where Y0i = position of maximum shear stress of
ith element in y-direction L., = length of rein-
forcement layer in x-direction 7, and o, are the
shear and normal stresses in the y-directions as
shown in Fig. 3.

Equations 10 and 11 are solved by numerical
integration. The value of Y; is divided into small
units of value 0.01B. The length of reinforcement
L. is divided into n intervals each of width
dx=0.01B.

The total driving force, Tp is given by:

Tp = Tox + Toy (12)

Evaluation of pullout frictional resistance, T}

The tie pullout frictional resistance will be due to
the total normal force on the plan area of the
reinforcement lying outside the assumed bound-
ary separating the downward and outward moving
zones, as shown in Figs. 2 and 3. The normal force,
however, consists of two components, one is due
to the applied bearing pressure and the other is
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due to the normal overburden pressure of the soil.
Considering both components over the whole area
of reinforcement outside the separating plane,
Kumar (1997) developed the following expression
for rectangular footing subjected to central verti-
cal downward load along the x-axis.

Ty = 2fe LDR[My,BLqop: + yAx.(z + Dt)BL]
(13)

For rectangular footing subjected to eccentric-
inclined load the different terms of Eq. 12 will be
as:

Ty =T + Tix2 (14)
sz = Mxz1 + MX22 (15)
sz = szl +sz2 (16)
Lrx/2
1 1=n
sz = "5 1
= amrd [ oy (17)
0 oaxl
Lry/2
1 1=n
sz = 57 1
=g | oy (18)
X2
1 i=n er )
A = ﬁ; (7 - Xlz) dy (19)
1 i=n er
Al = — — - X2i 20
=HY ( : ) oy (20)

The above equations have been solved by
numerical integration. The interval (L,/2-X1i)
and (L./2-X2i) is divided into small units of
value 0.01B. The width of reinforcement L., is
divided into n intervals each of 0.01B.

Where 7 = unit weight of soil, D¢ = embed-
ment depth of footing

LDR = plan area of reinforcement/total
area of reinforced soil layer
=1 for geogrid

fe as given by Eq. 2
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Similarly, the soil-reinforcement pullout fric-
tional resistance in y-direction is expressed as
follows:

Ty = 2, LDR[My,BLqop: + 7Ay,(z + Dr)BL)

(21)
where
Tty = Tiy1 + Tty (22)
Myz = Myzl + MyzZ (23)
Ayz = Ayzl + AyzZ (24)
1 ien Lry/2

My =Mor = —— dyo 25
yzl yz2 qBLl:ZI / 0dyox ( )

YO0

1 I (Lry
Ayzl = AyZZ == E ; (T - YOi) 8)( (26)

The above equations have been solved by
numerical integration. The interval (L/2-Y(;) is
divided into small units of value 0.01B. The width
of reinforcement L., is divided into n intervals
each of width 0.01B.

Therefore the total tie pullout frictional resis-
tance is given by

Ty = Tix + Tty (27)

Numerical integration has been used to solve the
above equations.

For square footing, the expressions of different
parameters obtained for rectangular footing will
be modified by applying the following substitu-
tions: L=B and L=L=L,.

Non-dimensional chart for Jy,, Jy,, Iy, Iy,, My,
My, Ay, and Ay, at different layer levels, z/
B=0.25, 0.50, 0.75, 1.00, 1.25, 1.50, 1.75 and 2.00
for square footing subjected to eccentric-inclined
load have been prepared and presented elsewhere
(Kumar 2002) in terms of eccentricity ratio ‘e/B’,
load inclination ‘7" and the size of reinforcing
layers ‘L/B in both x and y directions. Similarly
the charts for rectangular footings (L/B = 2,3 and
4) for different variables, as for square footings,

have been prepared and are presented elsewhere

(Kumar 2002). Few typical charts are shown in
Figs. 4 and 5.

Determination of pressure ratio (p,)

The pressure ratio p, has been computed by
applying the following conditions:

(1) The driving force in any layer should not
exceed the reinforcement pullout frictional
resistance, in the same layer i.e., r;,7pi< Ty
where, i = 1,2,....N

(2) The driving force, in any layer, should not
exceed the tie breaking strength of the same
layer i.e., ;Tp;< Trr Where, Ty = the total
breaking force in that layer i.e.
Trr=TgrXx length of reinforcement along
which breaking may take place where
Tr = allowable tensile strength of rein-
forcement per unit length M;’s = distribu-
tion factors assumed for the distribution of
the driving force in N-layers, such that
ri+ro+... }’Nzl

The check is applied for different combinations
of reinforcement pullout and breaking failures.
The maximum value shall be the critical p,.

Ultimate bearing capacity of footing
on reinforced sand

The analysis developed above is for computing
the pressure intensity of square and rectangular
footings on reinforced soil, as indicated earlier,
for a given settlement (S), corresponding to
pressure intensity (qo) of the same footing, resting
on unreinforced sand, at the same settlement (S).
The pressure-settlement values of footings on
reinforced sand, however, can only be computed,
up to the ultimate bearing capacity of the unre-
inforced soil. Consequently, one of the limitations
of the proposed analysis is that, the ultimate
bearing capacity of footings on reinforced soil
cannot be obtained directly.

Kumar (1997), Kumar and Saran (2003b) and
Al-Smadi (1998) proposed an empirical ap-
proach for computing the ultimate bearing
capacity of footings on reinforced soil by
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Fig. 4 Non-dimensional area and force components for computing pressure ratio of square footing on reinforced soil for

e/B = 0.1 and i = 10° (X-direction)

extending the work of Singh (1988) and Huang
and Tatsuoka (1990). Therefore, similar empir-
ical approach, based on the model test results,
has been introduced herein. As can be seen
from Fig. 6 that

Gur = qr + Aq RigReq (28)
where
Aq = yDiN4 (29)

It has been observed that, the above Egs. (24)
and (25) hold good as long as the inclination i is
less than or equal to 10°. However, when i >10°,

Then
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qur = qr (30)

where

Req = (1 —2¢/B)
Ry = (1—1i/90)
Reduction factors due to e/B and i
= Load inclination in degrees

D¢ = Dr = depth of bottom most reinforcement
layer; y = unit weight of sand; N, = Terzaghi’s
bearing capacity factor; g, = ultimate bearing
capacity of reinforced sand; g, = pressure inten-
sity of footing on reinforced sand at settlement S,
corresponding to g, of unreinforced sand.
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Fig. 5 Non-dimensional area and force components for computing pressure ratio of square footing on reinforced soil for

e/b = 0.1 and i = 10° (Y-direction)

It has been observed that the aforementioned
approach holds good if the value of Dy is less
than or equal to footing width (B).

Experimental validation

Analysis, described above, has been verified for
square footing for all the cases under consider-
ation, namely:

(1) e/B=00,01;i=0°10%LJ/B =1, 2,3 and
N=1,23,4

(2) e/B=00, 0.1; i=20° L/B=1, 2, 3 and
N=4

(3) e/B=02,i=0°10°20%L¢JB =1,2,3 and
N=4

The procedure described above was followed
for predicting the pressure ratio (p,) and pressure
intensity (g) of reinforced footing corresponding
to the pressure intensity (go) of unreinforced
footing at the same settlement. It has been ob-
served experimentally that each layer of rein-
forcement failed in friction. When the footing is
subjected to eccentric-inclined load the friction
acting on the two sides of the footing; ab and a’b’
(Fig. 3) will be of different magnitude. It is very
likely that full friction will be mobilized on the
one side of the eccentric-inclined load and there
will be only partial mobilization on the other side,
it is not possible to quantify exactly the amount of
mobilization of friction on this side. Keeping this
in view a simple procedure was adopted in which
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Fig. 6 Typical pressure versus settlement curves for a
footing on unreinforced and reinforced soil

the full friction of both the side was estimated first
and then multiplied by the reduction factors
(Fig. 7) due to eccentricity (Rs) and inclination
(Rg) are given in the Eqgs. 30 and 31.

Rie =1—2¢/B (31)

Ri=1-i/® (32)

A few typical samples of the observed and
predicted pressure versus settlement (S.) for
square footings are shown in Fig. 8. It can be seen
from the figures that the predicted results are in
good agreement with the observed ones.

Similarly, the observed settlement versus pre-
dicted settlement curves are prepared for all the
cases and are presented in Fig. 9. It can be seen
from these figures that there is a good match be-
tween observed and predicted values of settlement.

Fig. 10 shows the observed (model tests) and
predicted values of ultimate bearing capacity.
And they are matching very well.

Design example
Statement

It is required to design a square footing resting on
reinforced sand to carry safely, a central vertical
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load ‘P’ of 1200 kN, a horizontal shear load p;, of
210 kN and a moment ‘M’ of 240 kN.m. The
density of sand is 15 kN/m® and angle of internal
friction is 35°. The pressure-settlement curve on
unreinforced sand is given in Fig. 11. The sand
below the footing is reinforced with geogrid of
20 kN/m strength and sand-geogrid frictional an-
gle ¢y is 22°.

Solution

(i) Taking a footing of width B = 2000 mm,
placed at a depth D¢ = 1000 mm below the
ground level.

(i)  Eccentricity = e = M/P, = 240/

1200 = 0.2 m

Eccentric-inclined load P is given by

(iif)
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Fig. 7 Reduction factors due to eccentricity and inclina-
tion of the applied load considered for frictional force
computation in reinforcement
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P = /P2 + P} = V1200* + 210% = 1218.2kN

P ~ 1220kN

(iv) Inclination of load from vertical

i =tan '(Py/Py) = tan"'(210/1200)
= tan"1(0.175) = 9.93
~ 10

(v) The ultimate load of a square footing sub-
jected to eccentric-inclined load is given as:

Qu = quA = [0.4yBN, R, Ry, +7DiNqReqRig]A
y=15.00kN/m>, B =1.0m, D = 1.0m,
N, =422 & Ny =40.0
Re, =0.64,R;, = 0.51, Req = 0.80, Riq = 0.79,
A=2x2=4m’
Q. = [(0.3264 x 506.4) 4 (0.632 x 600.0)]4.0
= [165.29+379.2014.0 = 544.5 x 4
=2177.96 ~ 2178kN

(vi) Factor of safely = Qu/P = 2178/
1220 = 1.79< 3.0, hence the design is not
safe against shear. Further, pressure inten-
sity = 2178/4 = 544.5 kN/m*

(vii) Design of footing resting on sand rein-
forced with Geogrid with the following
arrangement:

N=3,L, =3B x3B,U/B=25S,/B=025

Geogrid—sand friction angle, ¢=22°

Allowable tensile strength, Tr = 20 kN/m

LDR for geogrid = 1
The dimensionless quantities Jy,, Jy,, I, Iy,, My,
M,,, and Ay, and A,, are obtained from non-
dimensional charts, Figs. 4 and 5 and for ¢/B=0.1
and i = 10°, for different layer levels as shown in
Table 1. The values of f. Tp and T; are calculated
using Egs. (2), (12), and (27), respectively.

The pressure ratio ‘p,” for reinforced sand can
be computed for a pressure intensity ‘g, for the
unreinforced sand at a given settlement “S’. For
e/B = 0.1 and I = 10° the reduction factor due to

eccentricity and inclination of the applied load to
be multiplied in the frictional force is given be-
low. Let us determine the pressure ratio p, for
pressure intensity g, = 285 kN/m? at settlement
S. There will be eight independent cases when
N = 3, each giving a value of p,. However, the
critical value of p, will be the minimum. In this
example, case 3 and 4 are illustrated as follows:

Rie=1-2¢/B=1-2x01=0.8
Ri=1—i/¢=1-993/35=0.72
Rf = Rfe X Rfi =0.8x0.72=0.58

Case 3: First layer fails in pull-out, while the
rest fail in breaking

r1 X 5.387 x 285 x (pr — 1)

< (0.823 x 285 x P, +719.28) x 0.58
ry x 3.724 x 285 x (p, — 1) <240
r3 X 2.698 x 285 x (pr — 1) < 240
rn+rn+rn=1

From, which, p, = 1.767
Case 4: Second layer fails in pull-out, while the
others fail in breaking

r1 X 5.387 x 285 x (pr — 1) < 240
ry x 3.724 x 285 x (p; — 1)

< (0.993 x 285 x pr +719.57) x 0.58
r3 X 2.698 x 285 x (P; — 1) < 240
rn+rn+rn=1

From, which, p, = 2.009

Values of p, for all eight cases are given in
Table 2 for g, = 285 kN/m?

Ascan be seen from Table 2, the critical value of
pr = 1.417, from case 2, in which all reinforcement
layers fail in breaking for g, = 285 kN/m?. But

Q = pr X qo = 1.417 x 285 = 403.8kN/m>
Q ~ 404kN/m*

Also, the pressure ratio has been obtained for
pressure intensity ¢q,=0Q,=545 kN/m?, where,
pr = 1.218 (case 2)

But p,. = q/q,
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Fig. 8 Comparison of predicted and experimental pressure versus settlement curves for square footing on sand reinforced
with Tensar SS20 geogrid, e/B = 0.1,i =10°, L/B =2

Gr = Pr X qu = 1.218 x 545 = 663.81kN/m>
gr ~ 664kN/m>

GQur = qr +7DrNg X Rjq X Req = 663.81
+ (15 % 0.75 x 2 x 40 x 0.8 x 0.79)
= 663.81 + 568.8 = 1232.61kN/m?
Gur ~ 1233kN/m?

Using Eq. (28), the ultimate bearing capacity of
reinforced sand is given as:
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Fig. 9 Comparison of observed and predicted values of
settlement of footings subjected to eccentirc-inclined load,
on sand reinforced with Tensar SS20 geogrid

But  Qu=qux A=4932kN/m*> FS = Q,,/
P = 4932/1220 = 4.04 FS =4.04>3 hence safe
against shear failure.

Conclusions

In this investigation, the method of analysis pre-
sented by Binquet and Lee (1975a, b) and Kumar
and Saran (2003b), for isolated strip footings has
been extended to eccentrically and obliquely
loaded square and rectangular footings on rein-
forced sand. Experimental results match very well
with the proposed analysis. The computation of
normal force on the reinforcement area and the
estimation of interfacial frictional resistance at
different layer levelsare two essential steps in the
computation of pressure ratio. The process has
been simplified by presenting suitable charts in
non-dimensional form that can be directly used
for the same purpose. An approximate method
has been proposed for the determination of ulti-
mate bearing capacity of reinforced soil. Thus, the
square and rectangular footings subjected to
eccentric and inclined loads can be designed sat-
isfying both shear failure and settlement criteria.
The present analysis requires the pressure-settle-
ment values of unreinforced soil as pre-requisite,
which can be obtained using any method

Observed Settlement,(mm)

Fig. 10 Comparison of experimental and predicted values
of ultimate bearing capacity of footings subjected to
eccentirc-inclined load on sand reinforced with Tensar
SS20 geogrid

Pressure, (kN/mZ)
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Fig. 11 Pressure versus settlement curve for square
footing subjected to eccentric-inclined load, resting on
sand (Design example)

available in literature. In the proposed analysis, a
method suggested by Agrawal (1986) and Saran
and Agrawal (1991) has been used to draw pres-
sure settlement characteristics of eccentrically
and obliquely loaded footings on unreinforced
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Table 1 Calculation of forces for determination of pressure ratio, p,

Z/B ity L+, My, +M,, A FAy, fe Tp (kN) Tt (kN) Trr (kN)
0.25 1.652 1.221 0.309 12.00 0.333 5.387 g, (P-1) 0.823 g, P, + 719.28 240
0.50 1.438 1.014 0.472 11.40 0.263 3.724 q, (P-1) 0.993 g, P + 719.57 240
0.75 1.285 0.814 0.522 10.80 0.192 2.698 g, (P-1) 0.802 g, P, + 622.08 240
Table 2 Pressure ratio Case No. Dr Reinforcement failure mechanisms
(p) values for all cases
1 2.961 All layers fail in pull-out
2 1.417 All layers fail in tension
3 1.767 1st layer fails in pull-out, others fail in tension
4 2.009 2nd layer fails in pull-out, others fail in tension
5 2.086 3rd layers fails in pull-out, others fail in tension
6 2.507 1st & 2nd layers fail in pull-out, other fails in tension
7 3.000 3rd & 4th layers fail in pull-out, other fails in tension
8 2.606 1st & 3rd layers fail in pull-out, other fails in tension

soil. Therefore, the limitations of the method
used will also be incorporated in the analysis.
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