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Abstract - In the present study, using numerical 2-D
simulation, the influence of the different types of soil on
the different heights of the wall is addressed. A
cantilever retaining wall is considered and is been
modeled for the soil-structure interaction using finite
element package SAP2000 Version 14.0.0. Dynamic
distress and response of a cantilever retaining wall are
studied considering six degrees of freedom system. For
the validation purpose of the retaining wall, support
conditions are considered to be fixed. For the analysis,
the inputs are density of concrete, modulus of elasticity
of concrete, density and SBC of soil, modulus of elasticity
of soil, angle of internal friction and loading (active and
passive earth pressure). The targeted output is
maximum lateral displacement. Finally the response
spectrum inputs are given to the retaining wall for all
the three types of soils (soft, medium, soft rock and hard
rock) and three types of seismic zones (I1I, IV and V).
Based on the present studies going on globally on SSI it
can be concluded that neglecting the same would
sometimes result in unsafe seismic design and can lead
to dangerous situations.

After the analysis, it is observed that the
percentage variation in the deflection is 900% (avg)
towards the fixed end and converges to 1% towards the
free end when compared with classical method. As the
stiffness of the soil increases that is in soil4 there is a
reduction in deflection and as the height of the
retaining wall increases there is an increase in the
deflection at their free ends. The deflection increases
with the increase in seismic zone value.

1. INTRODUCTION

Most of the civil engineering structures involve some
type of structural element with direct contact with ground.
When the external forces, such as earthquake, act on these
systems, neither the structural displacements nor the
ground displacements, are independent of each other. The
process in which the response of the soil influences the
motion of the structure and the motion of the structure
influences the response of the soil is termed as soil-
structure interaction (SSI). In general, it lengthens the
apparent system period, increases the relative
contribution of the rocking component of ground motion
to the total response, and usually reduces the maximum

base shear. This reduction results from the scattering of
the incident waves from the foundation, and from
radiation of the structural vibration energy into the soil
As the soil surrounding the foundation experiences small
to moderate level of non-linear response, the soil-
structure interaction can lead to significant absorption of
the incident wave energy, thus reducing the available
energy to excite the structure.

Conventional structural design methods neglect the
SSI effects. Neglecting SSI is reasonable for light structures
in relatively stiff soil such as low rise buildings and simple
rigid retaining walls. The effect of SSI, however, becomes
prominent for heavy structures resting on relatively soft
soil for example nuclear power plants, high-rise buildings
and elevated-highways on soft soil.

1.1 Retaining Wall

The following parameters influence the design of the
retaining wall: wall height, soil type, and sloping land
below and/or above the retaining wall, loads above and
behind the retaining wall. Satisfying the external stability
criteria is primarily based on the section giving the
required factor of safety. The ratio of resisting forces to
the disturbing forces is the factor of safety and this factor
of safety should always be greater than 1.5 for the
structure to be safe against failure with respect to that
particular criteria. Different modes of failure have
different factor of safety.

The cantilever wall generally consists of a vertical
stem and a base slab, made up of two distinct regions i.e. a
heel slab and a toe slab. All three components behave like
one way cantilever slabs. The stem acts as a vertical
cantilever under the lateral earth pressure, the heel slab
and toe slab acts as a horizontal cantilever under the
action of the resulting soil pressure.

2. BEHAVIOR OF CANTILEVER RETAINING WALL
UNDER STATIC LOADING

After the design of cantilever retaining wall, static
analysis is done for the same by classical method
(conjugate beam method) to get the deflection. By plotting
the bending moment and M/EI values on A0 size graphs
manually for all the three retaining walls of 4 m, 6 m and 8
m the deflections of the same has been calculated. The
manually plotted graphs which are scanned and adjusted
to the page are as shown from Fig -1 to Fig -3. The X-axis
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represents the height of the retaining wall (m) and Y-axis
represents the deflection (mm).

Fig -1: Deflection of 4 m Retaining Wall (Manual)

Fig -3: Deflection of 8m Retaining Wall (Manual)

3. ANALYSIS OF RETAINING
DYNAMIC LOADING

In the present study, two-dimensional analysis
using finite element approach where ever necessary has
been adopted. Only elastic analysis is carried out in this
study.

The structure is modeled as a three-dimensional
plain strain solid element using software package SAP. The
method of analysis used in the present study is Response
Spectrum Method (RSM).

WALL UNDER

3.1 Assumptions made

The material behavior of concrete, reinforcing
steel and soil are assumed to be linear. Though the
structure is analyzed for factored loads the loads applied
on the structure generally don't exceed the working load
levels. At working load level the stresses developed can be
expected to be within the elastic limit of the material and
hence the materials are assumed to be elastic. Full contact
is ensured between the retaining wall and the soil in the
analysis and no separation case is considered.

3.2 Model of structure

All the structural systems are modeled as plane
strain elements using SAP Software package. The
modeling of the structural components of the retaining
wall and soil in the present analysis is done using 3-D solid
elements.

R

ji

']

Fig -4: Degree of Freedom for wall and soil element

In the present study the three-dimensional (3D)
wall and soil elements are defined from the required type
of member property specified as per the cross sectional
details. It has 6 Degrees of Freedom (Ux, Uy, Uz, Rx, Ry,
and Rz) for each node. It can take up real constants (such
as Area, Ixx, lyy, Izz, etc.) and material constants (like
density, modulus of elasticity, Poisson's ratio etc.).

3.3 Link element (gap element)

The Tension/Compression Friction Isolator
element is one of the link elements available in the SAP
2000 software program to augment the needs of different
structural engineering application. This element is
generally used to represent the contact between two
structures to transmit the contact forces between them.
Both linear and non linear options are available. In this
study the weight of the element is considered to be zero.
Fig -5 shows the link element and its component, in which
i & j are the nodes (extreme ends) of the link element
while k is its stiffness.

1%

open

1
Fig -5: The gap element
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3.4 Response Spectrum Method (RSM)
The following steps are required in RSM:

Formulation of an appropriate mathematical
model consisting of lumped mass system using 2D/3D
beam elements.

Determination of natural frequency and mode
shapes following a standard stiffness matrix, transfer
matrix or other standard approach.

Determine total response by combining responses
in various modes by (i) by mode combination procedure
such as SRSS, CQC, etc. or (ii) time-wise superposition of
responses using ground motion time history(s). In RS
method (iii) Ah shall be computed as per 6.4.2 of 1S1893
(Part-1):2002.

3.5 Types of Coordinate Systems
All coordinate systems in the model are defined

with respect to a single global coordinate system. Each
part of the model (joint, element, or constraint) has its
own local coordinate system. All coordinate systems are
three- dimensional, right- handed, rectangular (Cartesian)
systems.

3.6 Material Properties

There are specified material properties which are
used to define the mechanical, thermal, and density
properties for the frame, shell, plane, and solid elements.
These Material properties may be defined as isotropic,
orthotropic or anisotropic. Depending upon the element
type, the properties can actually be utilized.

3.7 Degrees of Freedom

In the structural model, deflection is governed by
the displacements of the joints and every joint may have
up to six displacement components:
e The joint may translate along its three local axes which
are denoted as U1, U2, and U3.
e The joint may rotate about its three local axes which are
denoted as R1, R2, and R3.
These six displacement components are known as the
degrees of freedom of the joint. The joint local degrees of
freedom are illustrated in Fig -6.

Fig -6: The six (displacement) degrees of freedom in
the joint local coordinate System

The model of cantilever retaining wall for fixed base by
SAP 2000 Ver. 14.0.0 is as shown below:

Fig -7:
SAP

Model of Cantilever Retaining Wall (Fixed Base)
The model of cantilever retaining wall for actual condition
in soil by SAP 2000 Ver. 14.0.0 is as shown below:

Fig -8:
SAP Model of Cantilever Retaining Wall (Embedded in
Soil)

4. RESULTS

The present analytical study carried out
comprises primarily of static and dynamic analysis of
cantilever retaining wall by classical method (conjugate
beam method) and the method of ‘Response-Spectrum’
presented in [S1893:2000, using SAP2000 Ver14.0.0
software respectively.
The max. Lateral Displacement due to seismic excitation of
the cantilever retaining wall for static and dynamic
analysis is studied, viz,
The variations in the aforementioned parameter is studied
by varying the following parameters, viz,
1. Soil type (soft, medium, soft rock and hard rock)
2. Height of the cantilever retaining wall (4, 6 & 8 m)
3. Structure in Different Zones (111, IV & V)

4.1 Static analysis -Variation in Displacement

The variation in the displacement for three different
heights (4 m, 6 m and 8 m) of retaining wall are presented
in Table 1 to 3.
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Table -1: Horizontal Deflection of 4 m Height
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0.4 0.1 0.26 | 160 2.3 2.81 317 | 13 . . o . o
0.6 0.24 046 | 92 25 321 354 10 Fig -10: Horizontal Deflection of 6 m Height Retaining
0.8 0.42 0.69 | 64 2.7 3.61 391 8 wall
1 0.65 096 | 48 2.9 4.02 4.27 6
1.2 0.91 1.26 | 38 3.1 443 4.64 5
1.4 1.21 1.58 | 31 3.3 4.84 4.99 3 . ] . ..
16 153 | 192 | 25 35 526 536 2 Table -3: Horizontal Deflection of 8m Height Retaining
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Fig -9: Horizontal Deflection of 4 m Height Retaining 0.8 0.066 | 0.7 | 961 4.6 1121 | 128 | 14
wall 1 0.18 1 456 4.8 12.03 | 13.6 | 13
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1.8 0.49 3.21 555 4.8 11.76 13.49 | 15 e,
2 0.77 3.67 377 5 12.93 14.3 11 > S = o
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26 234 572 a2 o 1607 | 1643 | 2 Fig -11: Horizontal Deflection of 8 m Height Retaining
2.8 284 | 626 | 120 | 57 | 1646 | 1660 | 1 | Wwall

4.2 Static analysis

The results of static analysis of the cantilever retaining
wall using SAP 2000 VER14.0.0 are tabulated here and to
give a clear picture of this graphical presentation of the
same is been done.
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The variation in the displacements of the three retaining 42 | 113 [ 116 | 3 | 497 | -56 | 425 | -62 | 4.12 | -64
walls with varying soil type are compared with the 5 | 143|139 -3 | 618 | -57 | 535 | -63 | 5.19 | -64
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standard retaining wall with fixed base and corresponding
values are represented in the graphical form as below.
Table -4: Horizontal Deflection (mm) of 4 m Height
Retaining wall considering soil
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Fig -14: Horizontal Deflection of 8 m Height Retaining
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Table -5: Horizontal Deflection (mm) of 6 m Height 1 1 756 | 656 | 225 | 125 | 141 | 41
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Table -7: Maximum Horizontal Deflection of 4m Height
Retaining wall - Zone III

9 a 22| § §

= EEHEER| S F

=28 =T 8= 9

3 zagz2EEl § g

@ § wa| § g
Soil 1(soft) 6 6.2 3.33
Soil 2(medium) 3.5 3.6 2.86
Soil 3(soft rock) 3.3 3.7 12.12
Soil4(hard rock) 3.2 3.8 18.75

Table -8: Maximum Horizontal Deflection of 4m Height
Retaining wall - Zone V

o 2) L2 wn s g
& AR
= EEEEFIEEE
3 “rEE2s| 8 3
Soil 1(soft) 6 6.7 11.67
Soil 2(medium) | 3.5 3.9 11.43
Soil 3(soft rock) 33 3.9 18.18
Soil4(hard rock) 3.2 4 25

Table -9: Maximum Horizontal Deflection of 6m Height
Retaining wall - Zone III

g o _2ael 5 §

=) 'Eég'sgge-ﬁ':‘a

:  [BEEEEE[ i<

a 525 g g
Soil 1(soft) 17 17.1 0.58
Soil 2(medium) 8.2 2.5
Soil 3(soft rock) 7.2 2.86
Soil4(hard rock) 6.9 7.0 1.45

Table -10: Maximum Horizontal Deflection of 6m
Height Retaining wall - Zone V

o ) Q w s g

g SESHEER| S S

=z SEEEEEEEE

2 27 g > s 5 9

@ g as £ 38
Soil 1(soft) 17 | 17.3 1.76
Soil 2(medium) 8 8.9 11.25
Soil 3(soft rock) 7 8.2 17.14
Soil4(hardrock) | 6.9 | 7.5 8.7

Table -11: Maximum Horizontal Deflection of 8m
Height Retaining wall - Zone III

3 = S
2 EgBlEE_£ £
= o
= ZS35|3ESREES
S - RS- ) %
7] © =] > =
Soil 1(soft) 265 | 318 20

Soil 2(medium) 14.3 17.7 23.78
Soil 3(soft rock) 12.4 16.2 30.65
Soil4(hard rock) 11.4 14.9 30.7

Table -12: Maximum Horizontal Deflection of 8m
Height Retaining wall - Zone V

o 7] 8w g g
5 ESQ|EEY_S _E
L
= =sEREESFEES
) xA g ®xE § 9
7] « A« > =
Soil 1(soft) 265 | 357 | 34.72

Soil 2(medium) 14.3 20.3 41.96
Soil 3(soft rock) 12.4 17.7 42.74
Soil4(hard rock) 11.4 15.5 35.96

5. SUMMARY AND CONCLUSIONS

In the soils having comparatively less stiffness
(modulus of elasticity), the effect of soil-structure
interaction is prominent as these could tend to increase or
decrease the response as compared to the fixed base.

The static deflection obtained by classical method
(conjugate beam method) was compared with that of the
SAP modeled retaining wall and was found that it varies
linearly. That is the percentage variation in the deflection
is 900% (avg) towards the fixed end and converges to 1%
towards the free end.

The deflection at the free end of the cantilever
retaining wall increases with the increase in the height of
the retaining wall thatis, 5.98 mm in 4 m, 16.9 mm in 6 m
and 23.8 mm in 8 m retaining wall respectively.

The deflection at the free end of the cantilever
retaining wall decreases with the increase in the stiffness
of the soil. The drop in the deflection in 4 m height
retaining wall is within the range, 5.98 mm in soill to 3.22
mm in soil4, in 6 m height retaining wall the value ranges
from 16.69 mm in soill to 6.05 mm in soil4 and in 8 m
height retaining wall the value lies within the range 23.8
mm in soill to 17.07 mm in soil4.

The deflection at the free end of the cantilever
retaining wall increases with the increase in the seismic
zone. The increase in the deflection for 4 m height
retaining wall ranges from 6.2 mm in zone III to 6.77 mm
in zone V, in 6 m height retaining wall the value lies within
17.1 mm in zone Il to 17.3 mm in zone V and in 8 m height
retaining wall the value ranges from 31.8 mm in zone III to
35.7 mmin zone V.
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