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ABSTRACT: A semi-gravity wall of PCC is constructed to retain the silty gravel backfill in Dewarwadi village near
Vaijanath temple. The soil samples at the top and bottom of the wall at three sections are collected and tested. Then the
static stability analysis of the wall is carried out. It is found that the average factors of safety with respect to
overturning, sliding and bearing failure are 4.56, 9.62 and 3.1 respectively, which shows wall is safe as required factors
of safety are 2, 2 and 3 respectively. But, these are too higher, which indicates the oversized wall is constructed. Hence,
for safety as well as the economy the actual wall should have been of the dimensions; Stem top width=0.2 m, Stem
bottom width=1.1 m, Width of base slab= 2.72 m, Thickness of base slab=0.68 m, Heel projection=0.62 m and Toe
projection =1 m. The % saving in materials would be 41.5 % compared to the existing wall. Also, for the proposed wall
the factors of safety with respect to overturning, sliding and bearing failure are 3.684, 6.970 and 5.14.
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I. INTRODUCTION

Structures that are built to retain vertical or nearly vertical earth bank or any other material are called retaining walls.
Retaining walls, whether gravity, semi-gravity, cantilever, counterfort or buttressed retaining walls may be constructed
of masonry, concrete or sheet piles. Retaining walls may also retain water. Earth retained may be natural soil or fill
material. Whatever may be the type of wall; all the walls have to withstand lateral earth pressure, which tries to move
the walls from their position. The walls are to be designed to keep them stable in their position. Earth pressure may
move wall away from it or toward it. In the former case it is active earth pressure and the later is called passive earth
pressure. But in reality the former prevails to the maximum extent. The wall may fail in various modes viz. By
overturning about toe, sliding along base or bearing failure of the foundation soil. Hence, normally the factors of safety
are calculated with respect to these aspects.

Il. MATERIALS AND METHODS
DESCRIPTION OF PROJECT SITE AND EXISTING RETAINING WALL
The semi-gravity wall of PCC is located in Dewarwadi village near Vaijanath temple at a distance of 19.7 km from
Belagavi district, Karnataka, which is shown in Plate 1. The wall was constructed in the year 2009 under the authority
of Gram Panchayat, Dewarwadi. The average dimensions of retaining wall are; length = 25.50 m, top width = 0.55 m,

height = 3.98 m, width of base slab=2.65 m and depth of foundation= 1.46 m. Weep hole information is; 26 numbers of
50 mm diameter and 6 numbers of 100 mm diameter. The cross section of the wall is shown in Fig. 1.
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Plate 1 Existing Retaining wall at Dewarwadi
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Fig. 1 Cross section of retaining wall

After reconnaissance survey the disturbed soil samples at the top and bottom of three sections, 1-1, 2-2 and 3-3 as
shown in Plate 1 were collected along with conducting few field tests. The major soil encountered is silty gravel. The
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index and engineering properties of these soils are presented in Table 1, which are conducted as per relevant I.S codes

[1] to [9].

Table 1 Geotechnical Properties of the Soils at Retaining Wall

Soil Properties Section 1-1 Section 2-2 Section 3-3
Top Bottom Avg. Top Bottom Avg. Top Bottom Avg.
Natural Moisture Content, W, (%) 10 9 9.5 10 9.7 9.85 10.2 9.8 10
Specific Gravity, G 2.62 2.66 2.64 2.68 2.64 2.66 2.60 2.61 2.605
Grain Size Distribution;
% Gravel & Sand 55.4 56.5 55.9 47.26 51 49.13 | 36.06 48.16 42.11
% Silt & Clay 44.6 43.5 44.1 52.74 49 50.87 | 63.94 51.84 57.89
Cc 12.1 6.34 9.2 13.13 12.16 12.64 8.77 10. 07 9.42
Cu 1.2 1.1 1.2 0.91 1.04 0.97 1.29 121 1.25
Consistency Limits;
Liquid limit, W (%) 46.8 46.7 46.8 4723 | 4723 | 47.23 | 47.06 47.0 47.03
Plastic limit, Wp (%) 33.2 315 32.4 37.80 33.31 35.55 | 36.87 37.98 37.40
Plasticity Index, IP (%) 13.6 15.2 14.4 9.43 13.92 11.68 10.19 9.02 9.63
Shrinkage limit, Ws (%) 25.2 22.3 23.8 22.56 23.24 22.90 | 24.92 24.35 24.63
1.S.Classification GW-MI
Standard Proctor Compaction
Properties;
MDD (g/cc) 1.39 1.48 1.44 1.476 1.45 1.46 1.38 1.36 1.37
OMC (%) 17.37 17.5 17.44 | 16.17 19.33 17.75 18.17 20.00 19.09
Field Density (g/cc) 1181 | 1171 | 1176 | 1166 | 1.139 | 1.153 | 1.188 | 1180 | 1.184
(By Core Cutter)
Strength Characteristics;
C. (kg/cm?) 0.323 0.302 0.313 0.327 0.306 0.317 | 0.324 0.299 0.312
@, (degree) 27.723 | 32.319 | 30.021 | 29.047 | 30.899 | 29.973 | 30.170 | 31.088 | 30.629

In the present study the static stability of wall is made. All the sections are analysed and the average factors of safety
are found out. The required factors of safety for overturning, sliding and bearing failure are 1.5-2, 1.5-2 and 3

respectively [10]

I111.METHOD OF STABILITY ANALYSIS OF EXISTING RETAINING WALL

The factors of safety with respect to overturning (equation 1), sliding (equation 2) and bearing failure (equation 3) are
calculated as follows with reference to Fig. 2 [11]. Also, since the existing wall is of semi-gravity type in the
calculation of active earth pressure due to backfill the Coulomb’s theory, which is more appropriate, is used and in the
calculation of passive resistance in the foundation soil the Rankine’s theory is used.
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Fig. 2 Reference cross section of retaining wall for stability analysis
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Factor of Safety with respect to overturning, Fozﬁzw

Where, Mg-= Resisting moment, Mp- Driving moment, Ww= Weight of wall, X1= Lever arm for Ww, Pav= Vertical
component of active earth pressure, Y1= Lever arm for Pav, Pp= Passive earth pressure, h2= Lever arm for Pp, Pah=
Horizontal component of active earth pressure and h2= Lever arm for Pp.

Factor of Safety with respect to sliding, Fe=hZVHtBCathp _ . 2
Pah

Where, p = Coefficient of friction at base= 0.45 (for coarse grained soil with silt), B= Base width of toe and heel slab,
Ca’= Unit cohesion at base, Pp= Passive resistance, Pah= Horizontal component of active earth pressure.

Factor of safety with respect to bearing capacity, Fbc:q::x =N cScdeie YDHES[SE_: Y BN Sy
B B

Where, qu= Ultimate bearing capacity of foundation soil, C=Cohesion, Y'=Unit weight, Nc, Ng, Ny= Bearing capacity
factors, Sc, Sq, Sy= Shape factors of footing of retaining wall, dc, dq, dy= Depth factors of footing of retaining wall, ic,
iq, iy= load inclination factors for footing of retaining wall, Df= Depth of footing of retaining wall, B= Width of

footing of retaining wall, ¥V=Total vertical force on retaining wall, e=Eccentricity of load on footing of retaining wall.

For each cross section the factors of safety are calculated using equations (1) - (3). Then the average factors of safety

F1+F2+F3 . . .
are calculated as; Fa\,g,:% with respect to each criterion.
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IV.RESULTS AND DISCUSSIONS

The results obtained of these are presented in Table 2.

Table 2 Factors of Safety of Existing Retaining Wall

Section 1-1 2-2 3-3 Average Factor of Safety | Required Factor of Safety
Factor of Safety for overturning 4.4 4.66 4.62 4.56 1.5-2
Factor of Safety for sliding 9.11 9.90 9.86 9.62 1.5-2
Factor of Safety for bearing failure 3.10 3.13 3.07 3.10 3
Remarks Safe Safe Safe Safe -

It is clear from Table 2 that the existing retaining wall is safe as the factors of safety are more than the required values.
But, it is also evident that the factors of safety are far more than the required values which mean the wall provided is
oversized and hence it is uneconomical.

Hence, for the purpose of comparison it is decided to propose the semi-gravity type of wall and its design, both from

the safety and economy aspects.

It is practically well established that for a gravity and semi-gravity wall the minimum dimensions shall be [12]; top
with of stem>200 mm, base width= 0.5 to 0.7 times the height (H) of wall, thickness of base slab=H/8 to H/5 and the

front batter can be minimum of 1 in 48 [12].

Fig. 3 and Table 3 can be referred for the details of trial dimensions of retaining wall and their stability analysis.
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Fig. 3 Reference cross section of retaining wall for trial dimensions
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Table 3 Factors of Safety of Trial Dimensions Retaining Wall

Trial

No. H ty B tw a b c d f Eccentricity, e Fo Fs Foc

(m [ (m) | (m | (m | (m | (m | (m | (m | (m) (m)

1 476 | 068 | 272 | 0.30 | 0.17 | 055 | 0.30 | 1.50 | 0.20 0.52 6.357

2 476 | 068 | 272 | 0.30 | 0.25 | 0.50 | 0.30 | 0.90 | 0.77 0.506 3.589

3 476 | 068 | 272 | 0.25 | 0.30 | 050 | 0.25 | 1.10 | 0.30 0.333 5.669 | 7.244 | 3.240
4 476 | 068 | 272 | 0.20 | 0.92 | 0.40 | 0.20 | 0.90 | 0.30 0.133 4360 | 6.790 | 6.790
5 476 | 068 | 272 | 0.20 | 1.00 | 0.20 | 0.20 | 0.70 | 0.62 0.281 3.684 | 6.970 | 5.140
6 484 | 060 | 200 | 0.20 | 1.00 | 0.20 | 0.20 | 0.40 | 0.70 0.335 3.050 | 6.880 | 5.506
7 484 | 060 | 200 | 0.20 | 0.60 | 0.20 | 0.20 | 0.30 | 0.70 0.504 2.009 | 6.482

8 484 | 060 | 200 | 0.20 | 1.00 | 0.20 | 0.20 | 0.30 | 0.30 0.230 2.569 | 6.482 | 4.756
9 484 | 060 | 200 | 0.20 | 0.80 | 0.20 | 0.20 | 0.30 | 0.50 0.360 2.289 | 6.482

10 484 | 0.60 | 200 | 0.20 | 090 | 0.20 | 0.20 | 0.30 | 0.40 0.298 2429 | 6.482 | 4.244
11 494 | 050 | 200 | 0.20 | 090 | 0.20 | 0.20 | 0.30 | 0.40 0.303 2.381 | 6.047

12 476 | 068 | 272 | 0.30 | 0.42 | 050 | 0.30 | 1.00 | 0.50 0.363 4,030 | 7.502 | 3.139
13 494 | 050 | 1.90 | 0.20 | 090 | 0.20 | 0.20 | 0.30 | 0.30 0.275 2.305 | 5.794 | 4.080
14 494 | 050 | 1.80 | 0.20 | 0.90 | 0.20 | 0.20 | 0.30 | 0.20 0.241 2.256 | 5.678 | 3.910

It is clear from Table 3 that the trial number 5 (highlighted) gives the least possible dimensions along with stability
considerations as it gives factors of safety nearest to the required values. Hence, Fig. 4 shows the dimensions of
proposed retaining wall.
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Fig. 4 Dimensions of proposed retaining wall
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Table 4 shows the comparison between the existing wall and proposed wall with % saving in material.

Table 4 Comparison of Existing and Proposed Retaining Walls

For existing wall For proposed wall Savings
Area | Length | Volume Area | Length | Volume (m?) %)
(m?) (m) (m°) (m?) (m) (m°)
8.451 25.50 215,500 | 4.944 | 25.50 126.072 89.428 41.50

V. CONCLUSION

Based on the present study the following conclusions can be drawn.

e The existing retaining wall is safe as the average factors of safety with respect to overturning, sliding and bearing
failure are 4.56, 9.62 and 3.10 respectively which are more than required values of 1.5-2, 1.5-2 and 3 respectively.
But these values are far more than required. Hence, the wall is oversized and uneconomical.

e The proposed dimensions of retaining wall are; stem top width=0.2 m, stem bottom width=1.1 m, width of base
slab= 2.72 m, thickness of base slab=0.68 m, heel projection=0.62 m and toe projection=1 m. For which factors of
safety with respect to overturning, sliding and bearing failure are 3.684, 6.970 and 5.140 respectively.

e  The % saving in materials would be 41.5 % for proposed wall compared to the existing wall.
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