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Abstract: The aim of this study is to optimize the use of relief shelves for minimum lateral pressure and to study the economic
aspects of providing shelves. The study is conducted in two parts, first analytical approach by conventional methods and then Finite
Element Method of analysis using STAAD Pro. The analytical study shows that the pressure can be reduced to a maximum of
42.53% using single shelf and 62.28% using two shelves. The FEM analysis showed that the deflection of stem slab is reduced by
92.83% using one shelf and 95.18% by providing two shelves. The stresses on shelves increases to very high value if the width of
shelf is increased by ‘0.3h’, where ‘h’ effective height of soil backfill above shelf.

Index Terms — Retaining wall, stress relief shelves, pressure relief shelves, STAAD pro, FEM analysis.

. INTRODUCTION

In today’s fast-growing world, it is possible to construct structures which were not affordable in past few years due to lack of
knowledge and techniques. For example, roads and buildings can be constructed on the sloping side of a hill without the fear of
damaging the structure due to land sliding. Retaining walls are important part of structure constructed to supports the vertical
backfill. The most commonly used retaining walls are gravity retaining wall, cantilever retaining wall and counterfort retaining
wall. Gravity retaining walls are found to me economical up to 3 m height, cantilever retaining walls are found to be economical
up to 6m height beyond that these walls acquire very bulky structure occupying huge space which can be sometimes unaffordable
due to constraints in available space. Since the scope of structures is increasing it is necessary to determine a viable solution. The
cross-sectional dimensions of the retaining wall mainly depend on the lateral earth pressure due to the backfill soil retained. To
reduce the lateral earth pressure geo technical materials were suggested like Expanded Polystyrene (EPS) (Horvath 1997), mixing
of glass fibers with soil in backfill (Rehnman and Brans 1972), inclusion of cardboards (Edgar et al. 1989) and also recycled tire
chips mixed with sand to reduce the weight of backfill (Reddy and Krishna 2015).

Estimation of lateral earth pressure is also responsible for determination of cost of the project (Goel and Patra 2008; Soon and
Drescher 2007). So, to search for a solution to reduce the lateral pressure relief shelves were introduced on the cantilever retaining
wall. Retaining walls with pressure relief shelves are not a new concept to the countries like India, China, Russia and Korea (Balwan
and Kumbha2011; Tsagareli 1969 and Yakovlev 1974) but due to their complex nature the lack in fully developed mechanism.
According to Liu and Chen 2013; the retaining wall with relief shelf saved the time period of construction, excavation and cost by
8.1, 30.8 and 11.4% respectively.

For the walls with greater heights gravity walls are uneconomical solution due to large cross section so relieving platforms can be
provided to significantly reduce the lateral earth pressure (Jumikis 1964; Bowels 1997). These shelves can also be provided be on
counterfort retaining wall (Jumikis 1964). These shelves were provided along the length of the wall. He explained the stability
analysis for counterfort retaining wall with two relief shelves. Tsagareli 1969; theorized zero earth pressure just below the shelf due
to void beneath the shelf so that the weight of backfill above the shelf is not transferred below. This theory was disproved
experimentally (Yakovlev 1969; Yoo et al. 2012; Moon et al. 2013; Khan et al. 2016) and numerically (Chauhan et al. 2016; Shehata
2016) proving that gap between shelf and below soil is not required for the shelf to bear the load of the soil above it. Chaudhuri
(1973), experimentally determined the stability of the wall using coulombs wedge theory but because of a simple model he was not
able to determine the pressure behind the wall. Experimental analysis showed that by providing relief shelves the lateral pressure
was significantly reduced on the wall (Yoo et al. 2012; moon et al. 2013; Chauhan et al. 2016). When the retaining wall was
analyzed by finite element analysis its shows that there was significant reduction in deflection of stem due to addition of a shelf at
mid height (Shinde and Watve 2015; Girme et al. 2017)
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I1. Methodology
2.1 Analytical approach
The following parameters are considered while designing the retaining wall for zero shelf, 1 shelf and two shelves. Provisions from
1S456 are considered for cantilever retaining wall. The following are the provisions-
Height of backfill supported, H= 9m
Bearing capacity of soil (Qssc)= 200KN/mm?
Submerged weight of soil, Qsup= 20KN/m3
Angle of internal friction, ®= 30°
Coefficient of friction, u=0.8
Unit weight of cement concrete= 20KN/m3
Grade of concrete, Fa= M20
Grade of steel, Fy=415
Subgrade base reaction = 40* Qsgc*FOS
= 24000KN/mm?
The dimensions of the retaining walls are shown in the figures below. All the dimensions mentioned are in meters. In case of single
retaining wall, the shelf is provided at the middle of stem, i.e. at H/2 height where ‘H’ is total height of wall, and in case of two
shelves, the shelves are provided at H/3 and 2H/3 from the bottom of the wall
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Fig.1. Cantilever retaining wall Fig.2. Retaining wall with one relief shelf
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Fig. 3. retaining wall with two shelves
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2.1.1 Forces and Moments on structure

Table 1. forces on components of wall

weight/ force (KN)

name of the moment (KN-

S. No ¢ distance from M)
componen heel(m)
1 stem W1 b1 Wixb1=M1
2 heel W2 b2 W2xb2=M2
3 toe W3 b3 W3xb3=M3
4  shelf w4 b4 Wiaxb4=M4
5 soil above shelf W5 b5 W5xb5=M5
6 soil below shelf W6 b6 W6xb6=M6

remaining soil
7 w7 b7 W7xb7=M7
on heel slab

Net force, W= Y w=WI1+W2+W3+W4+W5+W6+W7
Net resisting moment MR=YM »> M=M1+M2+M3+M4+M5+M6+M7

Active earth pressure = %kyH 2
Where, K= =322
1+sin ¢
K= Rankine’s coefficient
= angle of friction
Y= unit weight of backfill
h= height of soil section

The wall has an overturning moment due Mo due to active earth pressure which is in opposite direction of resisting moment Mg
I.For cantilever retaining wall of height H Mo= %kyH3
I1.For retaining wall with single shelf at height h from base with a total height of wall H

Mo = ~kyh?+<ky(H — h)2[H — 2h]

2.2 STAAD Modelling
STAAD pro is a perfect software to analyze the deflection of a member up to 3 decimal places of a millimeter. The shelf bear the
complete load of the soil above it. The model in STAAD is as follows. A wall of constant height is considered — 7m, 9m and 11m
the position of shelf is at optimum state where we get minimum earth pressure with varying its width difference between deflection
for one and two shelves retaining wall.
The width of shelves are taken at 0.2h, 0.3h 0.4h 0.5h and 0.6h where ‘h’ stands for effective height of soil above the shelf. The
mesh is generated at the base and shelf to account subgrade base reaction due to soil below underneath. The loads applied on the
walls are uniformly varying load due to Rankins Earth pressure in horizontal direction of the stem, dead load of the soil on the
retaining side and support reactions as subgrade base reaction by generating a mesh on base slab and shelf slab.
Lateral earth pressure on the basis of Rankin’s earth pressure theory is P.
Therefore,

P = kyh KN/m?
Where, h-height of soil above the shelf
Pressure P varies from 0 to kyh in horizontal direction varying about vertical axis.
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Figure 4 STAAD model for wall with 1 shelf and two shelves

I11.Results and Discussion

3.1Numerical approach

The following observations were made by numerical analysis of the three retaining walls namely cantilever retaining wall, retaining
wall with one shelf and retaining wall with two shelves.

The graph is plotted between location of relief shelf in terms of fraction of total height in x-axis and with lateral earth pressure on
y-axis. A smooth upward parabola is formed shown in the fig 4. As the location shelf is switched from 0.1H to 0.9H creating an
apex at 0.5H, the point of minimum lateral earth pressure. In case of two shelves initially the shelves were located at extreme ends
then gradually brought closer to the mid of stem forming the above graph in fig 4. The two shelves behave as a single shelf at the
center. The point of minimum earth pressures is at H/3 and 2H/3.

lateral earth pressure variation
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Fig. 5. lateral earth pressure variation on the stem with respect to location of shelf/ shelves

When the eccentricity of the net force on the wall is plotted against the location of relief shelf, we get the above graph for 1 and 2
relief shelves as shown in fig.5. For the case of single shelf as the location of the shelf is shifted upwards eccentricity gradually
decreases up to 0.6H then increases, but still it is very less till 0.7H. In case of two shelves the pattern is similar to that of earth
pressure in a double concave upward graph. A sudden hike in eccentricity signifies that the two shelves are very close and behave
as a single unit.
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eccentricity

0.1H | 0.2H | 0.3H 0.33H| 0.4H  O0.5H 0.6H 067h 07H 0.8H 09H
=@ cccentricity due to 2 shelves| 0.799 | 0.46 | 0297 0.286 0.355 053 | 0289|0286 | 0297 0463 0799
=== eccentricity due to 1 shelf 0.796 0699 0568 0527 043 0308 0228 0211 0215|0295 0.493

Fig. 6. eccentric behavior of wall with respect to location of shelf/shelves

Factor of safeties in sliding against the location of shelf/shelves are plotted for wall with 1 and 2 shelves. When in one shelf as the
height of the shelf is increased the safety increase. After the mid-point sliding factors starts decreasing having maximum value at
midway. While in two shelves graph shows two downward parabolas with maximum safety at H/3 and 2H/3.
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Fig. 7. factor of safety in sliding against location of shelf/shelves

The above explanations are formulated in a table 2 for most optimum locations of shelves
Table 2 comparative analysis of wall with zero, 1 and 2 shelves on various criteria

S. No. Number of shelves 0 shelf 1 shelf 2 shelf
components
shelf width(m) 0 0.9 0.5
shelf thickness(m) 0 0.19 0.115
stem thickness(m) 0.66 0.59 0.505
% reduction 10.61 23.48
4 base width(m) 5.06 4.34 3.605
% reduction 14.2 28.75
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5 lateral earth pressure (KN/m?) 227.73 130.88 85.88
% reduction 42.53 62.28
6 net moment (KN-m) 1494.09 1075.29 690.97
% reduction 28.04 53.76
7 Eccentricity(m) 0.32 0.31 0.28
% reduction 4.32 11.15
8 FOS overturning 2.99 2.81 2.63
% reduction 5.81 11.92
9 FOS sliding 2.14 3.17 3.81
% increase 48.50 78.56
10 concrete required(m?q) 167.46 153.14 116.87
% reduction 8.55 30.21
11 Area of steel (mm?) 10121.61 9823.49 8310.65
% reduction 2.95 17.89

3.2 Finite element approach
Table 3. deflection of components of retaining wall with zero, 1 and two shelves in millimeters

number of shelves 0 1 2
component of wall
stem 99.791 7.153 4.8
heel 25.04 11.376 7.267
shelf 2.868 3.086

The above table shows the deflection in stem heel and shelf of the three retaining walls of 9m height. This shows that addition of a
single shelf reduces the deflection in each component by large amount. When the deflection of base was calculated with respect to
the changing width of shelf the following graph was observed. The width of shelf is denoted in the ration of total width of base ‘B’
to the height of soil retained over the shelf ‘h’. Hence the shelves are of width 0.2h, 0.3h, 0.4h, 0.5h and 0.6h. The deflection
decreases as the shelf width is increased to 0.5h and beyond that it increases. The graph has a similar pattern for wall with all
heights.

deflection of base at heel end
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w7 m wall 6.974 5.022 3.84 3.859 5.552
=== 90m wall 11.376 8.188 6.349 6.327 9.098
11 m wall 16.223 11.779 9.382 9.95 13.444

base width'B' to relative height above shelf "h" ratio

Fig 8. Deflection of base slab at heel for different width of shelf
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IVV.Conclusion
The introduction of relief shelves to the retaining walls is an effective solution economically and structurally. The following
conclusions are derived from the above paper.

The shelf location best suited for a wall with one shelf is between 0.4H to 0.6H. The lateral pressure is minimum at 0.5H,
where ‘H’ is total height of the retaining wall. While providing two shelves the locations are H/3 and 2H/3.

The requirement of base width is reduced by 14.2% by providing 1 shelf and by 28.75% by providing 2 shelves.

The lateral pressure is reduced by 42.53% by using 1 shelf and reduction of 62.28% by using 2 shelves.

Safety in sliding is increased by 42.53% in 1 shelf and 78.56% in 2 shelves.

Reduction in concrete requirement is decreased by 8.55% by one shelf and reduced by 30.21% by 2 shelves.

Provision of single shelf reduced the deflection in stem by 92.83% and by providing two shelf it is reduced by 95.18%.
Shelf with width of 0.3h to 0.5h, where ‘h’ is height of soil above shelf, reduces the deflection on base by 44.38%

V.Reference

1.
2.

3.

10.

11.

12.

13.
14.

15.

16.

17.

18.
19.

20.
21.
22.
23.
24.

25.

Horvath, J. S. (1997). “The compressible inclusion function of EPS geofoam.” Geotext. Geomembr., 15(1-3), 77-120.
Rehnman, S. E., and Broms, B. B. (1972). “Lateral pressures on basement walls: Results from full scale tests.” Proc., Sth
European Conf. on Soil Mechanics, Vol. 1, Madrid, Spain, 189-197.

Edgar, T. V., Puckett, J. A., and D’Spain, R. B. (1989). “Effect of geotextiles on lateral pressures and deformation in
highway embankments.”Geotext. Geomembr., 8(4), 275-292.

Reddy, S. B., and Krishna, A. M. (2015). “Recycled tire chips mixed with sand as lightweight backfill material in retaining
wall applications: An experimental investigation.” Int. J. Geosynth. Ground Eng., 1(4), 31.

Goel, S., and Patra, N. R. (2008). “Effect of arching on active earth pressure for rigid retaining walls considering translation
mode.” Int. J. Geomech., 10.1061/(ASCE)1532-3641(2008)8:2(123), 123-133.

Soon, S. C., and Drescher, A. (2007). “Nonlinear failure criterion and passive thrust on retaining walls.” Int. J. Geomech.,
10.1061/(ASCE) 1532-3641(2007)7:4(318), 318-322.

Tsagareli, Z. V. (1969). New methods of lightweight wall construction, Stroiizdat, Moscow

Yakovlev, P. 1. (1974). “Experimental investigation of earth pressure on walls with two platforms in the case of breaking
loads relieving on the backfill.” Soil Mech. Found. Eng., 11(3), 151-155.

Yoo,W., Kim, B., Moon, 1., and Park, Y. (2012). “Comparison of the lateral earth pressure on the retaining wall with the
relieving platform by model test and numerical analysis.” J. Korea Acad.-Indust. Cooper. Soc., 13(5), 2382-2389.

Liu, J., and Chen, L. (2013). “Numerical analysis stability of retaining wall with relieving plate.” J. Theo. Appl. Info.
Tech., 48(2), 720-727.

Moon, I.,Kim,B., Yoo, W., and Park,Y. (2013). “Model test for measurement of lateral earth pressure on retaining wall
with the relieving platform using Jumoonjin sand.” J. Korea Acad.-Indust. Cooper. Soc., 14(11), 5923-5929.

Khan, R., Chauhan, V. B., and Dasaka, S. M. (2016). “Reduction of lateral earth pressure on retaining wall using relief
shelf: A numerical study.” Proc., Int. Conf. on Soil Environment, Indian Geotechnical Society, New Delhi, India, 1-8.
Jumikis AR (1964) Mechanics of soils. D Van Nostrand Co., Inc., New Jersey

Chaudhuri, P. R., Garg, A. K., Rao, M. V. B., Sharma, R. N., and Satija, P. D. (1973). “Design of retaining wall with
relieving shelves.” IRC J., 35(2), 289-325.

Chauhan, V. B., Dasaka, S. M., and Khan, R. (2015). “Numerical study on The behavior of a rigid retaining wall with two
relief shelves.” Proc., Indian Geotechnical Conf., Indian Geotechnical Society, New Delhi, India, 1-8.

Chauhan, V. B., Khan, R., and Dasaka, S. M. (2016b). “Reduction of Lateral earth pressure acting on non-yielding retaining
wall using relief Shelves.” Proc., Indian Geotechnical Conf., Indian Geotechnical Society, New Delhi, India, 1-4.
Chauhan, V. B., Dasaka, S. M., and Gade, V. K. (2016a). “Investigation of failure of a rigid retaining wall with relief
shelves.” Jpn. Geotechn. Soc. Spec. Publ., 2(73), 2492—-2497.

Shehata, H. F. (2016). “Retaining walls with relief shelves.” Innov.Infrastruct. Solut., 1(1), 4.

Shehata, H. F. (2016). “Use of Retaining Walls with Relief Shelves as an Economic Solution.” Geo-China 2016 GSP 257,
82-90.

Chougule, A. C., Patankar, J. P., Chougule, A. P.,(2017). “ Effective Use of Shelves in Cantilever Retaining Walls.”
International Research Journal of Engineering and Technology (IRJET), volume 04, issue 07, 2635-2639.

Bowles, J. E. (1997). Foundation analysis and design, 5th Ed., McGraw-Hill, Singapore.

Indian Standard Plain And Reinforced Concrete Code Of Practice, Bureau of Indian Standard, 2000.

Shinde, D. N., Watve, R. R.,(2015) “Optimum Static Analysis of Retaining Wall with & without shelf /Shelve at different
level using finite Element analysis.” International Journal of Engineering Research and General Science Volume 3, Issue
2, Part 2, 215-223.

Bhuniyan, S., Girme, B., Lambe, B., Agrawal, A.,(2017) “ study of stress reliving shelf at different levels of retaining wall
by using staad-pro.”lJIRT, volume4, Issue 1,118-123.

Padhye, R. D., Ullagaddi, P. B., (2011) “Analysis of retaining wall with pressure relief shelf by coulomb’s method.” Proc.
of Indian Geotechnical Conference, Indian Geotechnical Society, (671-673). Donkada, S., Menon, D., (2012) “Optimal
design of reinforced concrete retaining walls.” The Indian Concrete Journal, 9-18.

© 2024, IJSREM | www.ijsrem.com | Page 7


http://www.ijsrem.com/

