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Abstract

Retaining wall with relieving platform has advantages in terms of stability and costs because it decreases the earth
pressure by installing the relieving platform. However, there have not been previous studies of the optimal design for
the retaining wall with reliving platform in practice. In this study, the optimal design conditions of the retaining wall
with relieving platform are proposed by evaluating the reduction effect of lateral earth pressure based on the numerical
analysis of 40 cross sections by changing wall types, wall heights, shelf locations and lengths. As a result, the optimal
location of a shelf is the central part of a retaining wall (h/H=0.50) and the optimal length is recommended to be designed
to satisfy b/L=0.45, at least.
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Fig. 1. Concept of retaining wall with relieving platform
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Table 1. Structure and soil properties

Classification NSt g kil Wall
ground
Model Hardemng Hardemng Llnegr
soil soil elastic
. Weathered Sandy _
Soil type rock soil
Unit weight (kN/m®) 21.0 17.0 24.0
Cohesion (kPa) 30.0 0.1 -
Friction angle (°) 33.0 27.0 -
Poisson’s ratio 0.30 0.35 0.15
Young’s - 25,000
Modulus
(MPa) Oedometer 150 10
Unloading 450 30 -
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Table 2. Conditions for numerical analysis

Height of wall Height ratio Length ratio
Wall type (1) (h/H) /1)
8 m 0.67, 0.90,
Cantilever, 9 m’ 0.58, 0.75,
Relieving 10 m 0.50, 0.60,
platform 1 m, 0.42, 0.45,
0.33 0.30

h/H : Height ratio
b/L : Length ratio

Fig. 7. Concept of height ratio and length ratio
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Fig. 8. Lateral earth pressure distribution of cantilever wall

— soil body
A / ]
h i
-y ca=K,yh
H
H-h ~ relieving platform
Y

c.2= K,y (H-h)

Fig. 9. Lateral earth pressure distribution of retaining wall with
relieving platform

1.0 8
---- Cantilever

0.8 —0—Relieving-0.67
- ——Relieving-0.58
‘% 0.6 —O—Relieving-0.50
% —O—Relieving-0.42
éO.-t R ——Relieving-0.33
S0z N

o
o

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0
o, (Lateral earth pressure) , kPa

Fig. 10. Lateral earth pressure distribution according to the type
of retaining wall (H=8m)
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Fig. 11. Lateral earth pressure distribution according to the type
of retaining wall (H=9m)
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Table 3. Comparison of reduction rate of lateral earth pressure

) Resultant Reduction
Height
of wall Type of wall force rate
(kN/m) (%)
Catilever 302.31 -
h/H=0.67 202.32 33.08
o h/H=0.58 195.39 35.37
m .
Relleving [ =050 | 190.18 37.09
platform
h/H=0.42 195.16 35.44
h/H=0.33 197.79 34.57
Catilever 367.75 -
h/H=0.67 248.89 32.32
o h/H=0.58 248.21 32.51
m o
Relieving [ 1 — 050 | 238.47 35.16
platform
h/H=0.42 239.66 34.83
h/H=0.33 246.21 33.05
Catilever 441.71 -
h/H=0.67 301.91 31.65
0 h/H=0.58 298.93 32.32
m o
Relleving [~ 050 | 290.83 3416
platform
h/H=0.42 296.21 32.94
h/H=0.33 302.25 31.57
Catilever 519.09 -
h/H=0.67 363.94 29.89
" h/H=0.58 357.89 31.05
m .
Relieving ™=, — 50 | 348.82 32.80
platform
h/H=0.42 356.38 31.35
h/H=0.33 359.53 30.74
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Table 4. Comparison of increase rate of safety factor for sliding

(Fs =1.5)
Height Safety Increase 0.K
of wall Type of wall tactor rate /
(%) N.G
Catilever 1.73 - 0O.K

h/H=0.67 | 2.29 32.37 0K
h/H=0.58 2.45 41.62 0K
h/H=0.50 2.59 49.71 0K

8 m | Relieving

platform
h/H=0.42 2.52 45.66 0.K
h/H=0.33 2.42 39.88 0.K
Catilever 1.54 - 0.K

h/H=0.67 | 2.07 34.42 0.K
h/H=058 | 2.17 40.91 0.K
h/H=050 | 2.31 50.00 0.K
h/H=0.42 | 2.29 48.70 0.K
h/H=033 | 2.16 40.26 0.K
Catilever 1.37 - N.G
h/H=0.67 | 1.91 39.42 0.K
h/H=0.58 | 2.04 48.91 0.K
h/H=050 | 2.13 55.47 O.K
h/H=042 | 2.09 52.55 0.K
h/H=0.33 | 1.98 44.53 0.K
Catilever 1.25 - N.G
h/H=0.67 | 1.78 42.40 0.K
h/H=058 | 1.91 52.80 0.K
h/H=0.50 | 2.00 60.00 0.K
h/H=042 | 1.95 56.00 0.K
h/H=0.33 | 1.86 48.80 0.K

9 m | Relieving
platform

10 m | Relieving
platform

11 m | Relieving
platform
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Table 5. Comparison of increase rate of safety factor for over-
turning (Fs = 2.0)

Increase| O.K
Safety
Type of wall tactor rate /
(%) N.G

Catilever 2.41 - O.K
h/H=0.67 | 4.63 92.12 0O.K
h/H=0.58 | 4.69 94.61 0O.K
h/H=050 | 4.41 82.99 O.K

Height
of wall

8 m | Relieving

platform
h/H=0.42 3.91 62.24 0.K
h/H=0.33 | 3.37 39.83 0.K
Catilever 1.99 - N.G

h/H=067 | 420 | 111.06 | O.K
h/H=058 | 412 | 107.04 | OK
h/H=0.50 | 3.97 99.50 0.K
h/H=042 | 3.52 76.88 0.K
h/H=0.33 | 297 | 49.25 0.K
Catilever 1.69 - N.G
h/H=0.67 | 4.06 | 140.24 | OK
h/H=0.58 | 3.87 | 128.99 | OK
h/H=050 | 3.73 | 120.71 0O.K
h/H=0.42 | 3.27 93.49 0.K
h/H=0.33 | 2.69 | 59.17 0.K
Catilever 1.43 - N.G
h/H=0.67 | 3.74 | 161.54 | OK
h/H=058 | 3.68 | 157.34 | OK
h/H=050 | 3.33 | 132.87 | OK

9 m | Relieving
platform

10 m | Relieving
platform

11 m | Relieving

platform
h/H=042 | 2.80 95.80 0.K
h/H=0.33 2.30 60.84 0.K
AHH XoiAS Set LAl SH XA 4 =2A 61
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Fig. 14. Lateral earth pressure distribution according to the type
of retaining wall (H=8m)
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of retaining wall (H=9m)
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Table 6. Comparison of reduction rate of lateral earth pressure

. Resultant Reduction
Height
of wall Type of wall force rate
(kN/m) (%)
Catilever 302.31 -
b/L=0.90 180.73 40.22
8 o b/L=0.75 186.44 38.33
M| Relleving ™ =060 | 19018 37.09
platform
b/L=0.45 195.72 35.26
b/L=0.30 198.37 34.38
Catilever 367.75 -
b/L=0.90 227.79 38.06
9 b/L=0.75 232.54 36.77
m L
Relieving = 060 | 238.47 3516
platform
b/L=0.45 242.37 34.09
b/L=0.30 242.93 33.94
Catilever 441.71 -
b/L=0.90 274.49 37.86
0 o b/L=0.75 281.70 36.23
M| Relieving 77— 060 | 290.83 34.16
platform
b/L=0.45 295.51 33.10
b/L=0.30 297.78 32.58
Catilever 519.09 -
b/L=0.90 332.90 35.87
" b/L=0.75 340.47 34.41
m L
Relieving =, 060 | 348.82 32.80
platform
b/L=0.45 350.96 32.39
b/L=0.30 353.46 31.91

k) 2 Aol S Ho|x] oReth E ST} 11me
o Smich HEQL Fage AT A oF 36%)

v E 2 4AL-S Helth o]2dt AuE E3) 3.1.1

322 A AR

(1) g5 A

Table 7-& 3.1.24 (1)} o] $SHESQ RIS X183}
of g9 9] Sl gt g
A2 FHSE Zlo|t). Table 72 ol HEHH 4] =2
Ab= 3128 () FYsh, Ak g2 e

8o w3 B A SE 2
< I3k 4= Stk sHA|YE &AL 10m, 11mofA] Al
Aol7t b/ L=0.30%1 73 S & 7IH(F5 = 1.5)
TESHA] = A o' UEyith o] AWk g8

i "1 O

PO bt

flo &

Table 7. Comparison of increase rate of safety factor for sliding

(F5 =1.5)
K
Height Safety Increase 0
of wall Type of wall tactor rate /
wa (%) N.G
Catilever 1.73 - 0.K

b/L=0.90 3.43 98.27 0K

b/L=0.75 2.99 72.83 0K

8 m ievi
Relieving b/ L=0.60 2.59 49.71 oK

platform
b/L=045 | 219 26.59 0.K

b/L=0.30 | 1.83 5.78 0.K
Catilever 1.54 - 0.K
b/L=10.90 3.10 105.30 0.K

b/L=0.75 2.70 78.81 0.K

9m ievi
Relieving b/L=0.60 2.31 52.98 0K

platform
b/L=0.45 | 1.94 28.48 0.K

b/L=0.30 | 1.61 6.62 0.K
Catilever 1.37 - N.G
b/L=0.90 2.95 115.33 0.K

b/L=0.75 2.54 85.40 0K

10 m | Relieving

b/L=0.60 | 2.13 55.47 0.K
platform

b/L=0.45 1.78 29.93 oK

b/L=0.30 | 1.45 5.84 N.G
Catilever 1.25 - N.G
b/L=0.90 2.77 121.60 0.K

b/L=0.75 2.38 90.40 0.K

11 m ievi
Relieving b/L=0.60 2.00 60.00 0.K

platform
b/L=0.45 1.67 33.60 0.K
b/L=0.30 1.34 7.20 N.G
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Table 8. Comparison of increase rate of safety factor for over-
turning (£s = 2.0)

Increase| O.K
Safety
Type of wall tactor rate /
(%) N.G

Catilever 2.41 - 0.K
b/L=0.90 | 7.64 | 217.01 | OK
b/L=0.75 5.89 | 144.40 OK
b/L=0.60 4.4 82.99 O.K

Height
of wall

8m Relieving

platform
b/L=0.45 3.13 29.88 0O.K
b/L=0.30 2.13 -11.62 0O.K
Catilever 1.99 - N.G

b/L=0.90 7.06 | 254.77 OK
b/L=0.75 5.38 170.35 OK
b/L=0.60 3.97 99.50 O.K

9m | Relieving

platform
b/L=0.45 2.77 39.20 0.K
b/L=0.30 1.84 ~7.54 N.G
Catilever 1.69 - N.G

b/L=0.90 6.69 | 29586 | OK
b/L=0.75 514 | 20414 | OK
b/L=0.60 3.73 | 120.71 0.K

10m | Relieving

platform
b/L=0.45 2.57 52.07 0O.K
b/L=0.30 1.67 -1.18 N.G
Catilever 1.43 - N.G

b/L=0.90 | 6.09 | 325.87 | OK
b/L=0.75 | 4.62 | 223.08 | OK
b/L=0.60 3.33 | 132.87 | OK
b/L=0.45 2.30 60.84 0.K
b/L=0.30 1.46 2.10 N.G

1m Relieving
platform
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