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Model tests on 3D slip surface of passive failure behind a rigid retaining wall
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(1. School of Civil and Hydraulic Engineering, Hefei University of Technology, Hefei, Anhui 230009, China;
2. School of Civil Engineering, Anhui University of Technology, Maanshan, Anhui 243002, China)

Abstract: The research about spatial form of non-cohesive soil slip surface in passive failure behind the retaining wall in translation
was done by the method of model tests. A model test device was designed to carry out 6 passive failure tests for soil behind the
retaining wall. The spatial coordinates of the points where the fragile glass strips embedded before break were recorded, in order to
determine the location where the soil slide occurred and plot the spatial form of slip surface behind the retaining wall. The test results
show that: the 3D effect of the slip surface behind the retaining wall is obvious; in the width of the retaining wall, the slip surface
height in longitudinal direction slowly increases in the beginning and then increases in an approximately linear pattern. The initial
fracture angle is 9° and the average fracture angle is 26° while the Rankine theory fracture angle is 28°. The maximum length of
longitudinal fracture surface was 1.8 times the height of the retaining wall which is generally consistent with the plane assumption of
the classical soil pressure theory. The slip surface has a certain horizontal extension, and the principal plane projection extends with
initial diffusion angle of about 45°. The form which is the most distant from the retaining wall is a horizontal line with 0.7 time the
width of the retaining wall, and the diagonal and horizontal lines are connected with an arc with a radius equal to retaining wall width.
The results provide experimental reference for analyzing the spatial form of slip surface in passive failure.
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Fig.2 Schematic diagram of retaining wall in translation

P4 RE N BT e T ARSR T E A EE 10 cm (1)
O 2, P40 I B R S ROk A4 B,
TARRIMME L RIS, ARSI R A A B
A AR IR AR S AL E

SEAT RGBS 7 10k X, T R RS T 1)
YR, HEE XOYFINA Z 8, w3 Prs.
h T G RN AE AR RN I 2 B S X AR TR
BRI RO — - 3345, BISE ]
IRCE S 1. 3. 5. 7 HEBEE 4%, OGRS A I e
2. 4. 6. 8 HEBEES.

B ORERAARARAEENE B
1| 234567891011121314 15
IR R R R R ETE T ETETETET T

B3 EWAMESEE (AL cm)
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Table 2 Statistics of contact face friction angle

measurement

IR R 1 GIN Frax/ N S/
1 65.5 29.4 242
2 65.5 28.6 23.6
3 65.5 29.9 24.5
4 65.5 30.2 24.8
5 65.5 29.1 24.0
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Fig.7 Photos of soil shear condition during loading process
(the fifth test)
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Table 3 Heights of glass strip fracture position from bottom (unit: cm)

Heml s %43 %55 %1 56 % %7 %1 %5 8 % 59 % 4510 %) %11 %) 512 %1
D / 13.6 7.1 6.9 55 6.5 73 13.1 /
5514 EE/ O] / 143 78 6.1 6.4 7.1 7.0 13.9 /
EE 1) / 13.1 6.4 73 58 6.1 6.5 14.0 /
Bl / 13.7 7.1 6.8 59 6.6 6.9 13.7 /
E4E/ O] 326 12.8 8.9 8.5 7.6 8.8 9.3 12.8 33.1
550 H EE/ O] 332 11.6 9.5 9.1 6.9 8.2 94 11.9 326
EE 1) 31.0 134 8.6 94 8.0 9.1 8.5 125 324
BiE 323 12.6 9.0 9.0 75 8.7 9.1 12.4 327
E4E/ O] 239 143 11.1 9.9 9.6 9.7 10.4 142 238
553 41 EE/ ) 24.6 13.6 10.4 9.7 103 10.5 9.8 13.6 246
EE 1) 24.0 14.1 11.7 10.6 9.1 94 10.5 14.0 237
B 242 14.0 11.0 10.1 9.7 9.9 10.2 13.9 240
E4E/ O] 329 226 17.9 16.2 145 16.7 17.8 226 326
5544 EE/ O] 326 217 18.2 15.8 14.9 15.6 173 220 33.1
EE 1) 31.8 220 17.6 16.7 154 15.9 18.2 216 328
BiE 324 22.1 17.9 16.2 14.9 16.1 17.8 22.1 328
E4E/ O] / 326 269 2238 219 225 273 336 /
55 4l PAE O] / 334 26.1 233 223 220 26.8 344 /
EE 1) / 33.1 27.0 224 21.1 217 26.5 327 /
Wik ) 33.0 26.7 2238 218 22.1 269 336 /
E4E/ O] / 443 379 314 294 314 379 43.6 /
55 6 HE PAE O] / 43.1 384 305 283 32.0 382 44.1 /
EE 1) / 429 37.1 32,0 28.6 31.0 374 429 /
Wik / 434 37.8 313 28.8 315 37.8 435 /
E4E/ O] / / / 41.6 376 423 / / /
557 41 EE/ O] / / / 41.1 384 413 / / /
PAEHE) / / / 423 38.0 422 / / /
] / / / 417 38.0 419 / / /
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Fig.13 Statistical diagrams of fracture height (mean) of glass strips in longitudinal section
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Fig.17 Comparison between the longitudinal section of
slip surface behind the retaining wall (this study) and the
longitudinal section based on Blum assumption
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Fig.19 Truncated multiblock mechanism failure mode of
slip surface proposed by Soubra
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