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Mechanical characteristics and groundwater effects of anti-slip
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Abstract: [Purposes] This paper aims to study the mechanical characteristics of multi-row anti-
slip piles for reinforcing the existing retaining dams, determine the most effective number of rows
of anti-slip piles, and explore the weak zones reinforced with multi-row anti-slip piles and
appropriate reinforcement steps under the influence of groundwater, so as to provide a reference for
the application of multi-row anti-slip piles in retaining dam engineering. [Methods] A graded
loading test equipment of multi-row anti-slip piles was designed. Under the background of the
retaining dam reinforcement project of Xiaping Landfill, the model tests of unreinforced, single-

row, double-row, and triple-row anti-slip pile-reinforced dams were carried out. The pile
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displacement and internal force distribution of different reinforcement schemes were compared.
Next, full-scale models of the retaining dam reinforcement project were established to numerically
simulate and analyze the weak zones of the dams under the influence of the most unfavorable
groundwater level. The groundwater level control requirement for different numbers of piles for
simultaneous construction was calculated based on the Coulomb earth pressure theory, and the
recommended number of piles for simultaneous construction was given according to the actual
engineering practice. [ Findings] Multi-row anti-slip piles can effectively reduce the displacement
of the dams, and the dams are gradually stabilized with the increase in the number of rows of anti-
slip piles. When the anti-slip piles are changed from a single-row to a double-row form, the
bending moment of the piles is reduced most significantly, and the reinforcement effect is not
significantly improved when the piles are changed to triple-row anti-slip piles. In addition, the
multi-row anti-slip piles can only effectively reinforce the downstream part of the dams, and
additional reinforcement measures should be taken in the upstream part of the dams to enhance the
safety reserves of the dams. [Conclusions] For this project, double-row anti-slip pile
reinforcement can meet the safety requirements of the dams, but a triple-row anti-slip pile
reinforcement scheme is recommended for providing adequate safety reserves. Skip-excavation
operation is recommended during the construction, with at most five anti-slip piles constructed
simultaneously.

Key words: foundation; multi-row anti-slip pile; dam reinforcement; model test; safety factor;
numerical simulation
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Table 1 Physical and mechanical parameters of soil
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Fig. 9 Distribution of bending moment of piles under

different thrusts for triple-row pile
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Fig. 10 Extreme value of bending moment of piles
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252 m(K)x150 m(FE)x126 m () , XA AL ) i
T A0 T i fom e 1 5 B 24 o, b3 Ry R TR, S
ot LA 2 Tl FH TR R — 2 A AR A R AR 4 i
AR I 5 1 S 2 R AE , H 22 B 80k A TRl
() 2 YR B0 S b A, DL 4. (AR LG 3
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J12E e Horp BT 5 b 2 ) S A A% 2 7] 38
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PRI EEARSHO R S, WAL B K 4 Ak kA7
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Table 4 Mechanical parameters of strata

W) | SR N B | BEYESAL | R (kg
GBS MPa kPa ) m™)
A 36.90 0.40 462 50 2530
ITEEN 32.80 0.35 50 35 2 000
EEEUID| 6.85 0.30 63 17 1914
$43 2 21.70 0.35 5 40 2000
Hifk 1.30 0.30 20 25 1500

RS AIFMHEAK

Table 5 Parameters of components

H R e ZHUE
I/ (kg-m™) 2500
M /G Pa 37.4
THFA 0.2
Y11 558 71 /kPa 10
BEFTE Yl W/ (GPasm™) 130
PO FESEE A7) 20
P10 F 5 1 /kPa 10
P NIEE/(GParm™)) 130
LA (C) 20
I (kgrm™) 2 500
P AL LE 0.2
SRR /G Pa 10
HPERT i/ GPa 20
A A /m 0.013
B8 B /MPa 7.5
HiFTRRT
T SRR /M Pa 20
TEH B J1/MPa 1
TEH () 25
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Fig. 12 Numerical model of retaining dam reinforcement
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HEAE N 5T A A AR A A% B K, I HoA RS S
AT IR b i 38 7 1) A4 3 DAL 1k Ak 57 % 36 %)
T 0.500 m, WUTo 4 t0 B T 8RBy RS ik B T
0.065 m , It I LA Bk = A2 1, 5 22 340 47 [ 4
B 5 Y AR P A7 AR SUHE A = HE BT AR 04
P i 3 08/ e KA RS R S AR SR A T v F
PRI AL B TR A% 43 551981 22 0.033,0.005 m.
P UG AT D 38 e i HE SRR 08 A 508 i A Y
FEARDL AL EXF T3 b A i AR 3
A3 AT LA (%) 98 1 DX A nl L & 3 A SR HEATE Jon
2R e S L o i I N N 31 VAN R 8 i
LT A R i e BESERASE A1, At DX sk 2 B T A
0 B AR TE 5 Y SR 22 HEAE i LA B B
5 WEHEE A I, T i 20U Y 5 DX )N
P AT L, Z2 HERE 0 1 5 28 AT AT 500 T i 0
B4 R P, AL I8 300 1 99 42 X R AR /DS
Ue 6 FAC TR &, 76 W3 I 2 HEBT i A4
FIE A B 3G A AR ) AR A T 2 8T
IR 1Y) B2 Ve RN 22 A A, A ICTE UL i,
J3) 2 S ST A 3 DS A7 1 9 P A T A v IX g
AT

K6 R R AR 5 A

Table 6 Displacement and plastic zone distribution of dams
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Fig. 13 Calculation of safety factor
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Table 7 Requirements of groundwater level for different

numbers of construction piles

[l TAEROAR | ik R H T AR /m
5 0.15 13.49~16.67
6 0.18 17.71~16.89
7 0.21 13.94~17.13
8 0.24 14.18~17.36
9 0.27 14.43~17.61
10 0.30 14.69~17.87

Y Ak TARHOH SARM R T AR 8 % A R 2
Table 8 Safety factor for different groundwater levels with

five construction piles

B TR | R KBTI /m LARK
13.49~16.67 1.00
14.54~17.72 1.18
16.29~19.47 1.57
16.64~19.82 1.67
’ 18.04~21.22 2.06
18.74~21.92 2.25
20.14~23.32 2.58
21.44~24.62 2.70
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