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Effect of foundation piles on excavation stability and its calculation
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Abstract: Using the finite difference method and the limit equilibrium method, the failure modes of excavations and the effect
of foundation piles in excavations on excavation stability are investigated. The following conclusions are drawn: (1) The
foundation piles can improve the safety factor of stability to certain degree. (2) Instability sliding surface of excavations with
single level of horizontal struts is close to the circular slip surface rotating about the supporting point of the strut. (3) When
instability of excavations occurs, the foundation piles tend to be subjected to bending failure rather than shear failure. While
taking the contribution of foundation piles into consideration, the smaller value between the equivalent shear strength and real
shear strength should be used.
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Fig. 1 Cross sections of excavation and foundation piles
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Table 1 Parameters of soils
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Fig. 2 Velocity vectors of grids at critical state
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Fig. 3 Foundation piles at critical state in case 2
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Fig. 4 Slip surface of overall stability failure
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Table 2 Comparison of calculated results between shear strength

reduction method and limit equilibrium method
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Fig. 5 Comparison of slip surfaces between overall stability and

FDM method
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Fig. 6 Schematic diagram of circular slip method
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Fig. 7 Slip surface of overall stability analysis
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Fig. 8 Schematic diagram of calculating equivalent shear strength

P 470 75 5 B2 R TR Bl D DA B AT SR A Y
BEME 70 P w4 T A E -

M,=P-L/3 , 2)
b, Lo s B BB, M, IS BT R,
P ABRVER T ARt S 7).
O B 9T AE £ B IR 1277 0] 5 7K ~F- 407 [v)
KN o o PEHUES HRETTRRAIPINE 1A
Mo, =PL, -cosa
=3M, -cosa/L-(R—L-cosat/3) , (3)
X, R NEINHE AT

EAE VB ) T R0 5 B2 O R R BT )

M, =7,-R 4)
X, o, APUBTIRIE .

B H 02 9 T S 0 e 08T 5 SRR B BT A
%, W Mypi=Mgpo, HIRTHfE B TRERELE G BN TR 1
ERHUBTRE T, .

K Rk i B AR E , B 7 PR



8 B+ T OB % R

2017 4¢

S, TFE TR 1~5 5 TR AR IE K J5 B () 253000
BIOREE 4> 59 10.91, 12.02, 14.00, 17.37, 30.66 kN.
AR BARFR B A REUN 1,922,

K B 5 st EIURPIRE R R e, Wikl 6 o
TN ENTH, TS 1~4 5 TR I K 5 25 3%
PUETSRIE > HA 10.26, 11.44, 14.85, 73.00 kN. %
KA YUR PR R 24 REON 1.722,

=3 WHERMT

Table 3 Comparison of results among different methods
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Table 4 Allowable shear strengths and safety factors with different

flexural strengths of foundation piles
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200 2451 2733 3548 17440 1.909 20.2
400 49.03 54.67 7097 222.00 2.074 30.6
600 73.54  82.00 106.44 222.00 2.181 373
800 98.07 109.34 141.94 222.00 2287 44.0
1000 122.59 136.69 177.43 222.00 2.394 50.8
1200 147.10 164.02 21290 222.00 2.501 57.5
1400 171.65 191.39 222.00 222.00 2.576 62.2
1600 196.13 218.69 222.00 222.00 2.639 66.]
1800  220.69 222.00 222.00 222.00 2.673 683
2000  222.00 222.00 222.00 222.00 2.674 68.4
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