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Abstract: Aiming at the discontinuity of hard crust outside the toe of embankment (such as fishpond, etc. ),
through theoretical analysis and numerical simulation, the failure mode of a soft soil layered foundation with
continuous and discontinuous hard crust has been compared and analyzed under the embankment load, and a

judgment parameter of failure mode, namely the critical distance L, , is proposed to distinguish between the general

ers
shear failure mode and the local shear failure mode. With the principle of orthogonal test, factors that influence L,
have been analyzed, and each factor is given in order of sensitivity. Then, using the iterative method with stepwise
regression, mathematical formulas of upper (L., ) and lower (L., ) limits of the critical distance are given
respectively, and their reliability are demonstrated by checking an engineering project. The results indicate that the

failure mode of soft soil foundation with continuous hard crust is general shear failure. When the hard crust layer is
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discontinuous, the failure mode is general shear failure if the distance between discontinuous section and
embankment toe is less than L or higher than L_,, and local shear failure if the distance is between L, and L.
The thickness of hard crust layer is the main factor to L, and the secondary factor is the thickness of soft soil layer,
while the influence caused by the internal friction angle and the cohesion of hard crust layer is smaller.

Key words: highway in mountain area; hard crust layer; embankment load; soft soil foundation; failure mode;

critical distance; orthogonal test
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Table 1 FEM parameters of soil

T KIRF AR AR BRI PN EE H(EL/N 4 BB R
p/(kg - m™) E/kPa c/kPa @/(°) " E/(m-d™")
MR+ 1 1870 4700 17. 11 12. 60 0.32 0.0300
/A 1580 2030 7.76 4.89 0.35 0.0043
M+ 2 1970 4950 20.28 13.22 0.32 0.0430
BRI 4 2000 30000 25.00 28.00 0. 30 0.1000
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RBURMENT R . FBRIG RS L h>H>e>c; FRRIGAE 2 4 10 15 20
3 6 15 20 15
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P, %055 2 3R 3 R AT D A AR B Ly (L, MEBCERIB AT .
L., =0.18h% + 0.33hH - 2. 86h — 0. 66H + 17.08 (1)
L., =0.47h* - 0.26hH + 8.24h + 2.47H - 9. 66 (2)
*3 EXRBARRER

Table 3 Scheme and result of the orthogonal experiment

ﬁtl};ﬁ FERAT Ly/m L,.p/m ﬁtg;ﬁ HRFARTE L.y/m L.p/m

#H5 h H 1) ¢ M5 h H 1 c
1 1 1 1 1 12. 61 14. 86 9 3 1 3 4 9.57 69. 33
2 1 2 2 2 12. 48 28.56 10 3 2 4 3 16.42 73.54
3 1 3 3 3 12.29 40. 11 11 3 3 1 2 32.31 63.43
4 1 4 4 4 11. 09 50. 47 12 3 4 2 1 33.95 70. 54
5 2 1 2 3 10. 82 36.90 13 4 1 4 2 15.75 84. 44
6 2 2 1 4 16. 61 46. 30 14 4 2 3 1 30. 08 81.50
7 2 3 4 1 19.12 50.93 15 4 3 2 4 31.98 102. 50
8 2 4 3 2 19. 16 58.28 16 4 4 1 3 43.20 96. 81

P TR 2 &SR 1 B IMCA (1) L (2) AR L, =13.76 m L, =42. 4 m, 54 2 vt
PreayEni & 2R 20 m, KT L H/ANT Ly, WIELBER B R Jo 38 59 VIR I8 45 R 5 N —3, H
LA 13.76 m L, i+ B 42.4m 5& 10 o A B A SZFR{H 15. 12 m 40. 26 m 152553514 8. 99% Fil
5.05% , B O, BB (1) S (2) It gs R 5 SEbrie AL , 2 n TORF . (AU A2, A
3C Ly Loy R A0 138 4 A FES BTG TS 25 5 | BE B4 R A3 i, 5 ] (A 56 T/
wits%

5 & &

a. TERRSRAT AT, S BRI SR 7 2 1 KPR AR AR A M BB S KPR A i A X
FATR], 5 28 by R A B DRI | i e oIl 3 oA A BRI v FE AR K

b. EEJEAEGRETEZ K R L YIRS A )2 b AR AR A R I, A R A
g JEE WA S S W T M B L SN T R B 2 P I, e R B AR S A 7 JZ IR S DL R BB R
HARE,

. FRIRAEGRETEIR KRR L I T SR AT AR T, ISR R A R R
PFAEARTRI I | 75 B R BT A SORES TR, Hme & A B AR A R 0 U1l DR 10 =) 38 5 DI RSEIR 2 R
HBIRRE R A S AR 2SN S8 I 5 A B /N T B BRI PR B L, BOR T 1 BRI SRR B L, I
BN B AR BT UIRER s AN ST T S B BB ES R T L, H/NT L RS Ry i S DI IR | e B M %
H S B AT S 2 T 1 [ B Y T, BB R AR A B AR UIC, BRI R WA R T PR, B SR A
LA W] R R

d. IGFHEER L, 25 /2R h B R H R 5e )= NS o W72 R R TT ¢ SN, ol
PIE 3 KBS R o BRI A BE RS L, 055 R BUBEITY 9 h>H>>c, T BRI A BEE] L, 1945
PSR BT 2 s h>H>e> . TAR EATHIE (1) (30(2) 035 L, A L, , SRJEARIEEEIE o n] ) E FL
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