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Permanent displacement analysis of road slop under earthquake load
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(1. Key Laboratory for Special Area Highway Engineering of the Ministry of Education, Chang’an University, Xi’an
710064, Shaanxi, China; 2. T Y Lin International Engineering Consulting Co Ltd, Chongqing 401121, China)

Abstract: According to the key influencing factors of road slop stability under earthquake, the
three-dimensional distinct element code model of road slop was set up by using dynamic response
analysis method based on distinct element code, and the main parameters were defined. Different
slope height, slope angle, rock inclination and seismic wave parameters were selected and com-
bined, and the response disciplinarian of road slop permanent displacement under earthquake was
studied. The results indicate that the permanent displacement of road slop increases with the in-
crease slope height when the slope height is between 10 m and 70 m. The permanent displacement
reaches the maximum while slope angle is about 50°. The larger seismic wave frequency is, the
smaller slop displacement is. When the seismic wave {requency is larger than 10 Hz, slop dis-
placement is stabilized. In high seismic intensity region, road slop height should be controlled,
the slop angle smaller than 30° is appropriate. Therefore, the permanent displacement analysis
method based on distinct element code is feasible. 6 tabs, 6 figs, 16 refs.

Key words: road engineering; earthquake; slop; permanent displacement; three-dimensional dis-

tinct element code

¥ F5 B #7:2014-06-10
B LB 583012 Fi 5 74 228 A s FBHE 30 H (2009 318 000 102) 5 Hp e i A FEA Bl 55 3% & 30 9% 4 101 H (CHD2011ZD021,2013G1211003)
TEH B BT A (1986 , B IR BT AL BRIl T2 4, E-mail : jx10126 @ sina. com,



14 KZXFFHRARAFR

2014

0 51 §

iR 5 LU A O A b B R TR R
T AR R 5 1 300 M R R L 3 LA B O G Y B
W FE B B RN S . MR 5 R IR R MY
5 HE A W A ok BRI B % i ELBEL BT T Rk
WIE TR X AAE . A B B AR A A B AR
i e ARG A R AR TS AR . AT DL A 12 3 RS e 1
Aty R ) B AR UL HE A ) AT AR AR AR L B R R X
P& PR IR YA SR

[ AP % i 3 T AR A W o7 35 B4 vp A b AR o 2 A
FHTR 322 3 1 wien b7 5 HE R RS 1 o M b FEEE A A O
AR 1 . New-mark 35 40 1 BB AR L
. Gokmiza 78 1E [ 45 + 14 W b 78 43 A7 v 1
FHAT 13 RIS 8050 B o8 1 A [R) BE 488 4 1Y) 22
SR IR T 85 V)3 R AR5 W New-
mark 325 ) i S0 5 R R ) W7 300 3 R e L R T A
B TE o R B HAE R IE 5% A = AR AR
T AL RS 5 TR F 7 BB B R AL
BOARM K Z TP BB LR AR B 3z 1 AR A R
BT BB TR TR L W M i B £ . Seed
454 San Fernando b 7% 1 i) K3 A2 9 R A5 L 25 5
LN SFERAANE A 45 2R PR T R | il Y
TEREAS 7 350 5 Li 45 48 B 10 oe ik s ik R 3E
T WEFE AR HE R 1 A3l ) 2545 1975 B R Ge sl AR
LGB 157 53 0 B LAAE 30 3% 43 v 2 0 ol
i s o [ A AR T T AR R RO R 2 R O
XT3 YRR AT T OB L IR T —
U RO B P A HELER ) 43 A T e
TR Bl A N G I — AN K AT B I AS e B e b 7R AR
L BR Bl FE e 2 BT R R % . JE Ik
Jo& (A B AL UL 7 VR AR g b g ke 1 4000 T 1 Ry kL fHL
PR ERT AR (R R AR RN IR N /N SV R
FRfete, HZ 25 T ks Bocmta @ o tr. b
W AR SR ] = 4E B RT3 g 0w 10 43 B 5 v B SR
R BT BAE TR 2 B K A B T % L B i
SR AR A D TE MR S VR R R 3k
TRABN IR 5200 . AR 48 7K A 3l I3 A0 % W) iy KA
P 10 R DX B P D 3R R e

1 BEEHATE
1.1 Z#EHTER

Z WY B AR Y i 35 2 OB Y L 3k
/L\\

il
AR R IR TR A R AT = 4 B OGS

13 b 52 8 I e B 43 A S AR 2 B S BT R B
ZHE TR X5 M2 2 1 320 5 b 5% 73 A % 1453 i
M, R = B T B SR N5 S bR AR SR
BT T 03 Ry B — N i 5 45 vy iy ()22 T ) 7% SR AR )2
R VAR LR 1. AR AR % bk
TREHLAE o K3 R 70 mo, AR SCHE R HOBU(E T [
H10~70 m. 3 o BYEUE L FE Dl 30°~80%, & 2
i B B BUETEE A 20°~45°(a™>p) .

=

se
H= e -
1= -

\% V’I;L’%j-g

gl—lf

K1 BRI
Fig. 1 Profile of model
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Fig.2  Meshing of slope
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Tab.1 Mechanical index of rock
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Fig. 3 Relationship between slope height and displacement

under different rock inclination(a=60°, (a>>®)
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Fig.5 Relationship between slope height and displacement

under different seismic wave frequency(8=25°,a=60")
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Tab. 4 Effect of slope angle on permanent displacement
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40 2.763 | 3.391 | 4.086 | 5.997 | 6.473 | 7.694 | 8.335
50 3.506 | 4.183 | 5.027 | 6.881 | 7.322 | 8.536 | 9. 764
60 3.281 | 3.995 | 4.853 | 6.719 | 7.078 | 7.890 | 8.793
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Tab.5 Effect of seismic wave frequency on permanent displacement
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30 40 50 60 70 80 30 40 50 60 70 80
0.5 5.49 8.91 | 10.87 |10.33 9.28 7.53 7.53 | 11.22 |11.23 |10.83 9.28 9.03
1.0 3.98 7.36 9.52 8. 64 7.52 6.08 5.38 9.76 |10.07 9. 64 8.51 8. 26
2.0 2.37 5.79 7.34 6.78 5.61 4. 36 3.25 8. 06 8. 74 8.31 7.94 7.31
5.0 1. 96 4.08 5.03 4. 85 4. 38 3. 10 2.65 6.47 7.32 7.08 6.41 5.51
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15.0 0. 87 2.69 3.21 2.91 2.56 1.93 1.51 3. 36 4. 64 3.91 3.21 2.93
20.0 0.65 1.18 2.56 1. 69 2.13 0. 85 1.17 2.15 3. 17 2.71 2.28 1.78
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Tab. 6 Effect of seismic amplitude on permanent displacement
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