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Influence of geometric parameters and elastic modulus on seismic dynamic
response of rock slopes by IBEM
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Abstract: An indirect boundary element method for solving the dynamic response of slopes in layered half-space
was proposed, and the influence of geometric parameters and elastic modulus on seismic effect of rock slopes was
studied. The method simulates the scattered wave field generated by the slope topography by applying inclined
and horizontal fictitious distributed loads on corresponding boundaries, avoiding the singularity problem in the
conventional boundary element method and thus obtaining higher calculation accuracy and faster solution speed.
The correctness and convergence of the developed method were analyzed, and the corresponding numerical
calculations were carried out. Results show that the seismic dynamic response of rock slopes has significant
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elevation amplification effect, i. e., the peak acceleration(PGA) amplification factor of the slope surface increases
nonlinearly with increasing the relative elevation and the horizontal acceleration response is greater than the
vertical. The ratios of the horizontal amplification factor to the vertical respectively corresponding to soft rock and
hard rock can reach 1.51 and 1.14 in the calculation examples. The geometric parameters and elastic modulus of
the slope have important influence on the dynamic response of the top of the slope. The PG4 amplification factor
increases with increasing the angle and height of the slope while attenuates with rising the elastic modulus.
Comparisons indicate that the amplification factor calculated by the Code for Seismic Design of Buildings
(GB50011—2010) does not take into account the influence of lithology and at the same time underestimates the
topographic effect to some extent. According to the analysis results with different input seismic waves, an
empirical formula for evaluating the dynamic response of the rock slope with the changes of geometric parameters
and elastic modulus was proposed, which facilitates the quantitative description of research results. By analyzing
the Fourier spectrum characteristics(of rock slopes such as peak value, shape and predominant frequency), the
spectrum law of dynamic response at the top with changing geometric parameters and elastic modulus was
obtained, and then the spectral ratio curve was introduced to quantitatively evaluate the spectral amplification
effect of ground motion with different angles, heights and shear wave velocities.

Key words: slope engineering; slope site; seismic response; indirect boundary element; amplification factor;

spectrum characteristics

it

1 5]

b RE AR L XA A 5 R R IR AR R,
B WYL RAREE, G T RN TR
FEB . DABOI R R A, H R R AR S
fil 4 15 000 AL, HH I ) N DA T A
T 13, BEIATHAE T, b, MK
TR, B PR O E 30 7 AL TE N R
B¢, REJEIERM A B A RERFMEE TAEH R T
BORR AR, BRI, B A R R A
JR AR R0 g o SRR, ek Lt [ 3 7 A
PO BB B I R X TR N A

— N, RS RS R . H TR
RIRSHEEEYIMER, MR EFER IR &
Faw ([N B2 BICR P o S = i S/ B 77 S AR
J7f, L. L. Davis fll L. R. West®!FL.7E 1971 45k %
F5aEAX K San Fernando HifE R BT IC3%, 4
SIFERE LTI, Ll A L A 8 2 AW A, TESE T
Ll THUAE G LUy ) M R B B Z08 . V. D, Gaudio #f
J. Wasowskil®lxh— 8 7 H S K ST I B, MR B)
T fit AR TP A AT 5 b R T T B R K
T U AR 2= SRR R E A . B3I M,
8.0 FF KHERAEST, RN i R F R il A
%52 H A SMBE RS K196 . M. Chigira 201
WA R, BA RS R ER £ (K 2 b

HiR K BT Bk R VS AR ) A 3 7 50 ) | 4 R P 3 R
AR, MAESHEERNEEEAE . HIEK
28903 5 s 2008 4 3 ) 1 1 A 2013 4575 1L H 7
Ja IR SR R R, B N R kAR
EIE AR, HRE R FEEHE 20°~
50° Y Bl N, MR AR AR fR I AR B B L
Wy BSOS, 3 TS5 3 5 HE 5 0 R T IO B,
WS TT B 5 A . B R IG Ty T, A [ A )
KRR BN B AR, BFFT T AR A
NGB I RRE . XV B TR
e, #H—PUR THES R . HESISH
AR - 7 Y8 A 5 06 5 o ARSI 3 B TROR R B 52 o
s ARSI F B O HUIR SN A BOR, BT T B
- YR I AN B UK RN KRR R AR TR
30 R D8N ot /N AR B 5 BRI SG, BF ST T AN
I THT A BE T B A U Ok R e S % AR T A AR
%o DLEWFRIEE T — B s R, AR
M, HHTREE Bl 70 87 1 37 B I 52 R R AR 22
HEEREEBICEKIARR, HurmsfE AR
B A A SR AOR S e S BRI, T N IRBN
SR B O N BT FL R, (H T RS
WL BRI R AR PORARAL B AT
AR ERRE, WA ARNEI A TS, 55X
RN 5 4 A A (AR 3t i S Iy e, 45 e
PR TR — € SR PR

BEE TH R B AN e, BUEMEERIE S



* 1580

A1 TR

2019 4

s 3h 7 i B R AR A U2 R, A SR A
Zh IR EITIESE & FLAC™ BAER R 7 A Xk
J2 1 R P FE TSR L, 55 G LR A
DEM J5i%, WHIT T AR & T MRS AR L] .
2 HPLRA] CDEM M & U7 IR 7C 1 8 B 1 )
FIBOR B KL AT HR 25 P2 4k R AT IR T )7 EA T
TV HRRAE R R A B R R R M, AR
Wi SLRFALE AR 1 TSR RONL AT P 1 55 i b A
RN AR . RIS T B E
BEERMERISCR, JFER T MR, HRZR
—EEVEAR, e (1) BB R R A BE N
PR TR RONE s (2) ARHBOIN TR P Wi S AZK - ) 9
W IR Z 5 (3) SBETHT 1 FEE R P o it B2 I A A
WA HEGYMAE . TR TURBE SN 7 N R )
2, H AR RS LRI TE AN 2 50E
M T AW RS .

FEF DL RHUIR, ASCIEZE # RT3k
fiti b, BTSRRGS0 5 IR (IBEM)EAT # J&
il 2 T DASR AR S A 1 3 R R i e S i ekt
JTERSEBURS B TEREAT 718, #EMERABET 7
AR LA 2 HORN SRR B o o R SRR R i ) 5
AU, DU RE M TR UR IR —E 5% .

2 RBES5HEGE

21 HEERBREKEE

HREAE T 5 BURHE B e SRR A A ] 1
Fros, RSN H, SR N a(0° <a<<90°),
AR S A 38 AT K 1z (BT FHAS AR R 800 2
R ARSI AL, B PR S HO R 4 BT V) o
cs B E(E = GAL+2v), G=pc’)s AL v -
FEJB LG ¢ DL R 2 B p, NS HIRE U H A T 3 B
NG B L B 1) AR 5T b o AR5 b TR ok b 7% 5 1)
BUR, B HH 32 5 1T R T AT 3 b K 1 (U
FRZEAH), ASCR A IBEM J5 123K fift 1 o FR 1 S
. [EARFR AR, XTSRS R AR
TCVE(FEM)BUIUA FRIBEAT 70 2 AR, Hsk b
A IBEM J5 i AHE FEM, 6% FR4ER B 8 2 Tt
3 T S SR A AR R

1% v SR AR P M B2 AE T JE BIR 3 5 N 38080 ) 1) R
PIRfR: — R MRIAFRAE, —RIAFHITHE
BRI SRAFRE P o AN SCAE T NG FE T AT ER KK
PR FAEEE] C &, i 1(b)AR, 1 C &I
fr B R BUE e e, BARI RS, fE IR

(BT 4,
i
e Ul S

a A:
et S RCLD

+

@

ST-AH i 2 T

.=

A

\fa 5is

A, c
(b)
K1 JER A A b o iR A
Fig.1 Rock slope model in a layered half space
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Fig.6 Effect of geometry parameters of slope on the ground acceleration response
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Table 3 Comparison between the PG4 magnification factors of the top of the slope calculated by the method and the specification
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Hiim a=14° a=28° a=42° a=56° a=170°

H<?20 1.004~1.267(1.0) 1.007~1.264(1.1) 1.009~1.343(1.2) 1.018~1.448(1.3) 1.033~1.570(1.3)
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