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Abstract: This study aims to address the issue of the three-dimensional seismic motion simulation for
the mountain-sedimentary river valley in Chengguan Town, Wen County, Gansu Province, at the
town scale. By leveraging the advantages of boundary element method in reducing dimensionality and
automatically satisfying far-field radiation condition for elastic waves when solving elastic wave propa-

gation problems in an infinite domain, the indirect boundary element method (IBEM) was extended to
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simulate the three-dimensional seismic ground motion in the mountainous and river valley sites of
Chengguan Town. Based on the drilling data and high-precision terrain data, a three-dimensional re-
fined model was established. Plane P waves and SV waves were used as inputs to analyze the amplifi-
cation effect of the mountain river valley terrain in Chengguan Town on the seismic motion in the fre-
quency domain. In order to improve calculation efficiency, OpenMP (Open Multi-Processing) parallel
programming was used in the time-consuming processes of constructing the scattered wavefield and
solving virtual loads. The accuracy of the method was verified by comparison with the semi-analytical
solutions. The simulation results of Chengguan Town showed that: (1) both the sedimentary river val-
leys and the mountains amplified seismic motion, but the amplification effect in the sedimentary river
valleys was more pronounced. Under P wave incidence, the maximum displacement amplification co-
efficients (the ratio of seismic motion displacement to incident wave displacement amplitude) at obser-
vation points in the sedimentary river valleys and the mountains were 19.64 and 3.66, respectively,
while under SV wave incidence, they were 14.13 and 3.48, respectively. (2) The reflection of the seis-
mic waves by the mountains on both sides would aggravate the edge effect of the mountain river val-
ley, with the maximum seismic motion amplification coefficient at the edge of the river valley reaching
19.64. (3) The spatial distribution of seismic motion in the sedimentary river valleys varied significant-
ly with frequency. As the frequency increased, the strong seismic zone gradually shifted from the river
valley center to the edge. The findings can provide certain reference for seismic zoning and earthquake-
resistant design for such sites.

Keywords: indirect boundary element method; mountain river valley terrain; amplification effect;

OpenMP parallel

0 5

T

“5e127 0N M.8.0 G55 R b 7= 2 8 v I A ST DA
oH B TRV i BRI S TR R L R R R K —
Wb 2 o R Hb R B B A A SR B REE SRR
(P B 5548 . 103.4°E, 31.0°N) By 1 25 48 K 111 U
AN SRR G B VF 2 WE 5 R, H T R A 3 AL
VL, IR M 2 A AE 22 A Ja 0 20 R Sl X, 1) i
U5 5V B S X R L IR S o R v VI S
DR 0 B S DX 7R VR M AR Pl a7
TIU R E BN, BN R T A TR
B R, B 5T 4% S k) iR B 43 A A R
X T Hl R XA I T 7 R A R TR R X
B 4 LE K

PNDRGHE N STRES =R L VA S € YD)
Jr F TR AR A T 0 R 7 ) R0 R AN i Fly TR
35 1 XoF b 7R S 14 R KON B AR H 29 400 km 11 B
PG A3 AE 1985 4F 88 7 BF M.7.8 st 72 v 6 L B i
BRMNRET GISEEME D B EP 150 km 9 &
At b X H T A RN T B S T IR A T
PG 112 Bl L3 T AE 2008 4F 3011 MLS.0 94 i 7% i 3%

2

B RO, L A 0800 A5 B K, g b iR
SO R A B R 22 (e AR DL SR B A A
L 45 52 2 3 Wb ) b RR B AT B I CRAE . &
SR U oA BIOR E YA RS T B M 2 48 (] SH i
AT VIEFLU T i) 458 % 1 5% 30 /9 i KPR, #8 7R
TR R TG R ] A 19 2 5 50 808 5 X s O AR
T 6 B0 T it ) 7 Hb FE MR B2 R G Hh R I AR
B 10 52, 4 5 3 0 2% b D b AR sl R A B 8
CRAE A &, A B EH ) E R 22—
BTG ook, B T ARG T 8 ) 2 R AR AR
FHTF =4 (LA 37 Hi 1) 8l 7 i o, 285 SR 3% B 1L A4 x i
W )2 i 7 3l 5 R B80T L AR O 3 5 R TR
He il Btk X0 8 A5 OR FH R B A B T Bt
TURE A DT T DR A b Ko R0 G 1 A X b R
1 2 AR, 45 R R LR I fE e 3 s T
TTAR Fa 1 19 A7 B8 S (L R0 030 15 A5 1, S s 0 L 1) B 7=
Bl T 25 FEAR I LR 5

“He127 PN b R, HON A 1 2 KRR AR T
a4, b B g T S B Y AR TP 29 200 km, (R7E
32 G VEAR T AR AT AR R X K X B
() 22— SCE b AbH i 44 fema i, 2 B H 128 3¢
Ab 2 DX 50 M 7 9 K, M B R R A 4 Ll M 24 T



FUHI 90%6 , 76 M 3 /K 3 o vh o5 F 2 TE W0 H WL Y 4
Hby e A | ol R) VAT A A B — B A 1 R TR A T g i
G ) — S5 SR W, SCELAE SO b AR R I Y
FURE S i AR KRR 2 i T 6 4 b 2500 S B
BN RE IS, A7 T SCE OB SC B B & B4l 3k
TZ&RBEENAZEICS,IFEMEEHITEER
W42 FIF A8 X 8k F R T 6 08 R M 7 BBl R 2 3 b R A
PR, 5 F 30 B 3ROC B 5B 5 TR R B 2 TH Y,
FEF O FERE, W] DL ST R R S Y MR S 54
R A HE T A S R R B AH 45 A, 4 T ML O BT 26
52 2% (L TR) T 45 ) 377 1l XoF 1 5 3 43 A FR 52

PR (104°38'~104°43'E, 32°55'~32°59'N) fif
FCE A, AV 15 B, i Jb 4 4E 16 20 B,
HIE W E 1R o 32 XN B KA Tl 11 7K VLA e
il 338 O L v DX B — o MR IR TV IR
RN R N BIVEE N AR 3 N i o NS [
WA MY o WG B N BRI it 3 A A X
WA, DA R F 5T 28 B, 0 28 Bl R X M R B A7 B
B R R, — LT MR T RE A7 B R )
B2 o A SCRR 6 A L BEORE B A BE MR A
SECT3CEL OGRS A Ak = 4 Hb R 3l £ R A (a]
e Fon iR AR DU T P g A SV A S
A 53 BT 3 b AKX Hb 72 Bl 43 A S e, DL R it
25 Ty b ) b 52 X R R RR I B SR R 2

1 ocBUIE K
Fig.1 Topographic map of Chengguan Town

1 t&FE

R Ty o 255 ) Ml 7 0 3 TE R AU D7 1k 2 F AR
JUSE 52 2 B M 3t 7 0 A% % 55 AR 00 S M T B W
UL i 752 Sl R AL D7 3 T R AT LA 23 O O i (A FR
JEIE A BR 22 Ay kR ST s AR ) Rl BT i
(P FoeE R BB Jr BEER T AR ) o WO B A
Ak PR A L )AL B A B (R X A T
AR AT R B, T A B OR RS B B2 R B R 3
B RS BB R v 5 4 RO U K TR U R

2 J gy b i 1 b 7R Bh I R T AR LT
AR EG T 88077 ¥, 30 5 o0 1 AN X T AR A Y 34 25250
FEUEAT B, BRI T 1) A TR AR R 1IN K B
AR A . AE Ry — Rl B 7 2, i R oc ik iy it
SRORG B2 s T LA BT R A — A B N i
IR R OT RO X B D AR AR i — 2T
Rt BEAh, i B o0 vk AE A B0 BR 3R B [n) g, [
Bl 2 1 0 B I G T8 an 3 EE R B G
HAMN T 5. 25 58 5 3 56 1Y = 4 5 R0 R~
R, B 7 BEORT ANk B B IR 2 AR SR
FH ]2 30 o0 1 0 JL kA7 M B s A0l . AR 1 %
I 48 6] 42 300 5 o0 J7 1 i A D B AR 5 8 i O vk A
Ji B = 4 (L A-DLRBI A R A S b b FR S L. R
TR AR B FE B, >R ] OpenMP ( Open Multi-
Processing) 8 A I A7 148 15 #5537

1.1 EEBRTHEERERE

I 8 = 4 L L 85 o 7 £ — A5 FL
5 D 0 38 1 0., 14 T 02 B
T U AR XS R QSR S fER
BT LT R S 2 G R
IET SRR RS E  HRE  E (r 0 R
T LR S EBUR
w()=] G (x.8)¢,(£)ds, M
K, j=1.2.3, %t R = 4EHH R A bR R = 5%
A AR 5 G (e, )y % 2 I REB WA B %%
1 &4k 7 10 LA I — A 50 9y 7 b 6 £
1 11 RS s, (£)3R £ EA U5 o) b 1T BRI
e 3 431 2 0 9 0 0 03 5 )
FERLES 15 10 3R A0 1S5 PR A ) B

o.(x)=cg, ()| T,(x.&)p(E)ds. (@)

K, T, (e, &) 4228 (RN JJAR AR R B, R TE E4b
J5 ] b AR — A g A 2 Ab AR 5 1) N
J1 5 ARG T e, (&) X € T o AL 43 2 S 1 1Y
FRER AL PR RS 42 25 ) B A B AR, ¢ £ 0.5, 4F
5 FH P ) R ) B o SRS N T A A pR R
BT E A 2% F. J. Sanchez-Sesma Ml F. Luzon
TE 1995 4F J 2 09 SCHRY, LA A Bk

25201 F(2) BP Ay A 3C v 2k J 8] 4% 35 5ot O
PPN 3 i /A WS~ S R v g /NS W T D AR B )3
NSRBI . B S A hmY
O% 1 & I E R A B S0 MR B, B i 3 i S TR
ZHTRBF R E S I S ZEEA Wil R &

3



R RL ST R DL R AR L 3K o, (&) R o S i
MR I . R RIS A LN 2
AL, A 0K 9147 GMRES (Generalized Mini-
mum Residual) 5.3 5% 31 SR 7 R iEAT SR A

1.2 Z#Uk-MARA S G 35 Mt B 3 K

R TR F LA DL R 2 SRR B R B, R G
A 48 ) 422 30 5 50 7 VR AE SRR T P I SV i A
IR S A Es TR, F2hs
Q. Q0 SCA 5 2 23 ] I R AR ﬂ@iﬂz il
5 3 A AR R, Br LA ASE 78 40 355 2 2 [a] AR
WA PR , 5T A (D) M(2) , Al LUK & 7
BB

TR,

Ll

S,

P

B2 =il AR -TU R 2 H £ 37 R T 70 T R

Fig.2 Schematic diagram of three-dimensional mountain-sed-

g,

imentary river valley coupling site model and profile

2 I .0, AR 458,01 GRS P 8
=] Giax.pe&ds ()

=] T(xpeeds W

d=1,2 53 3 KR 25 A3 58 50 QA0 TR 47
A Q.. A R R S A A & A
PR & 2 Fr R AR R A A AR
T (A 22 () M 3R S, S, RTT B ) 45 4 3 S) I )
PSS S R VTR T R’ TR VAP DA B
2, G, AT ST AR S AR T B

o(x)=0,x€S,
od(x)to(x)=0,7€S,S,
W(x)+uw(x)=u(x),x€S,
o (x)+ o (x)=0(x)x€ES,;
A, EAR sAUREUN T AR A .

F X3 (DA T FAL(S), I3 B o it A7
B, AT A B DL TR A b R LA 2K % R R R
2 7 R H

4

No+N;
0.5¢7 (z,)+ >} ¢/ (3.)Tj(2,,3.,)=0
n=1

N, +N,+ N,

0.5¢; (x,)+ > ¢ (y)T5(2,.y,)=—0/(x,)
n=1

N+ N,+ N,

z 0 (y,)Gi(x,,y,)—

Ego, DGz, v, ) =—u(x,)
0.5 ¢i (2, )—¢i(x, )]+ z go, (v )T5 (2 y,)—

y.)=—ol(z,)

Ny+ N,
2 el (y )T (x
n=1

(6)

K HIFAT GMRES 5K fiff iR 2tk Jy #2 4, B 1%

S U A bR AT B B o, (6) B ME — iR L EE A

(D) AC2) AR B 5 R = 2. K

St A 0 R R i, B AT A )7 A
S5 Y S B b 7R B

1.3 OpenMP H{TE E#ER

KT LTS I ) A, AR SR H OpenMP
BRI AT A 1 WO 5, B 3 0 4 i ) e
O(N?*)W/ZEO(N/n), Horp N Fn 43 591 Ry B 1)
T A B EMZ 5T R LR (R SCR
TAEUEL RN 128) . OpenMP i F2 45 78 1L 2k 72
S BEAh Y AT AR T A A AR B 2 Ta) JC ROHE A DG M
N U B N TR B o G R R B o B
OpenMP 3 J] Fork/Join I A7 AT B, 24 34711
éiﬁmﬁ%ﬁiZEﬁﬁz%ﬁi&&#?ﬂﬁ*%ﬂﬂiﬁ
LR, W 3R, R OpenMP 347315
ZE,ﬁﬁz%ﬁﬁé@*@iﬁﬁﬁﬂai@ﬁiﬂ%%ﬂcj@%ﬁ#
It B PATRCRE RIESE T o 28R, 7246 1]
GMRES 3 AR K i 8 I 5 e 40 r 43285 B8 % ok 7 v
[FF: R H OpenMP I 47315 .

2 FBEWIE

ST I E ] 2 11 50 O vk R A b R Bl 1 o
MR B AR SO 15 5 20 A AT A SR Sk ) — #5580 O 3
Xt . BRIEREI AN 4 s, S50 1. R ERIE
R r Ry 1, o MR 9 BLO.75, P I SV T
T H Ty A SR A A R L R
Aib (=0 A THT ) A% 1) Ao 74 Ak AV B i L 52 s Ao % it {1
B LA A S5 30 8 ) 38 UE 4N 11 5 7 7R, AT LA H AR SO



HURS Mo A

TN
¥ shiE A o M) [

8] LA O(N* M, x=Nin)

ol Ul b

® 1 5| 1 35|

ni- 3

I =

1 i | ot I

% nt+ ! " ;I i x*mt »w ;:

I ~ | I

‘!ﬁ : | I / |

% _ | - — |

4 ntl . I I x*n+2 :

biia = | | . = |

b L _AEp i k|

® I I

1 1| I

2% ; | I N |

____________ Y . e 1

) X TSRO S }
| 5 00 T e i R UL M | | 00 T e R UL M O |
[} ]

[ HEaROmR% LbED | [ a0 HbED) |

(a) h AL TR O (b) £5& OpenMPH AT L LA H

B3 & AIC 5 S5 4 OpenMP AT 1 U il R 2=

Fig.3 Schematic diagrams of constructing scattered wavefields using conventional boundary element method and OpenMP paral-

lel computing

¥ ELE RS

¥
/giﬂlﬂﬁ;

%%%AM%

K4 =4 skB TR AR AR
Fig.4 Schematic diagram of three-dimensional hemispherical

sedimentary basin model

F1 FzEMARBMITESH
Table 1 Calculation parameters of half-space and sedi-

mentary basin
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Table 2 Calculation parameters of half-space and sedi-

mentary river valley
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Table 3 Calculation parameters of soil layer model at

station T2
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Fig.12 Normalized surface displacement amplitude maps at observation points under P wave incidence
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