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Fig. 1. The problem geometry of a trapezoidal-shaped
sedimentary valley embedded in an elastic half-plane
subjected to the incident SH-waves.

5 S 8l oS w3 dials e 2 (1) IS8 s
odd osls DL Y 5 ) gedislad b i 4 s S0
R e S P 5C serg e e [
Jde 5 i o (gl e Sy g oS Sl e anils
Slos ) prles glael sl Sl 0 ol oad 4 S L s
S ool S L e ma s ses Jbe S e s
Gos Comlas s (Sl 35 o iy ad Lae S (61086 e
oslizal b3 8 4 (1) galaily 51 Ol e slaissd 00

Z.Jj-o.;

S=(2—-SR)-SR-b? W)

Ly Oy 055 53 ambons (S50 Sl oy e
L OSUS SISns 2l sl s [45-47]
oz ol xils g 55 LB ady edd sl s, 3l eslizal
S oy pb L [A8] G Ol e 5 o) 03 e Sllas
sl laeys spam 3 SH (hy) lsel uS1y
23 amioad So Sl s O eslatal L) e s
Ly [49] pammes sl addlles Ol el
Slaess slos ) o ln b Lz s JelS sandpe b

s wr i SH oo lgs ls0l 2l 52 =]

Sl s Sl oSt sl 0l B bl s

w0 G s e gl les ) mel L glass
3 gl 5 aslllae 3550 G5 5ok 4 e fols
3 b glai s BT slaes LK Clel ol 4 S
Glos S gl p a3 5 b3 LIS s sy plas C2U
oass Wi B s o g o)lse o 1l e ct b
s e mhae SleShn S e 5 | Sl
Slit G S ealiznl USH aorlgn lsal ol 5o (slaij s
sl ol oo dsles Gslars Oley (g0 53 a5
A3 rze e b Gillae ol slgniy B Saam s 3
S palr 0SS s oSl SVslee sl s (sileesly
23 S g ol atl [45] N ls Ol cou riy
oS s 5 CdS (o e dr 81 e
adlas G B 53 s 5435 13 L3l 3590 0k g
5 ISl Gl 88 R 0 bl Sl
il s e 2S5 S SH s 50 S50
(S o e S S sk 4 canlsl s ol e
ot M 3p ey SE S e LSy e
S5 o Ol ool sl G5l L e

QM\&M&‘)J&&}w\J&‘dLAWMWf

2 Sub-Structure Method
3 Wave Source Image Technique

! Dynamic Analysis of Structures by Boundary Element
Method (DASBEM)
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Fig. 3. The normalized displacement amplitude of the ground surface versus x/b for a trapezoidal-
shaped sedimentary valley subjected to the SH-waves with the different incident angles and the
dimensionless frequency of (a) #=0.5 and (b) #=1.0.
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Fig. 4. Synthetic seismograms of the ground surface for a trapezoidal-shaped sedimentary
valley with SR= 0.5 subjected to the SH-waves with the incident angle of (a) 8 = 0", (b) 8 =
30°,(c) @ = 60°, and (d) 6 = 90°.
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Fig. 5. Snapshots for a trapezoidal- shaped sedlmentary valley with SR= 0.5 subjected to the
SH-waves with the incident angle of @ = 0°.
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Fig. 6. Snapshots for a trapezoidal- shaped sedimentary valley with SR= 0.5 subjected to the
SH-waves with the incident angle of 8 = 30°.
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Fig. 7. Snapshots for a trapezoidal- shaped sedlmentary valley with SR= 0.5 subjected to the
SH-waves with the incident angle of 8 = 60°.
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Fig. 8. Snapshots for a trapezoidal-shaped sedimentary valley with SR= 0 5 subjected to the
SH-waves with the incident angle of 8 = 90°.
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Fig. 13. The amplification of the ground surface versus
different dimensionless periods for a trapezoidal-shaped
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waves with the incident angle of (a) 8 = 0°, (b) 8 =
30°,(c)# = 60°, and (d) 6 = 90°.

S Ol e (BN ISE) /Y e IS e 331
S 4 e andy S5 5 Wl SRl ml s
L 3 o otalin sl ol wdls g3l A3, (Qll YY)
gl e Kl b slaes s K8 i Sl
S Sl el i (Saadl O fols oS els 1SS
2o polie G5l b sk e ol Kes slp 03Y Ol
O/A Jlie b b8 55 sy 33 5 oo ada=Se (V) IS s
Salsle ol sl Jols (50 S8) 2l B 4G
Gl 5 0N QN slie 5w mse bl s e
e B P B T I K
IS8 s B O (2 V) 5 (2 V) IS samlie
syes ahMe msds by oS palie EalS s S5
2 erle gzl s LB e WSl 1 L S

Al m 05 S0 42,55



Ve JL,J/Y a)w/fjajdﬂﬂﬁa_))a

oot Ol es wa&u};ﬁ—daip@

b 2S5 5ap 03 ad)le Gl 5l S S slag e Job

FOW TRt

Slass 03 2beiSon (RS Cod San s L U
L gt 31 S o ol 0 Juolo Ay Sk 1
Sl bl 3 o)l by 5l Sn sl Jsb
s Yok e g O3 hlete L LL o oS5
S g dob ORI A e ol 4 SOl 158
sl b e 2o Sl el S5
g Sl o3 085 1y a0 Ve Sl bl (605550 a5
b i SU e slagse dsb Ole 8 Sl ol b
55 3 S el 1Ll s ol ol 51
Ao adsle Sl Ol xS Slagse Jb da IS0 s 2l
2S5 in (1) ol olie Gllas sl 0l &35
S ol 3 sl BB 3w Gl UVYYA L
s it Sl ol s S e slel /T ulial L Y
Sy S b Slassle sl
Wl (2 Lo5 ) 39 10
Tl Gty 2S5 olie aumer 4 S ol 5
ol sl 4:.5-\5;# il V- s (gladipes d:ejj d;)-’
RS A 5 b gl e polie bl ke
Tl gl s el 5 S8 Gl Ll s
b 5 bl s s et s sl e Sy g s Sl )

CVslee ygo & e Slamebl 51 e ol

.Qw\a.u)w]&ﬁf
Comd ) daiy 2l Hp -1-T1-0
ol

ek s eildsl Cons el ol B151 Guilael ol s

4

W USE) W6 el pama S 3 Vs 4 5 630
S50 Ols U150 (S, 4 G Ulpe 4y ol oy (I
b amglie 53 s Sy gladl OF JS2) /Y S8 e 5
DRI s S gl e Solis S gl
il s o |y b 3 s el WSS
:;;J%W(\iﬁi)'/q‘}ﬂiwﬁ@uw)ﬂl{
wy g e sl ey plaS s (1) e O
Jle s 4 L5 e 653 plake 00 S cplply ol
wisle Ges Ol O Julse 5ol G0 LS5 A,
i b lite el 5 Ol 5 0T S s (g5
2 ad 2leS o gekals Jalse dhor 5l L5 s a)le

Al S S gl IS i b i
R L T Nt NP U BTTE U PRES

USH 7ol pszen pl 53 K0/ Guildpol o 0 ulisl a0

il 5,2 s bl

Wave Angle 0 30" 60° 90°
i“ﬂ“:fg "“z;‘[‘;‘:““ X‘n:; Period “\"““;‘ Period ,'?n“; Period i‘““; Period
03 44214 03137 46344 03628 51219 02735 55511 03674
o1 04 31572 02711 3.0032 03201 19247 04050  4.6407  0.3206
05 20040 03048 19229 02860 14729 03629  2.6470 02851
0.6 16217 02852 14816 02715 12469 02503 14979  0.2671
03 57022 03319 55959 02518 44190 03901 58344  0.8806
03 04 37939 03203 27427 03984 32308 07481 42211  0.7438
‘ 05 23696 02632 20551 02528  2.1739  0.6024  3.1411 04144
0.6 19549 06129 16596 04640 16488  0.5403  1.7773  0.2659
03 53776 0.6534 40100 17775 41978 17965  6.1650  0.2499
0s 0.4 38626 0.5482  3.0575 14856  3.0611 15178  4.5356  0.2620
- 0.5 26463 04415 22379 12160 20896  0.6364 24370  0.6455
0.6 22197 03673 18083 02910 16479 05235 16738  0.2770
03 67228 05113 52438 04091 45080 20367  4.8540 02515
07 04 44395 04407 33153 17083 33307 17083  3.6947 03116
: 05 26900 03555 23953 05612 23064 13769  3.3025  0.2564
0.6 18698 11378 19402 04614 17205 11231 17287 02582
03 6.0759 02569 44612 2.1022 44810 21141 58885  0.2544
09 0.4 42238 02547 33257 17753 33296 17687 43338 02513
05 26650 03249 23380 14314 23207 14228 25591 03401
0.6 17947 L1118 1.8451 05047 17750 05036  1.7657  1.1431

Table. 1. The maximum amplifications of the ground
surface and their corresponding periods in reference
point based on the variation of impedance/shape ratio
subjected to the SH-waves with the different incident
angles.
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Fig. 15. The maximum amplification of the ground
surface in reference point based on the impedance ratio
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Fig. 16. The maximum amplification of the ground
surface in reference point based on the shape ratio (SR)
subjected to the SH-waves with the incident angle of
()8 =0",(b)d =30",(c)8 =60",and (d) 8 = 90".
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Abstract:

In this paper, a simple numerical model is presented for analyzing trapezoidal alluvial valleys subjected to
propagating obliquely incident plane SH-waves. As the literature review shows, the scattering effect of
transient SH-waves on the surface of trapezoidal alluvial valleys has not yet been directly analyzed in the time-
domain by half-plane BEM. In previous researches, the models were limited to the homogeneous single-
material subsurface problems. Although in some researches, the mathematical formulation, numerical
implementation, and transient analysis of two-dimensional non-homogeneous solids were presented as well,
they were established to obtain the time-domain responses by the inverse Fourier/Laplace-transform from a
mechanical problem point of view. Additionally, some researchers were used a full-plane time-domain BEM
approach to present the time-domain responses for an alluvial valley. But in this study, based on an advanced
half-plane time-domain BEM, the surface responses of a linear elastic trapezoidal alluvial valley are obtained
due to propagating obliquely incident anti-plane SH-waves. In the use of half-plane time-domain BEM, the
meshes are only concentrated around the interface of the basin. First, the problem is decomposed into two parts
including a half-plane valley-shaped feature and closed filled alluvium. Then, the influence coefficients of the
matrices are obtained by applying the method to each part. Finally, by satisfying the boundary/continuity
conditions on the interfaces, a coupled equation is formed to determine unknown boundary values in each
time-step. Then, all ground surface responses are also obtained in a secondary solution as internal points. After
implementing the method in a general algorithm previously named DASBEM, several practical examples are
analyzed to authenticate the obtained results beside prior published responses by other researchers. The main
aims of this study are to present some applicable diagrams for use in engineering/operational projects, present
a better view of alluvial valleys’ seismic behavior, and reveal the power of the developed algorithm in the
analysis of complicated geotechnical problems. Thus, an advanced numerical study is performed to sensitize
the surface motion of trapezoidal alluvial valleys with the variable of shape/impedance ratios as synthetic
seismograms and three-dimensional (3D) amplification patterns. In the following, to complete the time-domain
results, the transient response of the internal domain of the alluvium as well as the surrounding bedrock is
shown by the snapshots’ views. Moreover, the sensitivity analysis is carried out to obtain the seismic
amplification pattern of the surface by considering the key parameters including impedance and shape ratios,
incident wave angle, and response frequency. Lastly, by collecting the maximum amplification of different
scenarios and applying linear fit on the obtained values, the responses are summarized as a series of linear
equations and tables. The results showed that the mentioned factors are very effective on the seismic response
of the surface. The results of the present study can be used to complete the accuracy of existing codes around
the subject of near-filed site effects.

Keywords: Alluvial valley, Half-plane BEM, SH-wave, Trapezoidal valley, Time-domain.
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