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1. Introduction and Research Objectives

Complex and heterogeneous topographies, such as
successive hills and valleys, along with subsurface
structures (e.g., tunnels), are common in mountainous and
urban areas. These features impose a complex loading
pattern on surface and subsurface structures by creating
seismic amplification and deamplification effects,
challenging their seismic performance prediction. Despite
the advancement of numerical methods like Finite Element
and Finite Difference Methods, analyzing semi-infinite
domains with these methods is computationally expensive
and time-consuming. Conversely, direct boundary element
methods require complex time-dependent fundamental
solutions. This research aims to fill the gap in the technical
literature by developing and applying the Time-Domain
Dual Reciprocity Boundary Element Method (DR-
BEM) for the seismic analysis of a realistic combined
topographic feature consisting of a semi-sine hill-valley
overlying a circular subsurface cavity under vertical in-
plane P-SV wave propagation. The core innovation of this
study is the development of an efficient and accurate
algorithm for the simultaneous and complex modeling of
these features in a semi-infinite medium.

2. Research Methodology and Innovations
The foundation of the method is the Time-Domain Dual
Reciprocity Boundary Element Method (DR-BEM). In
this  method, by employing static  fundamental
solutions and applying Betti's reciprocal
theorem and displacement  field approximation, the
governing integral equations for P-SV wave propagation
in an elastic, semi-infinite medium are reformulated. The
key innovations of the proposed method are:

e Development of DRBEM equations for dynamic
problems of semi-infinite media considering free-field
wave conditions.

e Creation of

a step-by-step time-history

algorithm based on the Houbolt method.

o Effective integration of the free-field wave (of Ricker
wavelet type with vertical incidence) into the analysis
process.

e Capability to transform time-domain results to the
frequency domain using the Fast Fourier Transform
(FFT).

To validate the method, the seismic response of two classic

benchmark problems, single semi-circular valleys and

hillsunder P and SV waves, was first computed and
compared with accurate existing results in the literature

(works by Kawase (1988) and Kamalian et al. (2006)),

showing excellent convergence.

3. Numerical Case Study Model

Following validation, a complex and realistic model was

analyzed as a case study. The geometry of this model, as

shown in Figure 1, includes:

e A combined topographic feature in the form of a semi-
sine hill-valley with width and height A=100 m.

e Acircular subsurface cavity with a diameter ofb =
0.7A, located at a depth of d = 1.5b from the ground
surface.

The mechanical properties of the medium include a density

of 1 ton/m3, shear wave velocity of 800 m/s, and

compressive wave velocity of 1497 m/s (equivalent to a

Poisson's ratio of 0.25). Analyses were performed in

both time and frequency domains for vertically incident P

and SV waves.

4. Key Findings and Discussion

The results of frequency-domain and time-domain

analyses revealed the following important findings:

¢ Response Amplitude in Frequency Domain:

o Under P-wave: The maximum vertical displacement
component amplitude on the hill crestand valley
base reached 3.5 and 2.5 units, respectively, at the
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dimensionless frequency 0.5. At a dimensionless
frequency of 1, the response pattern became much
more complex, and the maximum amplification
(3 units) was observed at the valley side.

o Under SV-wave: The
maximum horizontal displacement component
amplitude (3 units) occurred at the hill-valley

junction at a dimensionless frequency of 0.5. At a
dimensionless frequency of 1, the amplification of the
vertical component at the hill crest and valley base
increased to 3.5 units.
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Fig. 1. Geometric model and boundary conditions of the
semi-sine hill-valley topography overlying a circular
subsurface cavity.

o Effect of Internal Points (IP): The accuracy of the
DRBEM depends on the number of internal points.
Results indicated that using 1600 internal points leads
to satisfactory convergence and excellent agreement
with the reference method (TDBEM) results.

e Time-Domain Response and SDOF Analysis: The
time history of displacement at points around the cavity
(tunnel) was extracted and fed as input to a Single
Degree of Freedom (SDOF) system with 5% damping.
Results showed that the tunnel crown (point A) always
experiences the highest structural amplification, and
the dominant system period falls within the range of 1
to 2 seconds, which is crucial for seismic design.

e Wave Propagation Snapshots: These snapshots,
which are an advantage of the DRBEM, clearly
illustrate the propagation and trapping of waves in the
confined region between the surface feature and the
underground cavity. It was found that the cavity acts as
a reflector on the hill side and as a wave absorber on its
underside.

5. Conclusion and Applications

This research successfully developed and validated an
efficient numerical framework based on the Time-Domain
Dual  Reciprocity  Boundary  Element  Method
(DRBEM) for the seismic analysis of combined
topographies overlying subsurface cavities. The main
advantages of the proposed method include ease of
modeling complex features, acceptable accuracy
compared to direct boundary methods, and the ability to
provide results simultaneously in the time and frequency
domains. The most significant limitation of the method is

the need to define a sufficient number of internal points
(about 1600 points in this study) to achieve desired
accuracy.

The findings of this research are directly applicable
to optimizing seismic design codes for surface and
subsurface structures located in areas with complex
topography (e.g., mountainous regions). Identifying points
with maximum amplification (mainly in the region
between the hill-valley feature and the cavity) emphasizes
the necessity for special attention to the strengthening and
detailed design of these areas in seismically active zones.
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Seismic Analysis of a Semi-Sine Hill-Valley Topography Overlying a Subsurface Cavity Under
Vertical P-SV Wave Propagation Using the DR-BEM

Pouya Kavandi Mehdi Panji Navid Ganjian Jafar Asgari Marnani

Abstract This paper presents the efficiency of a time-domain numerical approach, known as the Dual Reciprocity
Boundary Element Method (DRBEM), for the seismic analysis of combined topographic features under vertical in-plane
P-SV wave propagation. First, by introducing and developing the governing equations of the method for seismic
geotechnical problems based on satisfying the free-field wave conditions, a step-by-step time-history algorithm is
developed. Subsequently, the accuracy of the results is validated by analyzing several classic benchmark examples
available in the literature, including single semi-circular hills and valleys. Furthermore, by developing a heterogeneous
topographic model consisting of a semi-sine hill-valley overlying a subsurface cavity, the displacement amplitude on the
ground surface and around the cavity is investigated through sensitivity analyses in both the time and frequency domains
under incident vertical in-plane waves. The numerical results indicate that the maximum response amplitude on the crest
of the semi-sine hill and the base of the valley reached 3.5 and 2.5 units, respectively, at the dimensionless frequency of
0.5 under vertical P-wave propagation, corresponding to the vertical displacement component. Additionally, under
vertical SV-wave propagation, the maximum response amplitude at the junction of the hill and valley reached 3 units at
the dimensionless frequency of 0.5, which was attributed to the horizontal displacement component.

Key words Dual Reciprocity Boundary Element Method (DRBEM), Semi-Sine Feature, Circular Cavity, P-SV Waves,
Seismic Response.

e VEEAYA 0T 5 b VETANYY i Sl s b

Ol (el ST o isls c i f-"b Ay Ol s pudigs 035 (555 (s miils (1)

Email: m.panji@iau.ac.ir O3 e gdbal 15T oSl Ol s ol (Ol e pnitigs 05,5 OLZils o gtms sk 5 (Y)
g ot 5T oS (Dl poke Aoy Ol as piign 03 8 skl (1)

Dl 15T oKl (635 m O Al e e 5 Ol as oA Ol jae wtign 03,8 skl (F)

WY


https://civil-ferdowsi.um.ac.ir/
https://doi.org/10.22067/jfcei.2025.92202.1343
https://orcid.org/0000-0002-3240-7775

v el o Wl et 00— 4T LS s (Sles )

ARA#

B e kls dlesl e 5 Sulg o ke S
S35 G0 Do haes el U o sl o mw ilBL
b ls s Boes Lo, 5l g5 oal 3,8 &l iy p 3
ol b 5 201 2 )8 Sl ol ool (65 50 il 0 5 s
Lt a8 Jolo 335 el 0T S & 015 oo oyl 5 0
[9] DL 5 55 [11]OLn 5 sble oo iluses Oldis
ol Lo (sla s ) eslizd L [10] OiSen 5 J
0255 spam 3 s b fis Gles ) maly 2l Al
0 B, Sl ane s ol e &S Wles S e
$ade slas S as skl sla hs SLS s Ll S -
ol 03l el Sla, 2 Olie G 3 A s
(o Lol 3 L s ¢l 51 Jlesl LB s 6 s s,
WOl 31 0152 B 2 5 o oal 3 Ol oy (gl 5 55 0
4 e Sl L o, 62,08 Bles g5l
5 (Volumetric Methods) ez la iy, JS 4t 55
sla iy, [8] Lsi e - (Boundary Methods) (s
Finite Difference Method ) s s> folis 55, dibe somes
Finite Element Method ) ssue i3>l 25, ((FDM)
Discrete Element Method ) |3 !5l iy, 5 (FEM)
Sl Bl = 0sslm OIS & Lt sladle s (DEM)
(o Siss U bl dleds B8 & s
sl G 5 S S SO & lams wals IS (g5luarnS
A e S Ll s cd Ol e dol Vsl
5 685 il s Jlasl 5 oladl ja 31 ol SVslee 0l
(81035 b o s S Gy g 5o a0l S
Shosle lulyy Mo 4 ez oy, Al el Lol
Slodas Olaudosd 5 Sl la 5 5 Olds 1y 53 (515 Jlind
ol e s 4 Olg e i8S o s ja kil s
[14] OL,Ken 5 555 50 [13] 5 S5k 5 L [12] O
ol 5 (Seld [16] £y 5 o sme 15] (55155 5 e
5 S 19] 0L 5 K55 18] O es 5 Sew Jale [17]
355 o5l [20] o), Kes
sy (ledle 3 e gla s, Sale s L
Js 4 Lol pans Glakae Ll 53 hg)y ol iz se s
SOldlal s slaas g o8 4 5L 5 bt cwikin sl ol 530
S (s e ki Sl oY LK 5 s
oo 2SS L o G 5o Lledd ey anw (g5 0
s (Weighted Residual Method) ls03s (sleelile 3L

4o s

ol osls QLA daw 5 slaesle a3l 51 ab 51 aalllas
Sl s sdes JE il S S n s S
L] o0 sles ) lasl boagarlpn 5o (laws; sbaosl
5o eleSon AL bl sl b ke SIS
23 b slassle U spd e oo g ) ol S S
S LS Sl - S ety I L bl 5 e
A5 e o3 sl B, St 04 sdmn el
sdas oS Sl o3y Ol 2 gla fags [2,3] A dal
Slabs @ by difs o 03 a5 Glaosle ol
shzel 53 (SosnS ol b ol > ¢ 5 ol [4] ol mbas 5
O 3 e 5 P8 5l R s b o2s s dsk
B 0553 (a3 O o 5 iy oIS Gule ity
zlsel 2 o s by ok, 2o ax ;8 Sos ke 4 [5] e
S gy edes ol ol slely il gla Sy A5
o el la s ol Ll ol 3 el eslizd
Slos ks andlas 55 ey Glesl Jis) loes g3ds
wws 55 Olg e |, (Topography) s1Sss 5 WLy
Lol 53 a8 58 uans 333 Slpl amnld, sla b,
cilies sble 53 O Lots (6 S o3Il bt (5150
2 sbn L3N 0T p i slaes d 5l B0 3 Olse 5
Geophysical ) <G b 55 e s, 3l eslanad s
o5 i sl sl sz e sl lai (Methods
Sl tss o S1LB] ol o sty OF (slo3 ) i 8
des Glae a5 sl dls Coank b Rl
Sl a5l S s e Ll Bl 4 S5 5 5 G b
il e 51 a0l (5 S8 Gl e S50 5 B30
ol oo e i) Sl aes tpl ay e tes sl G pe &S ol

R
ar g Shes glaslnl 5 ably s bl sladle )
slosf sk et Glr Slebe by, e 4
Slls Gla s 5ol odd O glase b 5 sl [ 55
R L R R R "
e O o 4l 5 (650 Bl 5 Pl s 5 el 5
A5 e oo esle mBly Sl Sl g el SO U ol s
Sl S a5 5o Slabs gy, 58 Lol
52 [7.8] el glopns LB ods b sy 5 o
52 am DLl (Sl Vsl 2l sl b s gl S5

TP S sl i 5 o S

93 Ol es ndiga 4



VO

Aol (5, Ke pnm —OlaeiS i — 2ty (Sedge —5Hs Ly

ber s ok A esls ann i (el Jils Jo s Sk
iisee Plas J= 03 oy opl Slelbs Lils, ¢l sl [22]
Sl e 5 S yan 5 S| se LTl S (Sl
Sl 68 s i 55, 51 [33] OLKes 5 L GUKT . s 8
[34] 0Lan 5 Sl g i3 0, o5l Slale )| s >
S o3 gl STy s > gl S b B,
5 G adlas s Tl S eslind glailsal ot
Sl sl 68 52 BB (550 st 2, 51 [B5] L Ses
O 5 wmboos bme 13 SH i o0, e 1S1 At
o3V el s sl S 55 ol e sles )
Sl s 0ol (2 Sl S S 0 gl ol SE 0
[36] 0L 5 slS s S Ols o 685 L& (55,
e 0

R G Sl S e pde 4 08 Dlasl 5
Oledl S,n GBS s Sl sl Jdos ol 4850
g ad K O OW e Guiss ol L3 copl plu ouils
Slo3 ) ol oo 4 20158 o3 (nl Jhod Sl sz s
B LSl ple s Jeols mae S|y e 5 )l
a5 Sl Ll ly ol 3 .S I3 P-SV
R R P - S QTSP U VN R IS T
oA L Dbl 53 e lagal b 0T s
S Bl e 000 - 48 b S DS 5 S
gl Jle 5 O i ((gade andllae Olsis @y a5 0 4
3 Om eS8 5 Ol gl 3 e ji Ol 5 e
o2l oledde 5 Clgge ol el el
W8 53 & (g5 sl Soas Sl eslinal 55 S e 41 S5
proe oo boaslie s el slely ) bl s
e S 5 OIS a5 Ol e 3 65 sl
oy ol s IS g 5 Golod 8 LG el
S8

s Yl
b 5 oS- 0L S sl (Sals Dol Ll a0 3
2 g o Salos ¥l Usls doles o Ker (i

1371 Sy g J"’\"
Viu+ (A + G)VV.u = p.ii )

! (Fundamental Solution) Ll > ¢ seds 51 (Sue
e Sl e (LS L L Ol B o5 o oal 3 OIS
goars boe sty oS s Jo a plll B s 4
D3 3 ke gy aid 53 4 e3linl 350 wlal g g
Lzed oo LU (Dual Reciprocity Method) 8y Ll
oS @ lstos diess Y g olis sy 03 [21]
(Boundary Element Method) (s;,s ls=! o5, &V¥slas
a0 SN g S LS s 50 oS Il s o e
J= [21,22] a dal Jols Bl ppeie S
Blj wb b Jold it sy 5 & S 4 ol
b G 03 0l b o labd Ll e oS i
W g i 5, 5o oSOT Ul 55 o iledie Colg o
31 eslinal ol (Solead SIS 5 Oley 31 s bl >
S  s3ladde Aol 3 b 343 e o g Sibiad sla J
o O eslital J ol ba g eale Dl 6853 & g5
a3 b 50 slae S esdle bl OF el s >
L oy 025 om0 B g pdge ol 45 25 8 iy 2 5
Sl sy 3l eslizal U Ciliies Oliimes [21] 5 5 g0 1 23
Slassle r slos ) ol Ll iladis & ol iis (550
Pl [28] osS lis 53 s S oo 5 oelan
il Plae Jo 55 OF Sl eslizal o g 5 55,0 sla b,
o Sl b 3l eskind [24] 56l ot a3ls
Sl 5 ools 13 anlllas 5,50 1) (uilS 3 (lad 5o ki
L 50 Tt asls €l bl opl 3 Slagy owlud
[27] 0LKan 5 KL 5 [26] 0L 5 5 [25] OSes 5
) gl Fol gl Sl i S5 Il SR
s 0y (IS5 635 53 P 5 SV SH £l gl SLaxl s
sdaze Olalllas 5 [28-31] O, 5 oy Oboj 05> 3
Floo J Gl s S0 Sl B anes 4 ol
bl e e b il Ol ol les S il
23 e e i) Jo 4 Ol e s Laded it
2 e G SIS s s s b SKeal sl
Al e C S Esl s s e nl S
s 2 (50 S O eslial Sl ladle o
Al g Ll s Jo ke 0 G850 LB s, ks
W Co e 5 led e s Sole s 4 amio 0553
Db ool ras nl el 4 813 a5 sy 5e i o
ol Gl S0 ol L[32] Lo p 5 3t vy

R R

”“0‘& a)w?'.{i_}‘;wd[w



v el o Wl et 00— 4T LS s (Sles )

\Rl4

W g5 & 55, sl B,

Q51 Ol Lo g5 Cilien slaigy () dslae o shie a
s 88 L& (50 sl o) o opl 03 il sl
B T e R e L™
oo ol die -l e LB 1 e
Sl ol Sl s Sl il Sl g5 s a5
IS 555 2 o LS5 Jlasl e 5 (0 dskes b &
3055 Slaedilbe Bl fg) st o 2050 Jame wals

Bydn ol g adal,

L{(G = by + 2l }ouy do = [ aPuj do )

Sl Ul 5 sy 3550 Jame anls e Q0T s S
1S ol (Sdarss o Sl wlul Jom el slaail 3o
Jus! 51 [21,37,39] ol o 1) Ciliies Oliioes Lo g5
Wslao oo Comr o IS 5 [21] o 6 B
Byde ol 5 JSS)

1 E(®) + | pic T — [ wipdr
= [, P- U Ty dQ

v)

5O i ok Al ge e o 5w T 5 W T L3 oS
Aoea T 5 5 Q awls b laoe Ol amindgyy ol
s eolel Glad> ek adfe O 5w Pl s Uk raees
ol ol slael s aly L SO o i3S 55 O
SOl Jlasl asly KaS o o5 doen ol g dsles
Sas bl sy Sl ol [B7] diies arale BB sbns
S oS s 31 oK ale P b alaly 53 Ly il
Doles S e V) oles i G el e e
G GlwainnS L LS 1 of Ol oo oS ol (65,0 JI S
el a8 dslee sl ;) o I oS Je s s pes e
Gl o3 5 ol o IS S e ol ad) e
[22] Lz 5 gm0k 5 [82] Lo 5 ool 205 (silugss
Sols e (V) dalas (g3l o pske 4 a5 Lo S sl
B mlE SeS a DS Sl 5 O i Ol B
25 IS8 4 O i Ol a8 nly ol 53 038 eslin
Pyt P

u=Yn=1(K—rm) ot () W)

3G ol ols 5 O Lk s Sl su ol oS
sor 2050 e JE sy DL p 5 Y Sl e A
(Laplace Operator) SUY ;51 1 V2 dslas ool 55 . diius
s 0Ll 8 Shas 5 0LsIS s w5 w0V 5V 5 o
slal w55 oS ol Jol el ates a s (V) Wslae
Aogeds w25 sl 5l L)15, Slashe gt
Jsle dslee (V) Jslee 4 (Helmholtz decomposition)
NNFRPERE SR W PUSIRPEIIE PV SR
[21,37,38] ol (giluesler LB (gdnsss ()13

c2v2us = iis ()
2_ 2\,P 2,P _ =P
(Cp CS)uj,lj oy = D)

i Jald amio Oy, JSU O s w® Of 5 &S

WSSl Billas pomen ol (V) IS e SH 2 s
T slaadle ol (suarss amio 05,3 O il e W)
4 Cp 5Cs .qmu\r.;aﬁ;j»&)w;))); &y se 4 P-SV
3 3 LA dien JLES e 5 Ghn p e S S
R Loxe & peop 25 e Alas Olasle G5y

I

cs = % )

_ 2(1-v)
€ =G \}(1—21)) ©

B R e S P R Y R CI P

U-Scalar (SH)

U-Plane-1 (SV)

U-Plane-2 (P)

Al adljo G a zse SIS A0 OIG ond Ol o ) IS

(P-SV) amiv 03,8 Sols Oldwe S 5 (SH) a=in O3 p

TP S sl i 5 o S

93 Ol es ndiga 4



Aol (5, Ke pnm —OlaeiS i — 2ty (Sedge —5Hs Ly

1Y
1-—2v
A= Y
5—4v (%)
1
- V¥
B 30(1 —v) O
10v —9
D=—— (\0)
90(1 —v)

&;»J“Lé-! DL L(V) Jbi:.:‘ 4.‘.)[3.4 P (\ ') ‘d@\) d)‘.}f&b— l;

ciui+fp*.udF—fu*.de
r r

M
=p Z {ci.L|Jim - fu*.nm dr + fp*.tbm dF} am
— r r

(V%)

JB Lo Glas e 655 » WULSEN &S G5 el &S
el osls QLA Calises gla v gs b pl bdces L5
$30° blE ol b el 5l (Gds i J s sk 4 a8
o ye Says bl [32] 5[21,22] 53 5 sl laes 43 3
o8 @l e il Sex S b Coyd wb U Lpd
St LB IS ol | ke a5 5 S 1 S
(g Olg e 65,0 Ol sde NE L aies (gla s 1

NE

NE
ciui+2{f p*.(PdF}.uj—Z{f u"‘.quI“}.pj
j=1 UTj T

=1

M NE
=pz Ci.ljJim—Z{f u*.q)dl“}.njm
m=1 j=1 T
NE
+ZU p*.(de}.ljJim am
j=1 T

(V)
Q)}w@JﬁjbfﬁjadﬁQYJl&a.M&jﬁéuowl

] s 533k J{LS )
[H]{U} = [G]{P} + p[HY — Gn][E]{U} OA)
2l o e Sl e G5 H Gla s Sl (VA) daily 55 &S

$3de (5, SJ1Sal ) Ol slawlys 4 Lzes S sad Sl
g o ol s Bl

Lla ol 1y 0l i Ol ls p et OF s 45

JS;L\*:MJOJWJWCU(X,“ ‘Cjﬁ@;ﬂbwﬂhﬁm
Ll g0 aS Consl ol SE K alasly ol s ol g 8 O e
(A) dslas 3 45 b Olaa [22] 555 Ol Y U)o
o S pslee G w5 Jold B B 250 e ealis
ol 5l 6 S Grie 5l 53 bl U sgzme Slos ol 5 5 ol
s oz LSS 3 0 IS sl 5 03 o 2 (M)

s Ol e (V) dslee il
Jo Ui p- i dQ = p XN 65 [ (K = 1) uj dQ @)

(o JISE1 3 3 g sn o le aldS G b dlaly 3 oS
sl Jpgme G Ole3 bl sy does O s
R (5555 Tadmen camm (SLad1 S5 (55 2 015 on ol ol
oz JLSE 558 (g5lwesly 1, [21] (Betti Theorem)
el S e sed LS o e a

Jo®K = rp)u” dQ = =B Wi (8) — [ pici dT +

fr UjiNien dT

()

&S aed 45U bl b Jo e i 5 U, O 5 &S
s s BB Ly, KS @

lIJm:l{[l—ZVK_I_ I'm ]rzar_marm_
k=G Us—4v " 301 —v)] ™ax, 0x,
9 —10v S p3 }
90(1 — v) k'
SRV
Min =
2v Jar
2 2y Mg ]
{—1 ~ v (3Ary, + 4Brj, + 3Drg) %, 8y +
5 m 5 2+,0Tm
[2 (Arm + BI‘m) a_XHSk] + (AI‘m + BI‘m + 3Drm)(6_xk 8n] +
0rm8 +2B2 Ory, Ory Org |
0%; kn) fm 0% 0%y O 1,
(\Y)

W Oy Osulsy o o Vo h sy Joke G ol 4 &S

ArSope Gl 2 53 s KEN S Gl Al Rl S S
DB A 55 osme dlyislyel adieon wonl (io
25 Bl Gb S dmes Oply S e 2 S

1 g g sl

R R

”“0‘& a)w?'.{i_}‘;wd[w



v el o Wl et 00— 4T LS s (Sles )

ol o e G JS O ot (e Upor OF 3 oS
Oloe fsly 31 (St Ugp 5 Sl P-SV o lgn sl Lt oo
35U Gl i1 LS Uy feomed .ol Lo Ole 515
Oles O i ool a5 Kaalb b 31 S5 5 as)le
T Sl by ¢ samme 51 Calg et Lo G 6l 515
Jol 5 Doz 4 el Sl el Ssie 5 S350
B

Uff = Uinc + Uref (Y\c)

s 8072 ks g ok Uine (TF) daly 3 o
[40] 158 . doen oy daﬂ Sledd S Ea @L U et
(g e Lamn S OIS i a5 e 43 S 5l 0L
b s ol (BIS ST Olts g0 sl 350 L
oy Olg e OA) dsles o ulslS 2s, Jles

[HI{U} = [G]{P} + p[HY — Gn][EI{U} + {Us} ~ (Y0)

—aegd Lae T Olke 2l (Ugg} ((Y0) ala; oS
Bl kot 5 el PV e el Ll o 2l
a3 Lol lesl 5[8] Sy S e b g5 515151 Olke - 50
2L doles sl ol (5 5 W36 ) e 4 Lud a3 Sheo
FE 5 Do aam s o LIl 4l b S, S e 6
Wl ilad

Ug() = apax [1 — 2. (. (t— to))z] e~ (mfo.(t-t0))”
(Y#)

Gy S e @b auls e Amax (V) JKE L giles oS

a o bl Gy il by b B LS5 6y
S Al S5 S bl e Sy S 5 (1) IS
S8 o3l S LIS &S Jm s Al sl Ol glad s
S ol e Gy LI e e 5o |y W3
Doy (R 3 3 Jebod gl Dleg ossm Jdod 2 edle
sdalin (Y9) alaly 3 sl ol S5 OLLE ol JU
BB e 4 o a5 i al) 53 WS e mb s e
Tl 5 358 PSV g5 5l ST sl 4
SV 5P zlsel g5 5 s bl s a5l e Se

VYA
Hy = | p". ¢ dIj (%)
T
G”:fu*(pdl"] (Y.)
r

j
Ao M s Ul Sl OA) daly 5 (amen
OY) 5 (V) SV¥slee plas a5 wes 450 ol gl |~

{0} = [Fl{&} {&} = [FI7"{U} = [EN{U}

¥y
S d Jols G5 Lalyy 53 F P sl
ww&wm)@b&;ﬂobwﬁﬁsm%,ﬁ@u
o.l,.idk.:..ojjb\)wljj.sﬁéjbwjﬁ)@bjéhfg
o> [21,22] (Houbolt Method) Lsa 25, 5 ool
o g MK})J;UJ SIoP 6‘?‘ Ji’}) u_vLA) 6&(@ 6)wa
sl Cand Cle S35 51 iy opl &S T ssd 4 S

J)J&abj%JLﬂJUJ}wb&ﬁd::})&csw

. 2{UIHAL 5t 4 4 (U t—-AL_yit—24t
{U}= {u} {}"-Atg} {u} (YY)

C)‘)J Q&a J.::.x: c{U}t+At cuL:..Z 4.&.53.4 )lbﬁ U QT L LY
55 O s (U280 5 (U740 {UY 5 Jeb Sl ¢\§ e
@L‘j c\f Jsb At LIS R L S URo J.’L")' 6%@

]

S5 Ol g G
gl b ulgptas s S (Sealys il al3l Olis - 50
Sl Slo3 ) sl pmn 53 (e ) ST 25 (6550
Lo SIS assle Jold e S sl db= o0l L [38]
A g 5l Saaliys mal o 5 ale e sKaal
sy 3l ol mge 2S1 5l AU s 5 53T Ol 5
D gh e A ) Do 4 A sle

Utot = Ugr + U (¥Y)

TP S sl i 5 o S

93 Ol es ndiga 4



ARRY

Aol (5, Ke pnm —OlaeiS i — 2ty (Sedge —5Hs Ly

ol bl b ocl sdd b g5k 5550 r"i)ji”
(S e S Slase ins e wdis Slasiis
@)l,éjqu\,;@waw‘@b;kLLoLm
e LS 3l 5 (Y0) s Lo Vsl ¢ gy 0 35 90 Laes
CVolre @t G (550 Rl i Jlas) Of sl b
Oz D¥olee s J> b azulg o s ST et
Ll G b s g5 e S 50 dpgrme LUK o5
Sor o 1B 3 dlasl (g ol o3l amms 55 o) Sl s, 5T s
5 A (S5 nals asle OF sl sla bl il LSS,
131 Olds O i Sl LS5 a4 plB) 0l kot
oo oy Ol e 5 AS o a)le Ciliss LB 3 S,
o ] ;bqp\f LS e Jhe!l Joles QYJL&AJ{W
et o 5353 5 A8 LS 55 e LUK ok arloes S
o)Al sl ol s b e slasls s OF (s3le 3

@ ORI e R 3 Dl ged 5 oS £ s El S

£ e s

@%)&Eﬁjobjajfjsﬁ)ﬁw&ycu AL
MC«A‘L)L&)&)}?’))M[{‘\_‘Q&&uﬁ)u@f}ﬂjb“u

(Jﬁfbﬁ‘ﬁj.} &Jﬁ&ﬁw} oaj.,\muwi\s}é cjfjaééjjb

Z

WW}&)}Q‘
S sla ey s edd wll SYslee S 80 ¢l
0Ly 3l esliwl L DRBEM (lgs v Ly r"ﬂ))i“

C,...w‘ ol o)\b w‘}: R2015a L):"i‘ﬁj Matlab u....{fubf

)j&&&ﬁﬁ)g &;.w\ ol 4:\)‘ (Y’)Jg.:)) B (":i)jgﬂ ‘-’lf.]} )‘J}N
/:Mmes,mumteqmu\

et Jyse B
Tusee 8

2 o5 o Job 3 il claels ot Culaomslastal - yr it astone

JsigH 9 5 ol
5 bkl i g S
Tt et HU-GP

@g,ébﬁggjp@haﬁ@%*

G309 gl daul e Ol g 5ilwe pudd &Y gamo duiline

\ 3T oo aabi claduin #/

i f‘: L &l‘a

i ilojpl8 g0

e

i+1 Gl pl&

OF 10 5 s DRBEM aily ance 5 o S0 0L Sl gl ¥ IS

R R

”“0‘& aJL«Ju/'.{J_}‘;wzJLw



v el o Wl et 00— 4T LS s (Sles )

ol (gilwesly s Giu 5 @3de Sl 1 o> @L".S
Jde s gl s pﬁ! dol Plas Sl o Sang 5 b ol
e gl plp A Gl opl 5o a5 550 Jol> b sl
35 4SSl (sl ol S5 4y 03V ol ol 035 e b b
23 s S50 Sl s b anslie o eddslely )
S3bedis 5 ol gl 55 J 5 (TDBEM) 0l o35
0 s 0313 I3 Lasysliws K05 HUS 3 55 e by, SaS
53 S gl S b (et el U
ORI 5 0 e ($953 Ll sloes abes AJKJ:JJ.LEI sl
@ ilwdde o 5 OVsles sdalise (gl il ol 55 55
Oles oamad 5 Olej o5 ) s (S50 Slirl i) SS
o [42] OSen 5 L5 wr o 51 Ol s ol Lo

NGIUE
- ) sladde sbl b oo (s3luesly sk 4

B L;‘°)jj cwlﬁ GL“\J (JJ&}LJ)J ol thﬂ JJ‘}A Jalzﬁb
Lg\°)jj c.wlﬁ (O)Jg.;')b | 0l Cb};lw‘ wﬁ)cb.ﬂjéu.:
a0 aals) s 4 Jb 5 O s auls) e cb.ﬂ L
Cl}nl)m‘ﬁax’ef‘bvfu)ajb )j.,a;-)l JS:L: (JJ":'Lf
GLDJKJJ‘ BE el ol w3l QL\:»J SV}PVSE V}L@ﬂ
andlls U avslio 5o G805 L& (65,0 sl iy 5l ol
ub;:;‘ Jj":’j sdalie AeuL;; ) ol el QLJ.'.; aliseo
)3456)}19A{.JJ\J@L:JQS:):M_,i\d}b:Lu;;lM
“ J,>L~a Lf.’)); iy Ave ub:b‘ cub::.:\ bﬁ\}v.:..: 6> J.,\ﬂ
jeMde}ufbfjhﬁulﬁ)‘Gbmwctbu%\
u“«.:_bﬁ\bQM‘G%»)MJJ\"}&MWLSUG})U—EA
MJ&&J&@VJ&_‘SW‘M\Y“4_3&_':_5):.19[.5.3:\.,\*3
BL) ol oy Jo O .b.wjfw S 4 413[;“ u;alS
e sl b gt Saps 4l 180 Ll L culy
Sl sy Aoy O ISR W PR v @Lﬁ
Ol oo (rl by 2o 0is 50 pl3ed a8 o 6l eolis
OLea 5 OULS 5 (VAAA) u.ﬂlij Cwli O ool :L@,..\L.:.i
Voor Saus bl slaws j5 a8 (gy5b w35 0 Ks 3 (Y00 F)

45500 g 3 GBS edsle S Jold amions b
w\w;ﬂ}o—j:)}asvjpCjﬁ)L;.QlC,pJoﬂbﬁ
)[40] uﬂ‘jglﬁ.ﬂjax‘:rynjs&mﬁd‘fu:ﬁ)cjawcdb
bg_,vgjjw[43] Q\)K.o.h_gul:ﬂaos J&»}J °Jz’">(".94"..:6‘f
Qtﬂ)_guw.olsfe Ojf-jbwdjﬁ 6‘J>-‘ J:})).‘ saleul
p@‘ﬂ\c;)rpqhzm.@leusﬁjo.ud;w|
Gl A P e e S e 5 JBS
“:""‘\a"\‘:’dﬁje@l‘;fj:ﬁ\Yqujwéjmcywﬂ}
wals Jals oS sl Sy S pe b g5 Sl NERRIEW s
Aol 5 5T dolee e IS e /o) ol iy
S5 e 31 el Ll sl S YD ey i
wﬁoﬁ ..a\a.s‘;: u"”ksj'a Q)L:& ol ol anlaii! J.;uu.n
J}JL;«Ub\ﬁ)s&)‘}ﬁpmw)btujg;&fcjﬂwﬂ

18,40]

_wb (V)
TICq

n
(Slsly BB W dng 83 (YY) ) s S

Sl ol s s C,&chsﬁaﬁ\.}v.gd..;ﬂ\iajs CLp.ub
) dgb b Gl o8 A 510k ) ome (g5leatanS
5 Sl 8 dsk e Sl gl ol el 4B S o e
il ol slgiiy 23 lsl ys s ddal) (65 e glaoldld sk

CsAt
== (YA)
P=-1

SOl b L 5 il oS Jsb AL ((A) dal, 5
[40,41] 9 [8] Gl 03ls OLES Cilises LSLaU’:“A}}l ol Sie

B 2l Sen 4 e ) sde Sslee 03 e [l
Ol5 o ol ls o 5d o0 B3 Gaclsr @ 50 Izl s
ol 2 S s o e Ol Usb gl e Slie S
Oladl Jsb Gaasr ol 53 4y H8 & Sleasein Gb 5wl
a3 S S w dis glas e gilearanS ke 4 2o A Jsles
OB 5 Slesle Sl el sl 4 bl bl e
o Lol Jsb (Jde S e 3l o S alols L baolall sl
o Lokl sl Jl- &R 0 5 Sl el els 15
Sl ang dhold (8L sl 4l i 5 518 Ol e
Gaop b 5 Ogesl dul 3 G b b 5l lame slag e 2

TP S sl i 5 o S

93 Ol es ndiga 4



\AQ

Sole (58 e pinr —OliS i = ety (Sedgr —s L Ly

b e A
<06 n T=0 %
A .
Cs=800m/s § ) Cs=800m/s '§
o [ ] ° L] ° ° B ) ° (] e o ° ° )
Cp=1497m/s 7| Cp=1497m/s % (
k)
p=1 ton/m* O p=1 ton/m3 O
-0 ° Q > C o o U0 |60 T e . . . . Ul |16
s BB d iy BB d
q ° °
O O ° ° C O ° °
° °
° ° 0 (<) ° ° . . (=)
O LT = 0 s
35 U=0 —>__v sipos U=0 — | v
- 16b " h 16b -

WUJ{.\LU{\)Qaxl:wﬂ\.:}(u)goﬁhﬁo);(g_ﬂ‘)Ww&\jaMwjgjlmja@\ﬁﬁ}ﬂf}])ﬁé}f@\ﬁjwwdh fc}i‘;’

Sl 50 sgee b s p N 5 65,0 25 b p T O s

35 P T T ' T T L T 38 '
i — =DRBEM - 800 1P Pg
A -F" = ressDRBEM - 1200 1P | /| e N
3 \ il S0 s 65 X v | otk
E \‘n=|.() \» Ty / 0 Kawaso (1088) | I n=1.0
v / 25
2

Normalized Displacement Amplitude

Normalized Displacement Amplitude

J;'. w

.
= =DRBEM - 800 |P
+DRBEM - 1200 1P
= = =DRBEM - 1600 IP
== =TD-BEM
O Kawase (1988)

2 1.5 1 -0.5 0 0.5 1
X/b

T T T T 3 T T T
= =DRBEM - 800 1P Fo = =DRBEM - 800 IP

...... DRBEM - 1200 IP P | =ee+==DRBEM - 1200 IP
= = =DRBEM - 1600 IP % ¥ |- = - DRBEM- 1600 IP
= =TD-BEM " = =TD-BEM

O Kawase (1988) K

O Kawase (1988)
o

GS__ pp X
By —

w

Normalized Displacement Amplitude

Normalized Displacement Amplitude

1
\\ ’ )
S ’ !;
N 0 . \
\\.,"', \'-'-} \~..7
L NV VY
-2 -1.5 1 0.5 0 05
X/b
2 T T T T I I P
° SV zge s — =DRBEM - 800 IP 3 &
S _/b™\ R sa
§ e S S :
= L | = =1.0 LAN)
S, in=10 ?3&’ = ~TDBEM g ek A
E E 0 Kamalian etal. (2006)|| < ‘? ‘I
- %
£ g 14 7 \ f
g £ i b\ N
@ 82 15 \ I/
o K] 0 K ‘ \
= o[- o 4
- 2 PR li 1
2 g roe
- *e ]
& E 08 = oreew- a0 |\ {
L | g ------ DRBEM - 1200 IP \/
E E (g||= =DRBEM-16001P | &
5 S = = TDBEM
= @ Kamallan et al. (2008)
0 | . . . . . . 0.4 . ' .
2 1.6 - 0.5 0 0.5 1 1.6 2 2 1.8 -1 0.8 0
X/b X/b

g&aﬂzrsuwy‘w;(dl):SV)Pv:ur.?wcf)u.ulg;;abCu;mﬁum;gjaj>),&);chk“Ju;a&,@ul; o s
(o) m=1.0 ,5 SV g ) L QKA,:,«U(JG adlse 03 () m=1.0 5P T = O Suns 88l adlje o3 () M=1.0 ;5P il b
3 o2l O i B adl g a3 (2) sM=L0 53 SV e 5l 20 O ot () add 3o a5 () M=L0 53 SV e 5l iU O ot (B adl o o
(Codl S5 b slaws s IP)M=1.0 ,5 P T

M}JJJ‘J/J’“‘MW‘E’J‘L’ ’f'o‘;gaijﬁ‘J‘;«:JLﬂ



v el o Wl et 00— 4T LS s (Sles )

\YY

002 b s S B S S W asle pslne oo A pl S fol>
Q.A‘nMnJ‘Jﬂ‘f‘udw‘djkgwﬂ)f:)jﬂc\:}b)‘u.)\.&
.g:,‘.,;\a.,\..ia:l.izmlp:@):otﬂ\"')'\g,.iL@JJJASL;)ij.
N= Cose « e opl Jo Glp g W65 aal,
4;.-)3:)}/4\)'/OJ@@&LA&[S})OJ&LBJOJA/(HCS)
03 gl divee Olasiio L odr g L S el wjf)\fé

..,\;AJL;G

e
Cs=800m/s @’ 3
° ° ° o * o o )
Cp=1497m/s ° a) o
p=1 ton/m* L) °
v=o ° ° ° ° o U=0| |10A
iy blE A
) P-SV °
° ° ° ° 5 .
°
. ° ° . . o
l.ijﬁ:_!f U=0 e i B 4

A
v

16A
ajé;-ﬁcabfjlfﬂr:i4?3_5)>4Jl§)JL}{L&'L§jJAL§|},>_-\JJA 9&&2
P-SV 6 gl SLES) il 53 a5 (s s

S B e el
L Ol Obej o3 0 sy s Sy S S
DS Gl & ol 3 3 es g lagaly 4 0T I ol s
(Fast Fourier (FFT) B wop bSOl elead L
wals Olge b g melyb bl opl 53 5,8 ¢ls| Transform)
Normalized Displacement ) (NDA) sl day o O 85
Oe odd wls Gl e &S 355 6 i 25 (Amplitude
wals o b s s fig s S (ol mhaw b
Y bl ol ol S Sl S5 0L Ll ST Ol 0
Sl los I ST 55 ol o 02 ) 2l S S 2l
e Sl ey ol p b dn g ol lAal sk 4 [1]
Jhsl b @wlBlus &0 B 5 Bl laadlze O i
R 3 Kb Jae 55 Gldd e 8 oS
bl Gollae ol dny o a8 3 5o e Dlates
ol day o OSGe ois aals (V) JSKo 53 .05 g s 5 (YY)
Tl Sl o o 4 - 003 B S 5 4l e

o = p é‘} o S 05 = &5 1538 axdlas
72 2

Shessle dox Sl S0 5 05l SIS n5 Lol
s 0 peset 4 e LS s &S dns b
w2l Sl sl K edalie [y 4 Sleass
0SS 5B S 13 e LS 55 Jlste laag 5 laeys ooy
Olusl @358 oo sbla 5 L jgd LI 5o 0,821 sl
Sl ks sl & 5L 5 i gl 528 L les S sl
b odd Corge IS 55 20l5e g5 nl Ol (b 25
Jae a)le 55 spamis e mhae Rl o) el
S5 5 S 6 sdalin nl by 35 o e
2l PSV el SLEl 55 zpmn a8, o
S Wl bl 650 slirl SRas sk s el el
Olesen iledds Ol o KaS w0 aS | ol JU) o,
el s Sl (S b 2lse 5 L8

Se o doria 05Kl B1S 5 5 e2)le S () S s
odd osls QLS (glopls o SOy w3l5 g g 03 = 45
s ASI00M Jsles 5 oy 5 $U 5 03 Gas il
i A Gl 53 8 e 5 S B Sl edd 4B S
G g 1 SaS w4 Sl e R 4 e Jde dkis
el aled BB 5 &) e

f(x) = A.sin (%) (Y4)

— o> S5 ks 1 e f(X) G adaly > &S

o 0ok B Se el X adlie o e &F
351 o 31A=15D Gas 55 03e D=0TA a3 & a5
L SVl Sy s 2050 Jaee (Sl (55 500 (e
Fop ) als il e A Dalee (B g ge Do e
a8 ks b 2 VYAV (lE mse s e 5 Sl
35 il sk 4 s 4hi VPer 51 1] cd ol
S o &S edd 03 0, W8 5 B (630 sl Grss
g5 30T Ols zge il w55 lasme S 53 ol iSS
AL s Fa Y e S ety s LSS5
e b G S ek w8 Sk s BV Gley i
g 2 SV e Sogo 4 5L S5 BB g 03 P s
e SilwtinnS skie 4558 o Jlesl Jube glae S 8

sl 0 ab S o g asli o/ Jj.ba.g@h)'(:g/\“ 5ok

TP S sl i 5 o S

93 Ol es ndiga 4



\YY

Aol (5, Ke pnm —OlaeiS i — 2ty (Sedge —5Hs Ly

saws s g Sl bl iy, &S Col jaskie Sl
S L ol 4zl 55 (IP=800) Av e il 5o bl
S ealizal s ol oS ol s 53l X e | Gy
P TRPINE @B 33 Gl S b VFer Blas
W
Slr o) e BB O s muly (A JSS s
o e S e ad)le spam 3 B s B slaaile
_/\)J.K.ZL;.LEA el ol 631y OliS SV (':L; C\}al Sl
wal (sl 40 IS 53 135 O S il (yene S ()
- tdas oo Ghslad 1) Al ¥ Slds oo gsand 053 Ol
b lescSr S lrs o8B adlje oo g 033 Gas L3 4
&5 ol 5 alB 3 3 sm Lo el Al /0 5 s
)delzﬁbb\)\‘/aUva_u;gfjﬁﬁmw};,»m}
PR VRN X P POF A R BN
e e oS (0o A) IS8 53 5 o e (v
U 55 ol Y0 A g Sl 5 3 (sl ) O is bl
45 el Sbnl 5 483 ) e A (3l it Sles 43 a3
S o iy S o w25 YO B iS5 o s
JM%}U@LﬁfSM)&VJJ&@dL}&‘)}é«NL;
A S Gl ol SuSS 4 o s 45 5 0,5 Jla]
,;guwyélﬂc@@&o&ﬁwbdgﬁs(g
4 A e cl asie el ) dm p WB8
L oS ol il BB Y0 3ae b ladS 5 o s
;Jb«w;pg;a«;.ﬂlsoblmjlgwtz«{gu&%;
033 Gos 4l 5 day oo Alg g osliel 5 Sl S
5 S5 YO 30 b SldS 5 - EUBEIS e
lS OF Sl 1 (g Sedamy S L Cilyr 4 00 SKap b
Jﬁi):.@la:\stj&Mgﬁg—ﬁ#wlﬁfﬂ):jou
A g 858 50 OSGe yss B8l 4o 5 SV 50 (2 A)
ol S 358 e edalle amilor ol sl esls QLIS Y
)b&]dl}¢@‘b\)*)‘w4{wwﬁo)b4.3.19};.}»
oS 8 Bl s - a8 (a5 s
sl LB a1y Y U oliS 5 of fudle 55 5 esls &

R

B slaad jo Kol s il el osls QLL'PVJLE (,;-L@.A
ol ol o3 LY 5 /0 ey sl S s (6
J,JLSJéﬁCh.ﬂJoLEJ?Q;ﬁ@an(J\_V)Jﬁi):
Glodzmy ¢ 51 O ks B e gl /0 An
)waﬂb}b@bfﬁb@é‘j@nb‘w‘&L»w\)‘bj}j;
.}QLL (_Sb.: &JT Jl}- c@.w‘ D.J\.:.w) T/O JV\PMJ\.,LEA g]‘i):“‘:“f
:lMJ@@l&M.W\aMl@V/O;.)\_94%4?3&1:}3
33 S5 S 88 L hay 53 el eslital Sy bl
i Ave slass 53 S (g5 5b 4 Wlanils Ol cs 2550
Sl L s el 35 W6 o s O kS 4l g3
Lo oodd G300 (o U mld e Vove Ly slaws
U;j) 9 AJK}JJJ.LEJ U'i'j) @L\; Sde VP “ Ll u:"i‘ﬁ\
V)J.i_l)b &‘aML}bQL«) o)? ))Wd)f 6‘}7\
Shl a8l add e gl /0 U8 5 s O s auls (o -
Lj'i)’:‘:‘".." B awls LJ‘\E dL?- &J'}&?ﬁ CJL?- w\ BEI RGO P e
iS dey o Il WV 0 OF o3l 5 el X=1.5b 5 X=0.5b
0 i BlE oy el ols ol 3 Sl 5l S
)J&L@&?ﬁﬁé@m‘ e.,\:.w)\ )\)&sm&wwﬁ
40> 0dgdoee 5 C..«:Lg (&R W4 JL;- U'i\ L: ol J"\)‘ U'il
Sl 4.«?-\.’ U"\ BE Lf’L“"g)J" 6%; S ol S Sevry) \/0 )‘J.;l'.ﬂ
g @B adge Jlp O s aals (02 V) S 5o

oals QLJL.:PV;G Cl)ﬂ‘)\.&b‘f‘f)}\ JsJuL;: WS;@)J g)':‘)
Fod ol ¢S Sl s Sl s sl .l o
sy ol a8l R SO el L S
u,';_ib_e\ JI\ )‘ L5§L> )‘J‘)A.: BL] 44'_413)\).{5) M
wlebfx=-15bwawwﬁojsfc;\jk@m
53 T3dome 55 o sdalie asilir s oo ¥ 3o 4 O duels &S
)\ oLl ul.?)b C‘jﬂ‘ JS‘UMA#SQL.\N‘ ol Y/O s Mcr:w\.:
Q&M&‘w‘;ﬂw‘lﬁ&w\)bﬁﬂﬂjeyé—ﬂ
M\J‘\SMJ& g)L\:.q (Q_V)L}gaj/‘)b\ J)JL;» J.J.LSJ.‘;)J
L3804 oo goid 45 5 003 & bype 4l IS 5 mul
Jb— c&:«»«w\ X:'15b QL&:D:&‘UJNWV.J 02 ‘-;«.:\7- 4.:_9-[;

R R

”“0‘& a)w?'.{i_}‘;wd[w



\YY¥

W S sl ) ol

"'J"(,;"‘A""fn")"fbﬂt;bw.}é“*’/':‘"‘);-

o~ T
o,
oo T
[sl= N
888
o |
[ SIFTT
,.JJ......J.J... % % %
e ¥
[afa=}
- — o “
1 _ _
e 1
A
L o S
=3
3
20
F o :
P .ﬁ
& &
9] - 9] &
| S =
e
(=N~
=)
e L
Vo N
==
§B
xx
ao w oL EL
LI -
v
1
L
o Y ow 0
apnuduwy Juawade|dsiq pazijewioN apnydwy Juawade|dsiq pazijew.ioN
o T,
ool
S28s
888
eeg
L Pl o
LA ]
“ £852
it cook
tt.r.: [ :
L [ H
Vi H
Pl
%0
L t....tf 3
w, 3
2 kS
L = M
R 3 &
% Hj W
Vg T &
A D& r
o,
S o=
o oo
© o9 -
ey
===
i gy
Doadm Sy
rxoQn L Tt
oooF
[ H
[ H
1 H
<+ 0 L
© )

apnydwy Juawade|dsiq pazijewloN

apnydwy Juawade|dsiq pazi|ewioN

X/b

X/b

5ol sl s e (b 3) day o OSGe ois aisls VIS

A 42

Uw}n (;L“) P VJG C‘f‘f’\ﬂ)’ L;‘aﬁl) ajﬂ';-ﬂéb g{’“}“ﬁ""’y’?’ 0> —

e S

r_ilé ad 30 (&)

S

e 8l ad3e () 5 Vo Ay S5 5 O

Voo dm g S s O

. : =
£2, [ )
g8s 28 =
€88 888
FE3E zzz:
000 o DomE
E&8E rrea
[ : Lleoak 1
E S
[ H [ H
r
L 2| .
x
eSS
Naan
I T P LAy ]
3
# L3 J
4 i
TR .
-
> 43T
w 2
; S ,
v m v N . - oy ol W o™ 1y N W - B o W
™ (3] - o 0_

™~
apny|dwy juawade|dsiq pazi|ewioN

T
a4
M|
‘ 28 1.
s s -0
g
QO a
ggo -
6a o
L Tl iHe Ly
i H R
m_“ i
L w
s
L =2
Xlea
(=N =
. |53
? ===
jiliniin]
oo
roow
coa
L - [
! ___
i
w
r aparanasam s - -~ L
ot
RIS =
LT by
P 3
. | m \ | o
) T o~ ™ - r) B3
™~ - o

apnydwy juawade|dsiqg pazijewoy

apnydwy juawadeldsiq pazijewion

1.5

0 05
X/b

lo 6l s o o5 OIS ks asls A JSCs

0.5

RE 2

2 R
¥ S

15

0 05
X/b

-0.5

-1.5

M}A (J\) ‘SV VJG C‘y‘) L"\ﬂ\ﬂ)} ﬁla.wﬂ) Ajﬂ?'ft;“} d’“f’?“"("f 03—

VJLB

S

(0) /0 dns s L5 5 s e

5

<)

G a0 (

.

Pl

Padlze (O 5V dayp (8,5 55 O

S

o

Vo dm o e s O

32 Ol plign 4

L""‘:‘["PJMJL"

)

1¥e0 :g{_’v 0



YO

Aol (5, Ke pnm —OlaeiS i — 2ty (Sedge —5Hs Ly

033 2P s 4 pemn Sl Ol o0 (B 5 ddin ils
5 et SLOG is s Jhiss 50 o5le ol e b s
L1 5535 ot s 55

S e S el gl sk 4 Gl s
Cago B osles sl Gy p 4k Sl (ol 4o
C abd (o S oyl 3 S5 B 4k (U 55, 1A i
A fs el G oyl 55 2D abi 5 S g5,
el ol 3 5 bl (sl il il 3wl ot a8 S
S 5 el O i les g 5 SV 5P e
S -l (SeismoSignal Software) JUSew se sl isdle
52 Sl ol ol by e e @ oyl am s S pra—
Jialed Al 53D 5C B A bl& 51, SDOF il (1) JS
P e Ll 1 Jols el B e oS el o a3l
- S s el o dd e I3l S 4 ($3955 zse Ol
oie 4E Ol 53 Ol e O o s g el (A
s K e G el (02 ) JSKE sl s 4
sdalin azsliz ol old ols OLE (G355 zs0 @ sl
sl Corge b5 gU o Bl A s U adle 550
iS5 5 ol S S5kt Cl 03 Slesle S
Sl J b s agde 00 51 VL Las g adS s
Sl Il sl ABY B 5p s a by e sS85
S5 Sy 5 ol e beslns L Bl b L
Only ool 53 Cabal 6l 5 o o gemn Ol losl
asly Gl A=l YO B Y Sl p 5 iy 8 5 Ly
sl

Lol ey S e Sl (V) S s
ol 0313 QL SV 50 O jois bl adl e Sloj azesiy )
Vs o3 Slele gliShn s edalin il
s Veslps 4 by e OF Sl oS ol eslil Bl 4ol
Cabis jm [y S 5 Gloyl pl bl A dai o
S ) AL Gl nm n gesls &) Slosle ol S
s O 52 oS e Ky e iy Sl
2,8 o 2 LY BN Sl ay o3l G (g

odes 4 el O 353 oo uils  (A) 5 (V) IS 51 4l

ojc.l>- 3 Qj.{AAL: &‘ij"}: w)LC« )j..,é.} )J ch.ﬂ LS?“}J
4 &L‘ugfjj: U'i‘ )l.)\.&ﬂ Jlg‘v\;- 39 Lllaa 6‘5)) &ngfjf
U’:".f.)\J’t"")i‘j”w‘)3u°)uc)"\"‘.5f\)bd_}‘ljﬁ
S gl il OlWlas b emes 5l ST
b R Wl oe w pE ) Cd b s
zs oo Cs OF 53 &S [1] <ol fy = Cs/2A 4l Jslas
do b S5 Cs=800M/s 5 A=100M L s g 45
Cowd o 4l 5 QLo YOONY Uobas 58 ¥ )0 4 s
P e L R O PYPE R
b 82 sy slee b el a5l 0Ll YO Jslee
)Jefl})}.,a;-_)]\ Q\jw}@m‘ wwﬂ@‘mm
J’.'">J5 odaline &?4{(@_/\)}(%_/\)}(@_\0}(%
5555 Slodzmy Sl 3 31 s S5 gl SN e (]
rlf.:.a);\'.()lj&LgfjﬁQJ_,j;ipjj.bLﬁ);jm
Sl 0T B SV e sLesl oln 3 YO L 5P e Ll

ol 4l

Obe) o) fly
s S5 (Sols ks 55 bias o3l 1 b e s
Slastl 4 L (Single Degree of Freedom) (oslsl as ;s G
e do 3 O L Sl (e S Jls «s SDOF
03 s e 4 S o ol les ) Sk, Jeds 6l el
5 s K D oA o e o3l s
Olgs 4 gy Sloj aziy )6 s 5 0 (3ledile ST
o 63l bl 533 g e sl OT 4 15 (53505 g0
sy o3 O Ll 5 w8 13 solxrl il e
S8 acel bl BB g3, s LL T Los il
2 B350 el UG i 5 sal sdalie U550 (S5 00l
A el gl ) LS sl Gos0s g Sl o nn 4

Slosle s p F5e bzl i Lol 1k 5 cpl oo

i3S Ol o pnlige 4 o

”“0‘& a)w?'.{i_}‘;wd[w



v el o Wl et 00— 4T LS s (Sles )

\Y#

Point A
| = = = PointB

Dimensionless Amplitude

Time (s)

Response/input Displacement

5.0 T T T T T T

—PointA
== =PointB
=-=-=Point C

4.0

3.0

et g g
|

1.5 2 25 3
Period (s)

We)\ﬁb‘cujé\ju;‘;mD)CLBAM;}L@%J:PCyu&mﬁrﬁuw}d\ﬁ)«gwﬁ)uw&bﬁ)&jjc)bo)\ﬁscwli QJKJ
e b (g);(é:lﬂp-p&@é:;u df)&yéa»dd&»ﬂx.)wf wals Gy s )6 () 2 fip Coly Con o)l 3 5 S

sl sz(bhjflﬂ_ﬂ&ués\ﬂppgﬁw

= = =Point B

Point A ||

Dimensionless Amplitude

Response/input Displacement

4.0 T T T T T
SV g

Point A
= = =Point B |

351

3.0

2.5

2.0+

1.5+

1.0+

1.5+

0.5

----------------------------------

Time (s)

1.5 2 25 3
Period (s)

aﬂﬁégcuj.véb%ﬁjjbD}CnBcAA.]&LJL@;;)}SVC}AQ&Aﬂ:J VSL%A.A}:JL»)M)Umﬂuﬁ)&je)bwlﬁ:@li Vo Jgﬁi
'C.ﬂbv(g)}(L;>1514;_-)>;§1WL§>;)3¢5)>)JJ)3ClauQlia}::;'u‘Jw.‘;gu\;A_f'\.aj@H)U(Jl):&jjwl)QMaJlﬁzjgﬁg%w

e 1o 30 b Sl b ol (s30T a3 St K

Sl adle 5P 6 Al g ol i 4 g se sLaT Slacid
SLasl ol 3 s S (V) IS s ol a1, SV
Olej e 53 ey 65501 G LSCES Lo o Lo 3 1 0
il bS5 bl 2 eS s 4 S nl &S 55k
b s 48 - Al DG S e I G o
P oz Sl s 45 5 Glopls 0 g
R STE Y S NCISCRIE LS N SRR
73K S Vb Oles o3l L3 zge 5 ekd o)
o i s 4l J pl bl slile Il 1l
wls Sl 36 2 e 5Lasl lil Oloa 51l bUE abos

Sir Sl G b SR pSee S S

L ) Dbl sl pas il OISl w18 5o L
Qo gl Ola 5l Jo00 BUE by 25 5 0 (slabed ) 5las
L Sl o S50 s Slass 03 A5lE ol L
S OF Bme 5 oy bli 6l i o ol oS
6@)‘2)&3&‘)).@\6\5}')@%MW&‘ﬁ@J‘M
o0 Sl atwgm Sl bt SO glabasd slar b olac il
OISl ol 68 (5 4 s o )l Lame JS 3z pe Lt
OJJJJJC)““;SJ"JQ&)"JKJ‘P&U’J"i’;s"’("“‘fé
OV 5 OV U8 s opd Jols e 250 Lo

TP S sl i 5 o S

93 Ol es ndiga 4



VYV Alole (5K i —OlaiS Uy ey (Selge —5 A Ly

Odes 55 00,8 oo s 3lr S le @y 0,0 5 Sl 5 alie Sl kil JL 5 5 S el pen
f el 035 (S5 O s Al a SRl gl el Il ol 53 S Sl nl s g e el (1Y) S
Lolan 3555 0 i o g s o 45 a3 PS8 2 Do e e Sl s s 45 5 B G Sy e
Rl o3 g sbaml a5 08 Jas oS S S Sl o3 (Sl 0 me B e s s

el odd 5 B e 5 a5 Sl ol 5355 e salie sl

k’ﬁ‘)a s;.::.;b)b ] eJJSCJL:)b °MWC}AJ| uSJ.;l

t=1.0s t=1.07s t=1.14s

t=1.21s t=1.28s t=1.35s

t=1.42s

t=1.63s

t=1.70s t=1.77s t=1.84s

t=1.91s t=1.98s t=2.05s

t=2.12s t=2.19s t=2.26s

t=2.33s

t=2.54s t=2.61s t=2.68s

ozl ol s ;‘h,uﬂ,-,,a}jél,wwr_;eﬁ_gL;\J?M:u)bﬂ forin oms S35 bl guo&nxauw\)laﬁ N s
WJL«) 6[.&{@_)3'36‘{))5 C}A P_"lB

w_}.’f?u//w&wwyf& H"D;;QUL@.J‘[,.F‘JW‘JL#



w3 ol 6 i s s 002 - 4 S T S el

VYA

t=1.0s t=1.07s

=1.28s

i
=
N
[
wn

-+
-
[0
(o]
»

-+
=
Y
N
w

~
=
~
o
@

ik
=
[X=]
e
[

-+
o
=
o]
w

-
o
[y
N
w

t=2.61s

N
~
w
%)

-+
» N
wvi
B
wn

L d

t=2.82s

ik
=
9
N
w

1
N
w
w
w

~*
N
>
o
w

i
=y
iy
ey
1%

=1.35s

~+
|

t=1.63s

=1.84s

-
=
[
00
w
L d
N
o
[l
w

-+
N
N
[e2]
w

U
N
D
~
w

t=2.68s

t=2.89s

rju)m‘j‘f)sfh‘aﬂ) AJA;-J..;C;‘_’ wwﬂé}b-%}&\;ﬁ}]w)bjw.lﬁﬂmdj): .]aULerl u&md@uw\)lsw \Y Jg..i

g_,;::.,d L}"b) 6[.&(@ BL SV L§‘°‘)j‘ C}A

a5 ol los ) o sl Sllone 5 sla s
Olse bS5 s i S e ol 3 a5lu e OLLeS 2l
Tl S i Lo (61 A 0 BB (550 sl 2
ol 03 AE LS e B S s o2l gl et
— B G5 sl s SVslas ana 5 5 B me e il
5> iy baglie 3 i, cixs 5 OB bla il

s 50 Sl gL s W3S B g 350 e

S S 4o
Al glaasle abox 51 S0 5 0 Keal SIS 55 o)l
e ys S g0 il LIS 5o o)) 4 45 dies Cnnb 2
» UL ol 5l g oal Kb sdalin Jise slaes
4 0Ll 3 e S5 Sl 5 a gt o5
S oliad psi) 5 peied S 4 S L L
5 Ll (25050 0nd Gl OIS 53 a5 gl L

’F'O(L{J a‘)wfﬁ.jwd[w

32 Ol plign 4



\v4

Aol (5, Ke pnm —OlaeiS i — 2ty (Sedge —5Hs Ly

S e 54 Sl B O i S Ve e
g5 3 ggien Il Y0 Ol 4 S 5 B
‘urﬂ&jsoytﬂiLL@;@UI«?,;&W@MW
wrlse SV 5P zlsal sl wals S L sslsan Jiy 26
YUy sl GQJJN‘)J%WW&T»J& Sy 83y
g § B R p S 93 A Gln U
Jebos 52 S5 s 255 s sdoms o e Ol LS
Sass bE iy w0 5L 1 Sl g Ll i
3 Sl oltad 13 OLES G ol gl aed (b3 et
Cope 4 S b OF Glsl 4 aS 3,03 355 S b
aBE VP G ol 53 sde | Ses 55 S 4l
Ges ol gl s 8 5 me g BB Sl Ol 40 S0
elige 4 s e (6008 5 Slles Glaes = Sl SOk o
Gaasb ol (ilatng 45 o5 4l exlizal LG 435
S P ey ad ool a4 Suas gble s sl ) b
Obde e Glasme b B s 4 Slii OF Gas
S ol S b Gl el bas )l abas 1 dizes
Sgama 03 3don 53 Bk 45 Ole ki (i b B (330
Ar3 e Ol el i 5 st 45 = 0p3 4S)le o
sble )5 oges 4 g Cws ol szl.wrjuﬂ @ oAy

!l )‘{)"]’ k:a.:AA‘ )‘ J:>°)J‘S

S s

alsl 3 ad e Slalss r.:i))iﬂ S ey ¥les s sl
5ok S s (ol Osel e Bl LS L
S (o fd 53 dos szl b Jol> Eb awlis
S Sibedia b olg 53238 15 0sasT 5 5e Las s sles
Bl s 03— 45 Doso 4 S e S5 as)le
gl @B LSl s (e s lo s i S
3 A B iy LS b A S PSV lamio
13 0L S 338 s A n il oo el Lo
Floo g1l Jdosd 5o ol @B 5 S35 51 555 oy
@t addlee S aal ol Slag s sl ) ST
Dyh s Shumer ) D pe ol e
AR S o e 053 5 45l ey daly ST
ol D5l 5300ty iS5 53 A1, YD 5T
330 O i (53 g0s 4l o 4 Glaio oS U3 Jol> P 36
IR e ool gen OB 5 I LS edalle axil Y
.mw,-cla.‘éwgub;;&bwﬁ;ﬁ)ou};
Sl blE s 4 3B S8 Gl s e el Y
oo ol O S sk a4 s e sl Rl
gl Ghate (B O s ST Vo g S B
(ol Slopls 0 om plah (e ) X=-LBD st 403
AP B el Ll iy
oS 3 gl s Sl SV 6 el Ll s s F
SR 3 A=l Y Ol & s 5 5 003 L
S5 O oid Ll adlge 4y Glate aS A ol 2 0 Uay
Bl Slamie 53 i b 55 515 P gz se alie D

LJM:SJ& DL 456)}]4 “ A O\JAA SV C)‘ 6‘]: J‘Jx

2

[1] S. Kramer, Geotechnical Earthquake Engineering. London: Prentice Hall, 1996.

[2] M. Isari and R. Tarinejad, "Investigation Effects of Canyon Topography on the Seismic Wave Scattering by 3D-

BEM," Ferdowsi Civil Engineering, vol. 30, no. 2, pp. 93-108, 2017.

[3] R. Bagherieh, I. Loloei, and A. Bagherieh, "Numerical Modeling of Tunnels and Lifelines in Liquefiable Grounds

Under Seismic Loading," Ferdowsi Civil Engineering, vol. 27, no. 2, pp. 127-144, 2016.

[4] M. A. Barfehee, M. Mortazavi Zanjani, and A. Soroush, "Three-Dimensional Numerical Modeling of Interaction of

Dip-Slip Fault and Tunnels with Concrete Lining," Ferdowsi Civil Engineering, vol. 36, no. 1, pp. 19-34, 2023.

https://doi.org/10.22067/jfcei.2022.70954.1043

R R

TP (Sl i 5 s Sl


ftp://damon.geo.auth.gr/pub/users/takis/Geotechnical Earthquake Engineering (Kramer 1996)(www.civil.10r.ir).pdf
https://www.sid.ir/paper/195921/en
https://www.sid.ir/paper/195921/en
https://www.sid.ir/FileServer/JF/7000013950206.pdf
https://www.sid.ir/FileServer/JF/7000013950206.pdf
https://doi.org/10.22067/jfcei.2022.70954.1043
https://doi.org/10.22067/jfcei.2022.70954.1043
https://doi.org/10.22067/jfcei.2022.70954.1043

"‘JJcﬁbﬂjéfbfngMﬂ"JA'“v‘;cféb'(ﬁfjﬁf/‘-)yué'bﬁ VY.

[5] A. S. Abedi, N. Hataf, and A. Ghahramani, "Analytical Solution of the Dynamic Response of Buried Pipelines Under
Blast Wave," International Journal of Rock Mechanics and Mining Sciences, vol. 88, pp. 301-306, 2016.
https://doi.org/10.1016/j.ijrmms.2016.07.014

[6] H. Hai-Hong and J. Wei-wei, "Application of Geophysical Methods in Tunnel Exploration,” in Proceeding 5th
International Conference on Civil, Architectural and Hydraulic Engineering (ICCAHE 2016), Zhuhai, China, 2016.

[7]1 M. Panji and B. Ansari, "Modeling Pressure Pipe Embedded in Two-Layer Soil by a Half-Plane BEM," Computers
and Geotechnics, vol. 81, pp. 360-367, 2017. https://doi.org/10.2991/iccahe-16.2016.33

[8] M. Panji and B. Ansari, "Transient SH-Wave Scattering by the Lined Tunnels Embedded in an Elastic Half-
Plane," Engineering  Analysis  with ~ Boundary  Elements, vol. 84, pp. 220-230, 2017.
https://doi.org/10.1016/j.enganabound.2017.09.002

[9] Z. Wu, P. Rao, S. Nimbalkar, Q. Chen, J. Cui, and P. Ouyang, "A Semi-Analytical Solution for Shock Wave Pressure
and Radius of Soil Plastic Zone Induced by Lightning Strikes,” Materials, vol. 15, no. 6, p. 2239, pp. 2-18, 2022.
https://doi.org/10.3390/mal15062239

[10] H. Li, M. Zhao, J. Huang, W. Liao, and Ch. Ma, "Simplified Analytical Solution of Tunnel Cross Section Under
Oblique Incident SH Wave in Layered Ground," Earthquakes and Structures, vol. 24, no. 1, pp. 65-79, 2023.
https://doi.org/10.12989/eas.2023.24.1.065

[11] A. S. Abedi, N. Hataf, and A. Ghahramani, "Analytical Solution of the Dynamic Response of Buried Pipelines Under
Blast Wave," International Journal of Rock Mechanics and Mining Sciences, vol. 88, pp. 301-306, 2016.
https://doi.org/10.1016/j.ijrmms.2016.07.014

[12] V. Besharat, M. Davoodi, and M. K. Jafari, "An Investigation on Tunnel-Structure Interaction on Settlement of
Surface Buildings with Numerical Method," Ferdowsi Civil Engineering, vol. 26, no. 1, pp. 101-120, 2015.

[13] Z. Yao and G. F. Margrave, "Forth-Order Finite-Difference Scheme for P and SV Waves Propagation in 2D
Transversely Isotropic Media," CREWES Research Report, vol. 11, pp. 1-11, 1999.

[14] P. Moczo, J. O. A. Robertsson, and L. Eisner, "The Finite-Difference Time-Domain Method for Modeling of Seismic
Wave Propagation,” Advances in Geophysics, vol. 48, pp. 422-516, 2007. https://doi.org/10.1016/S0065-
2687(06)48008-0

[15] H. Samadiyeh and R. Khajavi, "MPI- and CUDA- Implementations of Modal Finite Difference Method for P-SV
Wave Propagation Modeling," Journal of Theoretical and Applied Vibration and Acoustics, vol. 2, no. 2, pp. 185—
202, 2016.

[16] A. Mahboubi and K. Panaghi, "The Effects of Piles Spacing and Length to Diameter Ratios on the Soil-Pile-Structure
Interaction Phenomenon,” Ferdowsi Civil Engineering, vol. 25, no. 1, pp. 1-14, 2014.

[17] M. Gholhaki and M. J. Sattari, "Study of Effect of Vertical Components of Earthquake on Thin Steel Plate Shear
Walls," Ferdowsi Civil Engineering, vol. 27, no. 2, pp. 145-160, 2016.

[18] M. Amelsakhi, A. Sohrabi-Bidar, A. Haraty, and A. Shareghi, "Numerical Study of the Effect of Non-Horizontal Soil
Layering on Seismic Response of Semi-Sine Hill," Bulletin of Earthquake Science and Engineering, vol. 10, no. 3,

pp. 15-29, 2023.

’F'D(L{Jl)w‘ﬁ'}wd[«v Wj)ﬂub&fw?f';


https://doi.org/10.1016/j.ijrmms.2016.07.014
https://doi.org/10.1016/j.ijrmms.2016.07.014
https://doi.org/10.1016/j.ijrmms.2016.07.014
https://www.atlantis-press.com/proceedings/iccahe-16/25863049
https://www.atlantis-press.com/proceedings/iccahe-16/25863049
https://doi.org/10.2991/iccahe-16.2016.33
https://doi.org/10.2991/iccahe-16.2016.33
https://doi.org/10.2991/iccahe-16.2016.33
https://doi.org/10.1016/j.enganabound.2017.09.002
https://doi.org/10.1016/j.enganabound.2017.09.002
https://doi.org/10.1016/j.enganabound.2017.09.002
https://doi.org/10.3390/ma15062239
https://doi.org/10.3390/ma15062239
https://doi.org/10.3390/ma15062239
https://doi.org/10.12989/eas.2023.24.1.065
https://doi.org/10.12989/eas.2023.24.1.065
https://doi.org/10.12989/eas.2023.24.1.065
https://doi.org/10.1016/j.ijrmms.2016.07.014
https://doi.org/10.1016/j.ijrmms.2016.07.014
https://doi.org/10.1016/j.ijrmms.2016.07.014
https://www.researchgate.net/profile/Vahab-Besharat/publication/318491578_An_Investigation_on_Tunnel-Structure_Interaction_on_Settlement_of_Surface_Buildings_with_Numerical_Method/links/596da96ba6fdcc03edb6dc1c/An-Investigation-on-Tunnel-Structure-Interaction-on-Settlement-of-Surface-Buildings-with-Numerical-Method.pdf
https://www.researchgate.net/profile/Vahab-Besharat/publication/318491578_An_Investigation_on_Tunnel-Structure_Interaction_on_Settlement_of_Surface_Buildings_with_Numerical_Method/links/596da96ba6fdcc03edb6dc1c/An-Investigation-on-Tunnel-Structure-Interaction-on-Settlement-of-Surface-Buildings-with-Numerical-Method.pdf
https://www.crewes.org/Documents/ResearchReports/1999/1999-10.pdf
https://www.crewes.org/Documents/ResearchReports/1999/1999-10.pdf
https://doi.org/10.1016/S0065-2687(06)48008-0
https://doi.org/10.1016/S0065-2687(06)48008-0
https://doi.org/10.1016/S0065-2687(06)48008-0
https://doi.org/10.1016/S0065-2687(06)48008-0
https://www.sid.ir/en/VEWSSID/J_pdf/54002020160206.pdf
https://www.sid.ir/en/VEWSSID/J_pdf/54002020160206.pdf
https://www.sid.ir/en/VEWSSID/J_pdf/54002020160206.pdf
https://www.sid.ir/FileServer/JF/7000013920101.pdf
https://www.sid.ir/FileServer/JF/7000013920101.pdf
https://www.sid.ir/paper/195806/en
https://www.sid.ir/paper/195806/en
https://www.sid.ir/paper/1369267/en
https://www.sid.ir/paper/1369267/en
https://www.sid.ir/paper/1369267/en

AR Sole (5 Ke inr —OlmiS i = i (Selge (s Ly

[19] Q. Zhang, M. Zhao, J. Huang, X. Du, and G. Zhang, "A 2.5D Finite Element Method Combined with Zigzag-Paraxial
Boundary for Long Tunnel Under Obliquely Incident Seismic Wave," Applied Sciences, vol. 13, no. 10, p. 5743, pp.
1-27, 2023.

[20] M. Li, K. Meng, and J. Zhou, "Seismic Response and Damage Analysis of Shield Tunnel with Lateral Karst Cavity
Under Obligue SV  Waves," Buildings, wvol. 13, no. 3, p. 605 pp. 1-18, 2023.
https://doi.org/10.3390/buildings13030605

[21] J. Dominguez, Boundary Elements in Dynamics. Southampton: Computational Mechanics Publications, 1993.

[22] P. W. Partridge and C. A. Brebbia, "Computer Implementation of the BEM Dual Reciprocity Method for the Solution
of General Field Equations,” Communications in Applied Numerical Methods, vol. 6, pp. 83-92, 1990.
https://doi.org/10.1002/cnm.1630060204

[23] D. E. Beskos, "Boundary Element Methods in Dynamic Analysis," Applied Mechanics Reviews, vol. 40, no. 1, pp.
1-23, 1987. https://doi.org/10.1115/1.3149529

[24] A. Tadeu, P. Santos, and J. Antonio, "Amplification of Elastic Waves Due to a Point Source in the Presence of
Complex Surface Topography," Computers & Structures, vol. 79, no. 18, pp. 1697-1712, 2001.
https://doi.org/10.1016/S0045-7949(01)00098-0

[25] T. Takahashi, M. Tanigawa, and N. Miyazawa, "An Enhancement of the Fast Time-Domain Boundary Element
Method for the Three-Dimensional Wave Equation,” Computer Physics Communications, vol. 271, p. 108229, 2022.
https://doi.org/10.1016/j.cpc.2021.108229

[26] W. Liu, Ch. Li, L. Ma, and L. Du, "A Frequency-Domain Formulation for Predicting Ground-Borne Vibration
Induced by Underground Train on Curved Track," Journal of Sound and Vibration, vol. 549, p. 117578, 2023.
https://doi.org/10.1016/j.jsv.2023.117578

[27] Y. B. Yang, J. Li, Q. Q. Nie, Z. Y. Zhou, and H. Xu, "A Hybrid Artificial Boundary Combining Perfectly Matched
Layer and Infinite Elements for Analyzing Semi-Infinite Problems," Engineering Analysis with Boundary Elements,
vol. 155, pp. 528-540, 2023. https://doi.org/10.1016/j.enganabound.2023.06.028

[28] M. Panji, M. Kamalian, J. A. Marnani, and M. K. Jafari, "Transient Analysis of Wave Propagation Problems by Half-
Plane BEM," Geophysical Journal International, wvol. 194, no. 3, pp. 1849-1865, 2013.
https://doi.org/10.1093/gji/ggt200

[29] M. Paniji, "A Half-Space TD-BEM Model for a Seismic Corrugated Orthotropic Stratum," Engineering Analysis with
Boundary Elements, vol. 152, pp. 655677, 2023. https://doi.org/10.1016/j.enganabound.2023.04.032

[30] M. Panji, M. Kamalian, J. A. Marnani, and M. K. Jafari, "Analyzing Seismic Convex Topographies by a Half-Plane
Time-Domain BEM," Geophysical Journal International, vol. 197, no. 1, pp. 591-607, 2014.

[31] M. Panji and S. M. Hasanlouyi, "Time-History Responses on the Surface by Regularly Distributed Enormous
Embedded Cavities: Incident SH-Waves," Earthquake Science, vol. 31, no. 3, pp. 137-153, 2018.
https://dx.doi.org/10.29382/eqs-2018-0137-3

[32] D. Nardini and C. A. Brebbia, "A New Approach to Free Vibration Analysis Using Boundary Elements,” Applied
Mathematical Modelling, vol. 7, pp. 157-162, 1983. https://doi.org/10.1016/0307-904X(83)90003-3

WJJJJUWW.LP@}&J ’f'o‘;gvéjw‘/'{_;Ju.w‘le


https://doi.org/10.3390/app13095743
https://doi.org/10.3390/app13095743
https://doi.org/10.3390/app13095743
https://doi.org/10.3390/buildings13030605
https://doi.org/10.3390/buildings13030605
https://doi.org/10.3390/buildings13030605
https://books.google.com/books?hl=en&lr=&id=N4ghwO92NIMC&oi=fnd&pg=PP1&dq=J.+Dominguez,+Boundary+Elements+in+Dynamics.+Southampton:+Computational+Mechanics+Publications,+1993.&ots=Bk8072REVT&sig=Qm43VOYm-PmfwwYvUE_zQV6Vfd8
https://doi.org/10.1002/cnm.1630060204
https://doi.org/10.1002/cnm.1630060204
https://doi.org/10.1002/cnm.1630060204
https://doi.org/10.1115/1.3149529
https://doi.org/10.1115/1.3149529
https://doi.org/10.1115/1.3149529
https://doi.org/10.1016/S0045-7949(01)00098-0
https://doi.org/10.1016/S0045-7949(01)00098-0
https://doi.org/10.1016/S0045-7949(01)00098-0
https://doi.org/10.1016/j.cpc.2021.108229
https://doi.org/10.1016/j.cpc.2021.108229
https://doi.org/10.1016/j.cpc.2021.108229
https://doi.org/10.1016/j.jsv.2023.117578
https://doi.org/10.1016/j.jsv.2023.117578
https://doi.org/10.1016/j.jsv.2023.117578
https://doi.org/10.1016/j.enganabound.2023.06.028
https://doi.org/10.1016/j.enganabound.2023.06.028
https://doi.org/10.1016/j.enganabound.2023.06.028
https://doi.org/10.1016/j.enganabound.2023.06.028
https://doi.org/10.1093/gji/ggt200
https://doi.org/10.1093/gji/ggt200
https://doi.org/10.1093/gji/ggt200
https://doi.org/10.1016/j.enganabound.2023.04.032
https://doi.org/10.1016/j.enganabound.2023.04.032
https://doi.org/10.1016/j.enganabound.2023.04.032
https://doi.org/10.1093/gji/ggu012
https://doi.org/10.1093/gji/ggu012
https://dx.doi.org/10.29382/eqs-2018-0137-3
https://dx.doi.org/10.29382/eqs-2018-0137-3
https://dx.doi.org/10.29382/eqs-2018-0137-3
https://doi.org/10.1016/0307-904X(83)90003-3
https://doi.org/10.1016/0307-904X(83)90003-3
https://doi.org/10.1016/0307-904X(83)90003-3

"‘JJcﬁbﬂjéfbfngMﬂ"JA'“v‘;cféb'(ﬁfjﬁf/‘-)yué'bﬁ Y'Y

[33] J. P. Aganantiaris, D. Polyzos, and D. E. Beskos, "Three-Dimensional Structural Vibration Analysis by the Dual
Reciprocity ~ BEM," Computational ~ Mechanics, vol. 21, no. 4-5, pp. 372-381, 1998.
https://doi.org/10.1007/s004660050314

[34] S. H. Chuang, C. Y. Yueh, and L. H. Huang, "Dual Boundary Element Model Coupled with the Dual Reciprocity
Method to Determine Wave Scattering by a Concentric Cylindrical System Mounted on a Conical
Shoal," Engineering  Analysis  with Boundary  Elements, vol. 56, pp. 30-38, 2015.
https://doi.org/10.1016/j.enganabound.2015.01.015

[35] P. Kavandi, N. Ganjian, and M. Panji, "A DR-BEM Approach for Analyzing the Transient SH-Wave Scattering
Problems: A Comparative Study," Engineering Analysis with Boundary Elements, vol. 169, p. 105962, 2024.
https://doi.org/10.1016/j.enganabound.2024.105962

[36] P. Kavandi, N. Ganjian, and M. Panji, "A Review on Linear Dynamic Analysis by Dual Reciprocity Boundary
Element Method,” Bulletin of Earthquake Science and Engineering, vol. 11, no. 2, pp. 45-62, 2024.

[37] C. A. Brebbia and J. Dominguez, Boundary Elements: An Introductory Course. Southampton: Computational
Mechanics Publications, 1992.

[38] A. C. Eringen and E. S. Suhubi, Elastodynamics. New York: Academic Press, 1975.

[39] P. K. Banerjee and R. Butterfield, Boundary Element Methods in Geomechanics. London: Wiley, 1977.

[40] H. Kawase, "Time-Domain Response of a Semi-Circular Canyon for Incident SV, P, and Rayleigh Waves Calculated
by the Discrete Wavenumber Boundary Element Method," Bulletin of the Seismological Society of America, vol.
78, no. 4, pp. 1415-1437, 1988.

[41] J. Dominguez and T. Meise, "On the Use of the BEM for Wave Propagation in Infinite Domains," Engineering
Analysis with Boundary Elements, vol. 8, no. 3, pp. 132-138, 1991. https://doi.org/10.1016/0955-7997(91)90022-L

[42] P. Kavandi, M. Panji, N. Ganjian, and J. A. Marnani, "An Alternative Dual Reciprocity BEM for P-SV Wave
Propagation Problems: A Comparative Study,” Engineering Analysis with Boundary Elements, vol. 176, p. 106238,
2025. https://doi.org/10.1016/j.enganabound.2025.106238

[43] M. Kamalian, M. K. Jafari, A. Sohrabi-Bidar, A. Razmkhah, and B. Gatmiri, "Time-Domain Two-Dimensional Site
Response Analysis of Non-Homogeneous Topographic Structures by a Hybrid BE/FE Method," Soil Dynamics and
Earthquake Engineering, vol. 26, pp. 753-765, 2006. https://doi.org/10.1016/j.s0ildyn.2005.12.008

’F'D(L{Jl)w‘ﬁ'}wd[«v Wj)ﬂub&fw?f';


https://doi.org/10.1007/s004660050314
https://doi.org/10.1007/s004660050314
https://doi.org/10.1007/s004660050314
https://doi.org/10.1016/j.enganabound.2015.01.015
https://doi.org/10.1016/j.enganabound.2015.01.015
https://doi.org/10.1016/j.enganabound.2015.01.015
https://doi.org/10.1016/j.enganabound.2015.01.015
https://doi.org/10.1016/j.enganabound.2024.105962
https://doi.org/10.1016/j.enganabound.2024.105962
https://doi.org/10.1016/j.enganabound.2024.105962
https://www.bese.ir/journal/about?lang=en
https://www.bese.ir/journal/about?lang=en
https://books.google.com/books?hl=en&lr=&id=YBElJxdldHYC&oi=fnd&pg=PP1&dq=C.+A.+Brebbia+and+J.+Dominguez,+Boundary+Elements:+An+Introductory+Course.+Southampton:+Computational+Mechanics+Publications,+1992.&ots=zIT4oZuiXl&sig=H-rk8Q2ABRjnb258qofY7Ujwgoc
https://books.google.com/books?hl=en&lr=&id=YBElJxdldHYC&oi=fnd&pg=PP1&dq=C.+A.+Brebbia+and+J.+Dominguez,+Boundary+Elements:+An+Introductory+Course.+Southampton:+Computational+Mechanics+Publications,+1992.&ots=zIT4oZuiXl&sig=H-rk8Q2ABRjnb258qofY7Ujwgoc
https://asmedigitalcollection.asme.org/appliedmechanics/article-abstract/42/3/748/388246
https://www.researchgate.net/publication/276980723_Boundary_Element_Methods_in_Geomechanics
https://doi.org/10.1785/BSSA0780041415
https://doi.org/10.1785/BSSA0780041415
https://doi.org/10.1785/BSSA0780041415
https://doi.org/10.1016/0955-7997(91)90022-L
https://doi.org/10.1016/0955-7997(91)90022-L
https://doi.org/10.1016/0955-7997(91)90022-L
https://doi.org/10.1016/j.enganabound.2025.106238
https://doi.org/10.1016/j.enganabound.2025.106238
https://doi.org/10.1016/j.enganabound.2025.106238
https://doi.org/10.1016/j.enganabound.2025.106238
https://doi.org/10.1016/j.soildyn.2005.12.008
https://doi.org/10.1016/j.soildyn.2005.12.008
https://doi.org/10.1016/j.soildyn.2005.12.008
https://doi.org/10.1016/j.soildyn.2005.12.008

	6-1343 E.pdf
	6--E.pdf

