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Dynamic Analysis on Cables for Submerged Floating Tunnel under Ran-

dom Seismic Excitations
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(School of Civil Engineering Guangxi University, Nanning 530004, China)

Abstract: The dynamic response of anchor cables of a submerged floating tunnel under the combined
action of earthquake and hydrodynamic force was studied. The anchor cable of the submerged floating
tunnel was simplified as Euler beam model and the motion equation of anchor cables of the submerged
floating tunnel subjected to earthquake and hydrodynamic vibration was established. The motion equa-
tion was simplified by separating variables and Galerkin method, and the displacement response of an-
chor cables was solved by a fourth-order Runge-Kutta method. The dynamic behavior of cables under
hydrodynamic action was obtained by displacement power spectrum analysis. Artificial seismic waves
were generated by means of the triangular series method and three famous seismograms were adopted.
The key structural parameters of the submerged floating tunnel under different seismic excitation were
numerically analyzed. The results show that: (1) The increase of seismic acceleration will cause the
motion response of anchor cables to become more intense, resulting in greater displacement and ener-
gy. The time and magnitude of peak acceleration of seismic wave also have certain influence on the

peak amplitude of anchor cables. (2) Parameter frequency and damping ratio have important effects on
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the displacement of anchor cables and the influence degree is different under different earthquake ac-

tion. The damage effect of earthquake on anchor cables and the overall structure of suspension tunnel

can be reduced, by controlling parameter frequency and damping ratio.

Keywords: submerged floating tunnel; cable; earthquake excitations; Euler beam theory; dynamic re-

sponse

51

[l

B IFREiE (Submerged Floating Tunnel, f&# SFT)
s — M LLE R Aok b B B ng et gy g 38 it
B T 7K T SRR Y AR AT A R DL S S
P R FH 3% A8 L) A S R L AR S —Fi e
5 18 T R TR K O L BR BE 35 N RE T e 4 B 2 A2 3 A
BUW L B R B R R0 B2 45 48 2L A 1Y
PE A, 90 G0 X T A T T PR B B N g S AR b (A
ISR R R YT )5 R 28 T AR AN 23 Bifi R
P W R ) 1 T A R U A

T R TE N LA R A I TR AL T TR IR B T,
TR R 7K L 28 AT A T 52 1 g T SRR R Y A B
s o AN, T 3K R R A3 1 b RE R R A AR T T
e, M RE R A R A PR A, U TR R R A
I, 23 X A T BB G 7 A 0 Y R L B AR Y
WA Z e L TAE e A BE REm, JFHHT
IKA 5t (BEAR 328 DN ) W A7 7, T T b 2 19 2 2 1) X
TR E A T O R

M.D.Pilato 53 1 = 4 5 JF £k P A B oC &
B, 3B 1 25 VY S 1 R TR AR M AR 5 U AR T Y
Bl 0 N 5 A7 Ak B A3 g K R U B 25 R R G TR
b 25 A 32 2 A BROTEE AL R FH 22ty CR A A2,
SEHT T ORI RE TE AR B S A AR EAE R s )
M 155 00 5 2 R I 45 g S i A Lyapunov BRETHE S
BB T ok Dy BRERE M AL IR B Bk Lk g R
] B2 2 B0 AR 32 ik R R W R sk ) R
/LBl sk T & BOR sk ) BR AR E PR Y R 5 SR AR U
SEOR T — b R R R OE R B AT A0 R BN Y
TR s, 454 Morison J7 2 5 115 B B 1E (1 7K
S UETR R R IR D, T vk B TR BRI AT AT
SRR A T W AR AR TR A R R B i KR 1 U [ R
GAEH, S A R AR LM B ) O R L A8 FH R LU
2B 5E 5 R 1 BE P M 52 B, X b R AR R B bR
TE 5l AR A0 R AL AL Bl e g AT o T E SR . 3
X5 T BE AL 5= VR R 56 20 3 3 A7 S A G

WEFE R DRI TR T 38 0T 3t 752 98Dl 119 3 0
IO X Ak 1 B TE 45 R BT R BRI IE Y G H B

A S 5 A S B R AR K B ) K AR R Y
NI RE IR T A A A R T SR, W
I T 7 AN () 3 5 D IR T ) O B 5 A 2 B0 il R
{3 K M0 7 BE AT B 20 AT, FH DAY A 8 7 i R A
BENL ML T B3l J1 e W4T o

1 4YpIEsEay

AR BUAT B9, AR SCHR H — B i) 1k 19 8 77 R
T B 2R T T B BT SO AR T a2 B i 3 M AR
A T i U R AN ELAS 25 0 o R s O PR T R
FO AT 1is 8 B B B/ o it o
e 8 P BB TE B R B AL BT O g VR Tz 2 AR
LR WCHL AR P 1 Sy U B G A 7R U 7 1)
e BEIR 3 9 7 T TR, G v KT il 52 8l A T il R
£ S TP A R A TR T U R o 1) ) 3 7 1 e
T3 VAL B TR W LR T 1 B 2l

Tpcoswpt/

S

(a) BTEREEMTY
1 BT BRI fay s
Fig.1 Definition sketch of the SF'T model and its cable coor-

(b) AR

dinate system
TE L AR ARG  He A R DL b 30 B 3w R R0 R
B R T IR A T S I 2 S 5 R R E T TR R i ahsk 1,
w, B

ARAE SCHER [ 9 ] 92 HY B i bR 1Y fag AL R L,
IE T RAGR iz, BRX — R fife T
il B S PRz Bl 4 2 18] 32 3l {5 7 2R A BE 95 X i R
T8 52 A F T B 30 g 15 BEAT 0020 DF ST . A AR R

305



P14 A TR B VAR JY i 2 ) T A

2 B ARERKAE

B M R B R BRI AE N T, cosw, 1 F9 B 5L
VEC D B A e A o A TR AR TR BE B R I )
frak A L ARTTE AR W JBE R R R T R K A
AR o 454 Euler 3238 A 153 52 32 30 4k 3 49 42 3 J7

EPIRES

9 , u(z,
EELIIM — (To + T, coswpz‘)w +
dz dz° (1)
u(z,t) du(z,t) )
m a7 -+ Cq a1 = —F, — Qg sind

A ulz, )R ERE WAL 5 To,m, 1535
SRR GR TR Ty ERA R B B A | A AR PR AR a4 T A
PEHE s Cs MRS BHIE R B Foo ol B K B N 7K A
B R A Sl I i A 6% BT 5 Qs S ML RE R T

4 Morison 77 2 , 2 i Rk 2l B, L0 BE 1Y)
K Bl 0] R S BELE Ty R AR 22 At

nD? du nD? d’u
T T
K, C, W e REG v TR B 5 0, RIK 1Y%
BE D MRS R EAR ; C, BN 4 R AR
YTE R AE T B, MR R A B R T
F AR BN Y I 8] 5 b 72 78 B 2R Al 4k Il 1 40 i 5 )
Z 7 81 K R 77 B A8 Ak 5 78 ¥k 2 Oy ) (9 43 5 5 R A A7
B I EHE R R M — o o MR DL B, Ak
R T O LA 5 b AR R AR AR ) ) ) i
— 5
It 3T ) e 7 U 0 AT R A
Q.= mi, (3)
Ao, 2, R A R B AR B 0 R, RT R M AR Y
i RE T S BRI T = A GBI 0 A B N T R
Pt
7 & B BE LD 1) AR A2 AR R L R ) S
JE AL BRI AR T R B AL o AR R T LS T AR
Bif B 2o A R S A 9 S R K e AR
I, =f(t)w(t) (4)
K,/ (o) PR w () i KRR e vk
£.25 PR
W s PE AL PR w (£ ) A

306

(t/t,) 0<<r<<1,
w(t)=141 ty<<t<<t, (5
exp|—c(t—1t,)] to<<t
o, 20 FL 2, 5370 R 00 ks B D) RERS o B A ERE ] 5 20 — o,
Ry R R R Y S R S I TR] 5 ¢ Sy AR B A i R,
WA cfH R 0.20 78 X f () W —Fh 7 i 2 ik
M 51 s B R — AR B AL A R L AR R
R SRR, AT LA B P RS b R A T A e

F(0)= SC,cos(wit + @) (6)

€ =4 % S(0) X Aw (7)

A, Aw BHIIE 43 (rad/s) , 0, = k*Aw B 5 FFY
P B 5 ST () Ry 45 28 18 A5 3 B2 K2 35 5 n S
THAA T 25 R S Y B o R 3 A 0 A E O~
2n Z [A] B BE ML ER -

TR Y i, 5 H TH 2 3l D) 3R % B R R
A LG, B E B AR A 45 0 B 0 e N 5RO
W, A2 S 5 BT E A e R 3 A 3 N Y b T 2 3
BF R R AR W A A . 6T 45 0 BTt B Aw o
Wil B 3% So (w ), A LAAR B8 M AR I 0 b T OB Bl B R
ijElﬁ[lgr:

1

ln[w;ln(l—P)}
K, T, b mR A L ) 5§ BHJR Lh s P 2Ry 2 I
FAE R, IS H P RIE N 0.9,

BT H b o 3 e Ry % 8 pR R BB 3 Hh
G35 V(RN R BE AP JE Lt S AR S R e . B 2
JIt 7 1 b 78 152 3 T LLAE 1SO &3 F 48 e 4k #
B2, S, G s, S, . (T ) R 3% #5638 i
JE S (T ) R A G TS I B 24 454 1) 3 A S
Wik 0.28% 1.0 sB, B4 TSI BE AT S, 0, (0.2)=
0.5g 8K S, 1y (1.0)= 0.2g 115 2], S TREW
LA JE 3, T, 0T L LR 98 75 5]

r— CoSuny(1.0)

Y CSu (0.2)

Krh, C M C, 374 80, AT DL ISO Y & A%
(x2S

18 15 A SCAIF 5% 11 Ak 7 g 3 07 b [ i g vk )2
FEfl FoRTHSE R G X R S 2K 5 R AL XF
T A/B K MR, C, M C, S5 WAE N
1.00 3R T vk, T A i b 1 52 2 s 72 38 5
S MER AN VA Ry o

S(w,)= ——

[Si(w) - (8)

9)



5D S, D=(3T+0.4)C.S,....(0.2)

S (D=CS e 1.OYT

C.S,m(1.0)

0 02 T, 1'.0 T(s)
Bl 2 M= B bR R RN %

Fig.2 ISO seismic design spectrum

il 1 o B A R IR SRR L AT AR OA

z,1) = ;sin%a”(t)
A, LR B L sn W RSB B B &
AREEEFZIRT n=30WIRNBE . BT H
275 A (1) BT R A, 107 0 A0 3L <6 3k s Al 134 23 O 7
AL i O R . KR (10) A A (D) b, SE A
1[I 3 DA sin (nmz/ L) I8 % = B2 5 1) BL%
[F i 2% AE A2 25 A R LA 31

‘ C. .
i +[ 0, + i, (1+ ecosw, ) Ju, + m w, +

(10)

11
J['Z(F1>+stint9) . nmz ( )
Sin dz=0
0 mlL L
Hrpr:
4
E.I
w@,("“) o (12)
L m
P S
@ ( L ) m (13)
w, =\ wy, + w3, (14)
C,,=2mw,f (15)

KPR R MIBLIE s ww, A @, 23900 BT 1)
Il 1w 4R S5 1R 0 R GE W n B AR 0u N RS
£ 72 B [T A7 A3 5 € DAy i 2R 1) 8l 5K T R 8K 1 2 L
SR FH DY By e ks B R i el o O AR (1), AT LA
o 2 Gl 28 A R M S JOMUh T A9 A S R . A =
A 25 e AR S (1L, 7T A5 380 2R A 7% RS 8K
VO T B LR RIS bR T R R AR R 2l g i R — B
KAEAEES . NI, AT IS TR A .

3 SHHBRESTRITE

H A 5 b S A N — B SFT, A, A3
B ER A S % E AN SFT B4, Bk
PSR 1.

F1 HEEGELSH
Table 1 Basic parameters of the analysis case
S8 A
KB E o,/ (kgem ) 1028
KR d/m 170
M H./m 140
HRATIEKE L/m 161.66
HZRMEA D/m 0.489
BRI B o/ (kgem *) 7 850
R FPERL & E/Pa 2.10X 10"
R PIETR S T, /N 2.572X 10
HE R B T m /(kgem ™) 1474.23
FHJE L ¢ 0.001 8
TBEE R Cy 2.0
B R E Cy 1.0
w6 /() 60

G o 3 32 P g o ek

%t&
mhﬁﬁ

WA BA R AR IE 5, T AL,

JE R R S 0.2, X N7 b

TN SRR MK 25K 3R, A Fik

F2 MEAEF

Table 2 Seismic category

i 3y Hh Y ) HiAg Bl
N T Hb= A/B aha
E1Hp 0 52 C 2SR A RN AR
Taft #1732 D i -
Loma Prieta il i E w4
2.0
'n LS
s 710
g gwd WWW W
P 0.0 W‘; i
5 % s J |
g & 1.0
-15
: PSS ) P —
0 5 10 15 20 25 0 5 10 15 20 25
i 7)/s i 8] /s
(a) AN THLE (b) EI Centroith &
2.0 2.01
15 2 1.5F
<10 1.0f
ﬁ“ W M %05 w Lﬂm
0.0 ’ 0.0 Jeohivia \ M
" 0s ’} i B o5} # \
=10 = 10}
-15 -1.5}
205510 15 20 25 2% s 10 15 20 25
i /s i /s
(c) Taft H1E (d) Loma Prieta 31 7&

13 DU = By I

Fig.3

Time histories of four selected earthquake records

307



G B 72 U BEE A I S A A N T M R B, O

JE 5 B F AR Fﬂﬂrj BRH AR, EI T
3 MR YT R o 3l i B MU o, 0 RS
W52 EAT T 2 BT, A R AR T R R G A

RGBT R TS %
3.1 HHIREMSH KRG A

Xof A ol i, 7 U5 %) o R Dy 4 g3 AT PR A L
A5 ¥ (Fast Fourier Transform, & #f FFET) 15 2] Hi 7%
T R A 5 . BT 4 0] LA L ET Centro M2 |
Loma Prieta # 5% 1 Tatf #b52 1) B8 & 32 224 7 O~
5Hz, 755 Hz Z Ja g i E 8l . FET f KR I 78
2.5 Hz B3, 3 935 ) T 0.11,0.115 F1 0.10. EI
Centro M1 7% 11 Taft 1 52 AH Ik T Loma Prieta Hb 5% H
A R R AR A3, R T 0 A AT AR X
X R WR A Y ET Centro M 52 il Taft #u52 01EH] T &
Giml R S EAR S  kA TR 13

e S EEfN R Y o A Bl A R A, Loma Prie-
ta R AE R 0956 2R 20 77w b BE RN B
0.12 0.12
g O10 e 010
E 0.08 % 0.08
£ 0.06 £ 006
=9 o
0.04 0.04
0.02 W wam 0.02 M .
T bt g,
ods 0000—5""10 15 20 25
ﬁ&sz $i# [ Hz
(a) N LHIRE (b) EI Centro}tt i%
0.12
. 0.10 -
1 0.08 | w 0
i 006 B 0.
0.04
0.02 %‘l
T W
0007510 15 20 25
HiZE | Hz
(c) Taft 1% (d) Loma Prieta H17E

PRI 4 b A Jon e 52 45 Juk

Fig.4 Seismic acceleration frequency domain

3.2 BHIRE B R RF G H 0w
R T2 43 BT S BO 30 AE A [ AR AE
B F A2 Bl B R SE A L T 2 S EOR TR
WRERBTNBMI T REENSH . NESKE,
BZHEON R 0,~w, Ml w,=20, it B, 76 A [/ 1
R AR R AR 0 3P A~ Sy & e i iR e, HL Ry S 0
B PR oy B2 o AR HABE OL T, 76 H R 1R

TH RN T

308

Lif

ok = TR

I —— EI Centrolth ;
0.9 —— Loma Prieta

0.7f
0.6
0.5F
041
0.3F

B EE / m

0.2 ﬁ\
0.1
0 = :‘r——m=-'?:;1 — ]
0406081.012141.618 20222426
w, /o,
5 R 2 HOBR 5 AR Z T B R B AR 3y
HRAE
Fig.5 The RMS of mid-span displacement of the cable under

different w,/w,

0.8
0.71
0.6
0.5[
04

#RIE / m

03[

'%.ﬂ GI.Z 0‘.4 Oiﬁ 018 1..0 I.I2 1..4 l.lﬁ
M (Hz
(a) A THhE
5 ¢ SN
0.7t

0.6
0.5[
0.4[
0.3

0.2f ‘ yy - .

01' Z 0.25 030 0.35 0.40 045 0.50
00 02 04 06 08 10 12 14 16
$FE | He

(b) EI CentroHh %

BB/ m

0.8p
0.7r
0.6F
0.5F
0.4F
0.3F

0.2¢ i
0.1F
(b
0.0 g SOECEE

00 02 04 06 08 10 12 14 16
#iZ / Hz
(c) Tafthli 7%

F6 AN 2 BOW R T Bl R 5 v 0 RS 451 duk

Fig.6  Mid-span displacement frequency domain diagram of

{RIE / m

anchor cable under different parameter frequency



A I P L AR e (FFT) nf DL A5 3 78 b 7%
VBT8R A1 78 B M 115 . 7E N T Hi % (ET Cen-
tro #b 5Z Ml Loma Preita #b Z 094E H T, 24 2 B R
AN T) B i 2% B A R R T AR R AN TR R R
PE o H B 6 AT, IR W R 04 1R A X R AR
1 AE 0.3~0.45 Hz, 76 @ AL 1 3L D o 4 S50
Row, 40N 0. 1.50, Fl 2, B, Jay 35 6 i 43 551 13 PR
£ 0.34.0.38 F10.41 Hz &b, H ™Y w, = 2w, B} ¥ 1 f
KOIRIE B A2 0.7~0.8 mAib . M 1Hz= 2= rad/s
Al 15 0.38 Hz= 2.38 rad/s, Bl fix K BE & % b & A4 7
R 2R [ A B

B LA b 43 A AT LLAS A, TR AR 2 B I R Cn
w,= 2w, ), ZHOW X 4 R FR G800 52 ) LE R 1Y
S A W A, ELOR TR R O T R AR 43 1 K e T
R B TTRE B SRR, BT KR B AR A AR T
AR AT Sz 1o e 3] — 5 B BEL @ VR T T ) T s A
ST IS AN WY o DRI 4 T R Y A AR R T
P T Ak R R Y R A PR U T
33 MR R IR G YA

i ok B9 R R G AEFRLJE L2 0.001 8.0.002
0.004.,0.006,0.008 1 0.010 F 4 4 & iz 3l Wi 17 43
ML, WAL 7 fie s 7E R R R AR R Y o, =0,

0.016 T
0.014 - —o— EI Centrodth ;&
’ —— Loma prietatth &

0.012 |-
0.010 |

0.008 |

EHAE /m

0.006
0.004

0.002

0.000

1 1 1 1
0.002 0.004 0.006 0.008 0.010

FHLJE bt
7 [EIBELJE LT B R B v B
Fig.7 The mid-span displacement as a function of damping

ratio

18 1 3 KB JE L, B R AE 200 s B4R B R AE AT
BN, ELW 0N 4 W R T AN AR TR . 4 B BEL e
LA 0.002 B, % R AEAS [A] 19 b 72 R B0 T 200 s B Y
A 2 ME R K . TS P H 3] 0.010 B, =34
2 )5 I IR e LA oy B . 3 i B b R A AR
BELJE Lb 38 /N 14155 50 58 A BH &, i 7 BELJE HL AR K 1
0T MR B AR AR FHAIOCR AR IR s/ o 5, BH
JETERERE TR G EEAEM AR R IR E .

3 T Bl R A BE e T LA AR G 45 R 0 R i A e
i A% R A 2 A B R A, AT DLk G R B R IIR
i A% 20

4 & it
ST ST 4R 2R G TE MR A K B 1 AR TR R

ia 2h 7 B i = A OB A T b R e EE T
T 0 4 B AR i RN 4 Tk A AT T R AE R
YE R (8 i 187, i Maltab BUE AU T 4R 1Y
B3 B8 385 , I SR FH B 3t B b AR A A5 2 A R IR Bh
() A S8 LA, A3 B T ZE AN TRl b RB AR F T s R 1 3h
W) AT R, A5 DA 2508

()38 3t X Fb 4 Fb M7= A0 B 3sk A5 858 o 5okt B o) 2R
T FILE A [ b 72 VR T Gl R A B R AL RS, W] DLAS S
b 2 A G A 2R 09 Bl g e AT R A AR K S
iy 5 A 0 R, R R Y Az sl o R R & AR
14 57 % L RE B K b I 0 (o R Y B A
[i] R A /N A0, o) 4 ) W (L e A o — T 52 )

(2) 38 3 %A 7] 2 40 5 5 [ A 303 358 17 53
Br, AT & B 2 B0 %R 5 8 A R BRSO R AT
B R B LR B 2 R R, TR 5 a4 1 S U
] DL /)N b 72 0T B VR R G AR B R R 2 A Y
W

(3) 3 1 1 & Al 2R (W BELJE , AT LA b 72 X R
4 T 2880 AR R g ol 2 DAL T A 280 ) 2 il R T iR
W, PR TIE R 77 B 3 2R 5 A AR A 4

SR

(1] 9RaEM, VS . S8 E T T KR &R RS I8 A

BRE PEAT T [T]. b R 2 R CH R 2 ),
2013, 44(6): 2549-2553.
Su Zh B, Sun Sh N. Stability of submerged floating tun-
nel tether subjected to parametric excitation [ J]. Journal
of Central South University (Science and Technolo-
gy), 2013, 44(6):2549-2553.(in Chinese)

[2] Di Pilato M, Perotti F, Fogazzi P. 3D dynamic re-
sponse of submerged floating tunnels under seismic and
hydrodynamic excitation [J]. Engineering Structures,
2008, 30(1): 268-281.

(3] Z4kls, W, KCER . B0 BRI A S 25 1 i
By Ml T ], kI8 TR A4, 2009 (7): 67-71.

Mai J T, Yang X Ch, Guan B Sh. Analsis of the re-

sponses of submerged floating tunnel and its supporting

309



[4]

(6]

310

structure [J]. Jurnal of Railway Engineering Socieiy,
2009, (7):67-71.(in Chinese)

ZEARANI, R ZE [T, #RIE TREAEHR, 2009(1) : 77-81.
Qin Y G, Zhou X J. Analysis of the influencing factors
of vortex-induced vibration response of the submerged
floating tunnel supported by tension leg [J]. Jurnal of
Railway Engineering Socieiy, 2009(1) : 77-81.(in Chi-
nese)

SEAFUE , TR GR , AR . BT R I B R RS A PR 3
R HEFE[T]. IR 5 ehdi, 2016(3) . 158-163.

Chao Ch F, Xiang Y Q, Yang Ch. Experiments on dy-
namic fluid-structure coupled responses of anchor cables
of submerged floating tunnel [J]. Journal of Vibration
and Shock, 2016(3): 158-163.(in Chinese)

SEAR U, TR R, MO R TR TR RS A 0 B R
i s i O ik A5 [T]. JroE 5 9k, 2015, 37(6) -
725-730.

Chao Ch F, Xiang Y Q,Lin J P. Patterns of cable VIV
suppression based on the fuid-structure interaction [J].
Mechanics in Engineering, 2015, 37 (6) : 725-730. (in
Chinese)

FO L, RO, R ARSR, AR BEPLIL AR AR R K
TR REE AR S S ma g (], AR Tk KRR
(A B AR, 2013, 36(1): 74-78.

Dong M Sh, Zhao J J, Niu Zh R, et al. Dynamic re-

[9]

[12]

[13]

sponse of submerged floating tunnel’ s anchor cable to
random seismic excitation [ J]. Journal of Hefei Univer-
sity of Technology, 2013, 36(1): 74-78.(in Chinese)
Lei S, Zhang W S, Lin J H, et al. Frequency domain
response of a parametrically excited riser under random
wave forces, Journal of Sound and Vibration, 2014,333
(2): 485 - 498.

Wu Z, Ni P, Mei G. Vibration response of cable for
submerged floating tunnel under simultaneous hydrody-
namic force and earthquake excitations[J]. Advances in
Structural Engineering, 2018, 21(11): 1761-1773.
SuZ B, Sun S N. Seismic response of submerged float-
ing tunnel tether. China Ocean Engineering, 2013, 27
(1):43-50.

Bi K,Hao H. Modelling and simulation of spatially vary-
ing earthquake ground motions at sites with varying con-
ditions, Probabilistic Engineering Mechanics, 2012, 29:
92-104.

Martinelli L., Barbella G, Feriani A, et al. A numerical
procedure for simulating the multi-support seismic re-
sponse of submerged floating tunnels anchored by ca-
bles, Engineering Structures, 2011,33(10) :2850 - 2860.
Doi:https://doi.org/10.1016/j.engstruct.2011.06.009.

(i\i’ﬁ"?ﬁy :)§] AN /%)



