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Abstract: A finite element model of soil-structure interaction is implemented in ANSYS to investigate the dynamic
response characteristics of a shallowly buried corrugated steel utility tunnel subjected to Rayleigh waves. This
paper derives the approximate Rayleigh wave field. The Rayleigh wave input method based on the viscoelastic
boundary is utilized to simulate the propagation of Rayleigh wave in soil. The method’s dependability is verified
through an arithmetic example. The critical content of this paper is the dynamic response characteristics of
acceleration, deformation and stress of the utility tunnel under different input excitation waves, which are
obtained from a series of nonlinear time-history analyses. The findings indicate a positive correlation between the

dynamic response of the utility tunnel and the intensity of the input excitation wave. When considering the
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vertical symmetry axis of the utility tunnel as the dividing line, the acceleration near the incident point of the

Rayleigh wave is primarily influenced by vertical acceleration, while horizontal acceleration dominates on the

opposite side. However, there may be exceptions where vertical acceleration is more significant. Despite the

impact of a strong earthquake, the deformation and peak stress of the utility tunnel is still minimal,

demonstrating its exceptional seismic performance. The findings above serve as a foundation for the computation

of seismic design and the practical implementation of corrugated steel utility tunnels in engineering.
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Fig. 2 Displacement time-history curves

of monitoring points

3 HHEER

R 1 A BR TR B g A AR 4 m i B ER, BE TR Oy
6 mum , >R I BEAE A 5008 M AR A RL A T Q235 4, T
JIEEH 78.5 kN-m °, #idE i E = 2.06 X 10° MPa, 1

W03, AR H30m X 15m, 8 HIEE RN 1.5m,
1 H Mohr-Coulomb Z< ##E 1 , AJ US4 it S 481 + 44 11 )y
JIRRPE R A IS ROk F Y O 17.7 kKN-m B
PERL I E = 20 MPa, INEESE A1 0 27.9°, 75 I8 24 4 kPa,
TR R 0.3,

W BB R A = AN K] 3a) FToR , BT B IR T
KR TG 04 Ve L b T S5 4, A R 1) 2t 2 0 A T JE A 1 o
JO7 AT LA 22 W, s RT L A O ST TR AR R R A A D
B MO B AR I SR 45 9 s B b S AR
P EATXEEG B UE T A R

F 08 L -S5A EAE D A ER R A 2 ) N f
AR B R A AR RS 1 R BT, D) R A
JEEPEASLAD | BRI R BN 0.4 A% LT K D + WAk 1
S

N A TIE R A8 B fE % 3 1ok, AR A AR DG B S A
f14 A% S S BCR 0.3 m, 40 181 3b) B R .

a
w
hi
| 30 |

a) PSR R = e b) -G EAR R (AL m)
3 ARTRE

Fig. 3 Finite element model

A TN 5 V) o) 249 R R S 15 2 T, A A
HEATBEZS 43 M, B2 JUHT 2 By R 0 38 355 Rayleigh FHJE
FHLJE Lk H 0.05,

% El Centro 3 . Taft i LA M — 2 N T3 17F Ik A
We o Ay A B WA AN 3 RE 73 531 O 0.125g, 0.220g,0.400g,
0.620g. %8 Fk £ K I AR U B S L O ARIE £ 3 B
Rayleigh If ¥ I 45 2 05 =5 (P4 1, 38 75 16 JR A Ak 19 2K SEA
T F 2 g 2 19 it Ay B8 — e 5 4 0 A D A 0 £
TREE N 0.220g B J5 5 A ) 7K SFA57 A% B 2 G ] 4 i/ o

AR S b MR R £ 4 BT B 455 R ER B R R
Pits o A5 rh & I A0 7 B G BT 5 B o

4 RS
4.1 ERBINEE

A BN A T TR R ER 4 in B i R AN &% 1 TR,
CIECH

(1) Fifi 75 % A U00ah 02 W6 0 Jon B8 (% 385 n A8 AR 1 Uee
L0058 3t 5L 380 A B

(2) M) 5 AS-2 4 8 7K o s 58 W (3% 3 LE ) 6 AS-1
Aab (18 7K U (R, I A A1 Ak g 58 i o s 0 A



80 2

W eyt

527 %

0.02
g 001r
@ 0
001t
_0.02 1 1 1 1 1 1 1 1 1 1 ] 1 1 1 1 1 ]
0 10 20 30 40 50 10 20 30 40 50 60 10 20 30 40 50 60
e /s AFE] /s I /s
a) AL b) Tafti c) El Centroy
B4 RERHKFELERE.220g)
Fig. 4 Horizontal displacement time-history curves of incident point (0. 220g)
DS-1 SS-1
AS-1 AS-2
SS-1 SS-4
45°
/l DS-2 DS-3
SS-9 SS-5
DS-4 SS-7
a) B JRRERIIN I BE P 5 b) BRI I 5 o) B RIS S35
Es &NSHE
Fig.5 Arrangement of monitoring points
#&1 Rayleigh i N\ 5t B & BF B9 hn 2 B U {H
Table 1 Peak acceleration of utility tunnel under incidence of Rayleigh wave mes ’
K ik 6y A ik B
Fm T mE AS-1 mE AS-2 m & AS-1 mE AS-2
R KL & AME R K AL & NME R K AL R ME R KA & ANME
0.125g 0.749 —0.687 0.995 —0.600 1.234 —1.571 0.929 —0.647
0.220g 1.317 —1.209 1.751 —1.057 2.172 —2.765 1.635 —1.139
El Centro 7%
0.400g 2.395 —2.198 3.184 —1.922 3.950 —5.028 2.972 —2.071
0.620g 3.713 —3.406 4.935 —2.978 6.122 —7.793 4.606 —3.210
0.125g 0.730 —0.747 0.680 —0.768 1.631 —1.581 0.954 —0.657
0.220g 1.284 —1.315 1.196 —1.352 2.870 —2.783 1.679 —1.156
Taft
0.400g 2.335 —2.391 2.175 —2.458 5.218 —5.060 3.053 —2.102
0.620g 3.619 —3.706 3.372 —3.811 8.088 —7.842 4.732 —3.257
0.125g 0.730 —0.638 0.656 —0.821 1.422 —1.385 0.545 —0.681
0.220g 1.285 —1.124 1.155 —1.445 2.503 —2.438 0.960 —1.198
AN Tk
0.400g 2.336 —2.043 2.101 —2.628 4.550 —4.432 1.745 —2.178
0.620g 3.621 —3.166 3.256 —4.074 7.053 —6.870 2.705 —3.376
07 3 0 A AS -2 A B A U o i R UK VLA R 445 149 110 155 o) X Bkl Ay 43 S 2k, &3 Rayleigh i

(3) Rayleigh W /EFH T, M 5 AS-1 &b %) 88 ) Jin 2 8

WA A 3k R T KT B e B2 9 HLAKCOP n 3R 2 5E L

JINTFN S 5 0 S AS-2 A 1 KT T T 1 {1 A 3 R

R ) i R F R Taft P VR T 25 R 1 o R e R

A, DU A AS-2 Ak i 18 e e R W {E R T K
B

NG 25 *’Jﬁuﬁﬁu'%mﬂnﬁrﬁy}_ 5 — LAk
S EE R L H 2 FE 3 ) fin R A K I 1O o
A PL T aft ik (i {EJJHJ_ 90.220g) AR L0 s
AS-15 AS-2 b 7K - Je "8 [ Jin B A 0 LI 5% 3 %ﬁ
i ph D A5 AS-1 Ak A i o R L A S 0 A AS-2 4k
F S L (A 22 A, 1A 6 T



5 33

Rayleigh I A SR i 80845 TR 201 7 0w 1o A 52 81

0.010
0.005 |

-0.005 t
-0.010 . : '
1 10
K | Hz
a) AE N

PEZEME / (ms™)

0.08

2 0.06

£

= 0.04

e 0.02

#T

0 Jean, 1
1 10
HiZ | Hz

b) B[

B 6 Taftif (0.220g) X\ 5F Bt & JBR & 0 i B ik = E

Fig. 6 Difference of fourier acceleration spectra of

utility tunnel under Taft wave incidence (0. 220g)

IR I S A i 2 4R AT XU B RF AL AE 0.45 Hz
) 2.83 Hz M Bt 5 2216 K T 0, BRI 41 AS-14b £ %2
I H B 7K SF- b 5% B0 (9 5% ) 7E 2.85 Hz 1] 6.33 Hz il Bt N
BE 25 (/N T 0, U6 BT 5 AS-2 kb 3 32 I 05 B K O b
NI . AR/ T 0.55 Hz BRS040 13 22 (518
INILF R 00 MB35 220 (5 R 0.01 mes™, % hif
W%y 4.42 Hz,

PN iy i sk B % 2 i R R T LB L FE 1.97 Hz
) 5.10 Hz 451 Br N 3 22 {8 8 K, vd W1 3l R &5 0 b ¢ 0k
Rayleigh % A St &0 19— 32 12 5 BE % [n] 3t 7% 20 1) 52 ) A
Xt o5 — ok U A K . AE MR F /N 1.52 Hz (1 A X AIK
Wy ZZAEAR /N, LT 00 INRMREE , e Kig% 2 (EH N
0.08 m-s™", X i 4l % 4 2.80 Hz.

42 EERALH

B AT S 80R B 7a) B, A SCRLARL N
1E R4 R . I 7b) ~d) Hhal LU Y Bl % 4 A %0
T WA o 8 6 3 A RR K P R R U 1) B iy AR R
7 32 W 35 5 AR T 06 {E 0 ff B Ok F L A JRR 45 1 7
El Centro ¥ ¥ 5l T 14 48 T U {8 38 3 K T A [R] 6 i fin 3
JEE R Taft P AN T 0800 ™ Az AT o 5 S A B0 Dk
4 El Centro % #il Taft Ji , K FHififi it L4 i A A /N T 12
] P L2, (RS ) R AR R LR 2R T KT R 4
L35 2550 Al N Tt , L2 AN/NF L4 B L1 AN
T L3, 4 El Centro i A S H W& {f fin 8 £ 24 0.620g B,
AR 0 A8 Ptk 35 B e K, HL R ) R 4 i 31 mm, B 2%
AR T 5 i BAR Z L R 0.775% 5

H T3 JC B X ik SO A TR 1 0 RE B R L X
T8 AR 45 AR T (4 eV L RE S A B T 2L

il R\
7 N\
- b | e
N /
T Al T \\ , Z/
\U:r,_.,,
§L2
a) BHSHURE
40 ¢
30 |
g 20
g 10
X 0
N
-20 | .
o | EEEE AT
o B B Ey .
0.125g 0.220g 0.400g 0.620g
VA N 3o R
b) El CentroyiZ N5
40
30|
20}
E 10}
gé 0
W -10t
-20 .
30 | IIEE K7
10 B BETE .
0.125g 0.220g 0.400g 0.620g
WA o B
c) Taftif NSFH
40
30
20 f
E 1ot
S 0
W -10
o [ i
—30 T I R T
_40 1 1 1 1
0.125g 0.220g 0.400g 0.620g
WA i 3ok

d) NN
E7 BRI T RN R

Fig. 7 Deformation responses of utility tunnels

FAE o R R O B U S0 (i) A I 1 1 550 TR 98 )
(DB15/T 654—2021)"" il HLE , e 5040 4 7 Bl 1 #5228
YER N B e KAETE SRR ANF 5%

FRAE DL BT e v & 8, Bl A JORAE T, 8 R 1 AR
FEARIH LA/, AT LAl 2 B9 0 2R,

43 ERBEAH

Rayleigh i PAAS [R] (4 05 {8 B2 A S8 B, A7 AR 254 |
WL 257 Von Mises [ g 4 28 A0 B 4 141 8 FT 7 o

B D 8 T T, A5 ER 45 A4 1Y 1 7 5 N Oh I 1 i
ST AP TEORE DG RIDU R R R K AR 1% N ) K



82 e S i

527 %

40
—=—0.125g ——0.400g
——0.220g —+—0.620g

20
H . 0.N 2.9 NENEN
SIS ESS S
IP=X A
a) El Centroy Nt

U AE ¥ 77 / MPa

40 —=—(.125g —4—0.400g
——0.220g —+-0.620g
S 30}
=
R 20}
21
o
& 10 |
N> h s A SO SN
FEFFFIF I SIS
IP=E A=
b) Tafti N5 it
40 -
—=—0.125g ——0.400g
s 30 ——0.220g —+—0.620g
=
R 20t
?1
o
& 10 +

0
9 S
S S S %%\%%\
P AL
c) NN

B8 Rayleigh i N\ 8f A & B RIIEE N 145 %
Fig. 8 Peak stress distribution of utility tunnel under

Rayleigh wave incidence

WA L T3 %) # BE R, B TR 45 K 78 E1 Centro I AN T
F1R) WA 0 1% g 5 ki DA 3 R ) e (L fin 3 JBE T T aft ¢ RN T30
R 7 A B WAL N T o A TR A5 R % UL SR g 1
AR AL A B A — 3, DU T o5 SS-1 746 N T % b
AR I 7 R Y N K BE R 0.125g I N )
3.050 MPa., W {F Jil 7 £ 0.620g I8 137 77 %5 15.129 MPa,
B Ry 396 Y0 , 31X 5O N 1 EE A3 R AR W) G o TR A
JEC I 55 SS-7 2 B A5 AR 25 K4 1 0L 7 e K, R R A 4%
SR 54 N7 g A ], AELE G AR R g Y A o 3 oK T
JHC Al SO0 00 A5 268 % 1 L R W Rayleigh A ST L 8 IR 1Y
32 J7 IR A X i AU I A iR R R O BURR . X R
Rayleigh # 75 #b 3¢ D)L 36 B 32 gl ok 32, X4 R 1) % 1) 13 5
FIVAR T A 55 K0 52 ), T 657 P 32 8 IS0 B IR I 29 3, AR T

4 73 1) A5 PR, 30F TS 000 Ak A9 R g K 8 T A A A
N AR Y AR EL Centro 3% HL 06 {5 i 3 J&
h0.620g I}, A& JIE AL B R J) Sk 28.984 MPa, Al WL e i) 450
JER A2 1H b T 354 B B (Q235 A9 14 Ji AR 12 1 4 235 MPa) ,
WO R AE KRR A R IR Y AT RE M AR N B

B IPURRTERE o

5 #ig

#E 5 3 L Rayleigh 3% 37 J& R 1 T 2 s Pk 0 A 00
Rayleigh 3 i A % , Bl Rayleigh 3% 7€ £ {4 v 19 1% #% 1
i, JF il it — ARG AE T AR A SRR . E ANSYS
B v g ST A v N AR AT B O L T AR T AR
B8l R, EEES AT

(1) A< SO FH P 10 A8 B 0 6 38 230 4 48 JBR 1647 30 )
N AR 23 A1, S R TR O o S ) N 5 A SRl D ) e
5T 50 0 TE R OG5 LA TR 45 R 1) 158 1) X B Sk A SR 2R B
it Rayleigh % A 5 '5*1)ﬂﬂﬂﬁét1°@ﬂﬂi_f§ugrﬂmi%f§ﬁ
53— M LUK P R S T ELJR T A R ) e
FERRITE N

(2) I S0 AR AT LASE o — 2 T2 B2 1% 728 1 R #6 HiU
MU R, Hig KA B R AR 10, 9F H #0808 6
AN I P TSR0 T 80, R A T 4 7377 TR o 4 8 R S AT R

(3) Rayleigh iz A B, 4875 Ak ) 17 7 7K SF- 22 v T 3L
A 1 N 3 oK 5 RIS R TE O BE 58 1Y M AR U AR
T TR A TH AL T P B B 1 ] R B I LR T R
AT DL s O 4 B R A 2

S Z Ak

[ 1] Frl, HAkAR sk sh 2 B o (M. b 5
A, 2014 :113-114.

YIN Cheng, TIAN Jidong. A concise course in elastic wave

A Tl

dynamics [ M |. Beijing : Petroleum Industry Press, 2014: 113-
114.(in Chinese)

[2] MILLER G F, PURSEY H. On the partition of energy
between elastic waves in a semi-infinite solid [J]. Proceeding
of Royal Society, 1955, A (233) : 55-69. DOI: 10.1098/
rspa.1955.0245.

[ 3] kb @uehlol ™ & &80, #e ol & e )y X LT 1%

O, 2017, 37 (6) : 647-654. DOL: 10.3973/j. issn. 1672-
741X.2017.06.001.
QIAN Qihu. To transform way of urban development by
constructing utility  tunnel [J]. Tunnel
Construction, 2017, 37 (6) : 647-654. DOI: 10.3973/j. issn.
1672-741X.2017.06.001.(in Chinese)

[4] HIKEE, A M Rayleigh b 5% 9% 1E T HUF 25445 g i
W A3 BT LT ). B 90 K TR+ 4], 2008, 28(4) : 409-416.DOT1:

underground



5 33

Rayleigh I A SR i 80845 TR 201 7 0w 1o A 52

83

[5]

[6]

[7]

(9]

[10]

[11]

10.3969/].issn.1672-2132.2008.04.002.

YUE Qingxia, LI Jie. Response analysis of utility tunnel in
earthquake of approximate Rayleigh waves [J]. Journal of
Disaster Prevention and Mitigation Engineering, 2008,28(4) :
409-416. DOI: 10.3969/;j. issn. 1672-2132.2008.04.002. (in
Chinese)

I & Rayleigh P/ T 28 A48 B B m b 4 Hr [D . A K
HE b RE R 27, 2020.

ZHUANG Xinlei. Seismic response analysis of utility tunnel
under Rayleigh waves [ D].Shijiazhuang : Hebei University of
Science and Technology, 2020.(in Chinese)

BT /INBE 0 Rayleigh M 52 i Ko b T 254 48 TG b
WA FELD ] DY M« LA SR, 2013,

LUO Tao. Rayleigh wave

W

research based on wavelet
transform and response of the utility tunnel [D]. Jinan:
Shandong Jianzhu University , 2013.(in Chinese)
WA, INE S MR AL, 55 Rayleigh P /E T #F £8 45 %
B 31 3 060 1% = A O 3 BT LT ) 1l SR 7R TR, 2017, 33(4)
196-210.

SHI Youzhi, SUN Aigin, LIN Shuzhi, et al. Three
dimensional (3D) numerical analysis of dynamic response of
underground utility tunnels to Rayleigh wave effects [J].
World Earthquake Engineering, 2017, 33 (4) : 196-210. (in
Chinese)

A RIS DUEE L AE T 2R A A R b Bl g e v =
AERAE 2 BT LT ]. TR 5 27 412, 2018, 26 (3) : 785-793.D O
10.13544/j.cnki jeg.2017-163.

SHI Youzhi, HUA Jianbing, RUAN Jiancou, et al. Three
dimensional numerical analysis of dynamic response of
underground utility tunnels during earthquake [ J]. Journal of
Engineering Geology, 2018, 26(3) : 785-793.DOI: 10.13544/
j.cnki.jeg.2017-163.(in Chinese)

0 X ST, BRI, 45 Al W A 3 b T Ak 7 b e 95 ) 2k
i 5 1 e B0 5 B B R AR M R AR B 7 i g e [T ] A
SN 25 4 i i, 2022, 24(2) :105-110.DOI: 10.13969/j.cnki.
cn31-1893.2022.02.011.

YUE Feng, LIU Bowen, LIAO Kai, et al. Shaking table test
study on prefabricated corrugated steel utility tunnels on non-
liquefiable and liquefiable ground [J]. Progress in Steel
Building Structures, 2022, 24(2) : 105-110.DOI: 10.13969/j.
cnki.cn31-1893.2022.02.011.(in Chinese)

YUE F,LIU B W,ZHU B, et al.Shaking table investigations on
seismic performance of prefabricated corrugated steel utility
tunnels [ J]. Tunnelling and Underground Space Technology,
2020,105:103579.DO1:10.1016/j.tust.2020. 103579.

M7, Bar g Rayleigh 3 3 (0 BUE AL & LR FH (D). 58
G BT A ,2019,14(2) : 328-340.

BATI Jianfang, MA Lilong. Numerical modeling techniques of
Rayleigh wave field and its application [J]. Technology for

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Earthquake Disaster Prevention, 2019, 14 (2) : 328-340. (in
Chinese)
XU b, 254 Rayleigh i 12 R 3T 45 4 69 3h 1 2 R 4%
BriJ] AR J1%%,2006,23(10) : 132-135,131.DOI1: 10.3969/
j.issn.1000-4750.2006.10.025.
LIU Jingbo, LI Bin.Dynamic response analysis of underground
structures during propagation of Rayleigh waves[J].Engineering
Mechanics, 2006, 23 (10) : 132-135, 131. DOI: 10.3969/j.
issn.1000-4750.2006.10.025.(in Chinese)
XU gAY, B EZ AR AL - B I AH CEL AR P ) R A ) — A
k1] AR T AR, 1998,31(3) : 55-64.
LIU Jingbo, LYU Yandong. A direct method for analysis of
dynamic soil-structure interaction[J].China Civil Engineering
Journal, 1998,31(3) :55-64.(in Chinese)
0 Ry — XIS, 4 S R e O i SO L R 45 G
RS VT R[] s S S kR, 2022, 24(2)
111-120.DOT:10.13969/j.cnki.cn31-1893.2022.02.012.
YUE Feng, CHEN Shouyi, LIU Bowen, et al. Seismic
calculation method of shallow-buried prefabricated corrugated
steel utility tunnels[J].Progress in Steel Building Structures,
2022,24(2):111-120.DOI: 10.13969/j.cnki.cn31-1893.2022.
02.012.(in Chinese)
A TR, BB AR IS ML SR A R R e 7 L5 b R ) i
TEAR A OCHERF o [T]. M8 TR 5 TR 4R 80, 2021,41(5)
22-37.DOI:10.13197/j.eeev.2021.05.22.guy.003.
GU Yin, QIU Shirong, XIONG Mengting. Study on the
correlation between ground motion intensity indexes and
seismic response of underground utility tunnel[ J].Earthquake
Engineering and Engineering Dynamics, 2021, 41(5) : 22-37.
DOI1:10.13197/j.eeev.2021.05.22.guy.003.(in Chinese)
sy — 3 LR O 0 Il 2 R - 2 S S R DR
RETSELD]. bl b e 5206 K, 2020.
CHEN Shouyi. Research on the seismic performances of
shallow-buried corrugated steel utility tunnels soil-steel
composite structures [ D]. Shanghai: Shanghai Jiao Tong
University,2020.(in Chinese )
R B S 2 M X R T (D] e s
AR, 2013,
WANG Zhen. Comparative experiment and study on rigidity
and flexibility of buried corrugated steel pipe culverts [D].
Beijing : Beijing Jiaotong University,2013.(in Chinese)
JBE RIS, X0 0 0 A v Y s g A (1) [T M RR TR
5T RER 30, 1986,6(2) : 1-16.DOT: 10.13197/j.eeev. 1986.
02.001.
LIAO Zhenpeng, LIU Jingbo.Elastic wave motion in discrete
grids[J]. Earthquake Engineering and Engineering Vibration,
1986, 6 (2) : 1-16. DOI: 10.13197/j. eeev. 1986.02.001. (in
Chinese)

(THE92TT)





