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Abstract: The tunnel section with curvature variation that restricts the seismic safety of a tunnel is one of the critical sections
for structural design. However, the current seismic design of tunnel structures only focuses on the shear deformation of the
tunnel cross-section and the longitudinal curvature is not considered. The most important issue is that there are no available
simplified methods in the current literatures for longitudinal seismic analysis of curved tunnels. It is therefore necessary to solve
the forward problem with the purpose of obtaining an analytical solution for the dynamic response of curved tunnels under
travelling loads. Firstly, a curved tunnel is assumed as a finite homogeneous beam with variable curvature resting on a
viscoelastic foundation, and the governing differential equation and boundary conditions of the dynamic problem are
established based on the Hamilton principle and the viscoelastic foundational beam theory. Then, the modal superposition
method is employed to solve the dynamic problem, and thus the analytical solutions of dynamic responses for curved tunnels
subjected to arbitrary dynamic loads are derived. Finally, the degraded solution for travelling loads is obtained with the
proposed solution. The solutions of tunnel responses investigated are deflection, velocity, acceleration, bending moment, and
shear force. The validation of the analytical solution is verified by providing comparisons between its results and those from the
finite element method. The parametric analyses are performed to investigate the influences of the radius of curvature, the
velocity and frequency of travelling loads and soil-structure relative stiffness ratio on the dynamic responses of the curved
tunnel.
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Fig. 1 Curved tunnel on viscoelastic foundation subjected to

arbitrary dynamic loads
#4% Hamilton JZEE & Euler-Bernoulli %2 1114,
BB 5 R LRI

4 2
may%”+pAaﬂ%0+c®gﬁ+Kﬂ%0=F0ﬁ°

ox or
(1
i 28 B i)y fE o)
yxr) | 2 Py | 1 &’ y(x,1)
EI{ P +R2 e +Fy(x’t) +pA—6t2 +
c g;’t)+Ky(x,t)=F(x,t) . 2)
EH GRS A
4 2
512 gif D 4 2EIR ()2 2 )(Cf D 4 BIR, (x)y(x,0) +
2
04l yaif’t) +cay(a’;’t) LKyt = F(x,0)» (3)
0 >2 0 >2
X, R(x)= . i R,(x)= | 1
— == — |H=2
R? 2 R* 2
s B IMIME 2
y(x,t)L:0 =0,
ol _, 4)
ot t=0 )
PRIAT R IA FEAEAT RN N
3’ y(x,1) _g OG0l g
ox’ Y Yoa? |, , ?
x==4=3 x7?+3
(%)
63y(x,t) 63y(x,t)
ox® I =B ox® I =B

x==1 -5 x:5+13



%13

EEVE, SF. AT R BEIE Bl R AT A 71

ﬁ[:l:l’ B]! BZ! B31 34%51:@@%%14:*9%5@%%&0
Tt (3) ~ (5) MR T ) e BB AR
HRLR AR LT R, AT LRI = sl B T BE A R

2 FRATRERIEIE
2.1 FRINARIES

FIH B B4R RS IR ) DK AR i % AT PR K2R
(B a4 5 FEEAT e, (L4 U E B
FER R . KX SR A (IR AE 2 SN SCARR, AT BASR
BT BT R B . FRS E AR RS AR
AL, AHZE B e R n] AR A PRACER A ok A
Fakl4,

BBRAIRE y(x,0) fRITE N

YD = 2B, () (6)

X, @,(x) 5Y,(x) 750258 m BriRA S5 iE{E.
W (6) RANTTFE (3D, bl n MIRM @, (x)

FHxF KBTI 13

i Y, () 2 | | @ (X)[EIDY (x) + 2EIR, (x)®, (x) +

m=l1
Lk
2

EIR,(x)®@, (x) + KD, (x)]dx + i [ pAY, () +CY, ()]

2 j | D, (x)D, (x)dx = 2 j | @ (X)F(x,f)dx (7)

-2 -2
) )

X, @) (x) 1Y (x) 51 @, (x) X x [ Fr APy
M SHL Y, () FY, (¢) 2B Y, (6) XFIRHE ¢ ff— B A
—r 5%
FEERAIER M, TR (7)) "N
MY O+CY.O+KY)=F & » @8)
K, My, Co K Fuornlh) XOFiE. 7 XBHJE.
L = P

M, = j PAD* (x)dx 9)

C, = j | CO*(x)dx (10)

b
=+l
S th

K= | {El[@n" W] +2ER @[ @) ] +

l}
_11_%

[EIR, (x) + K|®? (x)}dx : (11)

b
=+l
S th

F,()= | &,0F(nd - (12)

b

2
FIFH Duhamel 73K 712 (8), W13
1

an (s)e = sin[w,, (t —s)]ds - (13)

n"’Dn 0

Ko, o, Iy E HIREN n P, w,f:%, £ Hn

Y()=

. C
PRSI, & =22\ o, =a,I-& .
nwn

Keorke (13) AAANTIRE (6), Tl

> O (x) i —£,0,(1-5) _+
=Y 4| F o t—s)lds - (14
y(x,1) Z Mo ! " (s)e sin[w,, (1 — s)1ds )

JitE (14) BONZREHPEHIIE A28 i A FRACZ
SV THT P 21 0 T SRR o 3 PEE AR 3 FRE i 8 T DA
LA ST I TR ¢ PR — i AN - 2 B3RS

_ > (Dn(x) 4 —&,0,(1-s)
V)= [ e ey, cosfag (-]

&,0,sin[w,, (t=s)|ids (15)
= @ t &0, (t-s 2 2 2 Nos
a(x,1) :ZM"S) jo E (s)e ) (&2 - },)sin[w,, (t - 5)] -

2§n a)n a)Dn Cos[a)Dn (t - S)] }dS ° (1 6)
5 R W) SR B g i 7 R AR oS W R 7 [
() B A =i RO R AR B (—ET) 132

2 —EID’ _ 5 .
M (x,1) = ZW’()C)J; F (s)e fnn (1) sin[w,,, ( —s)]ds,
n=l1 n~""Dn
(17)
> —EID" _ .
O(x,1) = ﬁ(x)ﬂ F (s)e fnn(1=5) sin[w,, (t — s)]ds.
n=1 n““Dn

(18)
2.2 1EESH

AERERE, JrfE (1) AR A BiR3) HE:

4 2
172D k(e + pa® ya(f’t) =0. (19)
X t
TR, WSROI
O (@) ~blD(1)=0 (20)
2
N A
Ko, @ (o) WERBIRA, b =a’ -, gt = 2P4
EI El

o, NEELZH IR

FHFE (20) HIFERRRN

@ (x) =D, cos(bx) + D,, sin(b,x) +
D, cosh(h,x) + D, sinh(hx) ,  (21)

X, D,, D, D,H D, N5HEHLRENIL %M
KIS H L

M2 2 5 IR i R 5 BRI, HRAY
CIESZ|



72 N

2021 4E

@, (x) =D, cos(dx) + D, sin(dx) + D, cosh(dx) + D, sinh(dx).

(22)
. /1 1
:—Et‘:l:'; Q(X)jﬂﬂﬂéﬁ%%?ﬁﬁ; d= —4+b: -
R R
2
A .
boat - K0P s

* R* EI ° EI

WEIR, D, , D,, D, D, N5HZRKH
FrAFAAH R ) 2 R

Xf TR s VE I R L, R 2B S HABUE
FRRE TS S A S oA, RIAT R4S i A 430 e
PRAL . AR Samuel S5 R RERE D7 R 3 —
AT L, JER R AR R AT HE S

A RS, PRA T LS Rl LN HE R 2

®,(x;)=D, cos(d,x,)+ D, sin(d,x;) + D,; cosh(d,x,) +

D, sinh(dx,)=A,(x,)D, (23)

X, A(x) NAETEARIREI, D, Xt R R 3
)&, R
A;(x))=[cos(d,x,) sin(dx;) cosh(d,x,) sinh(dx,)],

24)
D, = [Dn D, D, Di4] ’ (25)
2
opd K (i=13)
EI  EI
d = N 1))

X, x, AREBRAE R ALES & T IARR, i=1,2,3,
JE SRR 8 C,(x,) N

C.(x)=[A4(x) A(x) —EIA(x) —EIAx)]" - (27)

JUIRT A7 30 40 R Ok R X

(&) ®(x) —EI® (x) —Eld%"'(xi)]T=C,~(x,~)D,~

(28)

ISR HL B SR B WA AN JiEs:, W)

CYIN S S

C,(1)D,=C,(0)D, (29)
C,(L,)D, =C,(0)D, (30)

H AT 15
D, =C,'(0)C,()D, (31)

D, =C,'(0)C,(L,)D, = C;'(0)C,(1,)C,' (0)C, (1) D, - (32)
LN EEG B SRR MR M= R, R
P10 5 5% A R RT SR AS 2 () [ A5 A e 4R B, 1 DA
Uiy ] 5 120 5 A9 25 2 [ AR S R AL R SR A A
WP I S kA A E, BRI (0)=a(0)=0,
MJAT 1§ D13=—D11» Dis=Di» %

C,(l)D, =E, (ZI)B'} . (33)

12

X, E () Nax<2 5, MJE QD 5771 (32)
CEXHCYS)
DQ:Cz'(O)El(ZI){D”} , (34)
D,

12

03=03'<0>cz(12>02'(O)EI(II)B”} . (33)

FZEBITE 34 FHIC (0)E, (1) v 4x2 HilkE,
A DU A R A 4x 1 A, R/
C'OE (h)=[1, V] - (36)
X, AV, 0 ax1 M EALE.
FEL, J7FE (35) H1C;'(0)C,(L,)C, ' (0)E, (1) th
Iy 5]
C; (0)C,(L)C (OE () =[T, V,] » (37)
X, T, AV, RN ax1 mEEE,
Rk, 2B 5 BH A B IRE TR TR RN
D, (x,) = D, A, (x,)T, + D A, (x,)V, 5 (38)
D,(x;) = D, 4,(x;)T, + D, A, (x;)V, - (39)
R BN 2 5y — Ui I A FEAF R ©,(L) = 0,(0) =
0, JHKITHE (39) RANZILF%M, w1e:
A, (LT, ALV, || D,
Lé(ls)Tz Aé(lz)‘/j{Duj
WoiE (400 FE—IATFIME &N 0, WS
DIAS BN e fE, @ H T DUR VR LA
Matlab %) X H 34T 3R A o
HTFE (40) W15
D, =- 4G D, - (41)
A, (L)Y,
T B 26 B 5 it 26 B R ] 43 il s

@ (x,)=D, { [cos(d,x,) —cosh(d,x,)] -

=0 .  (40)

%[sin((i,x,) —sinh(d, x, )]} , o (42)
A3 (13 )T2

@,(x,)=D, {Axmz YT

4, (x, )Vl} » (43)
A, ()T,
ALV,

FH0D,, AT LA T 3 E -

b L

¢ l 7 l
AD? | x+1 +2 |+ | pAD} | x+2 |+
'[zzp 1 (x 1 2) Jz;p 2 (x 2)

,1,7
' 2

5+ 2 -
J PAD, (xzj} o (45)

(D3(x3) =D, |:A3(x3)T2 - A3 (x3 )V2:| o (44)

D IZI




%13

EEVE, SF. AT R BEIE Bl R AT A 73

WU 4R 7 B BN

L
D(x)=19, (x +3j

/
o(+-4)

W ITHE (46) JAHPL I [E A AZARNTTFE (14) ~
(18, RIATA5 P [ b 7% i 2 B 2 20y g e o
MR . FEZEUlBAIR, ASCHES R th e BEE ) 7
e 2 AT i P TAE R Bh a4, DAR A B X 4T
T BNIX — 5 58 faf U 2o
2.3 B

AT U 25K 2 6 i B I B A [R] 57 B P R [R)A [F)
W, PRGN D E AR IS, U A AT
BN (1) b 5 ) T AL N B R AL AR 2R T A R T 3L
0 X > vr)

Pm{myb—fg} X<v)
v

W, PONATBEIRAE, fORATHE B, v AT R .

DA K E AR JE R B B, AMEN 14.5 m,
WAEN 13.3 m, BHZBKEN 1000 m, HIZEBAKEN
500 m, M4 400 m, 5% K 2500 kg/m?, F#ik
BLE N 3.45X 10" Pa. JEHFEIE R P IUE F 3R )
FG 1) FRE AR B A SR AN SR e WA, RIAE AT
JE& KB T8 (1) ] 3 AT N, 2228 & AT ROIAA)IE IR AR AIE
AR SCHR17)3 H 1 0 ) S5 91 R 2% FE B 4% (1)
SO o TS BRI A AR R AT B 42 A M36 1842,
BANEAR BRI NIE &, =2.64x10°N/m , #WIFE % =2
m. ZTHEAIRE NIEZRTERREC 0.06. FE
ARG En=117 MPa, JAfALLv,_ =03, BHJE&R
L C=0, R ¥ St John ZEDIKI 1A S 2 LRI .
I LAt X SR I PGA=0.1g NI, Bk
M5 66 kN, F4 2 Hz, J%IE 200 m/s. % & F &5 ks 8
Uiy 5 TAE ARG, 10 AR 45 MR B iz KT & 44
B 1 &5 R I R TS, R] L kT 9 it 0 A AR A AU g ]
5E i o

N T AR S FTHE S AR TR IR R, SR AR
JLHE ABAQUS 57 T 5 bt il 15 B AH R S 40 32—
PRSI, FRR T RS RS A IR ot A Rt
FP5F L. P2 25 HE T x=0 A b A P T AR S A )
FENT AR B MRT L . BRI A, RN IR S EUE RS,
REA—E, HUIE 7 HTE ST RN I
XF A AT T A RIS 2 0T A S IR - AR e =
Yt E- S5 TH R A R, P U — 3 BRI
RORZERBRSS, RTTFRE R, B3 IuEA

F(X,1)= (47)

SUPTHE S TR A B

T
— i

=)
1

-6 1 1 1 1 1 ]

0 0.5 1.0 1.5 2.0 2.5 3.0
i a)/s
(a) s pE
150000 - R

0.5 1.0 15 20 25 30
) /s
(b) &5
2 x=0 K& ER) 0 Rz 3 EE
Fig. 2 Dynamic responses at position of x =0 of tunnel under

travelling loads

3 SHERMDH

ATRE 2.3 THEAIMBRES . HESH A
WSH, 8 SRR R AR ATIRBEOR. AT
W UL e - G ARG AR O W BE bE R AT 2 B0 A 43
o
3.1 HIERFEZFFNSHT

FERSLPRGOUT, B R A2 5T BT
[0 f1 2 (RN ARR I, DRI A 4 2 R ] s o 2R B )
B, B AREEAAR, JE i SO R AR R R A R E B
IS FIASAY, o [ 2 R8BI 1A R pth 2 B R 2%
ANE/NT 250 mPY, AT AR EE AR 20 EX 200,
400, 600, 800, 1000m, oo (ELZRFEIE), BEiENHN
RN AR R, I ELREER N 0.

MFEIE B ZE BE AT (=0 &b) FF4h, &FE 125 m
VB — AW S, il 3 B, L S o n g
iR E, Wi 4 R, HR3mpEE Gk
FE. B, 557 H5HEML. BN, et
0, BEIE B 7y ve S A 2 it 2 3 OC TR O BE R
NI pii A28 B ) 2R B Bl (B 3 WA SR E 55D,
B& 3 ) 7w 7 R AR I TN s TR LR, PEIE
) 770 N AR AN K, RIS AAN 57 i 2k B RS



74 # + T B ¥ iR

2021 4E

R 2R L W TR, RS PR B 2
o LI S B P45 AT S

& 3 MLREE

Fig. 3 Layout of observation points

10

U {5 o538 B /(m-s72)
& o =

[
T

1 A 1

: 1 ]
0 0.001  0.002 0.00: 0.004 0.005

i1 #/(m™")

[ 4 AN [E)RH TN RS B A0SR FE Ml L
Fig. 4 Peak accelerations of tunnel under travelling loads with
different curvatures
3.2 1TBCKIESING A
NRIEFEAT I H S BEAE Bl e 2 52, 53 7 B
200, 400, 600, 800 mysP'. [ 5 4t T F¥IE i KN
P2 T 52 BB AT IR AR A I 2, RS g i AR
FRASh BT, AT E N BEIE B 0 N AT R
SN, AR R AN feT B 1) IE AR R B R &R
T2 AFAE — A R R SV 0T 2 P i S, HL izl
FEE SO EA R, RIEEE LI A B i 2 BOd I
FIELE, ZIm SR IZHTEOR, [FIR,  FEE 2 B
S LTINVE RN = k2 & P Ll VA

W {00538 B /(-5 %)

ATV (m-s)

B 5 FREHTHRRIR ThEE IR E I
Fig. 5 Peak accelerations of tunnel under travelling loads with

different velocities

3.3 ITEINEF N

NAIEFEAT I Auf FRATR X} 5 3 ) 73 0] B () 52,
Z e R E SR IEALE 10 Hz LLR, AT )
02, 4, 6, 8, 10 Hzo RHAMEMAH, bzt
LRBC R R NI - i IR AR 2R O EAE - AR 2k,
i 6 Frow, FReh i T oK S A B AT AR AR A,
WK 7 Frox. K 6, 7 AIEIL, AT IRAE X Pk T8 s
M S 5 e e 255, o S 0 T P e 2 DR AL 6T B ) 2 A 5 4T
BEATRFEARRFF—B BB )W BAEAT AR 2
Hz B BB K T HARAT I ANE T e 2. PRk, 7EPURE
TV S G D Y 2 A 008 43 %o ok T s s P 45
Ko

5 —
—-= f=2 Hz
4 — f=4 Hz
-- /=6 Hz
— - =8 Hz
A st W f=10 Hz
£
~
a |
m 2
1 ! A 5
N /\ i
H \ \ [
\~—L.! L’.‘ /’J‘L 'l
0 2 4 6 8 10 12
i Hz

B 6 FNRENTHRINER THEE IR E N IEE - Siihik
Fig. 6 Frequency spectra at position of x =0 of tunnel under

travelling loads with different frequencies

120000 -

—A
__B
TTh
; 90000 =D
=
& 60000
ko
_‘< ~
1% 30000
Fex
SN e
0 B i W (T = T
2 4 6 8 10

AT /M2

B 7 FAREITHRINER T RE A TR Y
Fig. 7 Peak bending moments of tunnel under travelling loads with
different frequencies
3.4 =+ - FHEXNRIELLR SR
- SR AR MIEE N

4
F:Z,, 48)

A, KONMIEBERIEE, [ ONREIE ALK, E NP
BT R, 1 AREE R A . BT~V
K HEH, SRR E En 2 I ECN 117~5200
MPa, VA LG —HUN 0.3, PN (48) THEXT M)
+ - SRR L

B e K S R - - 2R AR T I LA Ak il 4




%13

EEVE, SF. AT R BEIE Bl R AT A 75

K8 fram. HIEIT AL, BEE £ - GEAAE R RIRE EL Rk
VO s bz LIS RS NP £l o /U ub LY 25
FEMFEAE T AOB0 77 Wi S8 KT v A 2 )
Mt - SR NIEE BN, B - SR NI
FELLIIIE R, FEIE i K2 g Wi B P s i 1 -
ZER A W B Lt — 2P K, B TE 5 K3l 7 Wi L e
ARGz Bk, Beiter B R IE R R - S5
RERT T B2 L SR kI B 3 P

120000

100000

K&K/ (kN-m)
[\ S =2 ®
[RER

0  0.005 0.010 0.015 0.020 0.025 0.030
t - GYHAIXTRIEE LY

8 TRt - LEHtEXIRI B b ThE B f A EFEMR
Fig. 8 Peak bending moments of tunnel under travelling loads with

different soil-structure relative stiffness ratios

4 B

AN B BEE 2N 770 LA AT HE it 7 —F o ) R
S AL, R h 2 R T A R R
A8 #h F A5 PR K355 Euler-Bernoulli 2, B S
HIVEHE T AT =B AE N dh S B% 38 130 770 SLF AT
FIE o Il W S AT Al S BUE AR BUE XS T,
IGAUE T BT e ST AR BRI YE . DTS AT BN BT
SHBIRIE AT, IRIE T IR TR E . AT
AR A — S AR e I TSt R 3 ) 2 RS2 M) e
SRR

(D B MZRPARRNR, BEES) I SR,
H i 26 A7 AE 2 A R T B 25 b 3 e 2 B S 16 OK

(2) AT HNT R TE 51 0] B () g e 4 E 2 1R AH
KEFAMIRK R, MRAE—DIEFPEE, HiZIGR
TR 5 R E UL A B .

(3) ATWARZR YA R TE 2546 1) ) 77 W J9L 4. 25
R, PUHAEPTRZ T S E s Iy Hb i AR A 73
X R AR .

(4) G R AR I B XsF il 28 B 30 g i Joi
o2, HLBEAE b - SRR I BELL RS, BETE
) 300 LB SR, 1 B B BT AR B O R
o

AT P HE S AT A O T Bk I A A, T
DATRI(EE PRI bt ith e B3 45 0 (1 058 22 4 1 3k A7 PP
fili, & W] LB LSS H & OB S 80 R A B ORI ff

Prok &, NBEIESS PR 5 70 e fit 1 BRIk .

SE -

[1] kEMk, BT, KEE, 55 kX RRERFR . R
F TR KRR ME IR (7). IRBh S s, 2003(1):
72 - 73, 65, 76, 111. (ZHANG Yu-e, BAI Bao-hong, ZHANG
Yao-hui, et al. Study on subway tunnel's behavior due to
seismic damage, methods of analyzing seismic response and
earthquake-proof means[J]. Journal of Vibration and Shock,
2003(1): 72 - 73, 65, 76, 111. (in Chinese))

2] % 5, 8 ZF, &g, 5 FETER R EEBES
MRS G, P EA KR, 2017, 30(8): 174 - 182.
(YUAN Yong, BAO Zhen, YU Hai-tao, et al. Multi-point
shaking table test on shield tunnels in consideration of
wave-passage effect[J]. China Journal of Highway and
Transport, 2017, 30(8): 174 - 182. (in Chinese))

31 % 5, @&l M B, S OBKIUERIED SR 5K
ARSI P E AR, 2016, 29(12): 157 - 165.
(YUAN Yong, YU Hai-tao, YAN Xiao, et al. Multi-point
shaking table test simulation and analysis of a super-long
immersed tunnel[J]. China Journal of Highway and Transport,
2016, 29(12): 157 - 165. (in Chinese))

(4] @i, 3 B, BER, & JF -2 KRR f KBS
TE B R HT[T]. KRR, 2013, 44(6): 718 - 725. (YU
Hai-tao, YUAN Yong, GU Yu-liang, et al. Effect of
non-uniform excitation on seismic response of long-distance
water-conveyance  tunnel[J].  Journal of
Engineering, 2013, 44(6): 718 - 725. (in Chinese))

[5] St JOHN C M S, ZAHRAH T F. Aseismic design of

Hydraulic

underground structures[J]. Tunnelling and Underground
Space Technology, 1987, 2(2):165 - 197.

[6] HASHASH Y M A, HOOK J J, SCHMIDT B, et al. Seismic
design and analysis of underground structures[J]. Tunnelling
and Underground Space Technology, 2001, 16(4): 247 - 293.

(71 B, R, W, 5. RIREE 2 ) 2 e B ) 2
FREESHTTED]. FEABER, 2019, 33(1): 139 - 144,
152. (YU Hai-tao, WU Yin-xiang, TU Xin-bin, et al.
Multi-scale method for longitudinal seismic response analysis
of shield tunnels[J]. China Journal of Highway and Transport,
2019, 33(1): 139 - 144, 152. (in Chinese))

(8] JAEZ K. HhZBEIE Yt R NRFE S BRI 7 I 0F 7E [ D).
PG4 PR RS, 2013, (ZHOU Yan-liang. Study on
Seismic

Response Properties and Anti-Seismic and

Seismic-Relieving Measures of Curved Tunnel[D]. Xi'an:



76 H O+ T OB % M

2021 4E

Xi'an University of Science and Technology, 2013. (in
Chinese))

(9] BFase, TR ANFA2-1 i h 2 51 2w 5 2 Hr (1] 4
+ TR, 2019, 4138 T 2): 197 - 200. (MU Jia-hao,
WANG Guo-bo. Seismic response of small-radius planar
curved Chinese Journal of Geotechnical

Engineering, 2019, 41(S2): 197 - 200. (in Chinese))

[10] FABOZZI S, BILOTTA E, YU H, et al. Effects of the

tunnels[J].

asynchronism of ground motion on the longitudinal behavior
of a circular tunnel[J]. Tunnelling and Underground Space
Technology, 2018, 82: 529 - 541.

(117 @ik, KIEM, & %, 55 LER AR KEBE R
Mo 7% R BT R (0], A TR SR, 2019, 41(7):
1244 - 1250. (YU Hai-tao, ZHANG Zheng-wei, LI Pan, et al.
Analytical solution for longitudinal seismic responses of long
tunnels crossing soil-rock stratum[J]. Chinese Journal of
Geotechnical Engineering, 2019, 41(7): 1244 - 1250. (in
Chinese))

[12] &, = B, KKBEEM RN AT 5l T ki
JET). HEAEMR, 2018, 31(10): 19 - 35. (YU Hai-tao,
YUAN Yong. Review on seismic response analysis and test
methods for long and large tunnels[J]. China Journal of
Highway and Transport, 2018, 31(10): 19 - 35. (in Chinese))

[13] S, 2 41, sKIE. AR EER T KBEED m
ISEMEMT AR (9] [FDAE R AR (SR B2 RR), 2018, 46(1):
1-6. (YU Hai-tao, CAI Chuang, ZHANG Zheng-wei.
Analytical solutions for long tunnels under arbitrary dynamic
loadings[J]. Journal of Tongji University (Natural Science),
2018, 46(1): 1 - 6. (in Chinese))

[14] CLOUGH R W, PENZIEN J. Dynamics of Structures[M]. the
United: States of America Computers and Structures, Inc,
2003.

[15] WhFeAR. MR M]. Jbat: ANRASGEHRAE, 1989. (YAO

Ling-sen. Curved Beam[M]. Beijing: China Communications

Press, 1989. (in Chinese))

[16] STANTON S C, MANN B P. On the dynamic response of
beams with multiple geometric or material discontinuities[J].
Mechanical Systems and Signal Processing, 2010, 24(5):
1409 - 1419.

(17] PR, NE—Z, KHITHE, et al. ELLLC
&2 v RNy Ao O BRI ) O FEEC) -
RESEm AR, 1989: 385 - 394, (YUKIS S, KAZUHIKO K,
NAOMI O, et al. Calculation of internal force of structure
during earthquake using response displacement method[C]/
Proceedings of the Civil Academy, 1989: 385 -394. (in
Japanese))

[18] ZHANG J, YUAN Y, YU H. Shaking table tests on discrepant
responses of shaft-tunnel junction in soft soil under
transverse excitations[J]. Soil Dynamics and Earthquake
Engineering, 2019, 120: 345 - 359.

(191 Z-ColR. 24 5 TE I 7] 3y g Wi 7 Agp AP e B L 5 i (8] 39
¥r[D]. Lig: FE¥H K2, 2019. (LI Xin-xi. Analytical
Solution for Longitudinal Dynamic Responses of Curved
Tunnels and Parametric Analyses[D].
University, 2019. (in Chinese))

[20] ABgEEERFIE 5 R@ TR JTG 3370.1—2018
[S]. dbx: A RACH# H kR tk, 2018. (Specifications for
Design of Highway Tunnels Section 1 Civil Engineering:

Shanghai: Tongji

JTG 3370.1—2018[S]. Beijing: China Communications Press,
2018. (in Chinese))

[21] YuSZfit, EAEN, B B bSO B N oRES AR
PREOEI SR [T]. P55 54], 2001, 18(3): 358 - 363.
(FAN Li-chu, WANG Jun-jie, CHEN Wei. Response

characteristics of long-span cable-stayed bridges under

Chinese Journal of

18(3): 358 -363. (in

non-uniform  seismic action[J].
Computational Mechanics, 2001,

Chinese))



	组合 1.pdf
	全页照片.pdf
	00a《岩土工程学报》第十二届编委会名单（2016年4期首次发布）
	00b《岩土工程学报》征稿简则（2019年12月修订）
	001-2021-01目次
	01-1139
	02-0094
	03-0160
	04-1158
	05-0282
	06-0578
	07-0066
	08-0333
	09-1145
	10-0452
	11-0256
	12-0546
	13-0345
	14-0558
	15-0211
	16-0521
	17-0295
	18-0625
	19-0604
	20-0001d
	21-0033
	22-0130
	23-0404
	彩图
	封3
	封4

	01_封2



