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Response and Control of Seismic
Relative Displacement Between the
Long-Span Rail-Cum-Road Cable-
Stayed Bridge and the Approach Bridge
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200092, China; 2. Hangzhou Urban Construction Design and
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Abstract: Based on the fourth Panama Canal Bridge, the
seismic relative displacement responses and control of the
main-approach bridge of the rail-cum-road cable-stayed
bridge were studied. Finite element analysis models of
floating aseismic design, tower-girder consolidation
aseismic design and consolidation aseismic design were

developed, and the relative displacement responses of the
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three design schemes were computed. The effects of the
differences in nature periods and damping characteristics
of two adjacent single-degree-of-freedom systems on their
relative displacements were analyzed. In combination with
theoretical and parameter analyses, the control method
on the relative displacement of the main-approach bridge
was investigated. The results show that period ratios of
the first longitudinal modes, the equivalent damping ratios
and the damping mechanism of the main bridge and the
approach bridge have significant influences on the relative
displacement of adjacent structures, and the period ratio
is the most influential factor. Different arrangements of
the viscous dampers have different controlling effects on
the relative displacement of the main-approach bridge.
Fixing all viscous dampers between the girder ends of the
main-approach bridges could enhance the synchronicity of
the motion of the two adjacent structures and
best

Simultaneously using some dampers on the main bridge

consequently obtain the controlling effects.
piers and the others at the connection of the girders could
benefit the configuration design and installation of the
although the

displacement is a little lower.

system, reduction of the relative

Key words: rail-cum-road bridge; relative displacement
of main-approach bridges; seismic resisting design

structure; period; damping property

e E N AMPUR TSR, R R 8
23R FH WG 90 7 A 1 < I Be 1 1 97 7 o 0T 1 7 b 72
FIL— R 100~475 4F | 52 I 4546 S0 9 JE 43R 1F
W R A BE AR 5 22 4k 15 s v ) 17 b 7 7 LAY
— A 1 000~2 500 4F, 72 J5 W 1 22 A PR 405 vl &
RPEREZR . WL, B MG T4548

SEAXNRE

5



o511

P, A RS ARG AR -7 [ HURR A X A B 1o 542 ) 23

TR, 2h Sy etk 22 s ol 3, IR fE b sE A
PR 5 %A -5 IR R AN 8%, iR s | & 1Y)
SIHFEEA R E AR Z 0L, A AR R X — [
— A o g Y AR ) SRR B R e, {H X AN
JE— R BVE R E . X T ARSI, N
PR TE AT 25 B S | 2 IA) 1 45 4 () AR 57 B AN
PSRBT AR 0 B KA T BE T, 5 g 2 i IR 3
A4, FHCGETIIRE T

ARHLAT Y AR N AR AR L S S5 TR T
TEBBME . — RIS RAEIF R R T LR %
FERZEAE D P sl LB, T S 2 e s R 45
IR PTRETERE . MAHFAY N IEOEFE 98 i,
LA BB A ZR R th ] LS 45 30, AR 4 F
RN o 2R AT A S Y R S S R R
SERF RSP E-FISS AR, PIEAN E K A5 F i RE N
FIRY IR KSR EE AR TE . IEAb, BT RS R 2
Fl B B BEJC R E— B FLA I, 0 sk R A BELJE 4 ol
PR Zha R FH BRI i BELC 252 1l S
SRR E A R 1 29N RS 5 Xie 26 T
FE T AS[RIHLJE 284 B S R

X FAHSRZEF 7 1S T RIS , — A 32
FEH TEE A IR 2E 2 S800 Y . MRk %
TFE T FHATERR 11 L X A7 G i 2 S 7 () R L 5 %
LT ARAREE A L, B T L X G LR MR AT
(R R 5RE M 5 5 NN bR BEHHIIE 2 s M
[F i s s, SRR R LA/ NF 0. 7.
Hong'®' .\ Wang " 2 {HIF5¢ /R , % FE 2R A i AR
Bt AR P Rt 22 R s S e
FRARH SR N | HE 3T [ PRI L ABEL 2 H 24
HENL T AR AR S A B R I SRR i, X Tib
= T AHSRZE R LR (P IR IT , B PEARSE 5087
T B R G SRS MR A NHE B, IR e
S AN BRI ELIE 28 A0 A NHAR X SRS i
REAFE ST AR A i LS R T TEARARES A
[ B A e BEL 2 g i AR S A B ik, ok SC
T ST HR AR U R AR R HRATR (15 B R LTS
6T/ N AR A AR )38 3h B AR s Bl eR
Bhaskararao 55 4 T LUK S dEH200 P B
H1 BEAHSRZE R 32 sha il A, 48 HoRG i BELE 25 1) i
TEBHJE T T L AR AR LR R . X b
Pl ST R A FHESFA B A B2 SR R E AT
WSARBRE &, B A S R A PR BN R R | sl i
PAREREE I S R AR BIRAAR A1 E 1)
XFF RS EENF R 2 5 I, — 5T £ B IN I E

RZESFARE 5y FEOLE A 00 035 22 5 (B R
L I S H AR R BT AR E R, Al
DA A AR el 5 | AT 5 i e i R
FH RSB T, 53— 7T 5 IR E R
— B A 25 5 (EL R e i B IR AR
A TIRRE . gl WL, RS BERFR A T 5 M =
FHH (S 7 A M) 22 BTN AR 24 , RO 4% o - Be e
WAFAETE Z A Al RETE

AT L sl VU , T RS A A iRt
FIMF B9 F -5 IR LA S 2N T .
S LI PUAFR R U 2 D T R L T 72 e
B, DR - BRI , 5 IMF N 2SR, Horh
PFEAPE RS I RN AP TRk X
B AR L A PR PILIE S (e D REPEL BT AR T BEOR T
FOEH IRALVERE , T BRA 75 BRI AR R AN
R R RES T

1 RS SRR

1.1 BFRER

[ 2 3 Y] PUATR 4 R RO AR THARH R , £
510 m, SRR EUNE 1 Fos . 2T A & ) A
BROBZRBNGE , WA R 7S A8 A 1, 3296 51 m, R
IRARITSR, IR ES & oy FH o T rh B EE I & rh
DR 16 mAb, ERMHANE 2 s . BHE R R A ]
WU T 2 A, EIE PS50 18 X 3R, A
L 72X BHLR ; B B [ EE A 13 m, SRR
TR R 10 m; P2k A TN, 157 , PR -EIRANEL
LRA T SR, B HE E e, A S R AR T
BT EIME B E R L)% (HDPE) Y&, I8N AL
R, s FEZ R 200 m, NESRE 5 BE 75 m, g S
BIORES RN . B — AN —
BOMANAREE L Y T2 DL, HIE A 0 —E,
BRG] R )R 5. 9~6. 8 m iR ] 4 12. 3~13. 4
mo DU =35 PO A R AR A, , A0 335 R
IO A R A

IR PUG I TR RE LIRS . TS
AR ARIE RSB S R 2RI 2.
VU IS 124 8 h 6 < 60. 55X 61=668 m, FHEhFL
GEIRGE 1 Y T2 0 A tb A e AR I, 3
4. 5m, 5851 m, AR ARG B AREIFERH
e AR, i RIE A A ST FE P G )
FEATRYE R N T | L by Ay 4 v B TR R 1 % W
KHY Rz



24 A 5% K % 2 (A R B2 MO 5550 %
1610006100060 000 107000 510 000 _ 107,000 60 00061 00061 000,
1 1 1 1 1 1l ! 1 1 7
5 305 000 & 478 000 i 305 000 g
VR 213.058 RS AR 213.058 ¢ TRBE LS
¥R/ m
4.0 % 4.0 %
f:‘/_—_ - 2| 350000
R im / m 1
P Rel383D7.140 s g 63 || 0430 2 2.4811-2.06051.5701-1.580
e - _\\_ = — 5 =
@@ M3)( M4) M5 8)( M9) (M10)

E1

EHEHE I EE (B4 mm)

Fig. 1 Overall elevation of main bridge (unit: mm)

y 51 000 .
1 520 1200 1200 520
16302000 3650 3650 3650 520 17 360 520 3650 3650 3650 2000 1630
I
25%
] ] 2.5%
=iz = :?"::.:'.' |
@ |
1630 15 420 | 4250 | 8 400 | 4250 | 15 420 1630
a EMfEE
B 51 000 ,
1 520 1 1200 520
1630 2000 3650 3650 3650 = 520 17 360 520 3650 3650 3650 2000 1630
M G

25%

| =

2.5%

ol

111l e

Ji 16 550 5001|3500 | 9,000 | 3500 |]500 16 550 =
b EMILE
2 EHEREEE (B4 mm)
Fig. 2 Section of main bridge-deck girder (unit: mm)
2 D DU M bk S b s T ZURE My, 255 SPGB, B R S8 1Y TE # i A T, BERAE

e Il S 9 1, D RENE 15 B A 22 e P B Bl AR i
%S N L RS T B AT5 AR AN 2 475 4F . SERPRR IR
AE FL b3 - 7D REVE BB MU= A T A28 DU )z i A2
BT IR A REEER ; 722 VR BT M RR A T AR
At nTE G Wi AR A5 PSR R TR A

SRS HOAE A1 T 5 2 D 0
St BB 07T 1 300 mm, 4 A
SR TAMRER DKL T =4 L
e, AL SR MR 5 10 =S, M
BRSO 5 I = L R B (. S8



o511

P, A RS ARG AR -7 [ HURR A X A B 1o 542 ) 25

LB 1Y 5 ) O (LRI AR S8 A 25 AN K TR 3 T
TN R T RETE R BT K AT 1145 S5 A A A5 % i 1 fe
R OIS — £H 7 1l £ V- b 5% 5 FIUAH N7 A9 Jon s B85 iz i
T, Ferb ] 3a g 1) TR 1] S [ = A5 B HER
P WA I B (PGA) 435110 0. 240 1 g.,0. 212 6 g,
0.294 3 go MR WL, ASCLA T AL ZE % 5=
UK

0.3
— YA
0-*~MHMWMWWWWWﬂWM*Whﬂ*“h~**~*-*----*-—
" _gg 10 20 30 20 50
" lllll"MNWM L —— b
i§ _03 1 | 1 1
= 03 10 20 30 40 50
’ — BB
0 -awww*ﬂﬂ”ﬁhﬂbﬂﬂﬁun;
_0.3 1 1 1
0 10 20 30 40 50
ffiE] /s
a HUEH

] / s
b i

3 WEKKRAE

Fig. 3 Seismic waves and response spectrum

1.2 SHriEs

K H SAP2000 # A4 #7145 74 53 By 155 78 (&
4) G EMFRAR PUA SRS M P 30t 23
W BCR FH 23 (BT BT R A TS0, P28 R R T 4L 5
TG, AR GBI R BT R, A O 1 2 3 R e Y A B
BB TE M NE - 1 S L L e w6 e ho Y S S0 7
M), P 23 e VS B R B S A, TR R B R
B SRR p-y ARG AE £ 50 A BIRLUR & AFESE
5 4 09 BAEH (p e B0 7, y SR i S0 )
k%) o HARG RIS p-y L i5E h 80E it
pushover 434715 21| (1 FEAE LRl AH X R 5 % B AR %
NI R, LI AERUHE B SE R b - L33 . DA
M7 M, ZE 5 g T b BRI R B Ak - L p-
y MR SRR A 7R £ FpCs RS AL - 3055 p-y 2k

SRR SIS [R5 R AL A 5
M), BRI & TR PE S IBF R 43, R S HrAH2E
U JE I AT S . 2R (D 5 | SR P B 44 S e

TR RZE T, >R H Friction Isolator BLIGHLHY , Hid
JEEJE Z R R BUE A 0. 01~0. 05, -4 s = 240 k4
PR R E=200 GPa, 3= .5 HF Hifl s 2 B4
FRIR AR EE L AP REE IR 1 s . 34 1
A T 4 B IR s BELJE 7 R FH Maxwell #5075
PR TR

El4 2HARTOTRE

Fig. 4 Finite element analysis model of the whole

bridge
30 000 -
z YA 65m
o - - - - Bt
lé o —---"19m
20 ———— 9m
5  ——
=
=
=30 000 . :
-0.05 0 0.05
%% / m
a SN REE b
240 5
YA Pl

- - - il

HEM - HTHE DT / KN
(=]

240 ' '
-0.03 0 0.03
I /m
b &G04
100 000 »
. il
z - - - - BRI
A
P 0
A
=
=y
=100 000 == L |
-0.03 0 0.03

c ARBERAE

E5 M7HE p-y i8S
Fig. 5 Curves of p-y soil spring at M7

2 RV TT R MR NN S A

2.1 MEIRHAR
E 22 Thaz ] DU AT Shy LR 2 BB AR , T SR A A



26 [l o K 2 2 MCH 9K BE 2% O

% 50 %

®1 BTHB4FE

Tab.1 Constraints of each aseismic design

PURSREE "/ MR E/

] MPa MPa HEL/N A
ExSul = 50 33234 0.2
IR 5 45 31529 0.2
BNl & 40 29725 0.2

HABKRMZFEEE , GO B0 Hu ke TT 72 518 R fE 4
BOf SR Bt A T ARSI 2, M hE 3 4
JEROL AN, R e S5 B T 38 b nl A 210
WP, AR E S AR S ISR O R LA
SCHEXT T BRI 7 58 L B 45 BTy R AU
G5 R SRR O T RS bR e Y . H
o BRI T R R RS I AR P
()25 A A 1) 3 2l R 1) Ay [ 5 29005 [ 45 15
TIOT R 005 3 B s gy, R
T EECEVE A H s\ ] Bl R 1 Ay [ E 20 A
PERE A B 28 vh A E R 8 I AR ]
SEAE4S , FR S B A B A A
(6] 16 5l , B[] Ry [ R 203X = b7 SR AE R ) 2%
TFFEBaELZEAT 1Y

M5 005 I A A HEA I A A M0,
B2 BLAnTEl 6 FroR , 32 5905 R R 2R
NI T8 Bl SR A ) A T BR 7 £ B, 52 R 4
BLamiddE.
<a YR >

WIEsh R A7) .
EVSNPNGE ik o

o pwy

~=EHER BTINER =

i) FRAV 45 e HPHML0

B 6 £ A5 ML LRE

Fig. 6 Junction of the main and west approach bridges

2.2 EAHFESR

2 PR EMFTEIR TR T I 38 A ZR [4 45
Wt MBS T 28 F40 LA RPT S B & e
IR BRI 7 AR IR AT LB
FMAE =R A B R R A A AR Y
e BT BT R A 32 R R, ) A 4R JE 1)
R T VUG 5 A5 S8 W BE ek, gk m i By
P A JEIBTAE B0 5 | S5 AU R [ 25 5 O 2 Y
NI A T 507 1 SR M 25 31 2 2 18], 9\ )
B R AR IS 755 19 25 55 i/

®2 BRI AREIFEMHNEIRE

Tab. 2 First longitudinal mode of the main and ap-

proach bridges
POBBET % JE/s PRALH R
[EREES 16. 67 F I 1)
ST ESpES 3.48 FZ22 1 25 iy
EEAPES 2.66 T2 1 75 iy
TGRS 3.52 RS

d V54
E7 EHSHESIFEMMN@ERE
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Fig. 13 Comparison of displacement time history of
the main, approach bridge girder displace-

ment and relative displacement
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Fig. 14 Relative displacements of the main-ap-

proach bridge ends
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