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RCHb I/ T v e B Al 1)y T G R BRRBE N 0 B ES R RN ETE R, IR IR AR G B R [
45 EER W BE R, 25 B T 2 B i T A RS R (R IR I A Ab A5 AR R R B R AT Bl B 1V ) A
LA R FHS0 AR SCLL 22 38 TR B R B S5 R R O WFFE X R 3 3k X AN [ 28T &5 4 19 5 sl g 1k
AE , X A S5 AR 2R A 38 TR REAT 20 M7, 235 SR B8 R AR  BETHE S %

1 IRERRITERE

A SCIHRFE T RE N 5 A8 e K DU, DeK DU KT B4 N 5 AR 4L (106+4x175+106) m 1 34 DU 85 42 3
LA AR R KRG A 2 E IR AR &R, 2K 912 m, R NN 1 IR BE A8 A AE 2, 4 i R A A AR
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2.50 m, 3% 5 BLF 10 SF9E 3.8 m, K 12.5 m B NI 2 E 6 m, RHI R MR R AR, R
©'152 mm R ER ZNA LI RER, P ERIE 4.0 m, 35 FRE 0.8 m, RHTRERE RS 28R
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Fig.1 Bridge layout of the fourth Yuanshui bridge in Changde (unit:cm)
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B2 im/k Mt SRR
Fig.2 The calculation model of the fourth Yuanshui bridge in Changde
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XF T Z BRI BRI 1R IR S, BRSO R IR TR R AR SR A5 A R MR A AR R B R B9 32
R R BB RN o A0 HIR A B L BEAE T L Sl R ARV RTARONE , 23 M S ) S5 A 1A AR
3 FHE
2.1 ERERBE

R OT A R A AL B 32 1 S BRSO, 4 15 v BB 5 IR 3 s o i T AR EA X BRSO g
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Fig.3 Spans and piers number

®1 TRAEMFERERBEPREIAEHE

Tab.1 The support points and mid—span moment of different structural systems

kN-m
WRTH  BHER -
@® @ ® A s B C %M
AL IVE IR R 83 535.9 79 094.4 87 346.1 -122 0627  -134639.7  -137 376.4
PR B 2 i 4 93 088.7 87 525.6 100 531.5 -128 188.8  -1392742  -139204.2
Wik 7 46 126.7 48 963.4 49 532.4 -122205.1  -126 007.9  -125121.2
VTR R R 19 464.8 313439 27 851.8 53 235.9 43 535.6 47 948.2
TR R 20 054.8 31 470.7 27 819.6 52 370.6 43 568.3 48 028.8
W Pk 2 32 552.0 28 320.2 28 021.9 33 552.1 44 890.9 51 999.0
R AR R -7 982.0 37877 22345 -9 236.9 -11 975.6 -9 957.4
BT R 468.9 2 602.8 2 828.8 -10911.1 ~11 900.6 ~11 088.7
Rl ¥ 4 % 65 564.0 -8 534.3 -703.4 -123 548.8 -31893.8 31 746.9
IR IR R 12 492.6 48 578.9 40 884.8 -138501.4  -155839.4  -146 166.2
—fH A [ &Y 11 798.7 49 153.6 40 667.8 -139353.9  -1558325  -145722.1

M 4 3R 24 904.9 44 669.7 41 906.7 -155793.2 —-148 415.1 -146 462.1
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T AL TR 2 RAE T VA A 2T MR AR AR ) 5 R T S o U R R [ A R AR
SCRE RN 2E AT IR BE RS EE AR TR WIRA MR 2R S0 B B vh D A S S 5 2P B TR AR R S B R [ 45 K A A
A W22 5 5 BE R TR IS, IR 1A 2 A 55 o A S 2R, JU R T I 5 R A S Ak 25 W S A 0 RO
BRE SR F O ZIWIE AR T NI IR R 085 15 R A A SR 35 AR RO, LA I v R S o7 8 A ) 45 4 14
R ZEARK,

AN TR 2 T A SR A AR B0 R e o B R TR AR R R ) e AN 2 R

R2 ARALEMERTERBERERE

Tab.2 Mid-span deflection of main beam in different structural systems

mm
5 v oy
o 4 T 45 1 %
@® @ ®
S LA LN -63.0 -167.0 -190.7
R B G [ 4 -69.6 -185.5 -219.5
DA 1% 3 -30.4 —-62.4 —-63.4
R IR R -10.6 -65.7 —44.8
e B G [ 25 -10.1 -66.7 -44.3
Wik Pk & -20.0 -53.2 -47.6

T A 2R T WAL T R 5 P R B de/ R R R R B R A5 R R e e K RN R R B A
BOR A SEHINIEE , —IUPIE 200 T WA 1A 5% 3 12 5 b 8 R X AR, 2 R~ 0 R AR R R T 45 R 3% o
I ) ek ek i 5 5, T WA A 3% R 9 ) 240 RO 68 A 28 L ek )

22 EEERBAE
AN T i 280 T A5 2R U R AT T AL B AR PR AR S A AN R 3 TR
£3 TRFEHBEEVEMLESETESIE

Tab.3 The bending moment of tower column at the bridge deck in different structural systems

kN-m
B
T8 T ZEH R R
A B C
2 IR R 22 453.2 16 221.2 62 427.1
RS B 45 12 903.3 15 597.5 16 310.6
Wik Pk 11 765.8 14 782.4 15 037.4
BT R R -27 533.7 -10252.3 ~745.0
AR THR P G [ 4% -103.3 -10.3 -6.7
DI 4% 3= 43 601.2 21 333.1 -2 622.4

TR BN TR, B SR 81 205 1R % AW RE R 2R 9 T2 0 25 R B AT ~F TR IR R 1 IS A B %
PRIV, 2 % [ 45 1A 2 g S0 B i a2 4k, L 32 05 P 7 38 A8 0 B AR — 305 DR kg G S B8 2 AR D T T A
Z A RO e K

107 A T 2% 45 K AR 8 A 215 B8 TOUUASE 1] f) 7K 7288 Bk 4 B

IR R 2R A IR, 7 8% 0 i 8 R ) 80 T3 A0 T JHE B TR P45 B 357 0/ | 2 7 A 22 7K SF- T B2 A X
BB A A5 R 200 A 1 3 A5 TR AL RS WA/ 0 5 R AT IR, DAY A 2% A 35 T B R A 7K (285
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F4 TREEMKRETAEMS

Tab.4 Horizontal displacement at the top of the tower in different structural systems

mm
TR U
for 4TI L5 IR F
A B C
TR R 59.7 58.7 89.4
HE B g [ 25 53.1 90.1 92.4
WIS 1 & 24.1 18.5 26.1
IR R -72.8 -37.8 0.7
BRI B G 1 24 -70.6 -35.0 0.1
WA 1 3 -92.4 -31.1 3.8
IR R R 4.4 3.3 5.4
il 3 71 ik 7.5 7.9 6.9
DA 4 3 1.9 1.4 2.0
2.3 HEIERRN
TEAN R fr 80 TR, 45 S5 A0 1R Z I B OB e Gn 55 5 R
RS ARAWHERATEEMERFEMIASTE
Tab.5 The bending moment at the top of the piers in different structural systems Nem
I
T T L5 1A %
A B C
I A R 29 415.5 21 031.9 79 413.8
R Bt [ 25 0.0 0.0 0.0
DA 1% 3 120 435.8 146 911.7 140 738.4
RGN -1735.8 22589 -41.0
TR R Bt [ 25 0.0 0.0 0.0
WIS 1 41 956.0 12 027.6 -1 906.9
R R -35783.1 -13474.4 -926.9
AR TR P& L[] 4 0.0 0.0 0.0
I 14 Z 231 214.0 130 790.9 -13 890.9
PR R 21705 1182.5 -13 890.0
il s ) & B [ 45 0.0 0.0 0.0
I 1 Z -5203.7 -6 044.1 -6 042.4

PTG R AT B R 1 25 R AR TOH IR A A% Sl 80 IR B2 AR THIAE AT, WG M4 R By s T
B e TR AR OR 5 W Bl A TSl A R AR A K ) AR e 1 E SR AR Y C 3, S R
B, T R AR 2 25 B R A LU R4 2

AR R B 0BRSS 6 FTs
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R6 BHEMERVTBIBIKTE

Tab.6 The bending moment at the bottom of the piers in different structural systems KN-m
FEHOIOR AL E
i 3 T SEF R &R
A B C

EREREIISN 60 780.1 47 097.9 72 405.3
IR B G [ 45 0.0 0.0 0.0

Wl e 60 115.4 102 620.8 91 831.4

EREREIISN -3388.7 -5042.8 132.3
YRy S e gLk 0.0 0.0 0.0

W 1 Z -50 010.3 -15085.3 30364

T R R -72 946.2 -30931.7 3 067.2
R AR TR &G [ 25 0.0 0.0 0.0

W 4 F -367 934.0 -150 773.0 22 129.9

IR R 44147 2 778.9 35 026.4
il 3l 71 &Gk [ 45 0.0 0.0 54 659.7

W 4 Z 7 928.9 6 882.5 10 490.8

BT 1 R ONE 2B, VRS IR R AR TR F T WIAS) A 2R 8 BB0IC A AR (B S BB IR IR R K
il 3 SV F T 38 GRS R R 5 AL C BT S A%y, LR A5 i i R 5 2 R R R B 4 /K OF g il 2
e 3ef B LA 5 B0, YOV 25 R R X A /N 5 WA A 2R 45 BIOKOF T RS R 3 3534 5
24 RERERME
RHL R R SR TAHER , 1 RIS A 1B 13 XFRLE RIS R 8 o 2 Bl 4 55 S1~S13, £ F0 R Lk
KR 7 Uimw,
£7 HZERHEN

Tab.7 The cable forces in completion state

kN
PRI R P& O [ 2 Wil 14 %

& ALE 5K B,C,D ALE 5k B,C,D 1, ALE B B,C,D
&R &R &R R &R &R
S| 3332 3394 3388 3438 3236 3436
s2 3 405 3487 3412 3525 3375 3 467
3 3363 3 449 3413 3419 3330 3399
s4 3301 3 489 3276 3424 3353 3494
S5 4 006 3992 3958 3979 3974 3952
s6 4095 4067 4 066 4038 4129 4009
s7 4118 3988 4161 4057 4074 4022
S8 4092 3 966 4020 3 969 4150 3 945
9 4 847 4 654 4792 4 628 4 863 4652
s10 4911 4 825 4912 4830 4 862 4773
s11 5075 5075 4997 5044 5130 5012
s12 5145 5130 5052 5029 5050 5122

S13 4599 4715 4 623 4798 4553 4751
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(EAFTERE IR, AN TR 45 F M 3 5 BB R R A 2278 4% LA, R WL S5 K K 38 X it R 152 ma AR/, 3%
8 5t T IRy 8 00 T 45 S5 MR 2R B hE R R 1A
TS5 R T, 2% S5 R R R R R e T ARAE TR B9 28 SN B0/ s R4 A PR R WIS (R R i &
MR TN, R BT R R NS R B S5 R R AR I EOR , W8 Z A 7R — 5 22 57 5 R M THIEL A I BE B B2 AR
TR SRR E 1285 K, WIFS IR 2R 5 01 32 BAR TR 2 i AR X R
x8 ARMHEAMNZEMERNEZA

Tab.8 The cable forces of the structural system under different loads

kN
PR iR IR F BARTHE TR A —fE TR AT 3
TR R 230.1 435 228.4 200.0
B ANBS R B G & -46.3 13.2 218.3 196.7
EIRAEES 116.4 40.4 242.1 186.8
LTI R -142.0 52.6 354.6 662.0
AN RRER B g & -49.7 72.2 378.3 788.0
W 7 -417.9 -33 293.3 285.1
TR R —45.7 34.1 245.1 398.3
B Crh s R B g ] &Y -45.1 33.9 244.5 268.3
W 7 -1323 25.7 245.8 197.0
TR R -58.2 475 402.2 641.2
ok % g [ 4 -56.8 46.2 398.8 687.1
W 7 -218.5 40.1 421.3 397.0

3 ZEZRERNFEI NS

RHRLAT B9 3l 3 R 2 M 2 R 45 R R R O S0 Y B R Ty, A B0 3 ) R IR T A R TR AR M
JE 5 A SR R AR AN AR N G 5 A A R A AR A 1 AR R R M R R, 23 M A A A AR 4 8l e
3.1 BiR#FHE

DR i 75 AT 30 4% 0 A 24 25 ) 5 4 4 1 T 8% 2 2l g TR REE , T2 A 1) 1 iR e HG Bl R S R Y
Hoo X T RERS R 451, LA B TR AR 20 45 4 i BT XU PR M RE DA B MR X,

i3 %) Midas Civil #5875 B RFAEEL 23 BT , 25 45 R 2 A5 T B B IR BUR AR B AN 3% 9 iR

R9 BEMERBRMERIRE

Tab.9 The natural vibration frequency and vibration mode of each structural system

AR AR e e W4 4 %
%
AR [Hz P A 45 2R /Hz PR AR [Hz PR
1 0.288 G R A 0.272 TG N R A 0.541 TR R A
2 0.398 T X R R 0.322 2\ 0.622 F2 X R A
3 0.453 2 T, 0.392 F2 X R A 0.681 2R
4 0.560 F2 RN R 0.538 F R PR 0.757 F R

5 0.696 B0 RN 0.700 B DOyl 0.853 B0 R VN
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9 T LUE B, 3 Fh b #4128 — B A0 i 158 A5 41 280 3 300 SRy = 2 B G AR IR R 2 SRR AR I A Hrpofe
TR A 2R S S [ 5 R R BT3RS T O % 3R 194 01 3 B 8 AR, 3R L R A R ) R I W B 3 s g 4
F I — B PSR R 43 51k 0.322,0.453,0.681 Hz, 3¢ B A B2 [ 45 {4 22 169 9 1] W S50, RS A 2R %) A 1) IO
FHXF K
32 mEMEE

MRYEBE TS RO Ak S M PR BB B S 7 B, b 3 S AR AE R 0T R 0.43 s, FUR BB IS0 A
B AN EE R R R AT RN AT, IR TR R R | BT A 1R R RN NI R AR R I A 1) 3 T RS 4 S
56.5,74.0 mm 1 35.7 mm; #5099 117.7,117.5 mm Fl 118.3 mm, HbZAE R 4845 7K 2 95 1
VSOV ) AR 1) ()l g B ) RS R N SR 10 PR

F£10 RREHHTER

Tab.10 Results of reaction spectrum analysis

MR 1) HE AR 1)
Wr s 5 S5k R
Hh J3/kN BAN B/ (kN-m) 1 71/kN B AN 4/ (kN-m)
- PR R 1151.4 2539.5 53 503.1 0.0 10 907.7 356 283.9
A B G [ 25 583.4 3 644.4 79 191.5 0.0 10 880.8 357 817.1
KIEEE NS 52523 9 025.9 133 276.4 0.0 10 782.7 354 837.3
R IR R 2 681.5 2914.1 65 896.3 0.0 12 517.4 487 109.3
B B G [ 4% 359.6 3164.0 76 412.2 0.0 12 506.5 486 741.6
A8 1 2 694.5 6 664.5 99 244.5 0.0 12 524.2 489 772.5
TR R 282.2 24 728.4 396 378.7 0.0 10 660.0 309 090.1
C B R 1] 25 12.7 21 623.7 498 268.0 0.0 10 669.9 309 270.4
NI 74 558.5 17 155.4 203 765.1 0.0 10 809.6 314 857.0

MBS R AT LB B, e\ 1] [ 7 S0 FE ) C 8, > B2 R 2 S 3% 131 45 4% 2 9 IUA 1) i 72 Wi 7 3%
KT WIRGR R 105 2 SR AR ) A B WU 1) M 52w REAE /DN ol T 0 S8 181 295 1A R s T AR i ) K, JHG s 7 i
JOL R R A ZR T A5 A A 2R R 1) 240 SR 22 310 A O, i 7 ) 97 ) 2 ) A AR /S

4 ZHEMERIERE

MCEAE 355 0 70 A w0, AR (A 2% 22 1 I 5 ARH I W B A T L 25 5 W B2 20 A1 PR e 50 TR R A
MRS FLAE AT AR TN S22 P BE A B R 4, R 7 3 2 A5 18] 128 Ay 28V R 1 B SRy 1A g i 7 5 AT ke, e 7k DY
BRI R T Al i iR & BRI 3 Fh g B, C, D B B N NI R A E S0 N I R 4 e R UE BT
R BOR BRI,y 13— 0 U/ N S TR RE 8O0, Bt s B G D 88003 S XSURE, LAk /N A7 55 A4 BT 4 11
BE . WS AL 2 em, HER AT R AT SU5E , IRFFAME S5 A LB H—3K,

T A SR R AE S AT 00 I E R SRR 11 B,

X 11 R 1 Al 45 S5 R IR 28 IRV 4 U IR BE B BT B AR T WA A 2R 0 B [
S5 Z 8] BRI RE AR T A7 B0 R R R AIG , A S b AR A WA R R Y 13.1% ., BLAb BRI B A
FITRSEHE A BREE R A R R0 25 0 1 1 T2 [ 4 1 2R AR — 20 B RIS R B BT SR 25 A MR A 2R 1) 409 LA
A RIS N ORI B U RSB0 S A5 R AR A 1 AR A D e 7 e 7 1 S L B 4 [ 45 R 2R R A 4
E kS
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*11 EHEREPRISTHE
Tab.11 The mid-span and support point bending moment of the bridge

kN-m
o7
oy 28 T80
® @ ) A S B 3% C XA
R 72 344.3 64 008.5 59 411.6 -102 685.1 -124 514.6 -132 089.1
T 19 631.8 31701.9 27 676.1 51 998.8 42 651.1 48 680.0
BARTHR -5 116.1 8 367.5 -750.3 -16 159.8 -35 652.9 2 170.8
M 17 415.7 49 380.6 40 409.5 -134 829.0 -153 313.0 -145 676.2
5 #it

T X L 2 PR R RS R 3 b A R AR R Il AR AR B LU T 458

1) WIHe A 2R A5 K W B8 R, 9 4 L AL ol 2l g A% e o 0 P A 00 2 A PR 2 T 7 8 A
Tt IS SR B0 0 AR R By A g o B T 0 2, OB 300 T A A 28 % 0 15 15 o R 0 S
BRI RR , 8 5 v 5 BE AR X R, T R TR TR A AR R G 3 45 1R AR v s AR A VR AR A 1L B B
T KA AR 2R T B 24 SROAE P e A 280 s/ s

2) VTR R FR RS BEIE 25 R R AR L0 B AL AR 22 A8 (EL I B % T 295 1 2% I 88 B /DN 5 PR G i
AT AL B N AR B/, il B T3 VR I 55 % [ 45 % 38 249 aod v 80 5 S e A% g, BB 5
R 2 TEPR MR R 20 A 3 388 1 47 2R A 338 B H A A% 0, U A X RN

3) 3 PSS F R Z — B A RS IR A 3531 DAy T G B o R S A R R AR R A AR R B AT R B g 1) 1
JEE | FLAS 25 A S B S R R RS SR [ A5 R R R B TR [ 4 A 2 AT — A k) 2 R, AL AR
B, A% 2 R A ZR TR 1) 24 TR B2 2 S K, MR ) 7 149 22 0 AR /D 5~ TR A 2R I 2% [ 45 R 3R A5 R LY
b 5 A L 2 531 R, T ] S S A BT A A9 S350 TR 1 e 52 i 17 DA~ R ) DO 4% 3 A 8, T 3% 8 S g Ak ) A
SSBNTUASE 1) o 58 o O A/

4) SRR FH DAL 00 T [ 25 2 45 i S5 R A R AR At e e T RS R TR B VE R R S B 32 IRl o [ 4
Y503 BB R B BUBC G I/ 1 AT S AR 2 S B I R Al TR A SCPRAIE T A SR R A 1 ) — Bk Gk E)
RAF A SE2ROR AT A R MR Rt s HE Bt 2% |

8% 3Lk
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Study on Structural System for Multi —-Span Extra —Dosed Cable —
Stayed Bridge

Luo Hao',Ding Yanshu', Liu Rong®, Wu Ying?,Lai Mingyuan®

(1.CCCC First Highway Engineering Co., Ltd., Beijing 100024, China; 2.Hunan Provincial Communications Planning Survey & Design
Institute Co., Ltd., Changsha 410008, China; 3.School of Civil Engineering, Central South University, Changsha 410075, China)

Abstract ; Taking the fourth Yuanshui Bridge in Changde as the construction background, the space finite ele-
ment models of semi—floating system, pylon and girder rigid fixity system and rigid frame system were estab-
lished respectively to investigate the serviceability of structural systems for multi—span—short tower cable—stayed
bridges. The action effects under static and dynamic conditions were analyzed and compared. The results indi-
cated that the distributions of load effects were fairly even under the static force and seismic action due to the
structural stiffness of rigid frame system. But the internal forces in piers and towers of rigid frame system were
strong with global temperature rising. There were relatively large deformations and small temperature internal
forces of semi—floating system and pylon and girder rigid fixity system. And the response of each pier under
braking force or seismic action was obviously different from the semi—floating system and pylon and girder rigid
fixity system. The structural system of the Fourth Yuanshui Bridge is a combination of rigid frame system and
pylon and girder rigid fixity system, which solves the excessive stress of the abutment pier under thermal action.
Moreover, the fixed piers are divided into two adjacent legs to reduce the thrust rigidity of pier, which do not
increase the foundation quantity and also achieve fine aesthetic effect.

Key words: multi—span—short tower cable—stayed bridges; structural systems; static and dynamic characteristics;

serviceability



