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Research on Suspender Replacement and Steel Longitudinal Beam

Reinforcement Scheme for Half-Through Arch Bridge Based on

Monitoring Data

MA Zhugian
(Shanghai Research Institute of Building Sciences Co., Ltd., Shanghai 200032, China)

Abstract: Aiming at the engineering problems and difficulties faced by early design and construction limitations, such as
prominent fatigue damage to the suspenders and shortened service life of the suspender arch bridges under heavy traffic,
as well as insufficient safety reserves and high accident risks in some unstiffened longitudinal beams, a systematic
maintenance and reinforcement solution is proposed. Taking a half-through stiff skeleton arch bridge in Zhejiang as the
engineering background, focusing on the whole process of suspender replacement and steel longitudinal beam addition,
the technical system containing the selection of key parameters, design of monitoring methods and analysis of
monitoring results is constructed. The practical engineering verification shows that all control indicators of the scheme
meet the design requirements, and the structural safety and durability are significantly improved, which can provide
technical reference for the maintenance and reinforcement of similar bridges.
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R — 6.6 9.5 16.9 40.6 54 26.2
o AR 3981.9 3 986.2 3 986.7 3953.9 3949.2 3943.7 3950.7
EZ2-1 YL 413 41.6 41.7 34.7 35.2 33.5 34.2
R — 4.3 4.8 -28 -32.7 -38.2 -31.2
Jij A% 4083.8 4088.2 4 086.8 40673 4 062.4 40589 40775
EZ2-2 g 38 39.1 39.1 32.9 32.3 32.8 38.7
R — 4.4 3 -16.5 -21.4 -24.9 -6.3
i A% 3670.5 3673.2 3637.6 3 648.6 3630 3622.1 3630.5
EZ3-1 L 40.7 40.4 40.4 334 35.6 334 34.7
Ey e — 2.7 -32.9 -21.9 -40.5 -48.4 -40
Jj AE 3764.5 3749.9 3772.6 3724.4 3716.8 3725 3725
EZ3-2 I 37.5 35.8 38.1 32.6 32.6 334 334
ZRARE — -14.6 8.1 -40.1 -47.7 -39.5 -39.5

(2) i T4 ok A ey, 2RV AT T e 2 e R B
A 39/ F 10 mm, A HH B W2 A G TR 5 A
LA K- A -5 e A A A e R A i 22 (L 2 /N T
10 mm , HEAS B A 055 Bl JE AH DGR 5 A 0N 49
YRR J1 B A ~12.36 ~ 14.13 MPa, 78 fill 59 0 32 i
J1 7254k M ~15.99 ~ 6.82 MPa, it /N T 40 #4 i 7 1 11

-270 ~ 270 MPa, S A GRR A0 K 4.

3 Ao it T T R A S 43 A AT R % T A A
FEAR AR AP AR HLAL T AT A, oA H B S 4
B 017 0, It Aok A v A 2 45 A R A DR 5 22 A IR
A TSE G, B 2RO BT, 45 5001k RE 340 2 1
THER o R AR SCT 8 57 09 1 A HE AR 4 0E i[5 7
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AR R T B AR RIE 0 P AR XA T AT E e BARY e B 77 FAF R

IFEA 5%

R 6 it T HA i) 7 SR A SR R A M R 4

It YR AL WG 1E 1 2 3 4 5 6
A% 3844.8 3 847.9 3 845.9 3 860.9 3 863.8 3861.2 38425
WZ1-1 Hin g5y 39 44 35.6 39.1 35.7 358 33.8
FRE — 3.1 1.1 16.1 19 16.4 -2.3
i AR 44771 4484.9 44359 4 446.6 44234 4399.5 44342
WZ1-2 T 35.5 39.1 34.8 37.3 34.8 34.8 322
SR — 7.8 -412 -30.5 -53.7 -717.6 -42.9
o A% 3786.8 3814.2 3794.5 3 808.3 3795.7 3793.2 3783.8
Wz2-1 LR 38.3 442 35.6 39.3 36.2 35.1 35.6
SR — 27.4 7.7 21.5 8.9 6.4 -3
N 7AE 3900.2 3917.4 3906.5 3922.6 3900.8 3905.2 3901.6
WZz2-2 IR 34.8 41.1 33.1 35.5 34.4 327 322
FRLAL — 17.2 6.3 22.4 0.6 5 1.4
WA 3721.8 3726.8 3706.8 37205 3 694.9 3703.8 3681.5
WZz3-1 T 353 37.9 33.4 35.9 343 33.1 32.1
FRE — 5 -15 -1.3 -26.9 -18 -40.3
A 3681.2 3680 3 690.9 3 663.9 3 688.2 3 683.2 3 683.7
WZ3-2 T 38.3 41 35.8 40.2 35.2 35.4 32.8
R — -1.2 9.7 -173 7 2 2.5

IS BLT H fAT HE  S A B B AY TY)
FUAR , A SR 58 Al S ] 26 U A7 22 1) 4 46 i 1] $ie 3 ¢

RS 5 TRIE%.

SE k-

(1] BREEAR, XU i A 85 HoR & R SRR (1], 20l iz i 1.
224, 2020,20(1) : 27-41.

[2] BB, 2 TEH, BRI . I AR 0 S SR A TR 5 Lk K
PEALBIHI. 2> B ST £0R, 2021, 37(3) : 105-110.

[3] Kulicki J M, Strain B P, Marquiss S W, et al. Cable vibration
problems and cracked diaphragm weld details on the i-470 tied—arch
bridge at wheeling, west virginia|C]/Proceedings of 3rd Annual
International Bridge Conference, 1986: 123—135.

(4] FORGAR . WA BT R A 25 BT b R 0 HE ). P A A B
2007(1):119-121.

[5] BAREET . R AR R AT HENE RAT B e SCHE S AR TE[D]. M -
HTTHLT K7, 2023.

(6] JEIMEME , Xt . bR SCBET FOAF T e B BB 5 0 ). 22 il

(7

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

« 257 -

B 54, 2025,6(20) : 109-111.
T mA R DU SRR RZ 90 S B B T AR E T
Sy AR a8 #57, 2010(6) : 37-40.
INAR NI . R 15 A TR U L AR R ) B [ & 1T SR [D. #A 2K
5 MR IE Tl K24, 2012,
TR, S8 7% S TR EE HEAT Sh S I X R A A s B R ()],
W4, 2016,46(2) : 103-108.
B Bk, FEBE . A o S8 38 14 HEATR S 9 I AT AR S
A RALAT SR )], T B AR, 2022, 40(1) : 98-102.
PN AR TR E R LR A A TR B R W ()],
22l 5L, 2025(20) : 157-159.
AR R B AR AT TR BE - HEA ) AT B 40 OGS AR S, Ak
TR, 2021,38(12) :61-67.
TG Al AR, 5 L AP OR N R AT I R O R 5 T
PR ARG ). i T4 AR ,2026,55(2) :52-57; 81.
TEAE, 2R, VP, A6 . 3 T 3 10 M L 2 10 2 M R AT HEAR
2EPE BB T (D). kT T S5 Bt , 2025 (11) 1 132-137;190.
AR AR HEER B AT SO TR S AT &
2024,51(2) :105-107.



