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Analysis of Bearing Capacity of Large-Span Reinforced Concrete Box Arch Bridge
Strengthened with UHPC

SONG Jianping', CHEN Xiaohuang"*", LI Baojun'?, YU Xinhua'
(1. Guangxi Transportation Science and Technology Group Co., Ltd., Nanning, Guangxi 530007, China; 2. Guangxi University,
Nanning, Guangxi 530007, China)

Abstract: To analyze the applicability of the ultra-high performance concrete (UHPC) reinforcement method
for box arch bridges, a reinforcement project of a reinforced concrete box arch bridge with a span of 125 m was
taken as the background in this paper. By analyzing the limitations of the steel plate bonding method in
reinforcing large-span box arch bridges, a UHPC reinforcement scheme was proposed, and the corresponding
simplified calculation formulas were established. The research results indicate that: (D Before reinforcement,
the box arch of the bridge exhibits a large eccentric compression failure. After pasting steel plates on the bottom
slab of the box arch, the failure mode transforms into a small eccentric compression failure, and the failure
location shifts from the tension bottom slab to the compression top slab. However, the bearing capacity
requirements still cannot be met, indicating that the section thickness of the compression top slab of the box
arch is insufficient; @ When a 6 cm thick UHPC is added to the top and bottom slabs of the box arch, the self-
weight of the reinforcement layer is reduced by 60%. The bearing capacities of the sections at the arch foot,
3L/8, and L/2 increase by 68%, 61%, and 48% compared to those before reinforcement, respectively, and the
minimum safety factor is 1.05, indicating that the UHPC reinforcement method has a significant reinforcement
effect on eccentric compression members such as box arch bridges; ® The bearing capacity values obtained by
the simplified calculation method are in high agreement with the actual bearing capacity values. The maximum

error is less than 5%, and the calculated values are slightly smaller than the actual bearing capacity values,
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indicating that the simplified method has good calculation accuracy and tends to be safe, which can effectively

improve the design efficiency.

Keywords: box arch bridge; steel plate bonding method; UHPC reinforcement; bearing capacity; simplified

calculation
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Figure 1 Bridge layout (unit: cm)
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Figure 2 Cross section of arch crown (unit: cm)
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Table 1 Summary of main defects of main bridge
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Figure 3 Photo of cracks in main arch ring
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Figure 4 Finite element model of box arch
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Figure 5 Axial force envelope of box arch (unit: kN)
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Figure 6 Bending moment envelope of box arch (unit: kN « m)
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Table 2 Checking calculation results of ultimate limit state of bearing capacity without reinforcement
o s A F N,/KN M,/ e/ z/ &= g 0> o,/ Nu/  No/  yNJ HZEFR 2R EF
He ‘ (kN+m) mm mm x/hy M MPa kN kN kN BK,  BK, e
prpg BOEOK 64419 8942 1354 1406.0  0.777 /Mty 19.6 78683 76924 70860  1.11 1.09 kR
MWIH 254EE Kk 52246 21054 1938 7335 0405 KfRL  642.9 46445 44024 57470 081 0.77 ANl
L/4 HIEOK 59056 6009 1272 1535.0 0.848 /Ml —37.4 84796 73478 64961  1.31 113 iR
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Table 3 Checking calculation results of ultimate bearing capacity of steel plate bonding method
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Table 4 Statistics of span and cross-sectional dimensions
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Table 7 Checking calculation results of ultimate bearing capacity of UHPC reinforcement method
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Figure 9 Comparison of bearing capacity before and

after UHPC reinforcement
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Table 8 Simplified checking calculation results of UHPC reinforcement method

G RRAL NN M,/ e/ x/ = vm o,/ Ny/ Np/ yNu/ %%% z’ié% %ﬁ

(kNem) mm mm a/hy A MPa kN kN kN WK, HBK, WL
Hepg o MrEEK 69504 9931 1366 1651.0 0.869 /MMy —52.4 115421 112404 76454 1.51 147 A
W gk 64078 27318 1957 10444 0550 /Mide 3005 75396 71186 70486 1.07 101 Wi
3L/8 MK 62355 8463 1351 16752 0.882 /Milr —61.1 116800 113826 68591 1.70  1.65  J 2
B #sEsk 58134 26237 2010 10203 0537 /MEL 3233 73178 68897 63947 114 1.08 WM
e AJrEK 61682 12292 12292 1477.2 0.777 M 19.1 105151 101820 67850 1.58  1.50 VA
W #sEsik 57870 23376 1911 10723 0.564 /MEL 2756 77589 73447 63657 1.22 115 WA
A L £,=20.5 MPa; h=1 970 mm;a/=a,=70 mm;h,=1 900 mm;A/=200 mm ; 4 H#E R AR X FR B AT , 4.=A =40 532 mm*; H A S5

i % 2.



%24

KEF,F . UHPC B K #1240 85 % £ 4

B AR BAE S 2 AT 167

(1 32 2 AL R UHPC 2 B TR M, 16 xt 7K 28 g
) BT MR AH X BN

115 467 116 854

120 000

B————8—_ 105057
112 404 113 826
101 820
90 000 |

§ 74113 71 685 76 426
S 60000f 71186 csgor 13447
= — A R R
30000 —o— i e R (R fk)
—A— A e K ORE )

—a— AR (i Ak

HE 3L/8 HETR

10 FHEBHEITETERREAITLL
Figure 10 Comparison of bearing capacity between

simplified and accurate calculation methods
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