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Abstract

The balance of deck dead load significantly influences the mechanical performance of two-way
curved arch bridges. This study investigates the safety of spandrel fill replacement in existing two-
way curved arch bridges, based on a three-span open-spandrel arch bridge. The bridge’s disease
conditions and the calculation results of the main arch ring are first analyzed in detail, and corre-
sponding strengthening and maintenance measures are proposed. Subsequently, the spandrel fill,
severely damaged due to long-term overloading, is removed and replaced. Four distinct loading-
unloading schemes were employed, and finite element simulation software Midas Civil 2021 was
used to simulate the construction process of the spandrel fill within the main arch ring segment under
each scheme. The symmetrical and balanced removal (replacement) sequence of filler blocks—spe-
cifically, Block 1 and 8 - Block 3 and 6 — Block 2 and 7 - Block 4 and 5—was selected as the optimal
design scheme by comparing the envelope diagrams of Mmax and Mmin during the loading and un-
loading processes across different schemes. Furthermore, by comparing with live load effects and
analyzing variations in deflection values and stresses at the upper and lower edges during construc-
tion, the construction quality and safety of this scheme were further verified, providing both theo-
retical and practical foundations for the reinforcement and replacement of spandrel fill in similar
bridge types.
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Figure 1. Bridge-type layout diagram (Unit: cm)
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Figure 2. Construction drawing of the first span of the bridge
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Figure 3. Cross-sectional diagram of the bridge (Unit: cm)
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Figure 4. Cross-sectional view of the main arch ring (current state) (Unit: cm)
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Table 1. Overall condition rating of bridges
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Figure 5. Numbering of abutments and vertical walls
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Figure 6. Water seepage at the main arch foot
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Figure 8. Abdominal arch cracking, with some boulders falling off locally

8. MEHAR. BERAME

Figure 9. Water seepage on the side wall, excessive deformation of the deformation joint
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Figure 10. Damaged bridge deck pavement and water accumulation
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Figure 11. Severe damage to the guardrail and corrosion of the reinforcement
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Table 2. Analysis results of compressive bearing capacity of the main section (Unit: kN)

2. EBEZEABNDERERA: kN)

——— HE1 HE 2 HE3 HE 4
N IN] N [N] N IN] N [N]

0 215204 418852 204538  42601.8 210017  43057.3 199352  29598.9
L/8 187952  44101.8 175391 421383 208075  42048.7 195514  39018.3
L/4 188268 441488 171672 424657  19398.9 432786 177393  44296.0

3L/8 184239  38636.8 162256 283742 182149 443187 160165  39336.1
L/2 180240  33169.3 154938 202351 176066  42073.7 150764  32505.1
5L/8 184239  38636.8 162256 283742 182149 443187 160165  39336.1
3L/4 18826.8 441488  17167.2 424657  19398.9 432786  17739.3  44296.0
7L/8 187952  44101.8 175391 421383 208075 420487 195514  39018.3
L 215204 418852 204538 426018 210017  43057.3 199352  29598.9
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Table 3. Analysis results of shear resistance capacity (Unit: kN)

2 3. MBAB N NER(EBENAL: kN)

fa1 HeE2 HE3 He 4
EEA
[Q] Q [Q] Q [Q] Q [Q]
0 364.0 17053.7 615.7 16833.7 14111 17881.0 739.7 17294.4
L/8 893.5 16390.5 1077.3 16128.4 318.9 16503.3 502.7 16241.2
L/4 1391.1 15965.4 1527.9 15621.0 825.4 15710.4 962.2 15366.0
3L/8 1596.1 15574.7 1678.7 15120.4 950.5 15240.5 1033.1 14786.2
L/2 511.2 15073.6 513.1 14551.7 1188.9 15226.0 1190.9 14704.1
5L/8 1596.1 15574.7 1678.7 15120.4 950.5 15240.5 1033.1 14786.2
3L/4 1391.1 15965.4 1527.9 15621.0 825.4 15710.4 962.2 15366.0
7L/8 893.5 16390.5 1077.3 16128.4 318.9 16503.3 502.7 16241.2
L 364.0 17053.7 615.7 16833.7 14111 17881.0 739.7 17294.4
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Figure 12. Load number for loading and unloading
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Figure 13. Schematic diagram of the finite element model
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Figure 14. Uninstallation of Mmax envelope graph
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Figure 15. Uninstallation of Mmin envelope graph
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Figure 18. Comparison of load application and unloading and live load envelope diagram
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Figure 19. Unloading-loading deflection analysis diagram
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Figure 20. Stress analysis of unloading-loading upper edge
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Figure 21. Stress analysis diagram of lower edge during unloading and loading
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