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Calculation method of bearing capacity of strengthening brick culvert
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Abstract: By aiming at the lack of bearing capacity calculation method in the current standard for
trenchless reinforcement and repair of existing drainage main channel masonry arch culvert with arch
vamp high-performance reinforced concrete, the design calculation formula of bearing capacity of the
normal section of the arch roof and arch toe of arch culvert reinforced with arch vamp was proposed.
Based on the analysis of the stress characteristics of masonry arch culvert reinforced by the arch belly,
the calculation diagram of internal force was put forward. Based on basic assumptions, the design
formula of bearing capacity of the normal section of the arch and toe was obtained. The results showed
that the trenchless reinforcement and restoration with arch high-performance reinforced concrete could
effectively prevent the emergence of plastic hinges. When the arch belly of a masonry arch culvert was
strengthened by the method of the increasing section, the calculation schematic diagram could be
calculated by the hingeless arch. The experimental data were used to verify the theoretical formula,
which was in good agreement with the experimental data, which could be used for reference for the
design of drainage arch culverts reinforced with brick masonry.

Key words: enlarging section method; high performance concrete; drainage arch culvert; trenchless

rehabilitation ; normal section bearing capacity
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Fig. 5 Structure calculation diagram
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Table 1 Comparison table of ultimate load test value and calculation value

IR i L S fuo/MPa | f. /MPa | f, /MPa | e/m | A/mm? N¢/kN NYKN | N/N;
B/ | R mm | R mm | ' ;
Ty81-3(1) | 2 | 620%370 | 620x60 33 771 2350 0306 | 150.8 338.9 320.0 0.9
Ty81-4(1)| 2 | 620x370 | 620x100 33 24.30 2350 0353 | 150.8 336.5 462.5 1.4
Ty81-5(1)| 2 | 620x370 | 620x100 33 24.30 2350 0353 | 2356 337.6 372.5 1.1
Ty82-9(1)| 2 | 620%370 | 620x60 3.8 12.00 2350 0311 | 1508 387.2 275.0 0.7
Ty81-3(2) | 2 | 620%370 | 620x60 33 771 2350 0357 | 150.8 220.1 140.0 0.6
Ty81-4(2) | 2 | 620x370 | 620x100 33 24.30 2350 0409 | 150.8 230.1 336.0 L5
Ty81-5(2) | 2 | 620x370 | 620x100 33 24.30 2350 0410 | 150.8 229.2 290.0 1.3
Ty81-6(2) | 1 | 620x370 | 620x45 33 14.00 2350  |0.366 | 150.8 210.7 140.0 0.7
Ty81-7(2) | 2 | 620x370 | 620x140 33 25.80 2350 0419 | 150.8 291.9 320.0 1.1
Ty81-8(2) | 2 | 620x370 | 620x140 33 23.10 2350 0420 | 150.8 284.0 163.0 0.6
Ty82-9(2) | 1 | 620x370 | 620x60 3.8 12.00 2350 0365 | 235.6 283.0 140.0 0.5
Ty81-6(3) | 1 | 620x370 | 620x45 33 14.00 2350  |0.646 | 150.8 4.1 40.0 0.9
Ty81-7(3)| 1 | 620x370 | 620x140 33 25.80 2350 |0.697 | 150.8 80.1 90.0 1.1
Ty81-8(3)| 1 | 620x370 | 620x140 33 23.10 2350  [0.699 | 150.8 78.3 118.0 15
B-1 1| 380%260 | 200x96 9.8 35.50 3395 0152 | 3393 382.7 582.0 15
B-2 1| 380x260 | 200x140 9.8 35.50 339.5 0100 | 3393 641.6 903.0 1.4
B-3 1| 380x260 | 200x140 9.8 35.50 339.5  [0.060 | 3393 1472.3 1398.0 0.9
c-1 1| 380x260 | 200x140 9.8 35.50 339.5 0100 | 3393 641.6 772.0 1.2
c-2 1| 380x260 | 200x140 9.8 35.50 339.5 0100 | 3393 641.6 566.0 0.9
D-1 1| 380x260 | 290x140 9.8 35.50 339.5 0101 | 3393 947.8 1076.0 1.1
D-2 1| 380x260 | 380x140 9.8 35.50 339.5 0100 | 3393 1357.1 1333.0 1.0
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Table 2 Control section internal force and the most

unfavorable combination of internal forces

M N

P A T THE |k ae| 686 | 1iEc - e
- SEREN | 3R M
Ht M/(kNem) 5.2 1.2 1.5 0.8 6.7 0.4
T | NKN | -565.4 |-47.0| -37.8 | =235 | -603.2 | —612.4
Ht M/(kNem) -35.1 -1.6 -5.3 | -10.3 -45.4 -36.7
BE| NAN | -567.7 | -45.6| -37.8 | =25.0 | =592.7 | -613.3
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Fig. 6 Measured section size of arch culvert in Hongqi Canal
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Table 3 Calculation of bearing capacity of reinforced

masonry
i 2
. M/(kNem) N/kN e/mm & A /mm
i
6.7 -603.2 -11.1 1.000 | -9 318
HETI
6.4 -612.4 -10.5 1.000 | -9 256
-45.4 -592.7 76.6 0.871 -7 599
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-36.7 -613.3 59.8 0.829 | -7473
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