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Abstract

With the rapid economic development, people’s pursuit of beauty has reached new heights. The
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beauty of a bridge is not only reflected in its grandeur and boldness but also in its details, such as
the design of the bridge piers. In urban areas, bridges are no longer limited to conventional circu-
lar or rectangular piers, but also widely adopt more aesthetically pleasing vase-like piers. Large
cable-stayed bridges often feature unique pier shapes, like curved arcs, while highway and railway
bridges frequently utilize cylindrical piers. However, the calculation of the compressive bearing
capacity for these non-standard pier shapes poses a challenge for designers. The “Specifications
for Design of Highway Reinforced Concrete and Prestressed Concrete Bridges and Culverts” (JTG
3362-2018) only provides calculation formulas for the normal section compressive bearing ca-
pacity of rectangular, T-shaped, I-shaped, and circular sections. For non-standard shapes, designers
need to calculate the section after replacing it. This increases the design workload for designers, and
there are differences in the later processing after replacing the shape. This article introduces the
method of using the P-M curve combined with the “Code for Design of Concrete Structures” (GB
50010-2010) to calculate the compressive bearing capacity of the normal section of special-shaped
bridge piers.
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Figure 1. Common forms of vase piers-1
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Figure 2. Common forms of vase piers-2
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Figure 3. Calculation of the normal section bearing capacity of components with arbitrary cross sections
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Figure 4. P-M curve
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Table 1. Comparison table of characteristics between section 1 and equivalent

rectangular section

1 OBE 1 SFRIEMBE T LRR

TEHR A SR AR
THIAY(m?) 4.927073 4.927073
X A5 P (m) 1.852246 1.852246
Y B () 2.5867 2.2095
BEH Ny (KN) 10200 10200
BT Mgx (KN-m) 2800 2800

MAE 1 RAMEFTDAE 8K SZ XY XA 2S5 5E VR M AN BEAE AU AR . XL Y Bl f SR VA
FHEEITE LT 625530
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Figure 5. P-M curve calculation results
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Table 2. P-M curve table calculation results
%< 2. P-M HhZ RIRER

21000
24000
27000
30000

P (kN) My (KN-m) My (kN-m)
94,448.2 0 0
72,806.6 18,138.49421 0
69,499.3 20,055.178 0
66,243.5 21,728.91249 0
63,044.1 23,191.16066 0
59,907.4 24,433.71009 0
56,841.4 25,495.19307 0
53,857.2 26,351.57687 0
51,045.4 27,038.98535 0
48,849.2 27,519.60842 0
46,833.2 27,858.61819 0
45,165.6 27,926.48273 0
43,877.1 27,933.31237 0
41,9255 27,859.16596 0
39,309.2 27,536.37052 0
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35,746.8 26,809.38581 0
31,941.8 25,732.37615 0
27,939.7 24,259.53467 0
23,773.1 22,355.34457 0
19,408.9 19,948.07328 0
14,843.2 16,996.14937 0
10,104.2 13,487.88499 0
6029.41 10,098.24551 0
2297.43 6606.43913 0
—4013.9 0 0
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Table 3. Comparison table of normal section bearing capacity under axial load
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Figure 6. P-M curve (keeping P constant)
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Table 4. Comparison of results between two methods for axial force balancing
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Figure 7. P-M curve (keeping M constant)
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Table 5. Comparison of results between two methods for moment balancing
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