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Fig.3 Facade of pure girder structure
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Fig.5 Facade of pure arch structure
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Table 1 Parameter results of combined stiffness variation caused by different design values of
main girder plate thickness
E
S | Emen | k| wmtum | s | AEH
/mm P /(Nemm™) |/ (Nomm ™) /kN / (N-mm ") /mm /mm B
0
1 19.8 9.16X10° | 6.63x 10" 579.0 3.93X10" | 14.748 10. 740 42.8
3 42.6 2.75%10° | 6.63% 10" 759. 0 7.95% 10" 9.548 7.254 28.9
6 59. 8 5.50x10° | 6.63% 10" 833.8 1.23%X10° 6. 790 5. 207 22.3
9 69.0 8.25X10° | 6.63%10" 864. 4 1.56X10° 5.536 4. 245 18.9
12 74.8 1.10X10" | 6.63X10" 881. 2 1.83%10° 4.811 3. 681 16.7
15 78.8 1.37X10" | 6.63x 10" 892. 0 2.06X10° 4.336 3.308 15.0
18 81.7 1.65X10" | 6.63Xx 10" 899. 6 2.25X10° 3.998 3.042 13.6
21 83.9 1.92X10" | 6.63X10" 905. 2 2.42X10° 3. 744 2.842 12.6
24 85.6 2.20X10" | 6.63% 10" 909. 6 2.57X10° 3. 545 2.685 11.7
27 87.0 2.47X10" | 6.63% 10" 913. 2 2.70X10° 3. 383 2. 557 10.9
30 88. 1 2.75X10" | 6.63%10" 916. 2 2.82X10° 3. 249 2. 451 10.3
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Table 2

Parameter results of composite stiffness variation caused by different design values of

arch rib plate thickness
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o % /Nemm) |/ (Nomm ) KN / (N'mm ™) o o e NEd
10 92.2 | 1.37X10' | 2.07X10' 912.4 | 1.25%X10° | 7.285 6. 451 395. 33
18 86.8 | 1.37x10" | 3.73X10' 902.6 | 1.65X10° | 5.455 4.527 492. 27
24 83.2 | 1.37X10' | 4.98X10' 897.4 | 1.86X10° | 4.833 3. 856 529. 60
32 78.8 | 1.37X10" | 6.63X10' 892.0 | 2.06X10° | 4.336 3. 308 556. 11
40 74.8 | 1.37X10" | 8.29X10' 887.8 | 2.21X10° | 4.018 2.949 567. 66
48 71.2 | 1.37X10" | 9.95X10' 884.2 | 2.33%X10° | 3.792 2. 689 570. 73
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Table 3  Parameter results of combined stiffness variation caused by different design values of
sling diameter

maie | wpe | k| TRRT g | EREE RN g | ey

mm 7 /% / (Nemm ") / (N-mm ") PARIEE 4 B
kN mm mm

280 78.8 1.37X10° 819. 6 2.20X10° 3.730 3. 465 16.0 546. 29
250 78.8 1.37X10" 831.4 2.21X10° 3.762 3. 450 16. 1 560. 23
220 78.8 1.37X10° 843.8 2.22X10° 3. 805 3.433 16.1 572.12
190 78.8 1.37X10° 856. 6 2.21X10° 3. 869 3.411 16. 1 580. 16
160 78.8 1.37Xx 10" 869. 8 2.19%X10° 3. 969 3.382 15.9 582. 06
130 78.8 1.37X10° 883. 2 2.13X10° 4. 140 3.343 15.5 573.07
110 78.8 1.37Xx 10" 892.0 2.06X10° 4.336 3. 308 15.0 556. 11
100 78.8 1.37X10° 896. 6 2.00X10° 4. 479 3.287 14.6 542. 63
90 78.8 1.36X10" 901.0 1.93%10° 4. 669 3.262 14.2 524. 42
60 78.8 1.36X10° 914.8 1.56X10° 5.877 3. 149 11.5 425. 54
30 78.8 1.36X10° 931.6 8. 06X 10" 11. 561 2. 807 5.9 221.09
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Fig.9 The composite stiffness change curves
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Table 4 The change result of arch—girder stiffness ratio

BRER/mm
HRRIELL 110 160 | 220 | 280 | 340 400
BERRERE L /N-mn )
101 1232148 | 1224731 | 1232517 | 1230515 | 122610.10 | 1221667
213 1659971 | 1740604 | 1758925 | 1751626 | 173792.00 | 1723216
3.39 1914894 | 2028552 | 2053034 | 2039359 | 20152070 | 198865.0
483 2057196 | 2191484 | 2217608 | 2197319 | 21621040 | 2123942
6.46 2131084 | 2276776 | 2300944 | 2273140 | 22277170 | 217976.2
8.35 2160138 | 2309537 | 2329897 | 2293427 | 223869.00 | 2180835
1037 2145149 | 2292683 | 2306671 | 2262004 | 21992780 | 2133212
12.96 2117647 | 2260560 | 2267324 | 2215304 | 21438540 | 2069363
16.06 2068563 | 2204515 | 2203057 | 2142772 | 20636560 | 198219.2
19.86 2000953 | 2127876 | 2118451 | 2049455 | 19633300 | 187500.0
2461 1917574 | 2033438 | 2014521 | 1937464 | 18441940 | 1751355
3071 1818994 | 1922414 | 1893762 | 180839.0 | 17086360 | 1609236
3885 1702328 | 1791809 | 1753425 | 1661437 | 155750.70 | 1456069
50.24 1568715 | 1643007 | 1504122 | 149547.6 | 138702.60 | 1284027
67.34 1414275 | 1470976 | 1410684 | 1306571 | 119639.10 | 10942738
95.83 1231728 | 1267773 | 1196164 | 1088027 | 9791136 | 881534
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Fig.10 The proportion curves of different girder

materials for the same sling diameter
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Stiffness Performance of Girder—arch
Combination System Bridge

LI Lingxiao, ZOU Deqgiang, LIU Xiong, ZHU Chaoyin, FU Mengsheng,

CHEN Mihang

(China Construction Fifth Engineering Bureau Co., Ltd., Changsha,Hunan 410004, China)

Abstract: To explore the influence of different key design parameters on the stiffness performance
of girder—arch combination system bridge, the concept of representative stiffness is firstly
introduced, and theoretical calculation formulas are obtained based on the definition. Taking
Victory Bridge in Yudu of Jiangxi as the engineering background, the structural stiffness of the
combination system was analyzed and calculated, and the parameters such as the main girder
stiffness, main arch stiffness, and suspension cable diameter were considered separately. Based on
the single parameter variable method and the constant total steel consumption, multiple finite
element calculation models under different design parameter modes were established, and the
calculated results were compared and analyzed. The results show that in girder—arch combination
system bridge, the material consumption of the arch structure is not high, but it significantly
improves the stiffness of the girder structure; The suspension structure does not directly provide
representative stiffness, but it is used for force distribution between girder and arch structures
thereby affecting the effect of the arch on improving the representative stiffness of the girder;
It exists an optimal arch-girder stiffness ratio, under the condition of constant total material
consumption, which represents the maximum stiffness when it is combined; There is a logarithmic
function relationship between the arch-girder stiffness ratio and the increase in stiffness
represented by the main girder.

Keywords: bridges;girder—arch combination system bridges;representative stiffness; finite element

analysis; parameter analysis; arch—girder stiffness ratio



