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Seismic performance analysis of fork pile arrangement type of high-pile wharf

TAO Guilan' CHEN Xiang' WANG Ding’
1. College of Harbor Coastal and Offshore Engineering Hohai University ~Nanjing 210098  China
2. Hunan Provincial Communications Planning — Survey and Design Institute  Changsha 410008  China

Abstract A spatial finite element model was built and the response spectrum method was used to analyze the dynamic
seismic response under the horizontal earthquake effect along the transverse and longitudinal directions in a structural
segment of a high-pile wharf. The internal stress characteristics of the pile foundations of four fork pile arrangements
under different horizontal earthquake effects were compared and analyzed. The calculation results show that when the pile
foundation in a transverse symmetry arrangement was responding to transverse earthquake effect the whole maximal
displacement and internal force of piles were small and the structural response of the pile foundation in symmetrical
arrangement under different horizontal earthquake effects was smaller than that in other arrangements. When the fork piles

do not collide it is more reasonable to use the symmetrical arrangement type for pile foundations in the seismic design of

high-pile wharfs.
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1 4 mm
Fig. 1 Four types of fork pile arrangements units mm
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2.2.1
67.8 m 41.2m 0.6m
7.0m -17.4m PHC 1 200 mm 150 mm
-38.0m 10:1 3.5:1 1400 mm 16 mm -42.0m 2.4m x
1.2m 3.1mx1.2m 2.1mx0.8m 1.8mx0.5m 2.1mx0.5m
2.2.2
a. 1
1 Table 1 Material physical parameters
ANSYS
14 o/ kg m~3 E/kPa "
7800 2.05 x 108 0.300
PHC C80 2500 3.80 % 107 0.166
C50 2500 3.45 % 10’ 0.166
1 C45 2500 3.35x 10/ 0.166
X Y
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b. PHC beam188
shell43 PHC
combin43
m
2.2.3
7 I}
7=0.05 0.1 4 B
2.3
2.3.1
block lanczos
14 1 20° 4
2
2 4
Table 2 Previous four modal frequencies and participation factors
y_yx y_h‘ 7/; ymtjx ymtjv 7mtjz
1 0.558 1.792 94.779 0.046 34.856 157.140 953.180 —-425.910
2 1.040 0.962 -0.995 -1.024 24.315 146.830 - 3167.800 -39.973
3 1.135 0.881 —-35.652 -0.180 91.776 483.210  —3299.300 156.460
4 6.171 0.162 0.631 -2.287 -0.852 97.305 44.729 —-70.042
1 0.652 1.533 100.770 -1.275 0.001 29.497 2314.300 —-498.370
2 0.969 1.032 —-7.600 0.224 65.802 263.990 -573.270 40.921
3 1.189 0.841 6.507 0.173 76.973 283.350 —4024.400 —-22.536
4 6.170 0.162 0.381 -2.198 -0.304 83.540 18.153 -69.359
1 0.561 1.782 94.474 0.000 0.000 0.000 2810.200 —-431.030
2 1.078 0.928 0.000 -0.396 101.140 527.870 — 3428.600 -13.421
3 1.116 0.896 36.470 0.000 0.000 0.000 —1480.800 - 158.690
4 6.172 0.162 0.000 2.396 0.914 —-102.260 -30.972 81.233
1 0.657 1.521 100.900 0.000 0.000 0.000 2285.800 —-432.620
2 1.077 0.928 0.000 -0.392 101.140 527.730 —3428.600 —13.305
3 1.207 0.829 8.729 0.000 0.000 0.000 —2204.100 —48.458
4 6.172 0.162 0.000 —2.401 -0.931 103.150 31.562 - 81.386
Vie Viy Vi J Xy z Vo Vrotjy ¥ otz J Xy z
2.3.2
4 2
3~ 4
3
Table 3 Maximum response of structural internal force
M,/ / KN m /KN
F/kN kN m M, M. Sk S:
324.6 7.6 293.6 545 619.1 25.4 40.0 54.3
477 .4 32.3 309.6 448.8 545.2 26.6 36.7 45.3
566.3 8.4 98.8 513.6 523.0 8.4 45.5 46.3
498.5 7.1 82.2 517 523.5 6.9 45.8 46.3
763.1 13.4 337.4 256.4 423.7 28.9 22.7 36.7
599.3 0.6 304.5 1.9 304.5 26.2 0.2 26.2
826.3 29.9 393.9 207.3 445.1 35.1 17.6 39.3
600.4 0.6 304.7 1.9 304.7 26.2 0.2 26.2
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4

Table 4 Maximum response of structural displacement

U/ mm U/ mm U,/ mm
19.69%4 17.619 8.791
23.952 21.829 9.912
17.228 17.027 2.613
16.904 16.751 2.185
12.741 7.31 10.397
9.151 0.069 9.106
13.107 6.232 11.524
9.154 0.069 9.112
3~ 4
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