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FEM analysis and design of long-short-pile composite foundation

GE Xinsheng'?, GONG Xiaonan’>, ZHANG Xianming’
1. Taiyuan University of Technology, Shanxi 030024, China
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Abstract: A practical case of the long-short-pile composite foundation is presented in which the long and short piles
are made of reinforced concrete and cement-soil respectively. The stress distribution and displacement of the
long-short-pile composite foundation whole-long-pile composite foundation whole-short-pile composite foundation and
nature foundation under the same geological condition have been calculated and compared by FEM. The results show that
by use of the long-short-pile composite foundation, the whole settlement is reduced effectively and the settlement
difference of foundation slab is cut down. Long-pile makes shallow soil stress reducing and deeper soil displacement
falling. A design method of the long-short-pile composite foundation is introduced. After comparing the calculated value
of the settlement with the actual measurement , it is proved that the design method is available.

Keywords: long-short-pile composite foundation FEM bearing capacity; settlement
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Table 1 Physical and mechanical parameters of soil
E.
/m w/% p/kN- m™ MPa Ju/kPa ¢/ kPa
1 2
2 1.5 30.4 19.2 4.43 120 16
3-1 4.2 42.1 18.4 2.48 70 8 3 24
32 5.1 3.1 186 311 70 8 ¢ 500 37m 30
3-3 11.5 425 17.8 2,65 170 10 b 600 9m Im
3-4 11 383 18 2.79 80 12 0. 15m 163. 6kPa
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Fig. 3 Model of finite element analysis
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Table 2 Parameters of finite element analysis Table 4 Total calculated settlements of different projects
1 2 3 I I 11 v
Eo/MPa 8.4 8.13 60 105 30000 360 S/ mm 7.31 3. 65 169. 5 200. 3
N 0.35 0.35 0.35 0.35 0.2 0.25
p/kg: m~?1850 1780 2000 2000 2500 1750 180 ¢
160 F
1 140
2 3-1 3-3 4 150mm 9m 120
2 100
3-2 3-4 37m “2 80
60
33 40
20
3 0 *
0 80 100
Table 3 Calculation projects of finite element analysis
1 11 1 v 4
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Fig. 5 Isoline diagrams of total settlements at foundation bases for different projects
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Fig. 7 Curves of soil stress vs. depth for different projects
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Table 5 Variations of settlements in different
projects
1 11 111 v
S/ mm 7.31 3.65 169. 5 200. 3
Si1/mm 4.37 2.5 33.9 68.6
S>/mm 2.94 1. 15 135.6 131.7
my,/ % 40.2 31.5 80 65.7
my, = S/ S
8 m, n,
5 8
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50% Sz
50%
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9% r
80
70
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50t
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Fig. 9 Profile of composite foundation
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Table 6 Calculation of composite modulus

E,i1/MPa E./MPa E./MPa E1/MPa E.2/MPa

3-1 30000 360 2.48 577. 6
3-2 30000 360 3.11 578.2
3-3 30000 2.65 575.6
3-4 30000 2.79 575.7
3-5 30000 2.81 575.8
4 30000 20 592.6
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Table 7 Settlement calculation 8 Suin S
Zi/m L/B Z./B 471‘ E,:/MPa AS;/mm Y AS;/mm
0 2.098 0 1 0 8
0.15 2.098 0.02 0.9999 35 0.7 0.7
3-1 4.2 2.098 0.57 0.9824 577.6 1. 126 1. 826 8. 8mm,
3-2 9.3 2.098 1.265 0.8995 578.2 1. 199 3.025
3-3 20.8 2.098 2.829 0.6679 575.6 1.57 4. 595
3-4 31.8 2.098 4.326 0.5169 575.7 0.721 5.316
3-5 34 2.098 4.625 0.494 575.8 0. 104 5.42
4 37 2.098 5.034 0.4676 592.6 0.139 5.559
R 6
12
2
8 1
Table 8 Measured settlements of whole building
Suin/ MM Shax/ MM S/ mm 2
1 0 0 0
2 0 1 0.5
3 1 2 1.5 H,
4 1 3 1.8
5 2 4 3.5 3
6 3 5 4.4
7 4 6 5.0
8 5 7 6.0
9 5 7 6.1
10 5 7 6.7
11 5 8 7.2 [1]  GBJ50007—2002 [S].
12 6 8 7.4 [2] [M].
13 7 8 8.0
1 7 0 g 6 . 1997 15 -18.
15 7 9 8.8 [3] [M]. 1992
78 —139.
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