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Settlement prediction and integrated control technology of pile

foundations for urban metro viaducts over underlying goafs
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Abstract: During the construction of urban rail transit viaducts crossing goafs, disturbances to the overlying rock
are prone to induce uneven settlement of pile foundations and even structural instability. To reveal the mutual
feedback mechanism between pile foundation loads and goaf overlying rock deformation, and propose
corresponding control technologies, this study took the viaduct project of Jinan Metro Line 8 crossing goafs as the

‘

engineering background. By integrating the “voussoir beam” theory and Geddes stress formula, a modified
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surface movement model incorporating an additional subsidence coefficient was established. Through orthogonal
tests on pile length, pile diameter, and pile spacing, the influence law of design parameters on the settlement
characteristics of overlying rock was analyzed, and the optimal control scheme was screened out in combination
with numerical simulation. The research results show that the overlying rock structure remains stable under the
design load and the surface settlement presents a distribution characteristic of “larger in the middle and smaller in
the periphery”, with a maximum settlement of approximately 138 mm. Numerical simulation reveals that pile
length and pile spacing are the dominant factors affecting overlying rock settlement, and reasonable increase in
pile length can significantly improve settlement uniformity. The half-crossing control scheme can limit the
differential settlement of adjacent pile foundations within 1 mm, which is approximately 2 mm lower than that of
the grouting filling method and the full-crossing method, while balancing the economy and construction
efficiency. The research results can provide a theoretical basis and engineering reference for the optimal design
and stability control of viaduct pile foundations under goaf conditions.

Key words: goaf; pile foundation settlement; overlying strata stability; pile parameter optimization; control
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Table 1 Physical and mechanical parameters of rock strata

BT o JEJE /m REBLR/Pa BJYIBLR/Pa Hi B 11 /Pa WEERE /() %55 /(kN/m®)
1 EHIES /s 14 3.82x10° 1.23X10° 1.2x10' 18.6 18.5
2 Pk il 10 4.90%10’ 1.88%10’ 5.0X10° 26. 9 24. 2
3 WEHA 2 28 6.46 <10’ 2.31X10° 5.8X%10° 27.8 24.3
4 Wb A 1 24 6.08%10° 2.33%10° 4.8X10° 29.1 26.3
5 3THER S X 2 8.00x10° 4.00x10° 1.1x10° 28.0 14.0
6 Wb a A 2 70 8.00%10° 2.67X10° 7.2X10° 31.3 26. 4
7 WA A 25 6.19x10’ 1. 91107 6.4X10° 30. 1 26. 1
8 97 BEREIX 2 8.00x10° 4.00% 10" 1.0X10° 27.0 14.1
9 WEAH 2 20 7.06%10° 2.71X10° 1.1x10° 34.3 26.0
10 KA 5 1.48%10" 1.02X10" 2.1X10° 46.5 26.7
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Table 2 Pile and cap material parameters

4k LA/ MPa NER /N4 HE/ (kg/m*)
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Fig. 6 Settlement contour of the main section in the goaf
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Fig. 8 Comparison of settlement between theoretical calculation and numericalsimulation for the main section
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Table 3 Orthogonal test scheme of pile foundation parameters

4 5 BEK 1/m W2 d/m PERE j /m BESE VTR (E/ mm

a 20 0.8 2.4 23. 99

b 20 1.0 5.0 23. 84

¢ 20 1.2 7.2 26. 00

d 25 0.8 4.0 23. 83

e 25 1.0 6.0 23. 34

f 25 1.2 4.8 22, 86

g 30 0.8 4.8 22,58

h 30 1.0 4.0 22,34

i 30 1.2 6.0 22, 24
MEFEVTREFIME 1/ mm 24.61 23.47 23.06
WERETTRE M 2/ mm 23. 34 23.17 23.31
HEREPURE I 3/ mm 22. 40 23.70 23.97
e 2% 2.219 0.526 0.91
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Fig. 10 Comparison of surface settlement under three goaf treatment schemes
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Table 4 Comparison of applicability and economy of three goaf treatment schemes
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