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Effect of spatial variability of engineering properties on holistic
performance of passive zone improvement for deep excavation in soft soil

Zheng Junjie s, Qiao Yaqing, Zhang Rongjun
(Institute of Geotechnical and Underground Engineering, Huazhong University of Science and Technology,

Wuhan 430074, P. R. China)

Abstract: Passive zone improvement is one of the most effective measures to control the deformation of deep
excavation in soft soil. However, the soil mechanical parameters of improvement zone often show strong
spatial variability, leading to the uncertainty of overall deformation behavior of deep excavation.
Therefore, a three-dimensional model simulating the process of excavation is built by FLAC® software,
random field models for cement-soil parameters are established based on K-L transformation, then
deterministic and probabilistic analyses are conducted. The maximum horizontal displacement of diagram
wall and the maximum ground surface settlement in both deterministic and probabilistic analyses are
compared. Distribution patterns for the two deformation indicators are fitted, and the influence of
coefficient of variation in cement-soil properties on the effect for different passive zone improvement

thicknesses is also investigated. The results indicate that: a critical improvement thickness exists while
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considering the spatial variability of cement-soil; the spatial variability of cement-soil has limited influence

on the overall deformation behavior of deep excavation and needs no special consideration in holistic

performance evaluation.
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Fig. 1 Typical section of the deep excavation (unit:m)
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Table 1 Mechanical parameters of struts and soils

AR R v/ o/
E/MPa  u  Cu/kPa ¢,/(9)

TP EER (N em?) (kgem®)

EA0) 18 20 0.45 20 2

+ZEO 18 40 0.45 40 2

+20® 18 60 0. 45 60 2

TE® 18 80 0. 45 80 2

+ZE® 18 100 0.45 100 2
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Fig. 4 Ground surface settlement in deterministic analysis

Table 2 Deterministic analysis statistics

h/m Omax/mm Smax/ MM
0 43.75 13.09
1 19. 93 5.07
2 17. 66 4.03
3 17.10 3.68
5 16. 60 3.55
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Table 3 Numerical simulation results with COV=0, 4

Omax Smax
h/m

m/mm COV./% 3¢ X[i]/mm m/mm COV./% 3¢ X[i]/mm

1 20.07 0.38 19.84~20.30 5.18 0.46  5.11~5.25
2 17.72  0.49 17.46~17.98 4.12 0.52 4.06~4.18
3 17.23  0.54 16.95~17.51 3.72 0.73 3.64~3.80
5 16.79 1.61 15.98~17.60 3.62 2.17 3.38~3.86
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Table 4 Probability analysis statistics with different

h and different COV

Omax Smax

h/m COV  m/ COV,/ m/  COV,/

30 X [A]/mm 30 [X.[A] /mm

mm % mm %

0.2 19.98 0.21 19.85~20.11 5.13 0.12 5.11~5.15

0.4 20.07 0.38 19.84~20.30 5.18 0.46 5.11~5.25

0.6 20.38 0.89 19.83~20.92 5.26 1.06 5.09~5.43

0.8 20.46 1.03 19.83~21.09 5.29 1.26 5.09~5.49

0.2 17.69 0.28 17.54~17.84 4.08 0.18 4.06~4.10

0.4 17.72 0.49 17.46~17.98 4.12 0.52 4.06~4.18

0.6 17.77 0.91 17.28~18.26 4.19 1.14 4.05~4.33

0.8 17.85 1.07 17.28~18.42 4.24 1.40 4.06~4.42

0.2 17.14 0.32 16.98~17.30 3.69 0.43 3.64~3.74
0.4 17.23 0.54 16.95~17.51 3.72 0.73 3.64~3.80
0.6 17.41 0.97 16.90~17.92 3.73 1.31 3.58~3.88

0.8 17.53 1.24 16.88~18.18 3.95 1.69 3.75~4.15

0.2 16.68 0.87 16.24~17.12 3.58 1.17 3.45~3.71
0.4 16.79 1.61 15.98~17.60 3.62 2.17 3.38~3.86
0.6 17.07 2.46 15.81~18.33 3.67 3.12 3.33~4.01

0.8 17.13 2.68 15.75~18.51 3.74 3.59 3.34~4.14
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