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Analysis of the undrained shear strength of hard crust in vacuum
preloading based on Modified Cam Clay (MCC) constitutive model

CHEN Fu'2, LI Ning?

(1. Harbin Institute of Technology, Harbin, Heilongjiang 150001, China; 2. CCCC First Harbor Engineering Co., Ltd., Tianjin 300461, China)
Abstract: Vacuum preloading is a widely used technology for deep soft soil foundation treatment. The hard crust has an
important impact on the settlement and foundation stability of vacuum preloading. Based on Modified Cam Clay (MCC)
constitutive model, the reason of higher shear strength of hard crust is analyzed. The hard crust is formed by two ways,
which includes the naturally weathering before vacuum preloading, and consolidation in the process of vacuum preloading.
The naturally formed hard crust is mainly due to the reduction of groundwater level and water evaporation, which makes
the surface soil in an over consolidated state. By adjusting the change of over consolidation ratio (OCR) along the depth,
the undrained shear strength profile of vane is well fitted, so that the undrained shear strength is introduced into the effective
stress analysis of geotechnical engineering. The hard crust which is formed in the process of vacuum preloading is due to
the consolidation degree of deep soil layer which is less than that of surface soil layer because of the factors such as vertical
drainage distance and bending of plastic drainage plate. With the increase of consolidation time of vacuum preloading, the
consolidation degree of deep soil layer gradually increases, the shear strength increases accordingly, and the hard crust
phenomenon of vacuum preloading becomes unobvious.
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Fig. 1 Hard crust layer at Huanghua Port
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Fig. 2 Cause of formation of hard crust layer[!
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Fig. 3 Undrained shear strength profile of vane of
Suvarnabhumi Airport Project!®!
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Table 1  Soil layer distribution of Suvarnabhumi Airport
Project and input value for its MCC model™!
RS, BEE e/
+ 24 A
m (kN/m») ()
WRERL  0~20 18.5 23.0 0.036 0.357
Wt 2.0~9.0 14.3 20.7 0.087 0.693
WE+E 9.0~120 15.0 27.7 0.049 0.486
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Table 2 OCR of Suvarnabhumi Airport Project varies along

the depth
REE/m OCR R EE/m OCR
0.0 6.60 1.6 2.30
0.1 6.10 2.0 1.90
0.2 5.60 22 1.80
0.4 4.80 3.0 1.45
0.8 3.70 9.0 1.40
1.2 2.90 12.5 1.40
AHEK LB 58 5 /kPa
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Fig. 4 Comparison between measured and fitted values of

vane shear test
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Fig. 5 Undrained shear strength of the vane inserted twice at a
distance of 15 cm from the plate changes with depth!?!
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Table 3 Input value of Bangkok soft soil
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Fig. 6 Comparison of consolidation degree with time between
surface and deep soil layers
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Fig. 7 Variation of undrained shear strength of shallow and

deep soil at different consolidation times
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