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Factors Affecting the Depth of Replacement of Soft Soil with Hill-skill
Stone and On-site Experimental Analysis

GAO Zhibin, CHANG Fei, DING Wenli, JI Shengwei, YANG Huan
( Tianjin Binhai International Airport Co. , Lid. , Tianjin 300300, China)

Abstract : The soil of the Third Phase Reconstruction and Expansion Site of Tianjin Binhai International
Airport is weak, the water content is high, and the soil quality in different regions is significantly
different. To find out the influencing factors of the subgrade reaction modulus of the double-layer
composite roadbed, taking the replacement of mucky soil with hill-skill stones as an example, the
theoretical formula of the subgrade reaction modulus was established, and the solution formula of the
replacement thickness of hill-skill stones was analyzed. Based on the field test of replacement hill-skill
stones, combined with the calculation results of the three-dimensional numerical model, the rationality,
and accuracy of the theoretical formula of the subgrade reaction modulus were verified, and the prediction
model of the replacement thickness of the hill-skill stones in the airport runway area and the non-runway

area was obtained to adjust the replacement thickness of the hilly stones in time and realize the optimal

utilization of the replacement materials.
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Fig.1 Plan and distribution of foundation layers for the

phase 3 expansion and renovation location
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Table 1 Physical property index of silty soil
BORER ﬁzLﬁZ_.f/ VR T VR I Efgj‘*f%/ ol ””ﬁgﬁfm
b3 11. 40 31. 14 19.14  19.44~30.87 18.7 1.70 12.00  0.98~0.02 4.4~6.0
P IX 4.65 64.26 35.45  28.90~50.63 14. 8 1.79 28.81 1.23~0.47 0.8~1.4
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Fig.2 Relationship between subgrade reaction modulus
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Table 2 Determination of subgrade reaction modulus and rebound modulus

SR WA g kg g IR AR -
(rm BA E/MPa L om s MPa ETEENEN BEIEE,  BUESIE/ )
PR/ % (MN - m™) (MN - m™)
Wi 1 160 50 4 92.0 35.0 31.0 12.9
WHATIE 160 60 14 83.9 75.8 77.6 2.4
I 2 160 70 4 94.0 46.0 45.0 2.2
Kyl 3 160 70 8 83.5 65.8 62.8 4.8
MR 160 70 10 84.9 72.9 71.8 1.5
L co W 160 70 10 84.9 72.9 72.6 0.4
AU £ X 160 70 12 85.9 78.9 76.7 2.9
B 255751 160 70 11 84.9 76. 1 74.3 2.4
Wi 4 160 90 8 94.0 79. 8 75.0 6.4
[EEaRtaps 160 40 20 85.2 68.7 67.8 1.3
MEER 160 32 24 86.7 66. 1 65.6 0.8
YIRS 4 iE 160 42 16 84.6 63.5 62.8 1.1

¥ Cc ¥ 160 35 25 85.3 71.1 69.3 2.6
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Fig.4 Vertical displacement contour map (unit:m)
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Fig.5 Vertical reaction force of bearing plates and

vertical displacement relationship curve
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Table 4 Vertical stress of subgrade obtained from on-site experiments, simulations and theoretical calculations
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WK 1 160 50 4 33.2 90.3 39.4 44.5 4.2 6.6 12.9
K% 2 160 70 4 44.0 119.7 55.4 58.4 57.2 3.2 5.4
I 3 160 70 8 62.5 170.0 88.5 83.6 82.8 6.4 5.5
P AT X 160 70 12 75.0 204.0 106. 0 100.0 97.4 8.1 6.0
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Fig. 6 Height of hill-skill stone required for different

rebound modulus of intact soil
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