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Study on static penetration mechanism to test bridge abutment back-sand fill

LIU Yang-shao, TIAN Qing-yan, LV Jian-bing
(Test Center, Guangdong Transportation Group Company, Guangzhou 510800, China)

Abstract: Based on the laboratory tests to test the relative density of medium-course sand in bridge and culvert backfill, a
three-dimensional numerical calculation is made. During calculation, P.V. Lade model and rigid-flexible attachment model are applied
to simulate the whole test process. After that, the stresses, strains and displacements around the test cone are disclosed; and the

laboratory results are well proved; the mechanism of static penetration in backfill sand is well obtained. It shows that the static

penetration can be applied to test the density of medium-coarse-grained sand in bridge-culvert backfill.
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penetrating test

Table 1 Equipment parameters of the static
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Table 2 Double-bridge cone shape in model test
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Fig.1 The testing model trough
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Table3 The sand constituents used in the model test (%)
T
HORRIG FF b i fL12/ mm
10 5 2 1 0.5 0.25 0.074
1 54 97.2 86.8 329 14.8 6.3 0.0 0.0
2 S 100.0 99.8 92.6 66.8 42.6 17.5 4.0
3 5 100.0 94.1 73.4 57.5 41.2 13.9 2.9
4 ‘Shb 100 95.3 66.8 38.1 20.8 32 1.2
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Table 4 Physical characters of sands used in the model test
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T D £ SR M s B B 5
s AR G /g-cm® /g-cm® /KN -m> 1)
1 54 0.54 4.17 2.62 1.89 1.35 17.5 35.85
2 S 0.49 2.47 2.63 1.80 1.296 18.5 35.0
3 5 0.74 2.66 2.63 1.80 1.296 18.0 40.35
4 Shb 0.48 3.36 2.63 1.80 1.296 16.5 34.75
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Fig.2 The unit cross-points in the whole coordinate system
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Fig.3 Model reseau division of the reinforcement concrete,
the sand and the static penetrating
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Fig.4 The model reseau division of the static
penetrating test cone
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Table 5 Stress parameters
4k Eooy ¢ e 7

/ MPa /kPa /(") /kN-m
B IR+ 2.8x10*  0.15 600 40 25
BT 2.1x10° 015 78
1 SH(D=0.54) 185 0.33 0 35.85 183
2 S HH(D=0.49) 135 0.33 0 35 185
3 S (D=0.74) 35 0.33 0 4035 18.8
4 SHH(D=0.48) 132 0.33 0 34.75 18.0
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Table 6 Contact face parameters
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12/((D=0.54) 21 31 085 16 15 0.38
2ER(D=0.49) 20 30 080 10 15 0.35
3ER(D=0.74) 25 36 090 22 30 0.50
4ERID=048) 20 30 080 10 15 0.35
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Fig.5 Vector diagram of principal stresses(cutaway view)
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Fig.6 Trapezium lines in plastic zone(front view)
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Table 7 Sizes and scopes of the subordinate stress
influence when the test cone penetrates
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Fig.7 Comparison between computation and test
stresses of sand No.4
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Fig.8 Comparison between computational and test
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Fig.9 Vector diagram of main displacements(front view)
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Table 8 Sizes and scopes of the nearby soil distortion
influence when the test cone penetrates (unit: mm)
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0.73 254.5 498.9
0.93 303.7 605.5
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