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Abstract:; Sixu expressway is located in the Huaibei Plain, which is covered by silt or silty sand.
However, because this type of soil is prone to liquefaction under seismic loading, liquefaction re-
sistance measures should be considered when engineering projects are planned for this region.The
liquefaction resistance of a geotextile discrete material pile and the bearing capacity of a composite
foundation are examined in this study.In addition, the reinforcement mechanism of the geotextile
discrete material pile with a silt subgrade is determined. The pore water pressure dissipation,bear-
ing capacity of the composite foundation, pile-soil stress ratio, and pile body stress were re-
searched by using the finite difference method and field testing, which is beneficial for obtaining
the reinforcement mechanism of the composite foundation. Moreover, this paper presents design
proposals of a geotextile discrete material pile. The results indicate that under seismic loading,a
geotextile discrete material pile can effectively drain and successfully achieve anti-liquefaction. The
excess pore pressure ratio increases with distance from the pile axis,and the silt becomes more in-
clined to liquefaction. An engineering example is used with numerical calculation to determine that
effective pile spacing is 2 m,or approximately 3.3 times the pile diameter.Further,in the silt foun-
dation, the bearing capacity of the single geotextile discrete material pile is 50% larger than that
of gravel pile under the same conditions,and the composite foundation bearing capacity of the geo-

textile discrete material pile is 25% more than that of gravel pile.In static load testing of the com-
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posite foundation,soil pressure boxes are respectively buried at the top of the pile,at the bearing
plate,and at the contact surface of the pile and soil to determine the bearing capacity of the pile
and soil under the action of static load.In the two types of composite foundations, the pile-soil
stress ratio increases with an increase in the upper load. This change in the geotextile discrete ma-
terial pile is more prominent because geotextiles have additional lateral restraint effects on pile
bodies. When the composite foundation is under a large load, the deformation of the pile is less
than that of the soil;thus,a change occurs in the pile-soil stress ratio.Moreover, geotextiles have
obvious reinforcement effects for the gravel pile,although damage is possible when excessive ten-
sion is placed on the ring. When the soil cannot provide adequate lateral pressure,lateral displace-
ment of pile body is easily produced,and damage by ballooning can occur. The pile body stress
test shows that maximum stress appears at four times the pile diameter range, which proves that
the design of geotextile discrete material pile based on ballooning damage is reasonable. Hence in
order to avoid damage on the top of the pile,it is necessary to reasonably select the geotextile ma-
terial in consideration of the pile bearing conditions or to assume reinforcement measure in the ar-
ea of pile body stress concentration.

Key words: silt; geotextile discrete material pile; reinforcement mechanism; pore water pres-

sure; pile-soil stress ratio
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Fig.1 Construction of the discrete material pile
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Table 1 Physico-mechanical index of silty soil

w/% y/CkNe+m™3%) Gy e ¢/kPa o/ (")

16 18.04 2.68 0.89 8.267 38.65
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Table 2 Numerical calculation parameters of the pile model

G/MPa K /MPa o/(kg+m ) k/(cm s 1) = c/kPa ¢/(%)

75.8 227.4 2 100 3.0e—1 0.4 1 35
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Fig.3 Monitoring points location
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Table 3 Monitoring points coordinates

WA MRS AR (2. yo2)/m 9
al (1,0.1,—3) 639
a2 (2,0.1,—3) 643
a3 (4,0.1,—3) 651
ad (12,0.1,—3) 663
bl (1,0.1,—5) 1639
b2 (2,0.1,—5) 1643
b3 (4,0.1,—5) 1651
b4 (12,0.1,—5) 1663
cl (1,0.1,—8) 2 639
2 (2,0.1,—8) 2 643
3 (4,0.1,—8) 2 651
c4 (12,0.1,—8) 2 663
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Fig.4 Excess pore pressure ratio of the monitoring points
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Fig.5 Arrangement test piles
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Table 5 Static load test of single pile damage of gravel pile

and geotextile discrete material pile

] I E R it /min - UL /mm
gk pe TER g \ \
(5244 A Rit A% Rit
0 0 0 0 0 0.00 0.00
WEAHE 1 3 100 90 90  10.8 10.8
4.5 150 90 180 36.2 47
0 0 0 0 0 0.00 0.00
+ T4
1 3 100 90 90 4.9 4.9
L7/ki1e
2 4.5 150 90 180 13.47 18.37
Ak ’ ’
3 5.4 200 90 270 23.05 41.42
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Table 6 The static load test of composite foundation of gravel

pile and geotexile discrete material pile
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Fig.6 Composite foundation settlement curve of gravel

pile and geotextile discrete material pile
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Table 7 Soil pressure box test data of gravel pile and geotex-

tile discrete material pile

BRI AR/ KN BET/kPa MR /kPa  BE N L
200 472.5 73.9 6.39
b 300 621.5 95.0 6.5
400 841.5 128.1 6.57
500 1 041.5 148.9 7.00
200 369.5 70.7 5.23
300 7.56 79.1 7.65
L IA 400 956.9 94.2 10.16
R 500 11319 96.8 11.69
600 1388.9 96.9 14.33
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Fig.7 Pile-soil stress ratio
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Table 8 Pile body stress of geotextile discrete material pile /

kPa
i 28
H/m
100 kN 200 kN 300 kN
0.4 68 80.4 146.5
1.1 127.5 155 260
1.8 22.5 168 367
2.3 12.5 62.5 88.5
5.0 10.0 38.5 50.5
15.0 9.0 11.0 26.0
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Fig.8 Pile body stress curves of geotextile discrete ma-

terial pile
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