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Interaction of reinforced cushion and pile-soil system in embankments
based on principle of minimum potential energy
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Abstract: The bearing mechanism of piled embankments is complex as it involves the interaction of piles, soil columns, sand
cushions and reinforced geogrids, and its simplified calculation method for layered soils still lacks researches. A mathematical
model is proposed for a generalized pile-soil model with geogrids. Considering the potential energy generated by pile-soil load
transfer and geotextile tensile, the potential energy equations for the whole system are derived and discreted. An unconstrained
nonlinear mathematical optimization model is established, with the potential energy equation as an objective function. The
minimum value of the total potential energy equation is obtained by a descent iterative algorithm, and in this way the
deformations of piles, soils and sand cushions in the vertical direction are solved. The mathematical model for piled
embankment and the solving method are validated through an example without geogrid. The effect of the geogrid interaction is
discussed in another engineering example.
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Fig. 1 Simplified model
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Fig. 2 Physical models
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Fig. 3 Axial forces of pile in Example 1
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Table 2 Results of different reaction conditions at pile bottom
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Fig. 5 Axial forces of different reaction conditions at pile bottom

(ultimate friction resistance=15 kPa)
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Fig. 6 Pile efficacies under different tensile strengths of geogrid
AN [T 55 A R i T A 4 PR 3 23 A1 B i 1
W7, 8 WL, ASCHEST HE - T ST
Fit b 7% 8 AT 2 A A T T SR R
R, BEA N AT R (P, & 8 T )
B, B 6 k5 -10~-15 m AL (¥ BB 7 19
Eﬂﬂgl;ﬁoj]/kh

-50 0 100 150

—a— K

—a— JNARE 100 kN/m
—— JnfHR 200 kN/m
—o— JNAHERE300 kN/m

_40 L
7 AERAGRE THMERASBERL (FES25m)
Fig. 7 Pile frictions under different tensile strengths of geogrid
(coal height=25 m)

HEL RN
700 1200 1700 2200 2700
0 T T T 1

“ISE ki
ﬁ ol A EHREE100 kN/m
1% —%— NSk 200 kN/m
L —— SR EE300 kN/m

8 REISKFIBRE THEMAANHFER (FS25m)
Fig. 8 Pile axial forces under different tensile strengths of

geogrid (coal height=25 m)



1270 a5 oE L OB ¥

2015 4F

o AT IASCRER KT SLE SRR, BETOIN AT O
i e St f (i) 35 A B i =R 1 e o
FAAE R NI G DL, A SCEAE T 545 R 5 T
B Z L2 HOR— 2 B 7 TR RETAL R Ve o
JiEE L Ok B FR EERA ) 15 kPa, W] WALy iESUE
ROEPERLLS, B TR MR T,

4% i

(1) ASCHE) SCHE - ) B LA I,
W DRI, SR T TS AR SR I AR
AR L F AR R R C R ) A RE Ty
R, AR R BEEAGISR AR . SEHBIR L, %
T S AR S A AT AT 1, AR S0 - 2 it
ZNOL P AE R SIS R &

(2 M T I A ACT 2R LN AR B, 12
T A SCARE T RE, LLZs e 5
SFRIABE ) H bR eR 2 7520 T i & st S i v
SR, S EBIRAE, 2T AR T SN A S b
RSSO AN EL AR AL A 20, HAER e b
HORB . ASONEE PR RGN SCARE,
T 2% RSN A AV A B3 ST 95 T e ) R
AR T LS5 (S Mt S AN R 7 1] (KA s
e, HAT RAFHYTEYE, DU RGBT - - -
RJZ - DTARAT EAR BRI T —Flig Atz

SE K-

[1] ALAMGIR M, MIURA N, POOROOSHASB H B, et al.
Deformation analysis of soft ground reinforced by columnar
inclusions[J]. Computers and Geotechnics, 1996, 18(4): 267
-290.

21 ¥ W ESATECN IR S HE DT At
TRE2EAR, 2000, 22(6): 741 - 743. (YANG Tao. Settlement
analysis of composite ground improved by flexible floating piles
under road embankment[J]. Chinese Journal of Geotechnical
Engineering, 2000, 22(6): 741 - 743. (in Chinese))

[3] 377, PRI N A ML STV EDTIED). A:
WHTK2%, 2004. (LI Hai-fang. Study of settlement computation
method of composite foundation under embankment[D].
Hangzhou: Zhejiang University, 2004. (in Chinese))

[4] Yk, MBERA, R TAE BB, L BRUEAE R
PEME S A I TTBR VST T ER (D). TAE 12, 2003, 202): 36
- 42. (SHEN Wei, CHI Yue-jun, SONG Er-xiang. Settlement
calculation of composite ground with rigid piles including
pile-soil-cushion interaction[J]. Engineering Mechanics, 2003,

20(2): 36 - 42. (in Chinese))

[5] 500, R A WITERES AL TARRR 20T, 5+
J1%#, 2000, 21(4): 335 - 339. (FU Jing-hui, SONG Er-xiang.
Analysis of rigid pile composite foundation's working
performance [J]. Geotechnical Mechanic, 2000, 21(4): 335 -
339. (in Chinese))

[6] CHEN R P, CHEN Y M, HAN ], et al. A theoretical solution
for pile-supported embankments on soft soils under
one-dimensional compression[J]. Canadian Geotechnical
Journal, 2008, 45(5): 611 - 623.

(7] B, VF U, BRaR, A bt ENIPESE— B IR
YEH BT[], P A B 244, 2005, 18(3): 7 - 13. (CHEN
Ren-peng, XU Feng, CHEN Yun-min, et al. Analysis of
interaction between rigid pile and embankments[J]. China
Journal of Highway and Transport, 2005, 18(3): 7 - 13. (in
Chinese))

[8] XA, M3 FEGHILE, N L], A
TRE2A4R, 2003, 22(4): 674 - 677. (LIU Ji-fu. Analysis on
pile-soil stress ratio for composite ground under
embankment[J]. Chinese Journal of Rock Mechanics and
Engineering, 2003, 22(4): 674 - 677. (in Chinese))

(91 BEWEH], FhBREE, Wk . RTHIARER St 4T i R i A
fif B A [J]. EARTREEIR, 2009, 42(2): 98 - 104.
(LOU Xiao-ming, SUN Xiao-feng, CHEN Guang. Analysis
on load transfer for caped pile under large area
embankment[J]. China Civil Engineering Journal, 2009,
42(2): 98 - 104. (in Chinese))

(10] 4Rz, AR TAENLERTI[D]. HiMH: TR,
2007. (XU Li-xin. Study on design and computation method of

embankment[D].
Hangzhou: Zhejiang University, 2007. (in Chinese))

(117 5 5, FRA, 7K 4. FHIEHEN £ SR pE AN ik
BN b RO AR (B ARRERR), 2011,
39(3): 30 - 33. (MA Qiang, ZHENG Jun-jie, ZHANG Jun.
Theoretical analysis of GRPS

geosynthetic  reinforced  pile-supported

embankment with the
consideration of the supporting effect of the soil between
piles[J]. Journal of Huazhong University of Science and
Technology (Natural science edition), 2011, 39(3): 30 - 33. (in
Chinese))

(12] ¥F . BEASERIEN TARNLERTII[D]. HUM: TR,
2004. (XU Feng. On the mechanism of piled embankment[D].
Hangzhou: Zhejiang University, 2004. (in Chinese))

[13] American Petroleum Institute. Recommended practice for
planning, designing and constructing fixed offshore platforms
- working stress design[M]. Washington D C: API
Publishing Services, 2000.



