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Deformation mechanism and settlement analysis method of reinforced-
hoop-gravel-pile composite ground under flexible foundation

CAO Wen-gui, ZHAO Ju-cai, HE Min, WANG Jiang-ying

(Geotechnical Engineering Institute of Hunan University, Changsha 410082, China)
Abstract: The reinforced-hoop-gravel-pile composite ground is a new method for treating soft soil ground, and its settlement
analysis method is an important basis of the ground foundation reinforcement design. Firstly, the mechanical mechanism of the
reinforced-hoop-gravel-pile composite ground under flexible foundation is discussed based on its engineering characteristics.
The composite ground is divided into three sections: reinforced-hoop section, unreinforced-hoop section of gravel-pile and
substratum section. A settlement analysis model for the reinforced-hoop-grave-pile composite ground is developed. Secondly,
the pile-soil relative slip of the reinforced-hoop section and the radial deformation (e.g., lateral displacement of gravel pile) of
the unreinforced-hoop section are taken into account. An analytical model with typical pile-soil element is imported, and the
compressive deformation analysis methods for the reinforced-hoop and unreinforced-hoop sections are established respectively.
Therefore, a new settlement analysis method for the reinforced-hoop-gravel-pile composite ground under flexible foundation is
put forward. Finally, the settlement calculation and analysis of a practical engineering are carried out by means of the proposed
method and other existing analytical methods. The analytical results are compared with the measured settlement values. It is
shown that this proposed method can better reflect the reality of engineering practice than the other methods and overcomes the
defect that the calculated results by the other existing methods are more dangerous.
Key words: flexible foundation; reinforced-hoop-grave-pile composite ground; settlement; pile-soil relative slip; radial

deformation; gravel pile; reinforced-hoop section; unreinforced-hoop section
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Fig. 1 Unit cell model
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Fig. 2 Composite foundation with piles
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Fig. 3 Analysis of forces acting on ith pile and soil element
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Fig. 5 Analysis of forces acting on jth pile-soil element
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Soo =128cm, WH KR A=1.04, #HX (2) 74
so=1.33cm; I/EAfFs, =11.7cm .
3.2 IiEkf—

B 21 B R R on [ Ak ORGP
d=08m, HEfFMis, =1.8m CHAEEAND, THH
WeHm=15%, K L=5m, i F/KMATHEE T 0.7
m {7 EAL, M INERAEIAE 500 kN B, SRR 11.5
em. HABUESEWT: OFER, [ =24m,
n=2.08 . LENAEOL: WA AN BN E S

Z: JE0.7m, y,=20kN/m’, E=12MPa, c'=4kPa,
¢a':25° ’ ‘LISZO.S; é[’i})ﬁ@L’ E 17 m,

Yw=19kN/m’, E=15MPa, c'=4kPa, ¢ /'=28° ,
u, =03, QIEFHBL, 1, =2.6m, TARBIYIB R
G =(-2uk)E, N200+ )] 5", B S, =8 mm P,
TR At Fb b, JE0.0m, y, =19 kN/m’,
E=15MPa, c'=4kPa, ¢ '=28° , u =03; Mk
i, JE1.1m, y =18 kN/m’, E,=10 MPa, ¢'=3 kPa ,
0, =28° , p,=03; WE, J¥ 1.4m, y, =20kN/m’,
E=25MPa, c¢'=2kPa, ¢'=35°, u=03. ®F
bz, W8k, JE 1.4m, y, =20kN/m’, E,=25MPa,
c'=2kPa, ¢ /=35, u =03,

e Wi B A oy 8 ANMMEBCR IR, AT A s, =
3.48cm s ARJTIFARTHEBAE A 13 NMMBLRITIE,
A3 s, =82lem: KM= BANETHE A s, =
1.07cm, WP KREHA=1.04 HX (2) Ws, =
L.1lem; f/En]f3s, =12.8cm,

AET B, RIILETEN Lk 2 A TR
SEBIREAT T 70T, SRR 1, 2 fos. dhten]
LA, SOOI e vk o3 i 4 R 1 5 9 b
BRI, M H, (ETRESER—r g, g 2 fh
T2 W G R ESEMME i AN, A ST 20 W 4 R
BB, 25 BB BILE 2 B 45 R — RO
REYIRE, Pk, BRI 45 RO TSl iR 2 A 2
0, BRIA SR — A R AE A BRI TR] A4S e e
B, PR CERUE, e RN T R R AT
B, A7 A Hee o i i s o & 8, T H.,
G T eI IR T A R A T I A B . AT
RESEB (0 73 s BUARBUE 0 W 75 3 v SRS e i
EAZIVE LRI ) HAN Gy 5, A SOy ik #
GAT, THEOR a6 TREZEK . Rk, ASCETE
HA RS AT

1 IREG—TESTER

Table 1 Analytical results of settlement for example 1

W WU em SEITRom R ZE%
1 W ik 10.9 11.0 -0.91
SCHR[12]7 3% 10.8 11.0 -1.82
KTTi: 11.7 11.0 +6.36
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Table 2 Analytical results of settlement for example 2

IR VIRES

THSDTRR/em  SEIPTRR/om AHXT R ZE/%

BB 2> #7794 12.1 11.5 +5.22
ATk 12.8 11.5 +11.30
4 % @

ARSCEE A FMEIERE N A A b A A 3 TRy
M AN T ZRPEIERE R A A A YRR
ST . HIERTAWTR 3 faiie.

COZEME LR T 540 6 A A 52 B B i [ 1 m) &l
O ATEA R BRI B, R B B AR TR
T AP A B 1) s 5 R - ST AR PO AR TS B 5 IR
BeAR AR A B 4= 8 i) R 4, SRR I A 42 1)
AT CHIRE AT BES RN ), T HLAE 1128 T FL A 45
PR, L R R A 5T A M I R oy
WrOPER SR8 T RS A

(2) BINNE LB ICHAR oM I3, dEr T etk Sk
NI A S A LR T T, EITIE R IR
W7 AR A A A R R A B LA X RS AR
i BAR A AR T 0 DR E, RS ERCENAT 20 M7 i
BE A S W PESE R A 4T R AT B 52 A M R o A
IEZ IR

(3) Tk TRESEB o047, H-5 S IME R e ik
T A R UAT LR, RISV 45 o il
T URRSERr HAE T TN, @5k T ki
NG R TR B, B T ik A
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