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CENTRIFUGAL MODEL TESTS ON SELF-WEIGHT COLLAPSIBLE LOESS
AND NEGATIVE SKIN FRICTION OF PILE FOUNDATIONS
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Abstract: Collapse settlement, collapsibility of self-weight collapsible loess and negative skin friction of pile
foundation are crucial issues in the basic research of collapsible loess ground. The centrifugal model test is used to
simulate the immersion test with undisturbed and remolded collapsible loess foundations, to research and analyze
the collapsibility of loess and negative skin friction of pile foundations. The research results show that the
processing of undisturbed and remolded loess collapsibilities can mainly be divided into three stages, which are the
stages of significant of collapsible deformation, stabilization stage of collapsible deformation and soil
consolidation deformation stage after the dropping of water level. The method of centrifugal model test which uses
remolded collapsible loess instead of undisturbed collapsible loess to research the self-weight loess collapsibility is
practicable for the purpose of settlement study by analyzing the test data. Then the changing laws of negative skin
friction and the position of neutral point are concluded. The movement of negative skin friction and the position of
neutral point are a continuous changing process. The ratio of the neutral point position to length of pile is in the
ranges of 0.68 - 0.82.
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Fig.1 Change curve of centrifugal acceleration with time
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Fig.2 Model of immersion test on remolded collapsible loess
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Table 2 Statistical table of maximal settlement in each
observation monument of remolded collapsible
loess testing

P R G e R BE B /mm

4 10.08

5 10.79

6 10.82

7 11.00

8 11.54

9 11.98
10 11.39
11 11.14
12 11.25
13 11.48
14 11.74
15 11.72
16 11.52
1 11.25
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Fig.3 Change curves of settlement on remolded collapsible loess
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Fig.4 Change curves of settlement rate on remolded
collapsible loess
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Fig.5 Model of immersion test on undisturbed collapsible

loess
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Table 3  Statistical table of maximal settlement in each
observation monument of undisturbed
collapsible loess testing

R 5L G I KA /mm

6 12.88

7 13.67

8 12.46

9 12.67

13 11.46

14 10.60

15 10.40

16 10.85

Ty 11.87
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Fig.6 Change curves of settlement on undisturbed collapsible

loess
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Fig.7 Change curves of settlement rate on undisturbed
collapsible loess
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Fig.8 Comparison graph in change curves of settlement
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Fig.9 Comparison graph in change curves of settlement rate
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Table 4  Statistical table of settlement in each stage
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Fig.10 Change curves of settlement in each depth of soil and pile
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Fig.11 Change curves of settlement rate in each depth of soil
and pile
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TR AR SRR T (R, SREREL T K
N RPE IR NN . —11 om SR8 LRI A4
X HEAAN IEEERL ) AE-11 em ARAFEA IEEER )
L5 RE R ) (R A R Pk AL BIBEARXHAZAE 2 0,

B IR 2 BRI R By, =12 om AR AL
sRTIRF RS DR R TR, WA TP

BN, JHETERGE. TR ERREE D
R, SBEERAKN AR R LA )
A DURRIR B N A% R 2 i A2 AL

4 & i

(L) S SR U 7 P 5 ) o o o ] 11
A, FEA LA R 3B O BEW AT
Be, ZBBUN A, % 8 min(20 d) 25 A [
BEAAE B IR E T 75%LL F. @ WIERER
JEMT B, M BRI A TR E, B E R
4 15~27 min(100~190 d). @ /KA FB&Jm 44
SRTEM B, B BOKAIE D R, AR AR
RIS R, L AR 45 AT

(2) ik xof 7 R DR it B M P i T B
I PN R AR A S I BN LR A, R UGS
T AR EZOW R I o, JSUIRE B 1k
PG IR B HRIR AR PRI, R LA ) 598 B
T EFRAR R ], B AR T B L i
5 O R0 AR DL I BT R 1) 7 VR A AT AT I

(3) SRR BHL I 1 O /I8 B 5 2R PS8 T H 0 T 9 o
Bt A K B (IR . R AR AN T e e
DURRISE A, A1 — e vR BEYE 3 I A e
K, PYESACEA T FEIFE ST RS . Pk
s E S I 0.68~0.82 T A

(4) K H B BRI 1) 7 V200 3 R B P 1
RIS FCHA PR, BRI T, WA A %
TR BUAE T WM FN 23 BT S5O0 i, AEO B 3 1 5
PERRIE J LA K AR AE 3 RS S A R AU S5 B A7
TR, 5 2Lt 0 S AT

S &3k (References):

[11  saTeE, BRIEDG W X6 A5 KRB AR i e
TERFE I K IIAR K R I FE ). 6 - TR 244R, 2006, 28(3):
383 - 389.(HUANG Xuefeng, CHEN Zhenghan, HA Shuang, et al.
Large area field immersion tests on characteristics of deformation of
self weight collapse loess under overburden pressure[J]. Chinese

Journal of Geotechnical Engineering, 2006, 28(3): 383 - 389.(in



F29% W1

TARSY, S R O R ) B B A

* 3107

[2]

3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

[11]

Chinese))

BRIEDL, XIREIL 38 LIRS TEALEI]. & L LR %R, 1986,
8(3): 1 - 12.(CHEN Zhenghan, LIU Zudian. Mechanism of collapsible
of loess[J]. Chinese Journal of Geotechnical Engineering, 1986, 8(3):
1 - 12.(in Chinese))

WA, AR S ) A SRR B AR L [CL b A 2
ARLWHFT 404, [S1]: [sn], 1994: 220 - 227.(LI Zhangmi.
Compression and collapse of compacted unsaturated loess[C]/
Sino-Canada Symposium on Unsaturated Soils. [S.1.]: [s.n.], 1994:
220 - 227.(in Chinese))

FUTAI M M, ALMEIDA M S, CONCIANI W. Experimental and
theoretical evaluation of maximum collapse[C]// Proceedings of the 11th
Panamerican Conf. Soil Mech. Geotech. Eng., ISSMGE. [S.L.]: [s.n.],
1999: 267 - 274.

HABIBAGAHI G, MOKHBERI M. A hyperbolic model for volume
change behavior of collapsible soils[J]. Can. Geotech. J., 1998, 35(2):
264 - 272.

KT, BRIED. BRI LR sy 2 []. A L LR,
2008, 30(4): 524 -528.(ZHU Yuanging, CHEN Zhenghan. A new
method of studying collapsibility of loess[J]. Chinese Journal of
Geotechnical Engineering, 2008, 30(4): 524 - 528.(in Chinese))
YRR, e R, AR AR A A (R TED). T
JEAMBIECK 2 2 4R (E SR FL M), 2004, (8): 114 - 117.(LUO
Yasheng, XIE Dingyi, SHAO Shengjun, et al. Variation characteristics
of soil structure of unsaturated loess[J]. Journal of Northwest A and F
University(Natural Science), 2004, (8): 114 - 117.(in Chinese))
BATRSE, PRERIL, e S ARMRSE s RE R ). A A
5 T RE244#), 2000, 19(11): 775 - 779.(HU Zaigiang, SHEN Zhujiang,
XIE Dingyi. Research on structural behavior of unsaturated loess[J].
Chinese Journal of Rock Mechanics and Engineering, 2000, 19(11):
775 - 779.(in Chinese))

BRI AE, DR, IR RATET LI M]. dEsT. i E AR b R,
1985.(QIAN Hongjing, LUO Yusheng. Collapsed loess foundation[M].
Beijing:
XA, #1J) % 5 TRMY. BRVG: Bl2EEoR H ML, 1997.(LIU

China Architecture and Building Press, 1985.(in Chinese))
Zudian. Mechanics and engineering of loess[M]. Shaanxi: Shaanxi
Science and Technology Press, 1997.(in Chinese))

VEEZY, WISC. MRS R TR S LR S [C %
Btk 2 BT 905 DR DY e A2 R 3 2 RS R SO AE). bt o
[ #4704, 2001: 21 - 32.(WANG Guolie, MING Wenshan.
Immersion deformation of collapse loess and engineering technologies[C]/

Research and Engineering of Collapsed Loess. Beijing: China

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Architecture and Building Press, 2001: 21 - 32.(in Chinese))
T, BRIEDG Wy OW S RIS E A ML A AR
GRS AUEERE R HFT[]. A - AR 2R, 2007, 29(3):
338 - 346.(HUANG Xuefeng, CHEN Zhenghan, HA Shuang, et al.
Research on bearing behaviors and negative friction force for filling
piles in the site of collapsible loess with big thickness[J]. Chinese
Journal of Geotechnical Engineering, 2007, 29(3): 338 - 346.(in
Chinese))

R, SR, R, B AT O £ EE PR WIS R AIER L]
AR TR, 2006, 39(2): 53 - 60.(YUAN Dengping, HUANG
Hongwei, CHENG Zekun. Research progress of negative skin friction
on piles in soft soil[J]. China Civil Engineering Journal, 2006, 39(2):
53 - 60.(in Chinese))

MRHE, ARBTER. BESREEBA ) i T B ). A S LR
%, 2004, 22(7): 4 615 - 4 618.(CHEN Xianxin, XU Xinyue. Several
issues about negative skin friction of piles[J]. Chinese Journal of Rock
Mechanics and Engineering, 2004, 22(7): 4 615 - 4 618.(in Chinese))
B <, w0 G MR AR T S HLR ] %, 2003, 24
2):674 - 682.(ZENG Youjin, ZHANG Weimin. Reviews of state-of-art
of modeling simulation on pile foundations[J]. Rock and Soil
Mechanics, 2003, 24(Supp.2): 674 - 680.(in Chinese))

WORA, FREEL BRI BORTERRE 1S BRI A
25 TRESAR, 1998, 17(2): 199 - 203.(HUANG Zhiquan, WANG
Sijing. A study of application of centrifugal model testing in China[J].
Chinese Journal of Rock Mechanics and Engineering, 1998, 17(2):
199 - 203.(in Chinese))

W PR, JERERE, EEF, S5 T ORIBR L B A0
KB O BRNREG ). A % TSR, 2007, 26(6): 1 212 -
1 219.(YANG Ping, TANG Yiqun, WANG Jianxiu, et al. Study of
consoilidation settlement of dredger fill under deadweight using lager
strain theory and centrifuge model test[J]. Chinese Journal of Rock
Mechanics and Engineering, 2007, 26(6): 1 212 - 1 219.(in Chinese))
LEE C J, CHEN C Z. Negative skin friction on grouped piles[C]//
PHILLIPS R, GUO P J, POPESCU R, ed. Physical Modelling in
Geotechnics-ICPMG - 02. Rotterdam: A. A. Balkema, 2002: 643 -
648.

EARS;. W I B bR ek W R R A OB R S
B IF AR [ 24 A7 3] [D]. 240 24 M 3838 K 2% , 2008.(WANG
Changdan. The research on the settlement controlling and geotechnical
centrifuge tests of piled embankment in collapsible loess ground of
high-speed railway[M. S. Thesis][D]. Lanzhou: Lanzhou Jiaotong

University, 2008.(in Chinese))



