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A study on bearing characteristics of single pilein calcareous sand based on
model experiment

QIN Yue MENG Qing-shan WANG Ren ZHU Chang-qi

(State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan, Hubei 430071, China)

Abstract: According to the mechanical characteristics of a single pile, the full-size pile is proportionally minified. A series of
experiments is conducted on the model piles under various vertical uplift static loads, horizontal static loads and vertical compressive
static loads, with considering various pile lengths and surrounding sands. Relationship among parameters such as deflection,
displacement, axial force and burial depth, grain gradation of surrounding sand is clarified. The influence of loading direction on the
bearing capacity of single pile in calcareous sand is explored. Pile-sand interaction mechanism in calcareous sand is analyzed. It is
shown that, the displacement and deformation of a single pile vary significantly with the loading direction, burial depth and grain
gradation of the surrounding sand. To increase the burial depth is more favorable for uplift pile than for compression pile. The effect
of increasing buria depth is more pronounced in the early loading stage, and gradually diminishes as the load increases. When a
stepwise load is applied to the top of the model pile, the bearing form alters from side friction bearing to tip resistance bearing.
Particle breakage and redistribution can result in a degradation in e Of uplift pile within the late loading stage. The bearing capacity
of asingle pileislarger in awider-grading cal careous sand and the stability of the pile is better in the singleness-size sand. A decrease
in side friction of the model pile would occur due to the shear-induced particle breakage in the vicinity of the pile; but at the moment
the particles at pile tip crush, an instantaneous reduction in side friction would occur. The research results can provide a guidance for
pile optimization, design and construction in cal careous sand.
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2014-11-04
973 N0.2013CB956104 N0.2012FY 112400 N0.41330642
N0.41372316
1988 E-mail: shashabest1@163.com



3 1715
g 1.01 1
0.25 mm=
d=0.5 mm “ "
Angemeer 1 1

(Bass Strait) 7

Dutt

North Rankin

2013

21

(3

1%

10"

10 10
d/mm
1
- Fig.1 Particlegradation of calcareous
sand around model pile

1
Tablel Main physical and mechanical parameters of sand

I(glem®) 1% 1%
1.46 74 0.90 0.91 2.75
1.56 74 0.78 0.91 2.75
2.2
221
30 min
0.l mm
0.1 kN
(8]
30 min
0.4 MPa
3 222
100 cmx90 cmx90 cm
Ovesen'™
B b 2.82 BIb
2.82 (10
Blb 3.0
BIb 2.82 3.0 [

C=2.04



1716 2015

O/kN
00 02 04 06 08 10 12 14 16

@ (b) ©

=
2 E
Fig.2 Q-S curvesof uplift pilesat different burial depths “ 3
223 4
5 L
3 0-S
2 Fig.3 Q-S curvesof different burial depth uplift piles
2 0-S
Table2 Dimension parametersof model steel pipe piles
/em /mm /mm
50 124 16/1 32 22
70 1/24 22/1 32 22 70cm 60 cm
47.3%
2.3
3
50 cm 60 cm
. 0.2 kN
Table3 Schemes of experiments 50 cm 0.9kN
Jem 60 cm 1.1kN
70 CIX X X 0.2kN
60 X 50 60cm
50 X X
40 X X
:C X
312
4 Q
3 S
31
311
OIkN
70cm 70 60 0 4 8 12
50 cm 0 '
S 3
0-S
1 3
S
2
3
5 4 0-§

Fig.4 Q-S curvesof compressive piles
at different burial depths



1717
50 cm
1 2 3.2
3.21
10 cm
70 cm
2
3.13 Eimex
Emax
6
Emax
2(b) 50 60cm 70 cm
° Emax
70 cm Emax
1.3 kN
1 70cm 60T
y =5.552 2x? +12.788 3x — 0.289 o} L
R=0.9951 ol
2 40 cm S
8
y=102.339 3x* +1.7458x + 0.014 8 2 S 2
R=0.9623
TIkN 0 )
-02 00 02 04 06 08 10 12 14 16
0 OIKN
5 6 0-€max
€ ol Fig.6 Q-ema Curvesof pilesat different burial depths
=
&
15 | 3.2.2
20 |
25 |
%0 - 70cm 7
5
Fig.5 Variation of lateral displacement of pilewith
horizontal load at different burial depths 8

6.86 858 10.30kN

09951 0.9623



1718

2015
323
10 70 cm
9
2 3 4
15 11
10
1 2 3 4 5 2 3
10 11 5
0 5
S} 5
4 5
0
7
Fig.7 Srain of pilebody at different positions under -100 §
variousvertical pressures N
S
= -200
F/kN
0 1 2 3 4 5
1 T ' —4 Al 1 -300
2r -400
~ 1 2 4 5
3| 1
—a— 0=1.72kN 10
—o— 0=3.43kN ] . . .
4l A 4o —— 0=515KkN Fig.10 Compression-side strain under
—— 0=6.86 kN stepwise loadings
—»— 0=8.58 kN
5 | —o— 0=10.30 kN OKN
8 -02 00 02 04 06 08 10 12 14
Fig.8 Axial force of pile body at different positions under 100 T T T T T T T !

variousvertical pressures

o
OIKN
; : : 2w
-10 F i i
-200 -1
© -2
g -20 r 3
= -300 | v 4
—— 5
-30 |
-400 -
-40 r ] :U.
o Fig.11 Compression-side strain changing with
horizontal load
-50 -
9 1
Fig.9 No.1strain gauge of pile under various 3.3

vertical pressures



3 1719
70 cm
12
12
0-S
S, 0
0.8 kN Sy
1.3 kN
34.2
1.62 kN Emax
25%
OIkN
00 02 04 06 08 10 12 14 16 0
0  ——W O T T 1 Cm
ST 1.3kN
! 2.56 mm
2
£
£
“3
4 o~
° 1.3kN
12 0-S 3
Fig.12 Q-S curvesof pileunder different surrounding
sand environments
34
34.1
4
3.4.3

0.25 mm=d=0.5 mm



1720

2015

344

345

1.3kN

(1

(2]

(3]

(4]

ANGEMEER J, CARLSON E, STROUD S, et d. Pile
load tests in calcareous soils conducted in 400 feet of
water from a semi-submersible exploratory rig[C]//
Proceedings of 7th Annual Offshore Technology
Conference. Houston: [s.n.], 1975.

ANGEEMEER J, CARLSON E D, KLICK J H.
Techniques and Results of Offshore Pile Load Testing in
Calcareous SoilgC]//Proceedings of the 5th Annua
Offshore Technology Conference. Houston: [s.n.], 1973.
DUTT R N, CHENG A P. Frictional response of pilesin
calcareous deposits C]//Proceedings of the 16th Annual
Offshore Technology Conference. Houston: [s.n.], 1984:
527 530.

POULOS H G, RANDOLPH M F, SEMPLE R M.
Evaluation of pile friction from conductor test§C]//
Proceedings of the International Conference on

Calcareous Sediments. Perth: [s.n.], 1988: 599  605.

1736



1736

2015

(23]

(24]

[27]

(28]

and differential motion due to an antiplane 2D resonance
in the sediment valleys embedded in a layer over the
half-space[J]. Bulletin of the Seismological Society of
America, 1996, 86(5): 1434  1446.

SUN Chang-guk, CHUNG Choong-ki. Assessment of site
effects of a shallow and wide basin using geotechnical
information-based spatial characterization[J]. Soil Dynamics
and Earthquake Engineering , 2008, 28(12): 1028
1044.

.

,2013,9(1): 13 17.
ZHENG Guo-ming. Analysis of geological factors of
exploiting underground space resources in Fuzhou city[J].
Chinese Journal of Underground Space and
Engineering. 2013, 9(1): 13 17.
[J1. ,2005,27(4): 556 562.
ZHENG Rong-zhang, CHEN Gui-hua, XU Xi-wei, et al.
Sedimentary strata division of buried late quaternary of
Fuzhou Basin[J] Seismology and Geology, 2005, 27(4):
556 562.
. GB50011-2010
[S]. : ,2010.
MARTIN P P, SEED H B. One dimensional dynamic
ground response analysis[J]. Journal of Geotechnical
Engineering, ASCE, 1982, 108(7): 935 952.
s . Davidenkov

[J]. , 2005,
27(8): 860 864.
CHEN Guo-xing, ZHUANG Hai-yang. Developed
nonlinear dynamic constitutive relations of soils based on
Chinese Journal of

Davidenkov skeleton curve[J].

Geotechnical Engineering, 2005, 27(8): 860  864.

s H >

1720

NAUROY J F, LE TIRANT P. Driven pile and drilled
and grouted piles in calcareous sands[C]/The 17st
Annual Offshore Technology Conference. Houston: [s.n.],
1985: 83 9I.

[D].

, 2000.
[D].
,2009.

[7]. ,2014,35(11): 3123 3128.

[29]

[30]

[33]

(10]

ABAQUS [J1.
436 442.
ZHUANG Hai-yang, CHEN Guo-xing, LIANG Yan-xian,

, 2007, 28(3):

et al. A developed dynamic viscoelastic constitutive

ABAQUS

software[J]. Rock and Soil Mechanics, 2007, 28(3): 436
442,

relations of soil and implemented by

[7]. , 2006, 28(9): 1070
GU Yin, DU Yi-xin.

1075.

LIU Jing-bo, Consistent
viscous-spring artificial boundaries and viscous-spring
boundary elements[J]. Chinese Journal of Geotechnical
Engineering, 2006, 28(9): 1070  1075.

[J1. , 2011,
33(11): 112 117.
CHEN Guo-xing, CHEN Lei, JING Li-ping, et al.
Comparison of implicit and explicit finite element
methods with parallel computing for seismic response
analysis of metro underground structures[J]. Journal of
the China Railway Society, 2011, 33(11): 112 117.
JIN Dan-dan, CHEN Guo-xing, DONG Fei-fan.
two-dimensional nonlinear

Large-scale analysis on

seismic effect of Fuzhou Basin[J]. Applied Mechanics

and Materials, 2011, 90(1): 1426  1433.
[J]. , 2012, 45(S1): 48 53.
JIN Dan-dan, CHEN  Guo-xing.  Large-scale

two-dimensional ~ nonlinear ~ FE analysis  vs.

one-dimensional equivalent linearization analysis on

of Fuzhou Basin[J]. China Civil

Engineering Journal, 2012, 45(S1): 48  53.
. GB 18306

:[s.n.], 2012.

seismic effect
(2012
)(S].

QIN Yue, YAO Ting, WANG Ren, et al. Particle
breakage-based analysis of deformation law of calcareous
sediments under high-pressure consolidation[J]. Rock
and Soil Mechanics, 2014, 35(11): 3123 3128.

OVESEN N K. The use of physical models in design: the
scaling law relationship[C]//Proceedings of the 7th
European Conference on Soil Mechanics and Foundation
Engineering. Brighton: [s.n.], 1979, 4: 318 323

s

0. , 1996, 18(3): 80  86.



