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Pile foundation engineering in calcareous soils
ZHOU Yang, LIU Xiao-yu, LI Shi-hai

(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Pile foundations are widely used in compressible soils such as calcareous sediments. Based on
an introduction of the origin, distribution, basic physical properties and mechanical properties of calcareous soils,
it is concluded that traditional driven piles are ineffective in calcareous soils and the reasons for it are analyzed. A
review of the published literature pertaining to pile foundations in calcareous soils is summarized, and two new types
of piles are described, along with their structural types, construction methods, bearing capacity characters, existing
problems and comparison between them. Each method has its own advantages and disadvantages. Some improved
schemes are proposed and new research approaches combing experiments with numerical simulation are suggested.

Key words: calcareous soils; pile foundation; drilled and grouted pile; grouted driven pile; numerical
simulation; model experiment

30° 30°

2013-03-05
(1987—)



- 144 -

2013

1.2

» B R R é}ﬁ:iﬁ

e
_________ . _
) >

1

50%

2.72~2.80 t/m?
2.65~2.70 t/m*?

0.434~0.584

0.444~0.748

(0.3~0.5)

3

2 mm

[4]

d) Betk

13

80%

[5]

20 80 20 90

[6-9]

[7-12]

[5]

34°~50° (32°~42°)



- 145 -
1968 Lavan
1m 8 m
15 m® 2
North Rankin 120 m 20 70 80
10~40 kPa® 1 drilled and grouted piles
grouted driven piles
0.34~1.422 m
1
2.1
/kPa /kPa__ IkPa >>drilled and grouted piles=”
Angemeer™” 7 9.2~18.3 13.4 3.3 0.25 .. - .
Angemeer™” 1 33.1
Hagenaar™*** 5  167~225  20.3 22 0.11 (bored pile) (immersed tube filling
[14] _ .
Dutt 12 9.8~182 133 25 0.19 ile)
Dutt™ 4 9.5~17.3
Gilchrist™ 4 115~21.0  17.0 43 0.25
5 20 kPa
20%
(grouted driven pile)
0,=c'tanf=K 0’ ,tand 1
S OJ)‘I
a, 0 1
KO
3
10° [1] 3
[17-18]
FREaNE | B R
sy ||
Kozl_sin0 2 A5 IRD 1 | 5D -
—IKIRIK




.- 146 - 2013
100 kPa®*
100 kPa
3
el 900 mm
2
90%"*"
McClelland
20 kPa
5 MPa®  Agarwal
28 kPa
32 kPa®" Datta Andersen 1994
15 kPa sl Schotman
55 kPa*? 1992 [26]
Wees (7]
85 kPa”!; Angemeer 2.2 grouted driven piles
Barthelemy ® 1986
70 kPa™"*®  Nauroy



9 - 147 -

1
4
,—‘\~
650 mm T R
S T 2 AL
HHAL
TSRS A B
IR |
508 mm
6
13
3
4 400 mm 400 mm 100 mm
50.8 mm 49.2 mm 650 mm
1 2 3
7
Joer
61%
[29]
5 6
WERE 100 « -
NER 90} *
St sol s $
FE e 00 ¢ e ;
SRS ool e ——- -
- i = .
— RS0+ * * b4
kN *
2o . s
ool 30+
20} $
ol *
100 200 300 400 500
WEIK R 1 /kPa
S
7
Ji4i
2
5 0

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



- 148 -

2013

0,
9,
0=0+0, 5
[30]
[29]
100~200 kPa =100 kPa
10 MPa
20431 o
;7 = 0.015 + 0.15¢™"%" .
v q.
Pa
100% 7,
T [33]
L = 0.02 + 0.2e™ %% 5
q.

2.3



- 149 -

[17]

[34]

2x<2

1/3

[30]

(1] : [D].
, 2009.

(2] : [D].

, 2010.
(3]

[D]. : ,
2008.
[4] : [D].
, 1999.
5] - [DI.
, 2004,
(6] : : Gl
, 1995.

[7] : , ,

M]. : , 1997.

[8] McClelland B. Calcareous Sediments: An engineering
enigma[C]//Proceedings of International Conference on
Calcareous Sediments. Perth: [s.n.], 1988.

[9] Dolwin J, Khorshid M S, Van Goudoever P. Evaluation of
driven pile capacity- methods and results[C]// Proceedings
of International Conference on Calcareous Sediments.
Perth: [s.n.], 1988.

[10] Angemeer J, Carlson E, Klick J H. Techniques and results of
offshore pile load testing in calcareous soil[C]// Proceedings
of 5th Annual Offshore Technology Conference. Houston:
[s.n.], 1973.

[11] Angermeer J, Carlson E, Stroud S, et al. 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.

[12] Hagenaar J, van den Berg J. Installation of piles for marine
structures in the red sea[C]// Proceedings of The 10th
International Conference on Soil Mechanics and Founda-
tion Engineering. Stockholm: [s.n.], 1981.

[13] Hagenaar J. The use and interpretation of SPT results



+ 150 -

2013

for the determination of axial bearing capacities of piles
driven into carbonate soils and coral[C]// Proceedings of
the Second European Symposium on Penetration Testing.
Amsterdam: [s.n.], 1982.

[14] Dutt R N, Cheng A P. Frictional response of piles in
calcareous deposits[C]// Proceedings of 16th Annual Offshore
Technology Conference.Houston: [s.n.], 1984.

[15] Dutt R N, Moore J E, Mudd R W, et al. Behavior of
piles in granular carbonate sediments from offshore
Philippines[C]// Proceedings of 17th Annual Offshore
Technology Conference.Houston: [s.n.], 1985.

[16] Gilchrist J M. Load tests on tubular piles in coralline
strata[J]. Journal of Geotechnical and Geoenvironmental
Engineering, 1985, 111(5): 641-655.

[17] Beringen F L, Kolk H J, Windle D. Cone penetration and
laboratory testing in marine calcareous sediments[G]//
Symposium on Geotechnical Properties Behavior and
Performance of Calcareous Soils. Philadelphia: ASTM
Special Technical Publication STP 777, 1982.

(18] :

[9]. , 2003, 24(3): 369-371.

[19] Randolph M F, Cassidy M J, Gourvenec S M, et al. Challenges
of offshore geotechnical engineering[C]//Proceedings of the
Second International Conference on Site Characterization.
Porto: [s.n.], 2005.

[20] McClelland B. Design of deep penetration piles for ocean
structures[J]. Journal of Geotechnical and Geoenvironmental
Engineering Division, 1974(7): 709-747.

[21] Agarwal S L, Malhotra A K, Banerjie R. Engineering
properties of calcareous soils affecting the design of deep
penetration piles for offshore structures[C]// Proceedings
of 9th Annual Offshore Technology Conference.Houston:
[s.n.], 1977.

[22] Datta M, Gulhati S K, Rao G V. An appraisal of the existing
practice of determining the axial load capacity of deep
penetration piles in calcareous sands[C]// Proceedings of
12th Annual Offshore Technology Conference.Houston:
[s.n.], 1980.

[23] Wees J A, Chamberlin R S. Khazzan Dubai No.1: Pile
design and installation[J]. Journal of Geotechnical and

Geoenvironmental Engineering Division, 1971(10):

1 415-1 429.

[24] Nauroy J F, LeTirant P. Driven piles and drilled and
grouted piles in calcareous sands[C]//Proceedings of 17th
Annual Offshore Technology Conference. Houston: [s.n.],
1985.

[25] Andersen K H, Rawlings C G, Lunne T, et al. Estimation of
hydraulic fracture pressure in clay[J]. Canadian Geotechnical
Journal, 1994(6): 817-828.

[26] Schotman G J M, Hospers B. An improved calculation
method for conductor setting depths in sand[C]//Proceedings
of Conference on Behavior of Offshore Structures. London:
BPP Technical Services, Ltd, 1992.

[27] Randolph M F, Leong E C, Houlsby G T. One-dimensional
analysis of soil plugs in pipe piles[J]. Geotechnique,
1991(4): 587-598.

[28] Barthelemy H, Bustamante M, Gouvenot K, et al. Pressure
Grouted Piles: A Solution to Offshore Foundations
Problems[C]//Proceedings of 3rd Annual International
Conference on Numerical Methods in Offshore Piling.
Nantes, Paris: Editions Technip, 1986.

[29] Joer H A, Randolph M F. Experimental Modeling of the Shaft
Capacity of Grouted Driven Piles[C]//FHWA Conference on
Design and Construction of Deep Foundations. Florida:
FHWA, 1994,

(30] , : o M].2

, 2007.

[31] Abbs A F. Design of grouted offshore piles in calcareous
soils[C]// Proceedings of 6th Australia and New Zealand
Conference on Geomechanics. Christchurch: [s.n.], 1992.

[32] Joer H A, Randolph M F. Modeling of the shaft capacity of
grouted driven piles in calcareous soil[C]//Proceedings of
International Conference on Design and Construction of
Deep Foundation. Orlando: FHWA, 1994.

[33] Gunasena U, Joer H A, Randolph M F. Design Approach for
Grouted Driven Piles in Calcareous Soil[C]// Proceedings
of 27th Annual Offshore Technology Conference.Houston:
[s.n.], 1995.

(34] , : .o [9].

, 2010(S1): 3 023-3 028.



