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Analysis on ultimate side shear resistance factor of
piles socketed into rocks
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Abstract: Rock-socket pile foundations have been widely used in engineering practices. It is important to
determine the ultimate side shear resistance of the piles socketed into rock for designers. In this study, the
results of 145 compression load tests were collected to examine several issues related to the bearing capacity
behavior of rock-socket piles. All these load test results were representative since they were carried out
worldwide, on different rock types and rock-socket conditions, for a long time period. Using these
available load test case history data, the socketed rock type of piles, diameter and embedment depth of
socketed piles, uniaxial compressive strength of rock in nature, and the ultimate bearing side resistances
were collected. The ratio of ultimate side shear resistance to unconfined compressive strength of the rock
was denoted as the ultimate side shear resistance factor of the piles socketed into rocks. Effects of pile
diameter, rocked depth, ratio of rock rocketed depth to diameter, and the unconfined compressive strength
of the rock on ultimate side shear resistance and the influential factors were evaluated. Empirical

relationships between the ultimate side shear resistance factor and the unconfined compressive strength are
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suggested, and based on the statistical results, the specific design recommendations for the ultimate side

shear resistance factor are provided.

Keywords: rock-socket pile; ultimate side shear resistance factor; ratio of pile rocketed depth to diameter;

compressive strength
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Fig.7 Ultimate side shear resistance versus

unconfined compressive strength of rock
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Fig. 8 Log-log plots of ultimate side shear resistance

versus unconfined compressive strength of rock
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Fig. 9 Ultimate side shear resistance factor versus

unconfined compressive strength of rock
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Table 4 Summary of the statistics of ultimate side
shear resistance factors for different unconfined

compressive strength of rock

zg 6.5 5o <15 15<C0:<<30 306,60 0. >60
FeAH 40 49 23 22 11
B/ME 0.110 0.011 0. 030 0. 006 0. 005
P 0. 339 0. 144 0.071 0.036 0.016
KM 0.895 0.373 0.177 0.075 0. 035
R 0.209 0. 080 0. 046 0. 020 0.010
90 %

0.150 0.053 0.032 0.008 0.005
PRIUEZR




36 T REHRLE R B A

% 40 %

10 AR A AR BE P LA T W Hioa BUA £
Al BRI BE 7 28 By 2 B0 A 2k R il O o
FRAWBIL 77 2R % &0 A P /D T &0 (80 A~ B
i

X 100

x

47

& 80

&

g 60

2

40

&

ﬁf 20

&, ,
0.01 0.1 1
R BRI BEL ) R AR £,

¥: o 0,<5MPa o 5MPa<o,<5MPa -&- 15 MPa<o,<30 MPa
~-30 MPa< 0. <60 MPa - 0,>60 MPa

B 10 HREREATEEE THRRMENDRE
R 16 &
Fig. 10 Cumulative distribution of ultimate side shear
resistance factors for different unconfined

compressive strength of rock

AR P 10 7 19 1 RO BHL T3 % % 32 BR 23 A i
LRI TRA £ B A PE R B E IRIE R Y
E Boa O IR ) R % e B, HRL & N T
B — B AR KA A BOE 23 FE Sk 9006 . Uy I 9 A Y
E KB 9020 M PRIEMERS , 45 R AN 3R 4 TR

TR

R A [a] Bk 390 58 LAY 145 A ik At R 207 1
JECR BT TOREAR e TR BE LA TR AR LRI AT 5
JEE R 45 P A e B ) AR B0 BEL 7 AR 0 A R B
TR LA, R .

1) 5 A7 5 JBE S 52 e A A RN BEL 1y 28 i) e 2
BHE, AR 6=0.436 (o) "I AM A BAA
A% RN BH 7 28 80055 5 A0 R SR B T T o R 22 [h] 114 5%
R roa BER R Bea 0 RN BE Ty 2 B BE AR 1] TS
WFEMRNE . MFRE A SET A AR ) &
BORAR LB A TR BE RN 5L R R e 0 3 2 ]
PSRN

2o 4% BOWE (9 A% BRI BHL 3 6 1A Bl 47 TR A2 L
HER N o kA B A RN BE ) 2R 85 ko TR
PR JC A e . R [ BUAT R L L s
A% RN BH 3 28 BB 5 i e TR AR FAH ¢ HLBE R A
DRAZ L i vsl /1N » S SR AN B A o rp Ak
HRTE X A 0 A 9 S A R BIR AN B g 2%
A /1 o T 252 S S 0 B8 ) BRI S ARl

3)EE X AT K AR BB TR 58 o0 734 (00 <5

MPa,5 MPa<<5.<<15 MPa, 15 MPa< 5, < 30 MPa,
30 MPa<(5. <60 MPa) 4 75 1 A A1 A BRI B &
Bw ¥ (8 S EL AT 90 6 U A = A0 A B B0 B
FECUE , 7] AE R N R AT 5E B K OF R DR B
A

S X3k

1] @AM ARMIE: JGI 94—2008 [S]. dbxt. = g
STl ik 2008.

Technical code for building pile foundations: JGJ 94-
2008 [S]. Beijing: China Architecture and Building
Press, 2008. (in Chinese)

[ 2 ] Bk B B 0 3 2% A0 2 ik 231 L3 . TB 10002, 52005
(ST, dbat. o [ gk ik » 2005.

Code for design on subsoil and foundation of railway
bridge and culvert; TB 10002. 5-2005 [ S]. Beijing:
China Railway Publishing House, 2005. (in Chinese)

[ 30 20 Mot o b e 5 B Al 501 HLYE . JTG D63—2007 [S].

Jeat: AN R kL 2007,
Code for design of ground base and foundation of
highway bridges and culverts: JTG D63-2007 [ S].
Beijing: China Communications Press, 2007. (in
Chinese)

C4 ] W0 TAME SN JTS 16742012 [S]. dbxt: A
RS MR, 2012.

Code for pile foundation of harbor engineering: JTS
167-4-2012 [S]. Beijing: China Communications Press,
2012. (in Chinese)

[ 5] AASHTO. Standard specifications for highway bridges
[S]. American Association of State Highway and
Transportation Officials. Washington, D. C. .1996.

L 6] FTAR.ZILuk, £ ml 2%, i f Ak Be il BE R0 s BH 25
BRI, A+ 1%, 2015, 36(Sup 2):289-295.
WANG W D, WU ] B, WANG X ]J. Study of
comprehensive coefficient of shaft/tip resistance for
rock-socketed piles [J]. Rock and Soil Mechanics,
2015, 36(Sup 2):289-295. (in Chinese)

[ 7] MASON R C. Transmission of high loads to primary
foundations by large diameter shafts [ C]// Proceedings
of ASCE Convention, ASCE, New York, 1960.

[ 8 ] THORBURN S. Large diameter piles founded on
bedrock [ C]// Symposium on Large Bored Piles,
Institution of Civil Engineers, London, 1966:120-129.

[9]MATICH M A J, KOZICHI P. Some load tests on
drilled cast-in-place concrete caissons [J]. Canadian
Geotechnical Journal, 1967, 4(4); 367-375.

[10] SEYCHUCK J L. Load tests on bedrock [J]. Canadian
Geotechnical Journal, 1970, 7(4) . 464-469.

[11] OSTERBERG J O, GILL S A. Load transfer



% 64

LR RLF R EMESRE

Bty 5 o MR FEL 77 A& & 37

mechanism for piers socketed in hard soils or rock
[C]// Proceedings of 9th Candian Rock Mechanics
Symposium, 1973:235-262.

[12] DAVIS A G. Contribution to discussion IV, rocks.
[C1]// Proceedings of Cambridge Conference on
Settlement of Structure, 1974:757-759.

[13] BUTTLING S. Estimates of shaft and end loads in
piles in chalk using strain gauge instrumentation [ J].
Géotechnique, 1976, 26. 133-147.

[14] ROSENBERG P, JOURNEAUX N L. Friction and end
bearing tests on bed-rock for high capacity socket
design [ J]. Canadian Geotechnical Journal, 1976, 13
(3): 324-333.

[15] WEBB D L. The behaviour of bored piles in weathered
diabase [J]. Géotechnique, 1976, 26 63-72.

[16] WILSON L C. Tests of bored and driven piles in
cretaceous mudstone at Port Elizabeth, South Africa
[J]. Géotechnique, 1976, 26 5-12.

[17] VOGAN R W. Friction and end bearing tests on
bedrock for high capacity socket design: Discussion
[J]. Canadian Geotechnical Journal, 1977, 14(1); 156-
158.

[18] PELLS P J N, DOUGLASDJ, RODWAY B T, et al.
Design loadings for foundations on shale and sandstone
in the Sydney region [ R]. University of Sydney,
Sydney, Australia, 1978.

[19] HORVATH R G, KENNEY T C. Shaft resistance of
rock socketed drilled piers [C]// Proceedings on Deep
Foundations, ASCE, New York, 1979.182-214.

[20] JOHNSTON I W, DONALD I B. Final report on rock
socket pile tests [R]. Department of Civil Engineering,
Monash University, Melbourne, Australia, 1979.

[21] HORVATH R G, TROW W A, KENNEY T C.
Results of tests to determine shaft resistance of rock-
socketed drilled piers [ C J]// Proceedings of
International Conference on Structure Foundations on
Rock, 1980.

[22] PELLS P J N, ROWE R K, TURNER R M. An
experimental investigation into side shear for socketed
piles in sandstone [ C]// Proceedings of International
Conference on  Structural  Foundations  Rock,
Sydney. 1980.

[23] THORNE C P. The capacity of piers drilled into rock
[C]// Proceedings of International Conference on
Structural Foundations on Rock, Sydney, 1980.

[24] WEBB D L, DAVIES P. Ultimate tensile loads of
bored piles socketed into sandstone rock [ C] //
Proceedings of International Conference on Structural

Foundations on Rock, Sydney, 1980.

[25] WILLIAMS A F. The design and performance of piles
socketed into weak rock [ D]. Monash University,
Melbourne, 1980.

[26] WILLIAMS A F, ERVINM C. The design and
performance of cast-in-situ piles in extensively jointed
silurian mudstone [ C]//Proceedings of 3rd Australian-
New  Zealand
Wellington, 1980.

[27] WILLIAMS A F, DONALD I B, CHIU H K. Stress

Conference on Geomechanics,

distributions in rock socketed piles [ C]//Proceedings of
International Conference on Structural Foundations on
Rock, Sydney, 1980.

[28] WILLIAMS A F, PELLS P ] N. Side resistance rock
sockets in sandstone, mudstone, and shale [ ]].
Canadian Geotechnical Journal, 1981, 18(4).502-513.

[29] HORVATH R G, KENNEY T C, KOZICKI P.
Methods of improving the performance of drilled piers
in weak rock [J]. Canadian Geotechnical Journal,
1983, 20(4), 758-772.

[30JLAM T S K, YAU J] H W, PREMCHITT J. Side
resistance of a rock-socketed caisson [J]. Hong Kong
Engineer, 1991, 2. 17-28.

[31] MCVAY M C, TOWNSEND F C, WILLIAMS R C.
Design of socketed drilled shafts in limestone []].
Journal of  Geotechnical and  Geoenvironmental
Engineering, 1992, 118(10): 1626-1637.

[32] LEUNG C F. Case studies of rock-socketed piles[]].
Geotechnical Engineering, 1996, 27 51-67.

[33] CARRUBBA P. Skin friction of large-diameter piles
socketed into rock [J]. Canadian Geotechnical Journal,
1997, 34(2) . 230-240.

[34] WALTER D J, BURWASH W J, MONTGOMERY R
A. Design of large-diameter drilled shafts for
Northumberland Strait bridge project [J]. Canadian
Geotechnical Journal, 1997, 34(4), 580-587.

[35] GUNNICK B, KIEHNE C. Pile bearing in Burlington
limestone [ C ]// Proceedings of Transportation
Conference, 1998 145-148.

[36] LONG M. Skin friction for piles socketed in hard rock
[C]// Proceedings of the International Conference on
Geotechnical and Geological Engineering ( GeoEng
2000) , Melbourne, Australia, 2000.

[37] ZHAN C Z, YIN J H. Field static load tests on drilled
shaft founded on or socketed into rock [J]. Canadian
Geotechnical Journal, 2000, 37(6). 1283-1294.

[38]NGC W W, YAUTUL Y, LIJ H M, et al. Side
resistance of larger diameter bored piles socketed into
decomposed rocks [J]. Journal of Geotechnical and

127 (8 ):

Geoenvironmental Engineering, 2001,



38 P RAREHRERKRE IR

% 40 %

642-657.

[39] CASTELLI R J, FAN K. O-cell test results for drilled
shafts in marl and limestone [ C]// Proceedings of
International Deep Foundations Congress, 2002:
807-823.

[40] GORDON B B, HAWK J L, MCCONELL O T.
Capacity of drilled shafts for the proposed susquehanna
river bridge [ C]// Proceedings of ASCE Geosupport
Conference, 2004:96-109.

(417 TARER ST FARUE: GB/T 50218—2014 [S]. Jb 5.t
R s hR AL, 2014,

Standard for engineering classification of rock mass:
GB 50021—2001 [S]. Beijing: China Planning Press,
2014. (in Chinese)

[42] A L TR ZEMA : GB 50021—2001 [S]. Jt 5t E
LTl s AL, 2009.

Code for investigation of geotechnical engineering: GB
50021—2001 [ S]. Beijing: China Architecture and
Building Press, 2008. (in Chinese)

(437 X 5. HERERE B 5 5 LML JLat b B A S0 Tolk
JiAt 11990 85-95.

LIU J L. Design and calculation of pile foundations
[M]. Beijing: China Architecture and Building Press,
1990:85-95. (in Chinese)

[44] ROWE R K, ARMITAGE H H. Theoretical solutions
for axial deformation of drilled shifts in rock [ ]J].
Canadian Geotechnical Journal, 1987, 24(1). 114-125.

(457 BRI %5 AR 280 ny e w5 [CT/ /b B i 2 &

Hb L LRl 2 AR 2 51218 SCHE L R, LU T R AR I R R
k1992 47-52.
HUANG Q S. Load tests on bearing capacity of rock
socketed piles [ C]//Proceedings of the Chinese
Academy of Architecture Foundation, Taiyuan: Shanxi
United University Press, 1992: 47-52. (in Chinese)

[46] X4 FBFL N, AR SCAE . 3¢ T i 4 A 30 A 55 19 JL

IR & TR 24 . 1998,20(5) . 118-119.

LIU X Y., ZHENG Y R, LIN W X. Some

understanding on the theories of rock socketed pile

foundations [ ] ]. Chinese Journal of Geotechnical
Engineering, 1998, 20(5): 118-119. (in Chinese)

[47] BRI HY. fi% & AL 2 ) LB 23 M LT ], & & ) %, 1998, 19
(1) :65-69.

MING K Q. Analysis of bearing mechanism of soeketed
pile [J]. Rock and Soil Mechanics, 1998, 19(1): 65-
69. (in Chinese)

[48] VP2, Jlss, X . K AR A HE AL R B RE I A

BRIy #r LT B PR 3¢l K% 2 i CH R B2 0 .
2010, 29(6): 942-946.
XU X B, ZHOU L, LIU T. Finite element analysis on
load-bearing properties of large diamter rock-socketed
single pile [JJ]. Journal of Chongqging Jiaotong
University (Natural Science), 2010, 29(6): 942-946.
(in Chinese)

[49] kA&, WEMEB KA Z OHERIT). E+ T
B4R, 2001, 23(5):552-556.

ZHANG Z M. The endurance of super-long piles in

soft soil [ ] .

Engineering, 2001, 23(5): 552-556. (in Chinese)
[50J REESE L C, O’ NEILL M W. Dirilled shafts:

Chinese Journal of Geotechnical

Construction procedures and design methods

Publication No. ADSC-TL-4 [ R ]. International
Association of Foundation Drilling, Federal Highway
Administration, Washington, D. C., 1988.

517 ZHANG L. EINSTEIN H H. End bearing capacity of
drilled shafts in rock [R]. Journal of Geotechnical and
Geoenvironmental Engineering, 1998, 124 (7).

574-584.

(%% #HH



