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Field test study on bearing capacity of rock-embedded
under-reamed uplift piles

Zhang Wentao' , MA Jianlin' , Wang Bin*, Yang Bai'
(1. Department of Geotechnical Engineering, Southwest Jiaotong University, Chengdu 610031, P. R. China;
2. Sichuan Electric Power Design &. Consulting Co. ,Ltd,Chengdu 610016,P. R. China)

Abstract ;: Based on the ultimate load test of the national power grid of 500kV transmission line project from
Luping to Fule, this paper carried out the ultimate load test of 3 rock-socketed piles with enlarged base.
The load-displacement curves, distribution of axial force of pile shaft and shaft resistance were
investigated. Results show that, when the piles located in the same layer of rock-soil and the length are
reached, the enlarge base pile can not only increase the ultimate uplift bearing capacity, but also reduce the
displacement of pile top than the pile of uniform section. The properties of the rock mass of the enlarged
head have great influence on the uplift force. For the rock socketed uplift pile with enlarged bottom, the
uplift force of the enlarged head is higher than that of the ultimate uplift load of the pile, and the expansion
action of the enlarged head is more significant. The uplift pile of a clay layer with a certain thickness and a

strong weathered layer in a medium weathered layer with enlarged head and a uniform section at the upper
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end of the enlarged head, the limit side friction of the section with the clay layer and the strong weathered

rock layer can be improved appropriately according to the actual situation of the project on the basis of the

recommended by the building codes.

Keywords: uplift piles; bearing capacity; ultimate load;shaft forces of pile;resistance of pile
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Table 1 Physical and mechanical properties of rock and soil
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Table 2 Parameters of piles
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Table 3 Results of pile tests
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Fig. 2 Site image of ultimate load test
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Fig. 4 Distribution of shaft forces of pile tests
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Fig. 5 Distribution of side resistance of pile tests
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Table 4 Bearing capacities of enlarged base
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Table 5 Measured value of side resistance

il 2 BH. #3 / kPa
T -
LELRE i AL D 2
8# 50
10# 128 270
11# 174 418
3 MR BE -2 117 344

H T8 A3 B A T Y SR DA T 4 A L O
HAERR 0.5 m A & —4 HE PR WA A M. &
B8 2 WA AL A T2 v A T BN B BH g TG 3 1
I HORFERR 5 Al

MF S AT LA W B PR AR T 11 # MRS
10 2 HEAH EE . o XA A J2 R BE 3 i 1 o 25 00T
Be BB AR 5 am KAk a2 4 EE BE ) 246 A [+) i i
5 i X BT R L T AL S R L B
JEE )2 B YT R PTHAE » il e sk XL o )2 TR Y
BER L 2xh B AR R XAk e 2 9 I EE B B
A — BT A B A Xk IE. 7R
DUPCARAE A A 35 0 X5 b 350 25 48 1w B b 4 2 L9 R
P 2 0 EE B 1) 45 A BB AR

8 MES 10 & 11 = HEAH EL . BER B0 By
KA F WAL JZ X T 28 & bk B AL LR
FEBH 7 B /N TG P . It AT ENTIE 1 47 K
USRI AR X b 8+ 2 M EERH ) ) K $E BAT — €
IRZ I

3 RN S B B AU EE B T4
WESMEIREEXT L

AR A R BUARE B B2 AR LG ) (JGJ 94-—2008) iy 44
b B B ) A% B 00 BEL ) bR E (R KB 0 B R RN
66~82 kPa, 3 X b5 /= 140~220 kPa,

H T 8 2 Mt LB R BE AT K Sk B A
BOWEAR Y )2 2 8] 2 fale s % BR A 2 AE TR 8 # B
BB L EMEERL )y 50 kPa, S/ T BT 42 4t Y 5
VAN [ I 71| b W EN R 7 o i ST I 71 7 19 T i
5 2 BE AR S e B AR 0 R 3T it T
FiF N7 3 A A R A TR A Ak

Ko 1040, 112 PER R 8 /EH T4
Kk b BB 45 K B )2 EE BH ) 5 bR B A L
B AT UAE M e b A2 M EE BH ) (151 kPa) 5 5%



%54

RLFF BV RRRAEARB R R KR 107

AL T2 B0 EE B Jy (344 kPa) 35 %2 & 3% K F MG
& LA (19 B R IRUE (23 591 82,220 kPa) . Xl
W TRk T b A 2 H B R A — 2 )R
19 28l - J2= 5 50 XA S 2 1R 37 R BT 4R BE % H 25 AT
Beiy 2 = 5 0 AL A J= - BT b 32 106 1 e 4% A PR
000 ISEL 3 s o A AR ) R <1

4 FHRF5EWY

WA 3 Mt A 7 TR DTSR 19 i PR e 36 X
AR TOUAT B~ 8% A% B Jilt g B A B O JEE B ) 26 kAT
T AR A S BT

D)X v Ak o 4 J2 AR ) R 3 i BT 4RomE iR e
PR DTSR B A5 8 I A AN R RE A% o 4 e A PR BT 4K
A7 28+ 1T L RE 96 A 2050 I AR B T00 057 7 X Ak i 37 T 5
A& 2 B BT » it 47 K Sk 3R 3t e P8 0 0 K
el 1Ay S5 TR B 3. 3 A

DY R AP T 5 PUHMEAE K I 5 R
B AR AL 5 TR R O BT BE e it 1 Bk )
Wi B2 R Ak AR 2 2= R i 8 R Sk B 4 43 19 B 4k
JIER R TR K AL T 5 KA = 4 it /4t
%1,

3) X [ S 77 i Y PR 4 DL HACHE » A R L L 7
RSk BB BT AR T o A A BR T #4810 L i) B
1 TRk IR AE R R 2

OXFFYP IR T RS2 B Rk EaR4s
B A —E R E AR LR 5 XACE R Tk
S A0 BT B )2 L XU A 2 5 S S 0 i PR
1000 5 BEL 3 RT A MRV A S o L Y R At b AR A TR 52
P17 LIS 242 .

BR T 7 b 2 2 9 oK BB LS I B AROBE S
10# (11 & ¥R BB FLEL L SO0k AE L7105
Hh S BT ER 2 T AR B - S AT T RO P E R R
FEJ& 20 A M 3 8 S8 6 B AT BROG 3R X %
o AT — 2

SEHK:

[ 1] NAZIR R, MOAYEDI H, PRATIKSO A, et al. The
uplift load capacity of an enlarged base pier embedded in
dry sand [J]. Arabian Journal of Geosciences, 2015, 8
9):1-12.

[2]LINJ G, HSU S Y, LIN S S. The new method to
evaluate the uplift capacity of belled piles in sandy soil
[J]. Journal of Marine Science & Technology, 2015,
23(4) :523-533.

[ 3] HONG W P, CHIM N. Prediction of uplift capacity of

a micropile embedded in soil [J]. Ksce Journal of Civil

Engineering, 2015, 19(1):116-126.

[ 4] HARRIS D E, MADABHUSHI G S P. Uplift capacity
of an under-reamed pile foundation [ J]. Geotechnical
Engineering, 2015, 168(6) :526-538.

[ 5] XIONG H. LIU R, XU Y. Characteristic and 3D
Numerical simulation analysis of uplift pile bearing

Journal of Engineering
Geology, 2013,21(3):400-407.

[ 6 ] SHELKE A, PATRA N R. Effect of arching on uplift

capacity in urbans [ ] .

capacity of pile groups in sand []J]. International
Journal of Geomechanics, 2008, 8(6).347-354.

[7] FDLR. B, TmE. 2T RERAKRGY R

PR AT R e AT )], & £ TR, 2016
(7):1330-1338.
WANG W D,WU ] B ,WANG X ]J. Ultimate load tests
on bearing and deformation behavior of uplift piles with
enlarged base [J]. Chinese Journal of Geotechnical
Engineering,2016(7) :1330-1338. (in Chinese)

[ 87 EBIR RIK. WHAZ ST IR b5 5% 1T %
()], EESE5 M2 ,2010(5) 1 202-208.

WANG W D,WU ] B. Design and analysis of uplift pile
under deep excavation [ J]. Journal of Building
Structures,2010(5) :202-208. (in Chinese)

9] Ry, £ IA . B m %, 3K 4 b X 2 Ff o 505y 3550 O

JERL R R [T]. A £ LA R, 2010 (Sup2):
93-98.
WU J B, WANG W D, WANG X ]J. Side resistance
properties of multiple uplift piles in soft soil area [J].
Chinese Journal of Geotechnical Engineering, 2010
(Sup?2):93-98. (in Chinese)

[10] # AR, F PR, RIR. 2T R R K80y

UL A& 08 PE B AL oy M L) ). s &y 2, 2015
(Supl) :657-663.
CHANG L Y, WANG W D, WU ] B. Numerical
simulation analysis of uplift behavior of enlarged base
piles based on uplift ultimate bearing capacity tests [J].
Rock and Soil Mechanics, 2015 (Supl): 657-663. (in
Chinese)

C11] S8 TRETR . o B3 3 0 ik 8 DU IR 7R 480 )

S R 50 B 78 L) 1. P R 50 KA o Al 2003 (2)
178-182.
YUAN W Z, YU Z Q, XIE T. Vertical bearing
capacity of rock-socketed piles influenced by batholith
strength [ ] . Southwest Jiaotong
University,2003(2) :178-182. (in Chinese)

L12] #o v sk . B2 IR HUHRONE 32 ) HLER S 47 i B /R
PLAI DTS [T ). HEIA5H . 2016(8) :65-69
XU Z T, ZHANG ]J. Study on stress mechanism of

Journal of

enlarged-base uplift pile and enlarged-base interaction



R #E R

5 3R ¥ T A2 % 40 &

mechanism [ J]. Building Structure,2016(8):65-69. (in
Chinese)

JEVA B R e DOR S WA TRIZ IR BUIR bE LR
NHAFFE LT & A J1 25 TR i, 2009 (Sup2) -
3838-3843.

ZHOU Z G, TANG M X, DONG X B, et al
Application to bearing capacity of rock-emeeffed under-
reamed uplift piles [ J]. Chinese Journal of Rock
Mechanics and Engineering, 2009 (Sup2) . 3838-3843.
(in Chinese)

ML, KB AR A PR E & 2ot e S B 4 i LT .
B 32 0 TR S R, 2016, 14(3):39-41.

YANG W X. On the bearing performance of a large-
diameter anti-up lifting rock-socketed pile and the
inversion analysis of it [J]. Traffic Engineering &.
Technology for National Defence, 2016, 14(3):39-41.
(in Chinese)

(15 WMFLT. %A STk HE R 207 A M T i 9 e fe e i

[J]. FRd TR B4R . 2016, 14(3):218-222.

YAO H M. The evaluation of bearing capacity and the
optimization design of anti-floating capacity for forrock-
socketed anti-uplift piles [ J]. Journal of Fujian
University of Technology, 2016, 14(3):218-222. (in
Chinese)

S MEAS I F AR BLTE . JGT 106—2014 [S]. dtat:
el 2 S ol Hh RiAE L 2014,

Techical code for testing of building foundation pile:
JGJ 106-2014 [ ST. Beijing: China Architecture &
Building Press, 2014. (in Chinese)
MR AR . JGJ 94—2008[S]. dbml: o [
STk i AL, 2008.

Techical code for build ing pile foundations: JGJ 94-
2008 [ ST. Beijing: China Architecture &. Building
Press, 2008. (in Chinese)

(% EHH)



