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Abstract: A series of ultimate loading tests on two types of uplift piles with an enlarged base with effective pile lengths of 19 m
and 30 m are carried out. For each type, three test piles are loaded to failure. The deformations of the test piles at the top and toe
are continuously monitored throughout the tests. For the 19 m-long piles, the axial force of pile shaft is measured as well.
Load-displacement curves, distribution of axial force of pile shaft and shaft resistance are investigated. The monitoring data and
numerical analysis results show that the uplift capacity of uplift piles with an enlarged base is composed of shaft resistance of
the uniform section and uplift resistance of the under-reamed part. When a pile is pulled up, the shaft resistance of the uniform
section works firstly, subsequently followed by the uplift resistance of the under-reamed part. At the ultimate state, the uplift
resistance provided by the under-reamed part accounts for about 50% and 35% of the total uplift capacity for the 19 m-long and
35 m-long piles. It is also found that the influence of the under-reamed base on the development of shaft resistance is not
significant. The uplift resistance of the under-reamed base mainly comes from the vertical component of the normal force of the
soil around the base, which takes a proportion of approximately 70% at the ultimate state.

Key words: uplift pile with enlarged base; bearing and deformation behavior; ultimate load test

it

El

JECAI 2 RO TRESE I B e, IXIG 4R T B

PRPUHANE UL R AT I PThoRERE I/ TR H
AR RO (R, 2B 2 5B IR 3L
I AT MR 2R 5 SR A SR T AR H o
VIR T RPURNE, AHEC TR AR pidkoE, 2
DR o AR R PURAE IBT 7E AT BR s
B & ALK PR GRS . o

AR TRV, FHUEY IR NE L. §RHT
PRAEIR I 2 TR ZeA9 3 AT, SR A 56 28
EWRBIARERI R BIAZL o BEAREIN 2R R A
PRIRZS, A SN B o ik EDIUA B RSk Tk

EEWB: EZRBH SIS (2012BAJ01B02)
s HHEA: 2015 - 06 - 04



7

FPAR, S BT RPRER B 8 IR GURE ARBATARRE (70 Hr 1331

AREAETT, RIS — D0 RGO 4 R
PRI IR
GEERETHEM. LT EESHITRE T 24
3 6 IRY TRGTIKME IR PRA S Skl Horp— 2 ulhE
AR 19 m, 53— AR BHEK 30 m. PRI
PELI AR AW IRBIRRES, Tl aliR R, P
AR TTHAE AT, X R PR AR B A R
MATEALAS f 2k WE Sl 70 70 A s AEOUERE g 734
B B AT LA A RSk (R AR B 70 55 5 T EAT T 0 # e

1 RHER ISR
1.1 TR Rt REH

RETFER JLH N 2D H AT R
X T H RS REA X, MmN 2.8X10° m?.
N R ZE K, BAARE 4 BT E (REXIEIR 2
EHRE), FERIEELA 16 m. - TREBhEERE
R, IREHI K NEK, FibKAHER 020~
1.50 mo MR 50 m & Bl N = BNIRE R E . B
JREE AR, HUETESLR 1. iR A
&), HuFHI TR E B 1R,

F1 HATEEER

Table 1 Parameters of soils

- BILEPBY (M) AR ()
= ) MRS MPEEEEf SEBUED
ckPa /(") f/kPa

Da FH L 18.0 — 22 —
Db =¥t 18.0 — 22 —
@a gL 175 6.1 52 22
@b ¥ mF L 19.2 11.2 16.4 35
OcitEFmF 1. 18.0 8.1 6.3 25
®d ¥ i L 19.1 11.5 14.1 38
®e M FL 20.2 8.3 213 48
@)k 20.3 16.0 19.3 52
M. Bt 20.4 9.3 30.2 70
O 20.2 8.0 31.0 78

1.2 AR
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FEIAE] 16 m, T R /KA HEIRE, KA E, Hu
NPT R 58 . G5, 5 E TS
B PHAE, AU Z, HRfEKERK, TR
Wit . NGB R AT K T T DAY >
RFHRO MEHE, B TR Rk,
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MATHT 2 B BRI 2, BB S A
HBHEZYIN 850 mm, #KEAAIIN 1500 mm, ¥
Kk EEA 2.25 m.
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Table 2 Parameters of test piles

PR PR PRE MK ARME 5Ok RS
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(16, 1, fagy 0 1500 4655 30 225 122
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Fig. 1 Profile of test piles
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Table 3 Results of pile tests

O RAR RN RE BN BWE MEER OB AR hE
BE O WEE R BRR RS RES GRRE bR TR bl D000
/KN /mm /mm  B/mm  F/%  KFE /KN  E/mm  E/mm /mm BII/KN
"9 6500 94.57 90.94 8.33 8.8 6000 32.92 14.28 5.12
SBZ1A 11 6000 91.24 79.53 10.66 11.7 5500 29.75 13.38 4.19 5666
13 6000 83.72 75.11 14.80 17.7 5500 32.60 25.77 6.27
16 7200 83.58 78.43 19.83 23.7 6600 25.47 11.49 2.18
SBZIB 18 7800 105.71 100.51 21.44 20.3 7200 42.11 15.37 5.73 6733
"0 7200 87.45 84.84 23.7 27.1 6400 19.50 12.57 2.06

RIS, SBZIA. SBZIB YT THETH. T
FRARE A T00 A A v 57 B A A7 RS A, SBZIA kAT T
7 A TR PR A PR RE B e R I A B VE L 1.

2 MRS RE S
2.1 WM IELER

A TR T e 8 ) Pdk e, SR I Ik
PO 7, AR B 2 MR it . R E6R
S naER oy 2T, RIS L IR S LA B R PR A 2K
F1HfE R 2 JGT 106—2003 ¢ 50 AR G I3 A
FEY MAHCESR . BARBIAR YGRS, &%
N ERGAHERT, Wk E R T —2 Bk
T AERH T B3R 5 5. WBRAB e JFE . R
W Lt E B AL A R i, W BEAR R fmr 3 B
Mk, HUBETHRRUE AR LA PR AR R I8 . B BR 2K A
TRIGEE FVE WL 3o F il i ae ot BB AR 2R 48,
PLiAE SBZ1A-13 R4, RIS FEWIR s b T0ifer 2%
Infa & 5500 kN B, 4ERF 3 h, Wi Bk EETIREE,
PR TR 2t B RN 32.60 mm; B Rt EREN
4.42 mm SRS T — KA E 6000 kN B, ik b
REBIRINA, N5 30 min 4ERFI ], BT 24t E
POEILF) 83.72 mm; Ak Rt EAEIEF] 75.11 mm.
F A PR R AR T AR ) B IR RS , I8 BIRERIRAS,
Zeabpntar o I R AN EE 5K EIRE N 0.68 mm,
K NINEE 2 WEATIMILIR T, NEEHRKR
FE 7 B S A FH o AR B 106 0% PR A 2% 7 (0 4 b o
3 R SBZ1A kMR BR Stk A& %K 715379 6000,
5500, 5500 kN, ¥ J&Hriktt SBZ1A (AR FRPTIK
HRE I IME N 5666 kKN

SBZ1B [R5 AR B NI, AR AT IR G0 A
BR AR ST I bR, 3 A SBZ1B IR (1B BR Hi 4k &
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(1) ERAE R PR AR 2 T T 35{E 8 6733 kN
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SBZ1A A% bl 77 HEANEE BH 77 70 A7 i 28 5 100 45 R
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Fig. 2 O - s curves of test pile SBZ1A
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Fig. 3 O - s curves of test pile SBZ1B
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Fig. 5 Distribution of shaft axial forces of pile tests
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B/, REAFRVMEE A 20N, FEATT DL
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HIRIZED, PEMIEEH )RR “ B F—87 fafh
A,

d) A TH_E PR A #5000 kN J5, ELE MR RAR
B, BRI A JE B 1345 AN AR )
K, (HIERIEEE RN, W 6 (o) FHIRHEE®,
PEMIEERH ) 2« BN R WA leds, (2 B
FERE AR L ZE R AT HE.
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Fig. 6 Distribution of side resistances of test piles
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Table 4 Comparison between side resistances measured and code

results

Py B MIEH
+J2 SBIZA-9 SBI1ZA-11SBI1ZA-13 1§ @WUE Jikt
/kPa  /kPa 1Hp

G

o 57 58 54 56.3 48 1.17
&
QL
o 61 57 56 58.0 52 1.12
&
@+
il 65 58 57 60.0 70 0.86
uEs
@+
67 60 59 62.0 70 0.89
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x5 MIRRSTEAMHESHKE

Table 5 Extensions of pile shaft at ultimate state

b PETAZTE  LEEMEMETARTE MR R AKE MEER AR
/mm /mm /mm /mm fEE/mm  HH/% BEE/mm HE/%

SBZ1-9 32.92 14.28 5.12 27.80 18.60 67 9.16 33
SBZ1-11 29.75 13.38 4.19 25.60 16.40 64 9.19 36
SBZ1-*13 32.60 15.77 6.27 26.30 16.80 64 9.50 36

T3 31.76 14.48 5.19 26.57 17.27 65 9.29 35
SBZz2-%16 25.47 11.49 2.18 23.30 14.00 60 9.31 40
SBZz2-%18 42.11 15.37 5.73 36.40 26.70 75 9.64 25
SBZ2-220 19.50 12.57 2.06 17.40 6.90 40 10.51 60

T3 29.00 13.14 3.32 25.70 15.87 58 9.82 42

(4) HEHE
TR 3R AR T i b R = AT B (1) 8 A 1) |
RE R PR o 2EL R, T A B A 72 U P AU A I S B )
B K S A O B K R P . &k
BE B AE B A2 T il 4 BN 2L, BLiE SBZ1-9 &
SBZ2-18 i, Wil 7 fras.
300 ——jray iR

g5 | T REEBHE KR
—— RO Bt B K A

20

15

{8 s/mm

10

1 1
0 2000 4000 6000

METAT B O/KN
(a) 4 SBZ1-9

01 ——EHEMKR
35| ——WEFBHGMKE
—— B B B K B

30
251
20
151
10

£ s/mm

4 . . )
0 2000 4000 6000 8000

METAT B O/KN
(b) AHESBZ8-18

7 HRHKE
Fig. 7 Extension of test piles
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WAL 19 m B ERPTIRME 1) TR TS T2
SPIIEN 14.48 mm, S EFIE N 5.19 mm, 1
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TS AZTE & 1) 65%; 3 CHUIRAE (1) BEAR AR TR R Ak oy
I 5.19 mm, 5 TAEERE TS AR T 2= 35.8%. [F)
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1] B BERH 340, IEAEER S E R T, AE1S4E &
TESTRILE I A R R A . Rk, MRIRAIRET,
TR HTR A Ak i Ab ) AR T 055

3 ¥ IRIIRHERVAE ST

SEH LT R YR TAESe R, SR
FEVEIT L — S e o i TARD S ), Ry R S
LR BT IR . 37 RSk AE F BB A b 55
S, (HIX SR T A FE A B AR SRR PR IR 2 (10 A
RIGEHE, A AR . AR IE B4 PR
WEIIRAS 3R 5 SO S il /g A0 BE BE ) 1gadE—
Wb, HEEGEE N s LA ARG R M EUE
BT, AT PR 1 R A L AT —
RPN g

i 8 firan, ¥RBURMEIAE T E3k i #k O,
ST B BERE ) B A RSk P AL BT
PRAE(HREIR 2 AOTE T IR IAFAE, IS AT B ]
FERH 1 Fo A )Gkt 1 PR R SRR, LR RSk 1)
AL AN 7 T VEIR S e BB i A s
3.1 FHMEEME S KM NN EETF

Kl 9 AitAE SBZ1A-13 [RETH L4k faidk O S5k
THT EBCAEAT) R BHL 3 B (M LR AR 3T Fr LA RSkt
71 P 5T T 0 R 2R .

B BRI LA, ST /N T 10 mm B, A5
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Fig. 8 Loading diagram of uplift pile with enlarged base
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Fig. 9 Relationship between bearing of enlarged base and test load
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Fig. 10 Ratios of bearing of enlarged base and side resistance to
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Fig. 11 Relationship between bearing capacity and test load
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Fig. 12 Development of plastic region of the soil around enlarged

base
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