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Influences of bearing stratum on vertical bearing behaviors of large
diameter cast-in-place belled piles
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Abstract: The main vertical deformation of large diameter cast-in-place belled piles is the compressive one of end-bearing
stratum. So the properties of the end-bearing stratum have a great effect on the vertical bearing behavior of the large diameter
belled piles. In order to analyze the effectiveness of the bearing stratum on the vertical bearing behavior of a belled pile,
three-dimensional non-linear finite-difference numerical models are established by means of the finite-difference program. It is
found that the vertical bearing capacity of a large diameter belled pile increases with the increment of the thickness of the
bearing stratum. Both the bearing capacity and the tip resistance are notably affected when the thickness variation of the bearing
stratum is on the small side. When the ratio of the modulus between the shaft stratum and the bearing stratum is 0.2, the
ultimate bearing capacity of the large diameter belled pile is greatly affected as the variation of the tip embedded depth of the
pile when the thickness of the bearing stratum is on the small side. With the same thickness of the bearing stratum, the bearing
capacity of the large diameter belled pile is greatly affected as the variation of the modulus of the shaft stratum. The greater the
modulus of the bearing stratum is, the greater the bearing capacity is. The bearing capacity of the large diameter belled pile is
greatly affected with the variation of the modulus of the bearing substratum.
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Fig. 1 Sketch model of failure at end-bearing stratum of a large
diameter belled pile
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Fig. 2 Numerical model of three-dimensional finite-difference and
grid partition
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Table 1 Dimension parameters of belled piles in a project

o BEK BEEEKE EEBRERF  VIKEE
= I/m L/m d/m D/m
k1 10.70 8.90 0.80 2.50
k2 12.20 10.40 0.80 2.50

Ir,

HAC

B3 T RHERR T2
Fig. 3 Dimension parameters of the belled piles
Wk 4 R, BT Q - s thZ 5L Q - s
LSBT UL, ASCESRTHE R NS
HOkBOE S B . W 1 pow, 7 KRt it I3
g, DTSN B Y R R M E T .

(KN
p_moozooomo-woosooo

Ca) kUBEH MOS0 L

QAN
0 1000 2000 3000 4000 5000

(b) k2Bt i AR SN L

B 4 FIEOTME Q - s Bk
Fig. 4 Load-settlement Q - s curves
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Table 2 Parameters of soils

S E/MPa v ckPa  o/(° )  plkg m?)
M+ 2 10 0.35 15 18 1.80x 10°
HhHE 20 0.25 8 30 1.95x10°
TENE 10 0.35 15 18 1.80X10°
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Table 3 Simulation number and embedded depth of belled pile tip

o FHE WEmAL | &m0 FFAUE dHmAL | W AR dmAL | & FHE dEmAL
S BEH  WET | % M WET | % BMH RET | 5 FEH  RET
T11 2.0D 0.0D T21 3.0D 0.0D T31 4.0D 0.0D T41 5.0D 0.0D
T12 2.0D 0.5D T22 3.0D 0.5D T32 4.0D 0.5D T42 5.0D 0.5D
T13 2.0D 1.0D T23 3.0D 1.0D T33 4.0D 1.0D T43 5.0D 1.0D
T14 2.0D 1.5D T24 3.0D 15D T34 4.0D 1.5D T44 5.0D 1.5D
*4 RBHERTRENRHESY
Table 4 Simulation number and parameters of substrata
e MRS F R NENE R PEM-LERE O FEMNESE O TENER TENE V\JOJ@E
H/MPa IMPa IMPa R R R IFERE BIickPa  HEAI()
E31(36) 10 50 10 0.2 0.2 10 10
E32(37) 10 50 20 0.2 0.4 20 20
E33(38) 10 50 30 0.2 0.6 30 30
E34(39) 10 50 40 0.2 0.8 40 40
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Table 5 Influence scope of vertical stress at pile tip

AT T ENR i i il x

¥R EEIm 1D 2D 3D 8D
SOMA YR B 1.50 1.75 1.90 2.50
FCMVRE/m 3.1 35 3.8 5.0

B 8 #5112 R BE H=1D (4 JEAEAE it 7 A [F) Bk
OO 38 FR R e SRS S 2 B o R BRI, AR T 3
B, IRAR AR BE T 1) B 67 78 <5 (R 2 R BB, 150
W S = A7 4% 3 B SE M T OK . 23 Bfr H=2D
H=3D. H=8D M Il AR MR (PR R, X5
ARIRBEAR ST % F 2D o ARAE MR 0 2 % RUAL A%
M, FCERGS T ENZERS, ARG 20 1.5D (3.0
m); A TENZ, AR IR, A2 ARG £

Ca) Q=2000 kN (B) ()=2500 kN

8 H=1D BY#iim L ix EEAIFBEF(ELZ

Fig. 8 Isolines of vertical displacement for soils at pile tip (H=1D)
3.2 HERAFFNERE T HIM

Kl 9 A¥FJI)Z )8 H=2D, 3D, 4D, 5D i, il
SEATAE i AN AN [R5 0 R IR FE RO A T T R S Ar 3 Q -
s #hek. hERR, FFAORETHERE TN, A
R Z LRI, HESm AR IR E T X R AE A
BRI /N . 5 T=0D IIEBLAHEL, REIE
JEEERCR (H>3D) I, TR, KEARY AR
WK, EIgEEUN, HEEE w8, AE I
BRSSP DA - R AR B AR 15 77 JE A
B, T RREINAEAS AR BERE 88 n,  KEARY A A
BB 8GN BEr BN, AU EERH /712 8k 2

/N

08 100 200 3000 4000 5000

10 \o\

smm
=
Qo0
&L
!I\.
/{)’P
; /’
P
4

(a) H=20



18P I8, SE FEIEN KBRS R E B R AR R K R

QAN
2000 3000 4000 S000

0 1000

—o—T=0D
—o—Tel).50)
—&—T=1 1)

40 - o I=1.50

(b) H=3D

/AN

ol 1000 2000 3000 4000 5000

Jmm

(c) H=4D

QAN
1000 2000 3000 4000 5000

—o— T=/)

£ —o— T=050
= 3 o T=1D)
o Tml S50
40 |-
0
60 -

(d) H=50D

9 TEIECTRE Q - s BhZk
Fig. 9 Load-settlements Q - s curves
ePRAE, HRBEARY MY AL 5 AR i 2 G
FSAZ AN BE BHL T B AIG, DRI AR 3870 S MR8 T /) o
B s=40 mm TS LA IO 300 0 K ELAR Y TR
PERIARBR AT, 7T LA 3 %47 A AR PR A& 377 Que
QulE T M hn i AL MR an &l 10 B

3700
P
v
3000}7 _ Be=ae g ¢
3500 (o s z
g _
- 3400 "
= A
?4.1300..
32000 e =20 .
T
—a =41
N0 Hesn .
3000 -
0.0 05 1.0 15 20
nn

& 10 T/D StRBR&EE S Qu X H
Fig. 10 T/D-Q, curves

] 10 WA, #5002 R FERUN (H=2D #1 H=3D)
B, R RERAER, i T X5 AT Ak BR AR 2
JIREMECR FEIZJRERCR (H=4D 1 H=5D) I,
MR R ARWAR T2, VLB T X4 R (9 A PR
AR/, H=2D A1 H=3D i, HiZk4s L4
T/ID=05 &b, BEEFRFIIZEERM, &P mma#
&, ¥EEE H=4D M1 H=5D I}, BhZkin 5207
T/ID=1 &b, Kk, XA TENZET RN, HN T
R A (148 B ER FE 27 B T 2.5D N, MO TR
WENGBR 78 73 K%, R IR FERIAN/NT 25D LA/
RN ZRIEHRE, K 10 nT%n, MEIMEE D EEE T,
T=0.5D 4™ JEAE IR R 2 8k /) e K

FH T4 X T (R B ) R I 2 SR
PR, LA s N RF 0 2R R OROK 38 e e, [
I N RR 5 3 0 2 P P R it T e 5 2 P S s 7 e M
i NFEDTZ R, S EEUES TSR, HhmA
FHERREA TR T RS,
3.3 TEMNEHMIEE E WM

Bl 11 1S 20 Eg-Ees 19 Q - s MiZk. % Q -
s HhZebE N ENZ SRR E R3S K m EWEg, HOFENZ
PSR BRI (BEs/Ep<0.6) I M2k mfs
K, NEMNEE SR B E 2 BRI #h 22 mFs /)N,
ULEH N EMNER S, HSHOHER RS 75 Rk .

QKN
N 1000 2000 3000 4000 5000
w L =
| —o— L =10 MPa
ol —o— 20 MPa
H = o £ =30 MPa
% \ —y— £ =40 MPa
| \\ —o— F.=50 MPa
| "
’ 0\ \




1190 s + I B % #®

2012 4

B 11 FETEMNE Q - s Bi%k (H=2D)
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