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Abstract: To study the vertical load bearing capacity of large diameter steel composite pile with vari-
able cross-section, a self-balanced pile test was carried out on 377 pile of Yushan bridge. The actual
working condition is simulated by using the numerical simulation software ABAQUS. On the basis of
verifying the correctness of the numerical model, the vertical load on the pile top was applied to the
model, and the laws of axial force of the pile and the stress transfer of the steel pipe are analyzed. By
changing the parameters of the variable cross-section positions, the models of different working condi-
tions are established, and the influence of the variable cross-section positions on the vertical bearing ca-
pacity of the pile foundation is analyzed. The results show that: The Q-s curve of the self-balanced

pile test had no abrupt change and was smooth. The bearing capacity of single pile is calculated to be
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120056 kN, which is 3.14 times of the maximum design vertical load of single pile, and the pile foun-
dation is safe enough; The results of the numerical simulation are in good agreement with the mea-
sured data, which proves that the numerical simulation method and the selection of parameters are sat-
isfactory; The axial force of the pile above the variable cross-section position decreases slowly, and
there is a sudden change in the axial force of the pile at the position of variable cross-section. The axial
force of the pile below the variable cross-section decreases rapidly, and the pile end resistance exists at
the bottom of the pile. The steel pipe is in the stage of elastic deformation and does not yield; The lon-
ger the pile section above the variable cross-section position, the stronger the pile resistance to vertical
deformation, but in actual production, the amount of material usage should be considered to optimize
the design.

Keywords: vertical load bearing performance; steel composite pile; variable cross-section; self-bal-

ancing test pile method; numerical simulation
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Fig.1 Schematic diagram of pile-soil position relationship

o VA A 0T 0, R P T 5 T i sl T 2R 4 A A it
JE 77, DT DU A5 ) 0k LR 38 0y o A3k B P A R
R 2(a) s o ARG fr A6 T T 4l B
F—123 m A7 &, FEAE G 3 m, f7 2R A B X 2
(b) FIE7R o ARG i H RSM —JC5(C) 74 i fif 2%
TR ACI TR Sy A FP— 501 %4 & fap 238 0 328 43 00 47
B AR T RS G 3 2 2 0 Ao 3 BROG AR 1 2 AR A
PEAT I 5 fof 240 1 057 8% 43 B3 2k DL A 8
Bl Sy v ¥ 5] 43 AT B R 2 A B 22 A

R T T 6 UE TORE B B R ER T, 45 A A DG
xR R AT T A KRR R - A
S A7 3 ) FR I AE B 43 10 G0N AR B0 75 vk Bl gk R 43 2

B

Table 1 Parameters of the soil layers

KTk AW EIRARE/m BB/ MPa  JARA L A/ (KNem ™) ZhiEJ1/kPa WEEIES/(°)
@, R A A 4 (QP) —12.85 6.525 0.32 17.1 12.5 8.7
@, TR QI —16.35 6.525 0.32 17.1 15.1 9.6
@, WU FE Q) —26.55 6.6 0.32 17.3 15.9 10
©F Q" —48.35 7.7 0.32 17.5 19.8 11.4
®, By Q1) —51.95 10.95 0.32 18.2 21.4 13.5
@7 M (Q“ ™ —56.25 16.1 0.3 19.3 3.9 29.8
@, By A £ (Q5™) —73.95 12.9 0.32 18.7 24.3 13.9
@, b Q™ —81.85 14.675 0.3 19.5 6.8 32.9
®; BabQX ™ —101.45 28.5 0.3 20 11.7 33.9
©, BWEbQL ™ —115.75 24.375 0.3 22.3 12 33.1
SRR T B0H (K ) —118.05 600 0.27 25 40 45
O th XA I SCA (K ) —127.85 2000 0.25 25.5 50 55
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Fig.2 Self-balancing test pile method

—— ML A TEHAET

W B a8 i Jr 2, BE R AIE 1E I G A R 3 2 i
W R ZOR, SCRETE Y 0 IEAE R R 3O 1 & R I

(1) L5 i #J7 5X

SR WA T 2 R i 280 3%, 3 I 28 B 4 AR 28 AL
T B B R Ay 28, SR IR e R R B F

(2) I o 9 Be A 7 WL o S 24> T 2 B BL - 5
1B BE g 2 A 280 28 B A B2 T A T 5 O 8 1) 7 4 Y
2048 o A UM R BB AE TR K8 1] i 4% 2.0 i
R0 1/10, 16 Gt o S fiy 200 2455 I 5 58 2 Bir By -10b
F18 R T A T i R 18 1 7 28 14 2.0 % 28 A A 42
I = N )| P SR 1 s

(2) T RFHO—sHHLL

1.3 BFEHARBRER

AR Y o 05 2 165 R 145 28 B 0.3/
SRS . AR B T A R 2 1
R T 45 4 6065 3 S T 085 7 40 1 o2
RS R 7 RS T E L 7 8 5
HE R 2 T A B AT R R — (S
2, M 3 PR s

fh 1 3 1, 5 1L 05 2 863 T 87 B T4 WO e e
B BT LR AT BB /N T 8 mm. 19 o e
ORS00~ 9 4850 ) R K 1k 3 Fs s e e slf et e st
BB G B A PR Qs M2 2B B , A 1

-

s/mm

0.1F

4




% Bt 4 5.27 mm, H 2 J5 5% 4 67 52 N 4.06
mm, [0l #4h 23.0 %o s fif #AR T R N 7.56
mm, 1 2 J5 5% 4 02 B R 5.87 mm, [A] 51K Ry
22.4 %,

R (A 0 2R 50 - S ) i R E L
fof A L L U ey 28 (PTG A T A AR 3R
jjj‘j:

Po=(Qi—W)/y + Qs (1)
K, PO BE TS ROR ) kN Q. N fif 4048 1B
S BRI A AR A KN W ok far A B AR AE B B L KN
y HHE EHE 18 E R A 0.8 Qu AT A T
1 512 B ) e 21, KN

HR 3 28 (1) AT RUTE 3 377 B R 28 1 31N
P,= (70 000—29 955)/0.8470 000~120 056 kN,
S BROBE R TF AR TSR K S ) fif 2k 38 212 kN Y
3.144% .

2 HEHEST

2.1 ZA#iEEX

+ &S5 12 2, 3 3% ] Mohr-Coulomb Ji A #
o YR BE A e TS MR O B sl g A T o — R
S IV AR ) B R AR AL 1 A7 S, R TR
- GERETEE)  H R SR AR 2 A R g S
i ) — 3R SV AR OC R, 2 IR 2 B4 N i
LAnIE 4 Fr s o BE T Q345C BB, AN BE Y 5 4
P BE R 386/ Von Mises Jit A o D) ) 252 i) 56 98 e
BEALAL

2.2 SEIER

52 RSB B 3R 1RO 5 4K BE 3 B e B
A 2.06X 10" Pa. I # Eb R 0.3 4% FR 4T 7 58 B
3.45X 10° Pa; TR % + BPEAT o 2 80 S0P A 2 By
3.25X10° MPa JA#A LA 0.2 5 Jik £ By 30° . 9
PEFI 0.1 LA B FhPE RN 0.000 5, HEAR 22
1A, AE R R 128 m, HETH AR &5 28 2 m, BF & 52 m &b
HAR, B EA N4 m, FHEA N3 m. WEK
M52 m, HAR N4 m,BEJE 0.032 m. HEM A HL 25
f5BEELAE , B 100 m, BEE H R B 1.5 A5 HE K, B 192
mo FEAYEER R 0T it K SF L A% 2 B DI T it
TN 5 2 B, A AR I R RS AT i 3 m Y
Ab |, i 2K it AR RS A R ey 2Rk R AT 45 2O
K/NILFR 2. IREE T 5 WE B RBUCEAR S IT . IR BE

50

T SEAE REE LS LR ENAE S LR Z % fil
T A9 A LA R el e 18] A U0 e A T Rk 1) £
FH 8 73 2H B, 325 1) 11 D 32 EBCAE 43¢ e, 42 fiph W 38 LU
51 PR BOCh 15 U0 1) A P 32 4 30 o 80, L b A9 A S5 TR
BE - Z [ A2 BN 0.2, 8 5 2 M R H08 0.2, IR Bt
T HEZE RN 0.3, WAE I o3 b AAE B A
1 W0 A% e BB, DL DR T O 4 2R M L RE I A

BRI A K A R LTI AR AT 2 BRI )y
5 T

o/MPa

—_ =
S o S G
/

0 100 200 300 400 500 600 700 800
&/X10°
(a) SZIER Sj— PR R R il

o/MPa
e = = b
h o o
/

100 200 3(|)0 400 500 6(I)0
X107
(b) SRR SI— AR K R i 4k

P4 CAOFRBE LN S — AL 56 2 2%
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Fig.6 Comparsions of Q—s curves between numerical simu-

lation and measurements in the loading stage
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Fig.7 Contour of vertical stress of the pile
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Fig.11 Load—pillar vertical displacement curves
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