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Experimental Study on Vertical Bearing Capacity of Conical Composite Piles
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Abstract: The step-tapered pile has a large vertical bearing capacity, but the stress concentration phe-
nomenon is obvious at the variable cross-section, which limits the application range of this pile type.
In order to reduce the abrupt change of axial force at the variable cross-section, the taper angle was
employed in the design of the step-tapered pile to form the conical composite pile. To determine the
vertical bearing capacity of the new type of pile, the static response of the conical composite pile under
vertical load was tested based on the physical scale model test, and the behaviors of the conical com-
posite pile were revealed by comparing it with the traditional uniform-section pile and step-tapered
pile. The model test was designed according to the similarity theory and the volume of the three types
of the pile was approximately equal. The vertical load was applied on the pile head by steps, then the

settlement curve and the axial force of the pile under loading were obtained. The results show that :
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(1) The vertical bearing capacity of the uniform-section pile was the smallest, that of the step-tapered
pile was in the middle, and that of the conical composite pile was the largest. (2) The axial force of
the uniform-section pile decreased approximately linearly with the increase of depth. The axial force of
the step-tapered pile changed sharply when the cross-section became smaller, while that of the cone-
type pile did not change remarkably at the upper and lower variable sections. The position of the maxi-
mum axial force of conical composite was located below the lower variable section, and the overall axi-
al force distribution was more harmonious. (3) The ratio of shaft resistance of uniform-section piles de-
creased sharply with the increase of load, while that of step-tapered piles changed non-linearly with
the increase of load. The ratio of shaft resistance of conical composite piles was stable at around 55%.
(4) The conical composite pile can not only give full play to the advantages of the large bearing capaci-
ty of the step-tapered pile, but also overcome the defect of abrupt change of axial force at the variable

section. The vertical bearing capacity of the conical composite pile is larger than that of the step-ta-

pered pile, which has great engineering application value.

Keywords: conical composite pile; model test; angle; vertical bearing capacity
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Table 2 Physical and mechanical parameters of the soil

BN KR/ HE/ O KRN/, NER
UES % (kN-m ) kPa /()
Wt 5.3 16.8 0 32

1.3 RIELE

AS T 6 SR FH SR 4 55 A 28006 R AT 0 O3, 4%
A BT IR R 5 B 1 LA B 2 1k 28 2% R 2 B Sk
[ 16156 T~ B Ak 2% 1 e 2 158 49 WL 5 90 2, 45 1
N 50 N, B 2 A7 082 € 30 min J5 i fin T — 2
o AT AR A N BE EE 5 T X R B T I,
N0 ¥ 3t A7 3 o Ak B B 7E QU BE B SRR B — R LA
AR, PR B R R RO/ B BUZ SR . 15
A58 TR AR SR HOT M B A AR 600 mm. B OE
S i A 45 2 K5 T Rl g, O B o R
JEBEAT ORI, B 1K 20 28 A R b + g sE ek .l
i H 7 B T I A TOUITC I | 36 e 0 A R A
J7AZ R I DH3819 JC £k i 45 I 728 >R £ R G i 17 %K
PR

2 HWEKBERE SN

2.1 TrEfMIBHE

S AT A | B R AT R R A A W AE 0 28 AR
ey 2k — TR AR ZR 0 1 5 T 8 o = iR R AR 1S Ji i
HAE T W ar 2 — DUl £k ] 43 = A B 2R 1S
UL B BE In B AS I B Be AN IR B BE . 7E SR — B Bt

1100

SMB BoHE
BI5 ik — DUR I £k

Fig.5 Load-settlement curves

BB

B A 3t 100 N B, = b AU 4 U0 B 1 25 (R K, 5
T A Y T BB —1.38 mm, B #6 B BE  —0.60
mm, #ERH A HE N —0.94 mm. #EAE W E G,
B 25 for 28186 A, = FhopE B B 25 Bk RO B B S A
AT AT o7 28007 B 35 K B b, 22 8 B0 3G O 5 B B R A
FE 47 2/ T 200 N B, 7 B AT B/ 78 faf #035 250 N
B, 07 8% B0 B S 1 K, R AR O AR A AL A B
SRV 4T AL A BEAR B T 2% o BRI O 4
FEHEN G =B BS A A RS A B R &k
W3R 5 B B 2R AT 76 157 2% M 250 N8 K % 300 N, 7
FE MK A - 2%, 7 for 2k 36 K & 300 N B, 137 %% 1 B BE
Wit 5 41 70 2 5 A 50 A% Bl 2 7 280189 KT 28 18 1 K,
FE 400 N W, 7 B 3 K . N = FlopE ALY
o 2 — DLW I 2k, 55 I A 07 8% 08 K B e Bl
o 288 R A B 2 AR M B 5 B R ) fir 2 —
TURE i 28 S BB BIR R AE , 2658 — N P A B IR
Ak 2 i AR B B OK, S A A K g2 P
B A B, 3 I B RS A B 5
RYZH A5 W 1 a7 2 — T % il 4 7 B ) B B G K R
HEWMZBIERRLHMERNES AL FEEH
5o U U B ) T — S for 1A Sy i B 2R T, S AR
THDATE B R0 AT A R 2 AT A A R 7R 28 43 3l oy
250,300,350 N,

22 HESHAMEEEHELHL

V1 6 Sy A5 48 I A ¢ 1 4y 280 T A BE B il 7
O Ao B T B OR R S Rl O AN O TR
= I R A= 41 A I N TR O N i [V = -
AR JE Ak b T3 AT SR B, W A i BHL 7 7R AH T AR K —
W IR 2. ] RE SRR R A 0.6 m, KAR KR
15.0, KA Fe oIy, B BHL T 2 % B A R A BR 3 B
BN FE0) KA

Pl 7 W o 2R A A i v 2804 P F) B 8 il



HESHT N
0 100 200

300
00t
0.1}
02}
3t ——50N
—— 100N
-04} ——150N
——200N
By ——250 N
——300N
06}

P 6 5 4R A A A B il ) oy A

Fig. 6 Axial force distribution of uniform-section piles

400

HE /m
|
)
lad

HE S A /N
0 100 200 300 400 500
T T T T T

PE7 T Ak TR A A A L Bl ) o0 A

Fig.7 Axial force distribution of the step-type pile

SR o B T R B R B Bl ) SRR R b
e AR A AL R A 2 =—0.19 m &b AT B il
F 2NN 2 =—0.21 m Ak 2R KB AE G K
Tz=—021 mJ5 50 J1& 8/, 530k [3] fHE
Bl oy A MW A o R AR T AL 2R A K I A 4L A
iy Oyl R OIE LD e

Pl 8 Sy k80 20 45 Ak A 15 1) A 804 T B4 A B il
J153 A0 o BB fr B HG K, BE B O ORI KL i
RS )N L AE B Bl D Se i TE 2= —0.2 m Zb 3

B /N
0 100 200 300 400 500 600

K18 kAL A5 A4 A B Bl g o3 A
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