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Analysis method for bending capacity of single core-filled
composite pipe pile
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(1a. School of Civil Engineering; 1b. Faculty of Geosciences and Engineering, Southwest Jiaotong University, Chengdu

610031, P. R. China; 2. Sichuan Communication Surveying &. Design Institute Co., Ltd., Chengdu 610017, P. R. China)

Abstract: The core-filled composite pipe pile is composed of the prestressed high-intensity concrete pipe pile
(PHC pile) and ordinary reinforced concrete inside it, which can be helpful to enhance the bending resistance of
the pipe pile. For the new composite pile, the calculation formula of the total bending capacity is derived
according to static equilibrium conditions of the pile cross-section. Based on the strain difference at the interface
between the inner circular and outer ring areas of the pile, the equivalent rectangular stress diagram coefficients
in the current specification suitable for rectangular cross-section are improved. So, the computation method of

the stress diagram coefficients suitable for the composite pile with circular cross-section are established. The

WrE B 81 :2024-09-06

E SR U148 3858 M5BT T B A7 R 2 5 5E B B0 H (232022005) 5 [ 5K B S8R 34 (51578466)

YEF B A 222 (2000- ), 55, 2 N S 5 [ 5 B i TR 5T , E-mail : 2598007042@qq.com.
o E GEEEE) 5,208 (%, E-mail : xiaoshiguo@swijtu.cn,

Received: 2024-09-06

Foundation items: Construction S &. T Project of Sichuan Communication Surveying &. Design Institute Co., Ltd. (No.
232022005); National Natural Science Foundation of China (No. 51578466)

Author brief: YU Xuekui (2000- ), main research interests: slope reinforcement and foundation engineering, E-mail:
2598007042(wqq.com.

XTAO Shiguo (corresponding author) , professor, doctorial supervisor, E-mail: xiaoshiguo@swijtu. cn.



2 K5 3% £

FAROF & L)

% XX A

research results show that the results obtained using the proposed theoretical formula agree well with the tests.

The pile bending capacity is obviously influenced by the inner reinforcement ratio and tension stress on the

prestressed reinforcements. The bending capacity increases nonlinearly with the reinforcement ratio and

decreases linearly with the increase of the tension stress. The sensitivity of the bending capacity to main factors

follows the order: outer diameter > outer reinforcement ratio > ring thickness = inner reinforcement ratio >

tension stress. The core filling can improve the pile bending capacity by 10%-26% and 26%-68% under the

inner reinforcement ratio 1% and 3%, respectively. The reason for reinforcing effect of core filling is that the

filling can strengthen the limit state and reduce the height of neutral axis on the cross-section, which leads to the

significant increase of the bending resistance ratio of the outer ring up to 73%-83%.

Keywords: core-filled composite pipe piles; bending capacity; strain difference; stress diagram coefficients

TN 7 v i TR B £ BE (PHC) J& R H Sk
TR T3 88 o ol 28 T 1 o v e TR R A I
HLA % ) KR i AR Gl MRS L T
2T M b B BB B A TR
Hl o R RAE PHC B ME7E 32 22 1 190 0 b 3
TR R R 4P B ILAE R B =5 0 850 AT A
U 5HUBTPERE R L HE R 45 25 A5 il 1 AR ) A7
i SR A I 2 B A IR T O A TR
SER ISR RS, R I B 5T PHC 45 B A 00 5] o 2%
WHire h B EEE X,

SRy figt D TR SR A v I A B R 3 BB RN AE 1
AN 1) R, AH DG 2 R T OB BIR A TC A T
JOE 77 TR A AT 25 A 0 M A, B AR A R b ik —
TE RO 0 Al TR T AR DA A R G B T
PRIIAES Ren 451 J 5244 48 7R F 008 7 4 28 2k A
e SE A9 1155 TR A IE A, Wu SR R TR 7 A A 0
GFRP i IR A B & , #4938 i PHC % 8E 19 5T 25 51 35 38
5 R B, FLnT s PHC A8 BE A0 il 7K 2R M g o AR
B AR A v v RN 0B AR S B BR R AR A
RO T I #2500 AU L A S T
b IR A B PHC S MEST B iH AR, KRB
SRV TR TR 7 B0 A R AR L AR A it fin AN ]
sk B R 7 — AR TN 7 TR A T A TR B A 4
R, AT aE— 0 4 1R A I A SE M i

CA W R IR A A PHC 8 45 44 X5 45 i
149 7 22 1 B R AE 1 X R T L Ok 2 R X TR £
SRR R L AE 32 R T A S 18] B R A R Gk Ak 2k
PR PERE N BRI ) R A SR . R DX
AN TR) R, B X6 2 PHC B8 AT P38 IS 58 0 il T 28 9% il
Jei A s 0 200 B A AR SE A A BE SR AT A Ui
TAH PHC 48 Bl it A HLJZ , JL25 03 20 070 b 5 1 2
— B R M e BT B R T — S Y R E
SRV S T ORI AR T RS AN T A S,
T R T T IR R - S5 T AR E) (GB/T
50010—2010) (2024 4F W) 19 31554 3 A AE 72 A 5K

O B A 0] fBE RS T A6 T SRR A A B
ReHEAT T HIe B w5, F 45 A %5 IR Y 85 Lk L
fify e HROBE AF R R R T Uy R g @A K
Han %58 13 320 56 B 5 1 $ELIS TR B 4 R0 B 1) 2R %
TR0 0 7K 28 7 09 BTk . Du 2500 SR LS ] A
SO A5 YR B T [ P R s X A B A S0 SR
Jei B 25 il P B R AT R 0 BF 5, 2 B SRS T [ AR A
T E 4> SR T T 3.9% Fi33. 7% B LA R 3 BE
Bang 2" 58 T B4 7 IR BE AR A 9 PHC 4 BE
(R S P T A e IR AT R, 38 3 i B0 B T e PHC
A AE P FIBE A5 B 4 P B .

Xt T H A B PHC B A R P P 33 4 A5 TR 6 1
P SRS A A AR A A, DA AR 5 U B L)
AR R S AT BT L (A K 2 R B AR 156 i o
J5 1 5 © A WA G BT B R 4807 1B A A EUR B A
EL R U G =B V= WU e -1 (117 N L R (S P
A 25 b 11 41 T T80 1] 38 43 T D B R ES 35 43 1) A2
KA ARG, KT, BEE A RBUNE
GENEGER I TS5 19 32 1 oy M LAY X A Bt
DR AT FS HE S BRI IR B - S AU TR Y
P22 B0 A BRI, 1 10 57 AH L 1 B0 25 AR 48 i
W/ S

1 SEE

PHC 4§ 1Y 145 7K 48 7 18 18 B 4% &8 43 o4 8 5t
Bk BT AS R ER  BnAR R O R A A AR Y
AN R 2 AL, P AR AR AR B B S, H P Ak BE Y
BT IR BE - A7 FE I [a) RN s 8] By 22 5. Bk, % 1
O A, oA R AN A TR Bk - 5 A B SN
o S AN A TR R b 109 ) 2 Pk AN ), A A I Ab
AEAE AR (BN 7 ) 22 5, {H N 6 /2 A B8 — B0k, A
I L0 25 7R 48 ) TE A T S R A AR AN B Y
HE T AR 22 S B A AL U o

XIS E A ERE, W 1R e 6,50 3 8 =
54 YR O T A PR R AR L A A2 i R N AE

B I

>

A



% XX REEFALLEEHRT RE N Sk 3
SN LS E S AN A R (3 S = 0 VN = B 12 ] 2.1 BRIEBBOWEAFEAHITE

A5 A TR BE A7 B8 T3 0, RN R 25 TN g 450 2% B 4
J3 L T 0,0, MG IS R 5 SR 95 R0 TN g A5 2 0l A T
) s IV A2 e, FIRL R 7B €03 X8 T 80 AR B S 98 43 L B
J B8 3 B A3 9 R e K AL, 8 3 R BB RN A O TG
W e L 7E I TH TR 5 4 58 S A A7 A8 I 7% 22 o

56 Ocon
e f' 7“7‘* &=
P 4 K
i T e LR &
Ll s g FGE G St £
2 " e ] gpc e

Ocon
pc 817

1 HMSMEEE SRR

Fig.1 Cross-section analysis of inner and outer ring
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Fig.2 Equivalently simplified zone for compressive
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annular cross-section
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Fig.3 Slicing mode of circular cross-section
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Fig.4 Stress and strain distributions of high-strength and

ordinary concrete
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Table 1 Calculation formula of center angle of concrete

on pile cross-section
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Fig.5 Stress and strain distributions of prestressed and

s

ordinary reinforcements
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Fig.6 Equivalent stress mode of the inner circular area
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Fig.8 Equivalent stress coefficients of the inner concrete
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Fig.10 Formula coefficients of internal forces on

prestressed reinforcements
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Table 3 Verification of the theoretical calculation results

F %% M/(kN-m)  M,/(kN-m) M, :M,

XCHK9]  PHC-01 522.9 477.7 0.91:1

N PHC-0 85 66.6 0.78:1
SCifk[11]

PHC-T 126 123.7 0.98:1

- PHC-1 1365 1143.2 0.84:1
SCik[16]

LICP-T 3011.4 2.895.0 0.96:1

T1 50. 9 39.7 0.78:1

Hk[25] T4 103.3 88. 2 0.85:1

T7 194. 6 166. 1 0.85:1
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Table 4 Values of influence factors and their levels

HF 2. A3 4. HF5:
BT 1: "
K- . SR NEE MR/ B/
LS AWl "
2/ % Wi/ % mm mm
KFEL 0,657, 0. 60 0 600 110
KFE2 0.70f, 0.80 1 700 120
KFE3 0750, ) 2 800 130
KF40.80%, 1.6 3 1000 150

DAL K 38 07 1H 53 25 3 R R A BT 4R b L %
WEOE 223056 7 vk, AT E A7 1.16(4°) Y 1F 28 3 56 43 7
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2 K F 80, 5 R R A5, Pri ik iy 1E 28
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Table 5 Results and design plan of the orthogonal test

5 WF1 HWFz WF3 HWF4 WF5 M/KN-m)
1 0. 65/, 0.60 0 600 110 328.52
2 0.654,  0.80 1 700 120 745.16
3 0.654, 1.2 2 800 130 1514.64
4 0.65, L6 3 1000 150  3547.97
5 0.70f,  0.60 1 800 150 955. 30
6 0.70fy  0.80 2 1000 110 2290.88
7 0. 70/ 1.2 3 600 120 708. 62
8 0. 70/ 1.6 0 700 130 1071.11
9 0. 75/ 0.60 2 1000 120 2 089. 26
10 0. 75/ 0.80 3 600 130 586.43
11 0. 75/ 1.2 0 700 150 963. 44
12 0. 75/ 1.6 1 800 110 1482.66
13 0. 80/ 0.60 3 700 130 825. 24
14 0. 80/ 0.80 0 800 150 996. 50
15 0. 80/ 1.2 1 1000 110 2 266. 38
16 0. 80/ 1.6 2 600 120 755.91
x6 MESWER
Table 6 Range analysis results
it
- FF 1 K2 HF 3 ¥ 4 ¥ 5
i)
K, 1534.07 1049.58 1084.69 879.08 1063.11
K, 1256.48 1154.74 1362.38 901.24 1074.74
K, 1280.45 1363.27 1417.88 953.07 1528.36

K, 1211.01 1714.41 1417.07 2548.62 1615.80
e 22 323.07  664.83  333.19 1669.55 552.69
U 5 2 4 1 3
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Fig.12 Influence of tensile stress on bending moment
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