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Abstract: This paper presents a general project review of Hong Kong-Zhuhai-Macao Bridge and the specialized
design of composite steel piles. Based on the result of site investigation, data collection, theoretical calculation
and numerical simulation, indoor and outdoor physical model test, the mechanical properties experiment and
theoretical analysis of large diameter composite steel piles has been performed. The interaction mechanism of
steel pipe and concrete have been studied, and the calculating method has been proposed and verified for the
compressive stiffness, bending stiffness and the vertical and horizontal bearing capacity of composite steel pile.
This research will contribute to improving the design calculation theory, optimizing the construction technology,
revising relevant specifications, broadening the application scopes of composite steel piles.
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Table 1 Dimension and relevant parameters of tested member
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Loading device and installation of tested member in test
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Fig.3 The result of pile test of concrete pile without steel tube
(sectional position shown in figure 1)

TOOWE TR RE E AR S S BT SRR, BES
PSR T I AR i s MK TGO, P 4 o 24
[i) i Jg ANARIRS A7 B 24 17 A2 S5 I {52 It o 725 A
BRI RIEAT A4, (HARALIR RN B 1.6 i
L7 TARm R4, Hidh C #imA i Bk B2
BLPEIAZ AR . oA e e LAk, B T
FRECH AN, SEA RN R Sk, DN IAE RS B
AGAERTE, B 2 B AT AL AR A2 T B
UL o

=300

_350 1 1 1 l» 1 1 1
0 50 100 150 200 250 300

HIAT ) AL AR D/mm
B4 JooE TR e i 2 1 AR VTR 20 AT
Fig.4 Section longitudinal strain of concrete pile without steel
tube is distributed along section

2) ERAHE

RPFWE 5 Fros. WCE B HAFAETe B 1)
PR AN RS B AL A ERTN, AF 5 D i Ak
NS 6 frs. BT A B AE M b, SR
Jer L BY Sy IR AL I A ORI L, R AN A (1 B AR
(B B AR O TR L IR R, RIS “V7 o
A, AT O A AZ VTR 1 () N AR AN, P DA
YN AR I K. BRI RE T, AN E A
PRI AR R LSS L.

Ks WESEH
Fig.5 Composite steel pile

-40

-60

-80
=100
w120

= -l40b: 7

W/ ue

A

=160
=180

-200}

_220 1 1 L s
0 50 100 150 200 250 300

BT 1) AR bR D/mm
B 6 MWES ST A N AR 5 A

Fig.6  Longitudinal strain distribution in section of composite

steel pile

BEE BT ) 3A HAFAE Ve BN B AR IR 7S
ST EAEHITE, BES D BN AR 7 s .
5 ICUR B RN A HEAR AL, B (0 AR (K T
OB . ANFRIZAAET, d e BB 2 1
AAAE, TR ENAE TR I B LR R L), Bk T
AR IR 7 5 B R OV AR AH 5 AT it
B BN B R, TR A R B R
AN AR R, AEANEEIAS /N, PRI 2 B AN
F AT 5] N AR R T B “m” T2 .

0 . T | T T ! T
_50 - g
=100 T
=150 . i
@ —a— AT 1
§ -200 —e (3F ]
B e - A 06 ]
zl =250
—~v—=0.38F ]
=300+ -&-1.0F =
=< 1 9F E
=350 e | 4F g
=@ 1.6F 1
-q00r ¥ | ~—— 1F .
_450 1 i " 1 1

| 1 L 1
0 50 100 150 200 250 300
AT ) AR R D/mm

K7 e R SR R A
Fig.7 Longitudinal strain distribution in section of composite
steel pile



92 T s

&
B

3) s

A LT R TR, WPEARIE BB )5
SREEIEIN B 2 A B (B KA TR, 5 UK H I
EOF P R R e = RE i R e v a2 S 27 N VA
BT SR G R, B e i A W 8 P

N =y

Vy Iy M
el
W |, |

N

| &&

‘ | F.8 7 4
T 1] AR

B8 K B R A T

Fig.8 Push out test and damage form
DN T - RS i e () Q)BEAT T, e
A2 HE U IR A6 RS AT ARG S A fT 2, 1t
5 HLANAE 525 BE 4] 46 W 7 A 20 B 7E 300kN~
400kN
ARYEAR I 45 KA 7T A5 AN A 1 Tkt
IR SRR 45 5 0.242MPa~0.404MPa.

1800 T T

1600+

1400
1200+
1000+
800
600
400+

Ly —= GN-TCAEWEE)
—wms GZTC
0 - —

HEH AT ARNAN

200

() 1 I\ 1 1 1 1 1 1
0.1 0.0 =0 0.2 ~03 ~04 =05 -06 -0.7 -08
HEEE A S/mm

K9 fadl-1 s M Zexd L
Fig.9 Load-slide curve comparison

22 NEESHNETESZE
221 FERE
W2 A DR I TS A K
EA=k E A +k_E. A, (1)

ys s s ye et

b ke, 2 RS AN S A A P A5 i SO 1) 4 P12

PR AR R AR D 25 FE AN 1K
I AL,V e A A P D v T P A o
k. AFHEIEVELE BIEIRIZ BITIANLRT 2 AR

H Hor:

ko =k ky -k )
Kre ky h 25 8RB RO 3Tk R H . TE e B i
ko =1y VBN ko <15k, JZ5EE BT ) 3R A
BN B IE R B TEH IRk, =15 A7 B J3RIT
kyy =1 kg 25 BRI EERIZ TR S TEbiE
R ke =15 A BIEIRIZIN ke SLCEF RS A RARAY
BRI BRI IR 2R ROt T ) o

AR BRI K AR BEE A0 S5 HE A
AAEJE S BT DA AIB IR, BT AN TR e+
I, k,=1.023, R ATHL &, =1, BJ
IWAAFTEBT JIIRITE T e BRI B3 U 2 AP A AT
AN 52 5 R 1K) 0 s R AN T 0 8 R 9 o 1 9
JEIE 2 Fil e
222 RERE

AE7% 18 [E] A SN AH DG ILAT R 0 A0 BT o 559 K
FHRIANAE S S BEMI RV ST iR RO R |, S B Ak
PR G HERRORI, WIS R BIJ3R . B
SRS BT RIBE R, 25 B I8 Je K . BT IR
915 JE5 % S WA RV AN A S S MBS W RE T B A 5

% P<0.8~10F iif:

El =k, E]I, +k,E,LI, (3a)
210.8~1.0F < P<1.7F I}

El =k, EI, +k,AE,L, (3b)

A POARIRIE NG F OV A b T AR
B ANFIEMHACT RN RZEG kA IEM
AN dr TR R . A A
FEAWE AR S e AL, B s e B L D st
VIBE A (A 2 LR e . RV R B
Wz BB R,

ko =k ko ko (4)
Ak A IEVE BB TR AR . ToUe BN
k=1, AR &,y <1: Kk, AFEB NG
BN IVEIER K. BT IR &, =1, 78T JI3AIY
ko =1 kg A EPIERIZRRITRR L, TP
WA k=1, BUIERZEN &, <1.

M TREBREE, M RGN AR B BT
VIR HBEIRZ NG TG, T80 o VRt A7 34
RO, MRPEAR AR, T LLS S5 AN A pE T
BRI ESHIE 3 Prr.



i 2 93

*3 WEESHNSRIEITESH
Table 3 Bending stiffness calculation parameter of composite

steel pile
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Table 4 Calculation of bearing capacity of G-J-N-PY3 composite steel pile
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Table 5 Results of single pile bearing capacity testing
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Table 6 Comparison of horizontal bearing capacity of composite steel pile

5K KPR AR EIKN A G KA R/(KN « m)  BETRUCOR KA /mm . ALK SR B /mm &VE
(};lﬁfgiu) 6523.5 6.275x10" 204 84.64 KA R
(Qﬁ;;ﬁu) 1470.84 1.41x10* 50 19.1 ARV
3 éﬁﬁ:\, [81 BRFEAR, Ekok, RO, bk, M08 RE 052

BERHEBRIR M L BEA L i CRIPREE R 1
HRITIRE T A% 1A R AIEME . AR )
Mo IR A 1TCW R RS R AN 2
EHEARIAE S AR AR ) 2R Gk g
T, HICATE] T HE A AR I W EE AT AR B RE T T 5
J7id e WHFURERANON BRI 52 5 i
(BT Ty IR SRR T T FE I EOR SR, b
X oE AN E A MBI B . Uit T T
HIRREEAT 4098 Y VS B AR it T HORSCR:
SEERAK T -

S K
[1]  whbRiE. AR R L A M) bt B R
2000: 2—5.

Han Linhai. Steel tube concrete structure [M]. Beijing:
Science Press, 2000: 2—5. (in Chiese)

[2] PR, AR REE SR M]. w R BRTIRR A
A HipiAL, 1994: 1—14.
Zhong Shantong. Steel tube concrete structure [M].

Harbin: Helongjiang Science and Technology Press, 1994:

1—14. (in Chinese)

JE Yy - N AR R B B 9T [J]. TR Jy &%, 2003, 20(6):
154—159.

Chen Baochun, Wang Laiyong, Ou Zhijing, Han Linhai.
Experimental study of stress-stain relation of
eccentrically-loaded concrete-filled steel tubular columns
[J]. Engineering Mechanics, 2003, 20(6): 154—159. (in
Chinese)

[4] JEm R, BuSEk, BEdiRH, BRESE. I RE LA S

BB P B 3 BT [3]. LR, 2007, 24(1): 101—
105.
Kang Xiliang, Zhao Hongtie, Xue Jianyang, Chen
Zongping. Theoretical analysis of the composite axial
compression  stiffness for CFST members [J].
Engineering Mechanics, 2007, 24(1): 101 — 105. (in
Chinese)

[5]1 T, Kb, PRk, RPUE. NE A RRE LTS

FEPUS 3= PEReF I [I]. L2 )%, 2008, 25(3): 187 —
193.
Yu Qing, Tao Zhong, Chen Zhibo, Wu Yingxing.
Flexural behavior of steel tube confined concrete
members under pure bending [J]. Engineering Mechanics,
2008, 25(3): 187 —193. (in Chinese)

[6] Hedy R, REMEDT, SKNY, BXISEL. B0 TR L RS A -
MARK R IR HT[I]. LHE %%, 2009, 26(10): 74—



)1

2 95

(7]

(8]

78.

Kang Xiliang, Chen Yaofang, Zhang Li, Zhao Hongtie.
Theoretical analysis of bond-slip constitutive ralationship
for CFST [J]. Engineering Mechanics, 2009, 26(10):
74—78. (in Chinese)

JCJ01-89, W R IGE - Sk e vl Ly it T RERELS]. bt
AR TV RicAL:, 1989.

JCJ01-89, Steel tube concrete structure design and
construction code [S]. Beijing: China Architecture and
Building Press, 1989. (in Chinese)

CECS28: 90, M RHE L4k vevt 5t T AR[S]. b
5 T E TR H R, 1992,

CECS28: 90, Steel tube concrete structure desgn and
construction code [S]. Beijing: China Planning Press,
1992. (in Chinese)

9]

[10]

[11]

[12]

DL/T 5085-1999, #N-iR#&E 120 & s vl JIFE[S]. b
A P E L R, 1999.

DL/T 5085-1999, Design code for steel-concrete
composite strure [S]. Beijing: China Electric Power Press,
1999. (in Chinese)

AlJ, Recommendation for design and construction of
concrete filled steel tubular structures [S]. Tokyo, Japan:
Acrchitectural Institute of Japan (AlJ), 1997.

BS 5400, Steel, concrete and composite bridges, Part 5:
Code of practice for design of composite bridges [S].
London, UK: British Standards Institutions, 2005.

SHS design manual for concrete filled columns, Parts 1,
structural design [S]. London, UK: British Steel (now
Corus), 1992.

(325 87 M)

(5]

(6]

[7]

(8l

(0]

PR, BRI BBRE. WA RS PR B A

U R[] TS T K454, 2005, 26(5): 16— 19, 44.

Li Yunxia, Li Qiuyi, Zhao Tiejun. Progress in recycled
aggregate and recycled concrete [J]. Journal of Qingdao
Technological University, 2005, 26(5): 16—19, 44. (in
Chinese)

BEAERH, EF5H, D, A5 RV TRAE LR BT
BeIR IR S]], eI, 2013, 43(7): 69 —72.

Xue Jianyang, Wang Xiuzhen, Ma Hui, et al.
Experimental study on shear performance of steel
reinforced recycled aggregate concrete beams [J].
Building Structure, 2013, 43(7): 69—72. (in Chinese)
T, BRosr, R, S5 BN AR R 4L S AT
JE Pk RER I ST ], LR 4%, 2013, 30(6): 133—141.
Wang Ni, Chen Zongping, Li Qiliang, et al. Experimental
study on the behavior of steel reinforced recycled
aggregate concrete composite columns under axial
compression loading [J]. Engineering Mechanics, 2013,
30(6): 133—141. (in Chinese)

M. TR M. dent T RSO AL,
2008: 73—76.

Xiao Jianzhuang. Recycled aggregate concrete [M].
Beijing: China Architecture & Building Press, 2008:
73—76. (in Chinese)

FE TG, BUER T AR VB - A0 A AT IE AR T 32 0 M e i e
WFFI[D]. Vb2 VU @R, 2011,

Cui Weiguang. Experimental study on mechanical behaviors

[10]

[11]

[12]

[13]

of normal cross-section of steel recycled concrete
composite columns [D]. Xi’an: Xi’an University of
Acrchitecture and Technology, 2011. (in Chinese)

BRogsr, TRefl, Jramsl, & RUATRBE L AT IR
[P R BERA T N) RS & iR S RN =5 [ (S BN
El2#hR), 2005, 37(3): 345— 349, 355.

Chen Zongping, Zhang Xide, Su Yisheng, et al.
Theoretical research on bearing capacity of normal cross
section of SRC special-shaped columns [J]. Journal of
Xi’an University of Architecture and Technology
(Natural Science Edition), 2005, 37(3): 345— 349, 355.
(in Chinese)

JGJ138-2001, AUEN R HE 1A & G M BORIAL[S]. Jbat:
Hh [ AR Tl AL, 2001,

JGJ138-2001, Technical specification for steel reinforced
concrete composite structures [S]. Beijing: China
Architecture & Building Press, 2001. (in Chinese)
RN, BRSO BN T A TR e L AT
WA JJREA[I]. TR )%, 2014, 31(1): 97 —103.

Yin Xiaowei, LU Xilin, Lu Wensheng. Resilience model
of SRC columns with cross-shaped encase steel [J].
Engineering Mechanisc, 2014, 31(1): 97 — 103. (in
Chinese)

Chen C, Lin N. Analytical model for predicting axial
capacity and behavior of concrete encased steel
composite stub columns [J]. Journal of Constructional
Steel Research, 2006, 62(5): 424 —433.



