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Experimental study on bond performance between internal steel
and concrete in concrete filled steel tube

ZHAO Weiping' , LEI Yongwang', WANG Zhenxing' , ZHU Binrong’

(1. School of Mechanics and Civil Engineering, China University of Mining and Technology (Beijing) , Beijing 100083, China;
2. China Electric Power Research Institute, Beijing 100192, China)

Abstract: To study the bond performance between internal steel and concrete in concrete filled steel tube ( CFST) ,
18 CFST push-out tests were conducted. The bond mechanism and bond stress distribution law between two kinds of
internal steel and concrete were studied. The influencing law of parameters on bond strength was obtained and
analyzed through orthogonal test, and empirical formulas of bond strength were proposed based on measured data.
Test results show that bond stress-slip curves of both internal I-shaped steel and internal steel tube consisted of 3
stages, namely, adhesive stage, non-liner initial sliding stage, and sliding stage. For internal I-shaped steel, the
parameters that influenced ultimate bond strength were in order of section size of internal I-shaped steel, bond
length, and concrete strength in terms of importance. The ultimate bond strength of the internal I-shaped steel
increased with increasing section size of I-shaped steel and concrete strength, while decreased with increasing bond
length. For internal steel tube, the parameters that influenced ultimate bond strength were in order of section size of
internal steel tube, mixing amount of expansion agent, and bond length in terms of importance. The ultimate bond
strength of the internal steel tube increased with increasing section size of internal steel tube and mixing amount of
expansion agent, but decreased with increasing bond length. Bond stress distributions of both internal I-shaped
steel and internal steel tube exhibited negative exponential relations under peak load, and the average bond stress
on external flange of I-shaped steel was about 1.77 times that of web. The bond performance between internal steel
tube and concrete in CFST was better than that of internal I-shaped steel. A comparison with previous research
results verified the better applicability of the proposed formulas.
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B2 RS AR I B PE R R AT IR L R L R 2 S R R L PR
SRR T RIS AR TR AR ZEHUAE R AR FEVESTIRNE L AL S Py
IR P06 0 A A 2L 5 2 4 S S A 75 )
WA ER: 2020 02 -17 EFURALAE A1 o T HA 0 52 1 P g, 4 KB
e AL RS TR R R B b
B L B zhaowp@ cumib. edu. cn VE R BN (AR SCH8 T BUAR RN S ) A9 4 TR Ok




- 122 - MoK BT

PN

w52 %

A B A A, A 6 X B 4 M RE AT
WS,

FIR G T 1 BN BE 45 P RE A RIT ST T2 22 L) LN
IREE L2500 1, I C RS T — R0 R R #
HEPHAED SBEES g 5 %) 70 A0 IR v 5 B
CEREAHLIRBEST T A0 AT , 3 A L A B 4G - o
B 2y 1 AR BRSO S R 5T
T AV A IRE L R R P B A 1L I L
B RS T Bh4 R T 5 Roeder 25100 HR 11143
2R IR ST T 4% TR 20 B R 1
M L, 4 PR A T R Tl o B YR B - g
JRIERE TR 0 B R 4 R A B sk Y R
44 Fiids 55 4600 i 5 7R DFHE T N R T YA
16 A W 0738 H | 3845 T B %5 5 143 A 2% e T
T A TR R L 5 RN IR e 7RSSR B A e R
[6) , SN 5 400 90 0T 1A T B B 29 SR AR, {EL
FH AR AETE 22 5 e U A7 T 21
A ERASTRBE L P N EC BN 3 LR 25 SR 220, 4
EIRBE L+ R S IR RS YEREIL TS
TREE L BESEPERE. YT AR B L N S
TREE T BESEVEREDT S HOB B0 s B bl 45 B T
A IRE S A R T TN A S A AN IR - B
B, B T BN AY 5 A MR R 1 T Y B2 1%
T T4 0 2 S g 28 AN TR R 1 P
XS AP BRI AT A a6, 25 SR 3 B P G 4 A 4
LS P 40 00 B 0 5 T AR IR, N A AR R
B X Bl e S ) B2 2 TR AY 3 R AR LR
6 4 BT 4% PR 2 X R T 0 286 0 9 B PO S ), S b
BhASTHR A LI PR R AR Z T T 0 4% TR S
BhAETR B ER L.

ARSCHEAT T 18 A PO BE A0 A TR B 1R
e R, LU P A9 15 TR R b ) A B 45 AL
P 5 32 FHIE SRR 00T , 15 5145 DR 25 5 M 36 45 R 1
AR IR B RS 2, IF AT BRSS IE ) 40 A ML 5 2
TSI B [0 U140 B7 , 2 o 0 o B R R 0
I, W TR AR AR S%.

1 RBFE
1.1 kit

SRR RN 5 IR L B A M Al , L
A EAERIR 2, % 0 3 2 3 KOF. 1 S kiedl W
PITC T B0 A TR BE i, BF9E S 80Ok Bhgs K
BECL,) IR BE L 5 B (f,,) AT 2040 A i R
(S)).2 SIRE AL g [ v 25 e 24 AT TR R 13K 0, F
FBBNFGE KT (L) JEIHB R (v) A AR
BRI R AT (Sy) . B HAS Ly (3%) s itue 3, 4k

BEH 18 AN AR AL 1 SR 1.

SN wRi Ty PHE VLG

D
(o) PO T U IR L (b) I 2 e B TR 1
E1 HNEFNESNERRLESE

Fig.1 Cross section of CFST with internal steel
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Tab.1 Design parameters of specimens

”g;ﬂ A fn; ’;ﬂ: W% W Z; ;;;
1 CFST -D1 400 C30 0 118 43 274
1 CFST-D2 400 C40 0 114 64 280
1 CFST -D3 400 C50 0 110 84 286
1 CFST - E1 600 C40 0 118 43 274
1 CFST -E2 600 C50 0 114 64 280
1 CFST-E3 600 C30 0 110 84 286
1 CFST - F1 800 C50 0 118 43 274
1 CFST-F2 800 C30 0 114 64 280
1 CFST-F3 800 C40 0 110 84 286
2 CFST -G1 400 C40 0 $90 x4.5 100 341
2 CFST -G2 400 C40 5 $135x4.5 78 299
2 CFST -G3 400 C40 10 $180 x4.5 56 285
2 CFST - H1 600 C40 10 $90 x4.5 100 341
2 CFST-H2 600 C40 0 $135x4.5 78 299
2 CFST -H3 600 C40 5 $180 x4.5 56 285
2 CFST-11 800 C40 5 $90 x4.5 100 341
2 CFST -12 800 C40 10 $135x4.5 78 299
2 CFST -13 800 C40 0 $180 x4.5 56 285
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Tab.2 Proportions design of concrete

witmr A w7 GE WK TR IR WA faams

(kg/m’) (kg/m*) (kg/m*) (kg/m*) (kg/m*) (kg/m*) (kg/m*) (kg/m’) MPa
C30 -0% 220 450.04 694.18 1085.77 0.00 0.00 0.00 0.00 32.72
C40 -0% 190 442.65 595.72 1 059.07 59.02 88.53 0.00 1.64 42.91
C40 -5% 190 413.14 595.72 1 059.07 59.02 88.53 29.51 1.64 42.54
C40 -10% 190 383.63 595.72 1 059.07 59.02 88.53 59.02 1.64 41.58
C50 -0% 170 440.33 440.30 1127.53 58.70 88.07 0.00 1.44 55.34
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Fig.2  Measuring point arrangement
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Fig.4 Failure patterns after push-out test
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Tab.3 Push-out test results

REEgE PN P/KN P/KN s/mm o ro/MPa 7 /MPa 7/MPa  (7,-7,)/MPa (7,-7.)/ 7y 7./ 7 MZ&LH
CFST-D1  89.81 149.21  99.85  0.86 0.48 0.81 0.54 0.27 0.55 1.11 I -2
CFST-D2 141.00  219.17 160.11  0.92 0.60 0.93 0.68 0.25 0.42 1.14 I -1
CFST-D3 240.16  360.34 243.46  0.95 0.83 1.25 0.84 0.41 0.49 1.01 [ -2
CFST-El 136.83  219.50 144.32  0.91 0.49 0.79 0.52 0.27 0.55 1.05 I -1
CFST-F2 209.61  321.59 243.56  0.96 0.59 0.91 0.69 0.22 0.37 1.16 [ -1
CFST-E3 258.56  458.05 311.74  0.98 0.60 1.06 0.72 0.34 0.57 1.21 [ -2
CFST-F1 171.95  288.91 207.51  0.93 0.46 0.78 0.56 0.12 0.47 1.21 I -1
CFST-F2 205.07  377.01 247.03  0.98 0.44 0.80 0.52 0.28 0.63 1.20 [ -1
CFST-F3 360.86  562.18 440.82  0.94 0.62 0.97 0.76 0.21 0.34 1.22 [ -1
CFST-Gl  92.34  170.76 — 0.89 0.82 1.51 — — — — il
CFST-G2 113.89  206.22 154.62 0.9 0.67 1.22 0.91 0.31 0.45 1.36 [ -1
CFST-G3 153.46  312.17 262.83  0.98 0.68 1.38 1.16 0.22 0.32 1.71 -3
CFST-HI 143.08  268.02 196.68  0.99 0.84 1.58 1.16 0.42 0.50 1.37 I -1
CFST-H2 141.38  262.95 — 0.99 0.56 1.03 — — — — I
CFST-H3 189.70  351.95 284.04 0.98 0.56 1.04 0.84 0.20 0.36 1.50 -1
CFST-11  161.20  350.62 — 0.96 0.71 1.55 — — — — il
CFST-12 222,32  445.86 355.53  0.96 0.66 1.31 1.05 0.26 0.41 1.60 I -1
CFST-13  193.44  405.31 337.63  0.97 0.43 0.90 0.75 0.15 0.35 1.75 [ -1
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Fig.5 Bond stress-slip curves
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Fig.6 Range analysis of I-shaped steel on ultimate bond strength
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Tab.4 Variance analysis of I-shaped steel on

ultimate bond strength

e S; df; S; Fi

A, 0.032 2 0.016  8.598

F S

Fo o (3,3) =29.457

B,  0.015 2  0.008 4.018 Fyes5(3,3)= 9.280

C, 0.143 2 0.072 38.083 F,,0(3,3) = 5.391
®Z 0004 2 0.002  — —

MBIt 0.194 8 0.098 — —

VEPE A, LB, LC, AR B KR (L,) IR BRIE () AT
BET AR R (S,) 3% Fy > Foq (3.3) BN AT
B EKT 2 Fo o (3,3) > F, > Fy 10(3,3), BIZIA%E
HBEWRT 5 F, < Fy10(3.,3) BN 2B ERIVKT.
3.2 HENERRFEERE
MIET A1 R, =0.45 > Ry, =0.26 > R, =

0. 14, Ui A2 N BN A IR IR ZE 25 5 7, IR R &
WRFR K NN B R E (S, kR % &
(v) , BG5S EE (L,). MR 45K M 400 mm 3% K %]
800 mm K}, 7, FEAKE T REM R 7, BRI 15 a1
KM, AR BE 1 0 I Bk v] 78 s IR B+ 4%
] RGN g WS A S DT 97N X 288 245 % T s g ) AN
FFZm | N BN 2 1 2 31 e J2 TR B 1 ik =B
JERE 7, A3 I 38 56 P O A0 7 S T B 45 M. 7, B
S R AN B NITTR T2 A NG R PO
Hh g 2 TR BRE A X DY G AR B AL T AH N 18 A e R
71, MW RIS 350 6299 x 4. 5, BN BCEAE AR
BEA A P IREE O R RN SRR N AN A
(AR ) SR RS , 8 7, B TR
L8 r 7 st g
B Wk 2 55

1.5 | EEEEHE P e e v R
1.37

123 125

ar

TOS0302030%(
9e%%

QRS
9

XX XXX XXX XXX XX

1.1

%
%

T
90%%%
s
%%
‘0

9
K

%
020

vv,v,v
X%
oot
2258

R
30KS

<
X

RS
3
X2

XX
3RS
%
35

RS
K

Sosee:
308

R
RN

9
&
%8

58
%

,v
X
o

TTTXS
3%
et

,v
&
oo

.

,v
&
o

v,v,v
XK
RRRKS

0 R =014 =045
400 600 800 0 5 10 $90 135 $180
L./mm v/% S

B7 MENERRFEREREST

Fig.7 Range analysis of internal steel tube on
ultimate bond strength
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Tab.5 Variance analysis of internal steel tube on

ultimate bond strength

HE S; df; S; F; F, G548

A, 0.033 2 0.016 2.040 Fyq(3,3)=29.457

B, 0.102 2  0.051 6.397 Fyes(3,3)= 9.280
C, 0.321 2 0.160 20.024 Fy,0(3,3) = 5.391
w2 0.016 2 0.008 «— —

BT 0.471 8 0.235 — —
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Tab.7 Comparison of ultimate bond strength of internal steel tube

by RO0) A1) A(13)
RS e T/ re/te "V aarrs g,
MPa MPa MPa
CFST-GI 1.51 1.71 113 192 1.27 1.54 1.02
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CFST-G3 1.38 1.19 0.8 1.22 0.89 1.07 0.77
CFST-HI 1.58 1.71 1.08 175 111 1.49 0.9
CFST-H2 1.03 1.45 1.41 154 1.49 1.31 1.27
CFST-H3 1.04 1.19 1.14 1.20 1.15 1.08 1.04
CFST-I1 1.55 1.71 1.10 1.64 1.06 1.5 0.97
CFST-12 1.31 1.45 111 144 110 1.27 0.97
CFST-13 0.90 1.19 1.32 116 1.29 1.07 1.19
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