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EXPERIMENTAL STUDIES ON SHEAR-BEARING CAPACITY OF
HEADED STUD IN CONCRETE-FILLED STEEL TUBE

*CHEN Bao-chun , CHEN lJin-kai

(College of Civil Engineering, Fuzhou University, Fuzhou, Fujian 350108, China)

Abstract: Headed stud in the inner-surface of steel tube of concrete-filled steel tube (CFST) could improve the
composite performance of steel tube and core concrete. Taking the grade of core concrete, diameter and length of
headed stud as the key parameters. 8 CFST specimens with headed stud were conducted, together with 1 CFST
specimen without headed stud and 4 composite beam specimens with headed stud for comparison. The results
show that the load-slip curve of CFST specimen with headed stud consists of the linear elastic stage, the
elastic-plastic stage, load descent stage and load residual stage. The headed stud was cut off at the maximum load
without phenomenon of fracture or crush in concrete, and the stress of steel tube was low. The ultimate load of
CFST specimens with headed stud is 673.3~1356.9 kN, much higher than 85.7 kN of the specimen S4-1 without
headed stud, the headed stud can improve the composite performance of debonded CFST. Core concrete in CFST
specimens did not separate from steel tube in the process of push-out test, the bearing capacity of headed stud
could play its function better, and their ultimate bearing capacities are 1.69~1.73 times of those of the composite
beam specimens. The shear-bearing capacity of headed stud in CFST increases with the increase of grade of core
concrete and stud diameter, while it is little affected by stud length. Based on the analysis on experimental results,
calculation formula of shear-bearing capacity of headed stud in CFST is proposed, which can be available for
engineering application and further study.

Key words: concrete-filled steel tube; headed stud; push-out test; composite beam; shear-bearing capacity;

calculation formula
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IS BRI 165mm, EBEJEAY Smm, W% SNE FEERAE S5, SRR AT A N H N
T RS, X SERRME LA FTANE, 46 B s A AT B BY AR R ) i R R AR A AT K R S N R R
HFILLE . TRE LK REIUER IS 1L, A RH.

NT RAARETTENERE LA r TEYERE, RIS SR KW, (FEITR 7TNERE L
WAEATI BRIV . AL E — 55, SR ANBRREETMPIBIAE S . RS EZ OTREE T RE .
BATEHAMKE. RN, @HE T AR R SRR HE o LT 3T H.

1 Rt
1.1 Rt

FeHilfE 13 MR, B 8 MEERE . 1| MR EARLTRANERE LA 4 MEBERETMAGE
R

R R A TR E R RS RE, DLBE S SCRR[S]H IR R . & BE12N 600mm,
EEJEA 14mm, KEN 650 mm. & EBRE M A@E 1 FR), RIERE MBS FREER, il
R 90° B 1 AR, —MIRAMEIE 4 R, MATHIIE LA 2, RATE L¥ LK ©16 mm. ®19 mm Al ®22 mm
=FER, KEA 50mm. 80 mm Al 100 mm =F, LA 80 mm HE. #x.OREELIREHEL C35 A1 CS5 Piff.
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Fig.l1 Details of CFST specimens with headed stud Fig.2 Details of headed stud
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Fig.3 Details of composite beam specimens

RESEICRF TR 1 R S4-1 ATRAET M, HAREAR S, REET5RE C. R4THERZ D MIKE
AT S Lo
1.2 AHFHESHHEM

o K HIEAN T B0 H NS, B HARAT AL B, SR IR B 4T, R T2 v 4 1 (e
ST BARIAE) (CECS226.2007)M, SRR HEAT T 1 /R0 A0S AL, &I RE 3945 & AT
FARdE IR A SR A2 4T) (GB/T 10433-2002)M 20 X H5E « R H 2 SR AT Hi sy A& # /7,
R AE ST IR BESE Al fa ,  FEANER A B AR b33 47 it Ut 35 B e 00l el PO R 25 Ah 28, DA sl N ST PR R 485 1
FIPESE 7, BTSN . MR E, BvEREET. C35 Bk KIE: BA: b KESHN 473:
1126.6: 580.4: 203.3; C55 MIFCA LA 535: 1091.2: 562.1: 203.3, K 42.5# WiBrERRE/KYE. BIE (F
AR EE L SR ARG T EERRUE) (GB/T 50081-2002)M Nl 75 R 48 A SR 51 T3 1.

#z1 MWHESE—RE

Table 1 Description of specimens

g Ny ST Diﬁ;ﬂ TR 50 P/ VR g - R RS/ A BRI AR AR A AR PR AR R /A T S AR B 0/

L/'mm  MPa (x10*MPa) S, /mm N, /KN 0, /kN

S1-C55-D16-L80 16 %80 583 3.84 6.01 782.1 174.1
I S1-C55-D19-L80 19%80 583 3.84 7.02 1071.7 246.5
S1-C55-D22-L80 22x80 58.3 3.84 8.06 1356.9 317.8
$2-C35-D16-L80 —-— 16x80 35.5 3.30 8.79 673.3 146.9
1 $2-C35-D19-L80 gL 19780 35.5 3.30 10.34 874.9 197.3
$2-C35-D22-L80 22x80 35.5 3.30 11.76 1156.5 267.7

- $3-C55-D16-L50 16 x50 58.3 3.84 5.94 754.1 167.1
$3-C55-D16-L100 16x100 583 3.84 6.04 799.7 178.5

v S4-1 - 58.3 3.84 2.67 85.7 s
$5-C55-D16-L80 16 %80 58.3 3.84 5.18 404.4 101.1
v $5-C55-D22-L.80 e 22x80 583 3.84 731 7412 185.3
$5-C35-D16-L80 16x80 35.5 3.30 6.24 339.2 84.8
$5-C35-D22-L80 22 %80 35.5 3.30 8.08 634.4 158.6

MR RARAT PR B Y (SRR BRie 55 1 35 FERKITEE) (GB/T 228.1-2010) 1 & 3t
17, DNEARE SA0R 0 JE AR SR E N 275.2 MPa, HRFRIRAE A 428.8 MPa, FPEREJ 2.02x10°MPa. 444
PR 2,
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Table 2 Material property of headed stud

H12/(mm) JiE iR 5% /MPa PR BR 5 5 /MPa HAEHE/(x10°MPa)
®16 3419 4784 ‘ 2.04
®19 339.0 483.6 2.00
22 332.8 4673 2.11

1.3 RERESKEHIE

RIGTEAR M K F S5 F L5 % 10000kN HLE AR il KAE IR 7R3 dL Bk AT, SRAMEH R T, s
WA ENE 4. £l BmiNE S BE IRz E. FEAOR E&AER MBI ENNE 5% 0RE L
A AL J b N AR SR B AL RS s FEBN B AR ST SR IIRG U N2 i B3R, A B 4(b)Fis. frdfafE
RIHL EBE, A7 &2 i DH3816 B AR MR A -

RIS R R AR T R LR AR L, R A O TR B TR CE B4R 550 mm. JESE 50 mm AN R
Ao BRISR A B AR 77 X, AT TUINER, R e R AP R K AGRE AT . AE IR
#, BEMEL TR RATEAT 1/20, 7 2 min, TERFZINEEFE J W SN E BEAR T A IR AL RS 5 B
. HNE S ORE L Z AL EESE, WIRAZEESLME, HEKFFREREA 10 s/ik.
BREE 11 A nER AR BR A 2 22 20%15 LIS CAVITTFRE ME R AT R BN, HRWNBEEBEZX
F| 20 mm B {F 1k

‘ LéﬁmYN LB
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e A [ - °) AN
\ F%ﬁm%ﬁ |
(a) RAINEIE A (b) MR EE

K4 HKEER
Fig.4 Test Set-up
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@4 MEEDIRIRAE 1, 5 N, XN RE BRI IRIER S, BETPBI A ST Q.(CF N, 1k S4-1 M5
HIkEZE IEERLL 4), WE 1 BIE=751.

2000 = z 2000
—=— S1-C55-D16-180 —— $2-(35-D16-1.80
1800 | —e— §1-C55-D19-1.80 1800 —e— $2-C35-D19-180
1600 —— 51-C55-D22-180 1600 - —— $2-C35-D22-1.80
1400 - LG 1400 -
- 1200 1200
<< 1000 | §1000 r
800 - 800
600 | 600
400 400 -
200 200
0 (A B g o S SR I S R
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
§/mm S§/mm

(a) B THME VA (b) BBEUAH

* [-004-



2000 2000

—=— $3-C55-D16-L50 L —=— $5-C55-D16-L80

o | —e— S1-C55-D16-L80 s —e— $5-C55-D22-180

1600 - —— $3-C55-D16-L100 1600 —— $5-(35-D16-L80

1400 F 1400 - —— $5-C35-D22-L80
1200 EleO F
<1000 - <1000

800 - 800 |

600 600
100 - 400+
200 200
0 0 o

0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
S/mm S/mm

(c) B A d BVHA
B s RO NS i)
Fig.5 Load-slip curves of specimens (N-S curves)

M 5(a)~B S(c)RT LAF i, B N ARAT AN E TR A L 3 — 1B B M 2R (V-S HiIZR) B VU BR4H . OA $2ik
Bk, NMEBU(N<(0.45~0.55)N,), WNE S OLIREAHITERIR/N, 28 0.15~0.20S,; AB NFHEEMEE
((0.45~0.55)N, < N < N,), WEBHKERMR, HEWRIEMH S N(673.3~1356.9 kN), HKIRER S, 53]
6.01~11.76mm. f 5 B 5 AR 4T BY BT ma, fif 3k — 1 88 dh 4 3k N F BE B BC, fif# P T F£ % 0.8~0.85N,.
G BN IR A B CD, HTRETBIWIG, BRETRMIRARBR G 0RE R EER, mi—E%
MizknsE Lo, frEfR e —EiaE, MAXNEEAREA.

TRAT R S4-1(E 5(a)), WE SIREE L2 M{UHRRES B G R RS 115 RIS & 71, &K
HE 3R N, I 85.7 kN, @& T A #4411 673.3~1356.9 kN. HRIRIEH S, N 2.67 mm, {UAH R R4
(6.01~11.76 mm)¥] 22.7%~44.4%. HICAT AL, FET REAR K S0 Ik o AN B VR B E A R O 3L [R] TAEMERE

H AT AR N-S #1 2R BRANB BRAE (B 5(d)). OA BB BY(N<(0.55~0.65)N,), HZE 5iRE+
BAHXHEREIR /N, £14 0.10~0.25S,; 3A¥BHEEL AB((0.55~0.65)N, < N<N,), R 5iRE AT g BE R
TR, AR5 TREE AR H B B AR B . MRATEERE, fardkIE(E A N, N 404.4~634.4 kN, RIRYE
¥ S, N 5.18~8.08mm, HJ/NTFAE AT ANE TREE LR MF. BATHEING, MR SIRE LR BT, Toikgksn
W, WAL, BN TR e AR AR B T B BRI R AR B

BAABIMAESEARME, 76 C55 B F, WMERE LR/ @16 mm 1 022 mm #ATHEIAE T Q.
MRS S, 2> BIRAARE 172, 1.71 M 1164 1.10 f%; 7€ C35 B+, ®16 mm Fl ©22 mm 24T Hi
BIRE ) O, MIRIRIERE S, B RAERK 1.73. 1.69 Al 1.41. 1.46 1%, B5R, ENERELHEERE
KRR, BFTHER. HEFERFEET, NEREELRFHERTIES, 2 TFERNMZORBRE A
H5WESBHIER, BATNERSRRRE S PIRE.

22 BRTWNERBRDIRGHIFIIE
221 HmARKEE

6 IR EE R G AT A IR L R, BYMWTE AL AL T SR AR AR AT AT AR . WA R, dT

T2 B AT, (EA84T AR A TFFEREE (A’ X), £TF(B m)S5RE LB X))/ 5, F44) 2.5mm [

il

Bl6 Rtk L —M R BIR RS

Fig.6 Typical failure view on the side of core concrete
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K7 R5E T I
Fig.7 Photographs of headed stud after test

222 ARATHFE-E R @A
B 8 51 T S1-C55-D16-L80 F—HRAR4T I far - A% BH 2R (V- BHZR). HARARET (1 Hh 25 5 HARL, PR T
i, BAR~H. B 8 v, 14T EFTA BRI R NAE, WEHER 7254, B33 — € KE /)
YEF o SR 4T 3k ) ST1-2~ST1-3.ST1-5~ST1-6 BB 5% /)N, B RKAEALN 0.00518 AR E#BAL ) ST1-1 H1 ST1-4
MAEE K, HitEKTEE, 2BERMLEE. ST1-1 MBS TZOERT SBETHFE—M, XN
9 0.25N, B, HTHEMBIA. LA ST1-4 #iZRKatr, £ N<04N,HrE, frik-NARHiZk 2L4tkmm, 5
R — 1R 2k OA BAVEBCHIXT R ; 7E(0.4N, < N < N)BVBt, ST1-4 HIfaraR- R 28 il 2k 2 AR £k e
MAFBA KR K, SR — 1B M2k AB BRYB M BAHXT N . A EUAE N, B, BAFIAE] 0.157,
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Fig.8 Load-strain curves of headed stud of S1-C55-D16-L80
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B9 45t 1 S1-C55-D16-L80 AR fir - AR HI 25, 8] 10 45t 7 SR 75 & Jfar B4 F N AR Wk A
FERI AT o FoAth il i AU AR L. AP 9 R 10 T LA H, 7635 B4k 7 AR 4T M) ST2-1. ST2-2
WERAER /N FEHEH T ARAT MG ST2-4. ST2-5 MASEEK, HEE#E#EHTRRMANIE LA, 2&Z
AT R B LM s ST TR —m R ST2-3 BARE A/ T 12 8], BESEIT ST2-1 fl ST2-2.
BRI NE BN 179 33.7 MPa, {XURJEARRL AT 275.2 MPa [ 12.3%, AR/
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