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Abstract - The typical stud anchors used for composite members cannot be use to small sized concrete filled steel tube (hereinafter
to CFTs) due to difficulties in welding. Therefore, a new typed shear connector using bolts that can have weldability even with
such a small sized CFTs was proposed and experimentally studied in this paper. The structural performances, shear strength, and
behaviors of newly proposed shear connector was verified by experiment which showed higher capacity than that of Korean
Design Standard. The new typed shear connector could be efficiently applied to construction fields using samll sized CFTs.
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(a) CFT member in truss structure
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Fig. 1. CFT member in spatial truss

550
150, 250 150
150 150

[=3

=1 ) I =

2 =

8 ~ . | o

ol o | y <

| 0 I I N
pi et Lo %

2 : ! e

A E

<Front view> <Cross-sectional view>
(a) H-type specimen (bolt connector)
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(c) H-type specimen (stud anchor)

(b) CFT member
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(d) CFT specimen (stud anchor)

Fig. 2. Shape of test specimens
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Table 1. Test specimens
) ) Shear connector Unit
No. Specimens name Size Remarks
Diameter (mm) | Length (mm) (EA)
1 H-S13 13 2 Stud anchor
H-type H-250%250%9.0x14 50
2 H-B12 Mi2 2 Bolt connector
3 B12-B 2 Bonded®
MI12 Bolt _
4 B12-U 2 connector | Unbonded
CFT 0-150x150%6.0 50
5 S13-B 513 2 Stud Bonded
6 S13-U 2 anchor | Unbonded
"Unbonded: a specimen that removes adhesion between steel tube and filled mortar by applying oil inside the steel tube
“Bonded: a specimen that has adhesion between steel tube and filled mortar because oil is not applied inside the steel tube
Table 2. Mechanical properties of materials
L Thickness | Yield strength | Tensile strength | Yield ratio | Elongation
No. Division i) (MPa) (MPa) (%) (%) Remarks
1 SPSR (steel tube) 5.89 392.6 471.2 0.83 36.2 SS275
2 Bolt (M12) 11.88 940.0 1,040.0 0.90 - F10T
3 Stud (13) 12.64 474.3 492.4 0.96 20.5 SS275
4 Mortar S =50.8 MPa Non-shrinkage mortar
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(a) Overall failure mode
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Fig. 7. Failure mode

5] =R A3 ASE(EA A174%) 20214 109 331



1%
flo .
T
b
I
)
L
re
i)
)
_O‘l'.
<
)
)
st
)
r\l
O
H1
i
T

1)
a)e
30
Nl
o)
yu!
(|t
i)
e}
i_tl‘
N
-
BN
N
N
)
1o
_o|15
R
p
N
H1
i

>
=
S
o3
o
Yoy
ol
k=l
30,
o
=
(A Jm
ol
N
O+
H
L
(m

=

4
BN
N
HN
©
o,

0 o2
Al
1o
2

(m 1o 1o
N[>
rlo
)

i
T
Xu)
)
Rl or

1o 1o by 1o o oy
=
T—ﬁ
>
rE
19
2

iy, ol
=)
1o

o) rE ofl

> &= Ho
)
lo I
%
=~
=
i)

oY)
)
)
it
o
18
30 o o
o
ol
N
>,
&
30,
tlo
ftlo
i)
ol
39,
0

)
>
rr
¥
O~
]-H
fh
i
it
i)
fo
_orlg
>
ol

i—‘:
i
o)
oo
o
i)
ol
i_tl‘
2
)
%
— N

o
N
N

(& oM
filo
£ >
o
=
R
30 W
o
o)
il
)
i)
ot

Fo| FHHe] G T AFH

27173732 S13-U A7} 7P 352 65.9 kN/mmS L
Bl 9Jo, B12-B 9 S13-BE= 48 kN/mm - 53 kN/mm
B2 FARHA R, B12-U7E34.1kN/mm2 71 &
SRS eI 9louk, ANka oz & Kol glrta
Y. o] = 2EY ATAEA 9] B5-, SHA Yol
=7t Qg0 Qs 2710 S ALt Rel 7 EAgstol
Kol AA Askd Aoz wotetg ok, FHA 7} 279
FHo = Q5] F&= 0 lo] SRR 27 FH A=

0
N
£
A
o
o

AA

Eorlo

Table 3. Results of experiment

UpeLA] 98-8 ofulatet. ol CFT 71§ o0] E2|E71 7
A ool AX|H SRC 7|5THe ge] £l E9] o
o Euka|7t LhehuA] 917] w0 2 sheheic,

Hf5E-2 B12-B AA7 OF 168.0 kKNO2 71 7,
B12-U9} S13-U A&7} 9F 131 kN - 135 kN &2 7F &
7 et on], HrjslEAlo] Mgle A = 7 2] 9o
£ 86mm AT Yehti, BE AgdAe] 490l
21.1mm 0 4J9] 9|5 ek it o= 1&gt uter 2ol
AFE 79 A9 8HEE Bl 85Tl o5 eI}
%7]0f mhekEle Ao g BetEh}, BE Agd el 49
o= BE 0| o] Tgo] Y 7K st 7] 1
Foz e,

4.

ol

434
REEEE

A9 0] Fgt B4 9 o &3 fI5to] {etg Ac)A =
TIF(ANSYS Workbench Ver. 12)-& 0]-85}0] AT S 1
g5t 24 skt

Fig. 80| A= sl A el & Lehl 2L L2542 9iof
L3 AFY 71AF EAL Table 20 YePH A2AE 2
= ARSI

P (KN)
Type Kst E . Amax
(kKN/mm) : a1t o xperiment (mm)
Experiment KDS-41 Eurocode 4 /KDS-41
BI12 513,454 81('8%%'0 71.10 83.62 1.16 3'(23’5)'1
H-type
92.7.86.3 82.53
s13 26.9,51.4 595 80.99 40.08 111 5
B12-B 442,52.1 15?&’8153)1'9 71.10 83.62 236 27('% 27(;'5
BI12-U 352,331 12?{;’113)8'5 71.10 83.62 1.84 17('2Si 21‘)"7
CFT ' '
150.2, 146.2 84,89
SI3-B 57.1,48.9 (i482) 80.99 40.08 1.83 6
S13-U 68.5.63.4 13Zi93’5133)2.7 80.99 40.08 1.67 8(78 %7

K initial stiffness, Pmax: shear strength of a connector, Anay: displacement at maximun strength, Numbers in parentheses: average of results

'KDS-41: 0, = 0.5A5 \fAE. < RRAF.
" ), 0290’ N fEon.
Eurocode 4: P, = min (0.8, (%)}/u' 0.29ady fEen )

332 F=dFEte] = A3 A AISS(EE A742) 20219 109



>

000 10000 22000
[ EE— [ E—— e 10000 2000 (mm)
5000 15000 | B ES—)

(a) Bolt connector (b) Stud anchor

Fig. 8. Modeling of specimen

4.1.1 AAZA 43

Fig. 80] 4] 273t & %‘ 751 FAZHE 483 CFT A
AA 2} A E PAE A-E1F CFT AP A 9] Mt =of &
eSS A= 7JZH9} %E‘ixﬁ, AgdAdAe] & x
742 o e} Zo] A5ttt

EEY ANAZAE 183t o] A S} A,
FAAR} EEY AAAZEA 9] o= F HSHol tish
A frictional:Z AFE-5o] TRAHAIGE A ol=HA P H=
BOlEArE sl on, FAet EEQ ATAZA Y HEH
Aol &4 Be O Jzat 22 S AJHE UE
+ bonded HZ AE|E ARESFI T

AHE JPAE A 83t o B BEEY AAAZA
A&t e} FUsHA S M2 5?% Hof| thsfiA
frictional-Z AME-5F31 0.1, 3 Aot AH E A HEH A
Aol = AHE BA 9 roundH I} FA 9] HZEH-2 bonded
2 & HE Uil AE A= circle A A9

b}

mlm

400
ﬂéaoﬁ”uoehlh
A oo
300 z Seag
z ]
2 200 J
- 0
g [}
3 ;
[/
100 —— Analysis
Experiment 1
=== Experiment 2
0

0 10 20 30 40 50
Displacement (mm)

(a) Bolt connector (M12) bonded type

AHg - {9 - e - A
L frictionless@} FAFSIU £ AH e 7FsotH H
HO| n}&A %7} FEH) £ slidingo] AE] Qe HlME A&
JE 2 25k

4.12 mpEA 4

SRR} A, AAAA o] HEH 7ol A ARERE fric-
tionalof] A& of] A& ‘I’_ A SRS A st ot
A2 W7 5FHA] B12-B TEo] 40 mme] 9] o]
£ 28510 of5-H 9 TAE vl wetglon, 1 A} 54
of = Q3 A FZES 0.152 A 51o] Sj45H% o Al
A2} 7P -FARS 3k ERIE 4= lGiTh

42 AT D 2A

Fig. 90l A= A3gk} s 2 34te] st A S vl
asto] YeRf| L Qlet BE A9 Ad A9l B12-B A A=
Bt gko] 336 kNoJgloLt, 4] A} of 359 kNO| H{rf
< Uehislon, AHE 7 A<l S13-B2] 739
F o] el A A3} oF 296kN, 4] A} 2F 337kNS
LERlo], A3} siAd o] Zol= 10 % A2 & 54
SIAL et 1L, AR Alof e AEE P 84
pctof] 213k W= o] 7] A5t o] shAlol M= LERFA]
%ol B2 MBS UEUAL 3lo] 2373 Uiiol 4]
she AHE 719 4] tiel w2 77 2]
ke

r[r )

4.3 AgA| 9] oy e

Fig. 109]4= ZF A A 9] st e & s 2] o= gl
SEL Ut kol ArgRt At o] ZH A @A o] QlofA 5t

400

300

e

Load (kN)
(3
8

100 —— Analysis

Experiment 1

=== Experiment 2

0 10 20 30 40 50
Displacement (mm)

(b) Stud anchor (S13) bonded type

Fig. 9. Comparison of results in experiment and analysis

5] =R A3 ASE(B5A A 174%) 2021 109 333



b
oflt
&
ofl
of
2,
N
N

gl
>
>
i
ut
ol
[y
i
re
i
=2
e}
aOlL
2
et
olr
i)

o] yelel upe} ML AgADA ) o
S o % Ik whebA CFT 4 )
oA R S8R e o8] T4 o] glo] At
Aol BIsHEo] ZA WAISHA glo} BEY Hgeld
CEREU I ERERE

o 2471 fie< & 5 Aot

21.532
. 19.14
= 16747

14.355

11.962
H 9.5699
71774

4785
I 23925
0

(Displacement: 20 mm) (Displacement: 40 mm)

(a) Bolt connector

4297
38.195
33421
28.646
23.872
19.098
14.323
9.5488
47744
o

21.532
. 19.14
= 16747

14.355

11.962
H 9.5699
71774

4785
I 23925
0

(Displacement: 20 mm)

(b) Stud anchor

(Displacement: 40 mm)

Fig. 10. Failure mode

Fig. 10(a) MI22E E}9]0] 49 A1glat 5 U3l 7}el
ﬂﬂﬂ@QﬂEEﬂﬂq“MAﬁﬁﬂﬂmmﬂﬂ%ﬂ

AAWUFE JERRT 90T, Fig. 10(b)9] AFE 37
P@ﬂ%ﬁdﬂA Aoz AFE A7} A4 o] HFHE
oA B15-2] 2710} T 2] Zke] R go] WwAlslo]
sl =gk 9Le-e ¢ % Art.

334 F=7d7E0t0] = A3 A ASS(EE A742) 20219 109

2] 735 o] 113} 84 % - 136 % A3]5
AL S ehyglon], HsiEle
A epde.

(2) CFTRAY FAL7|T2A AL oS B
BT B9 FRIIZKDS 4101 A AAE 2H=
Y71 9] AL Hl3 67 % - 83 % ABIFHOLE,
2710] J3k0] o] HAISho] 73T o] 4%
Bhe 28| Q7 0] g0l cfat Avt Bastc.

(3) CETRA)AE Aaadie] wgo] Ao
ol WFstol et glow, i S 347k 7}
Thol] I8 T4 |1 Ylo] B O3t FFE A
Rt gk et

@)&%%@Qawwﬂﬁﬂ~ﬂmi%z4ﬂ%

o] 49, FEH 55 AL 5L 7

2ﬁ¥-ﬂ+4*ﬁtﬂﬂ4méﬂﬁﬂﬂ
H7P}7Rsttel 35 B9 4 g0l ZRs it

10 rlr
rE Hir
o& r

&
[t

AL
re
ih
N
L

|

I
<

A0 AFEFH= A3 7 o] 2
Sl s 3t 72 G40l TR E e
o &g Molli= 37189l A7

©)

Yoo Bkl ofh
N‘r_&rﬂﬁ;OrN
[
P
i)
*
_ra

!

=

S
g
oy
i
uj
BN
ofll
.12

%
£

B oj7 @CNSo|lZ|9] ¢
Ut ole] ZAE U}

THA[ ol 25 Y= s

Z 31 53 (References)

[1] Ministry of Land, Infrastructure and Transport (2019)
Korean Building Code for Steel Structures (KDS 41 30
00: 2019), Korea (in Korean).

[2] KSSC, and The Korean Structural Engineers Associa-
tion (2019) Design Manual of Composite Structures,
Goomiseoguan, Korea (in Korean).

[3] Lee, M.-K., Shin, K.-J., Lee, J.-S., and Chae, I.-S.
(2019) Push-out Test on Evaluation of Shear Strength
Using Angle Shear Connectors, Journal of Korean
Society of Steel Construction, KSSC, Vol.31, No.6, pp.
413-421 (in Korean).

[4] Kim, Y.J., Bae, J.H., Ahn, T.S., and Choi, J.G. (2015)



(5]

(6]

(7]

(8]

Flexural Capacity of the Composite Beam Using Angle
as a Shear Connector, Journal of Korean Society of
Steel Construction, KSSC, Vol.27, No.1, pp.63-75 (in
Korean).

Choi, L.R., Kim, Y.H., Jung, S.J., and Lee, J.H. (2019)
Push-out Test for U-Tube Flange H-Beam with Z-Bar
Anchors, Journal of Korean Society of Steel Construc-
tion, KSSC, Vol.31 No.6, pp.423-434 (in Korean).
Wang, N., Lee, HL., and Lee, M.J. (2017) Bond
Strength Between Concrete and Steel and Shear Be-
havior of Shear Connectors of H-Shaped Steel En-
cased Composite Columns, Journal of Korean Society
of Steel Construction, KSSC, Vol.29, No.5, pp.377-387
(in Korean).

Choi, Y.H., Kim, S.B., Ryu, D.S., and Kim, S.S. (2019)
Structural Performance Evaluation of Square-Shape
Steel Column with Shear Connectors, Journal of Ko-
rean Society of Steel Construction, KSSC, Vol.31,
No.3, pp.141-150. (in Korean).

Fakury, R.H., Caldas, R.B., Almeida, P.H.F., and
Araujo, A.HM. (2012) Tubular Structures X1V, Ana-
lysis of the Load Transfer in Composite Column with
Concrete Filled Hollow Sections-Bolts as Load Trans-
fer Devices, CRC Press, UK, pp.227-232.

[10] Min, J., Jung, 1.-K., Shim, C.-S.,

AEY - 9 - AU AT

F_&

[9] De Nardin, S., and El Debs, A.L.H.C. (2007) Shear

Transfer Mechanisms in Composite Columns: An Ex-
perimental Study, Steel and Composite Structures,
Techno-Press, Vol.7, No.5, pp.377-390.

and Chung, Y.-S.
(2005) Experiments on the Composite Action of Steel
Encased Composite Column, Journal of the Korean
Concrete Institute, KCI, Vol.17, No.3, pp.393-400 (in
Korean).

[11] Woo, H.S., Kim, J.H., and Choi, S.M. (2002) An Ex-

[12

perimental Study on the Bond Strengths for Concrete
Filled Steel Tube Columns Using a Push-out Test,
Journal of Korean Society of Steel Construction,
KSSC, Vol.14, No.4, pp.481-487 (in Korean).

] Park, S.M., Kim, S.S., Kim W.H., Lee, H.S., Lee, K.S.,
and Song, J.G. (2001) A Experimental Study About an
Effect of Shear-Connector at a Bond Stress in Concrete
Filled Rectangular Tubular Column, Proceedings of the
Annual Conference of Korea Concrete Institute, KCI,
pp-561-566 (in Korean).

[13] Lee, K-S. (2002) An Experimental Study about an Ef-

fect of Shear-Connector at a Bond Stress in Concrete
Filled Rectangular Tubular Column, Master’s Thesis,
Chongju University, Korea (in Korean).

8

oF: G0l ELEES}H A Aolo] LAt AT
B AL 22 dhulo] 2228 7 4B Yol § 1Y oleie

Ao AgAZA=A 2L FH o BEF S5V Zﬂ‘%h_

+aﬂ€%ﬂ444$&}

.lg'l"‘

T27]% A A =E A 3305t 58& el
A8l EER JddZA, AHE GA, A

e, I RE,

978 78 Mz S0, W LS flojel 71 £0) AHE BAS

A5l Hoto] AEE GAE ARESY Stk 2B ol#Rt &
2 8 A&7l of 2ol At & Aol A= CFTHAol
2A EX0l Y, ASLS A3 A 02 FHsIeT) Ao

FUsHA 4SATE 1A A%
08, A28 Felol AeABA/L FY2go /5L FYSHACH

49 3924974

=018 = A3 A AIS 2 (EE A|174%) 20219 10 335



	소형 각형충전강관에서 볼트형 전단연결재의 하중전달 능력
	Abstract
	1. 서론
	2. 실험계획
	3. 실험결과 및 분석
	4. 유한요소해석
	5. 결론
	참고문헌(References)
	요약


