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Abstract - In a composite structure, shear connectors are essential for the steel frame and concrete to behave together. According
to the shape and arrangement of the shear connecting material, the composition rate changes, and the internal force of the mem-
ber changes accordingly. Therefore, the efficient shape and arrangement of the shear connection material are very important.
Currently, studies on synthetic structures are being conducted little by little in Korea. However, the study of the detailed form of
the shear connection material is insufficient. In this study, a push-out experiment of a shear connecting material used in a filled
composite beam was conducted and the proof strength was evaluated. In addition, finite element analysis was performed based
on the experimental results and a representative model for variable analysis was presented.
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Channel shear connector

Weld zone

(a) Stud shear connector (b) Channel shear connector

Fig. 1. Shear connector
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Table 1. Test specimens
. L. hy =1ty
No. Specimen (i) i) )
1 S-300-40-1
2 S-300-40-2 40
3 S-300-40-3
300 6
4 S-300-60-1
5 S-300-60-2 60
6 S-300-60-3

L,: length of angle; h,: height of angle; #, = #,,: thickness of angle
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Fig. 2. Specimen floor plan

Fig. 4. Specimen after concrete pouring
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Fig. 5. Material specimens

Table 2= A A&
2] 4 W Y57
EUERoH, A4&S 1

Azjolc}, Ak 1A 2 ALEH 67
1= 270.72 MPa, Q1373 = 405.87 MPa
g 37.89 %2 YEIGTE HE 7}
ol K- 12 7412) 49 B3 SHEZFE 342.70 MPa, Q1%
7% 512.71 MPa2 e o m, X182 B 3475 %2
27590t} BE A7 KSTAL st Ao® e
T 252 e0] 49089 PES V|Eo R W 7
T 25.99 MPaZ2 A= 9jth

Table 2. Results of material test
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Fig. 6. Test set-up
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Table 3= AP ZIE X2 Y23t Ao|t}h 2 AoA=
EurocodeS %}57_3]-01 Pry 7Fst At Pre= F o Ao

Eurocodeoﬂ 15 Kiley ﬂ’éxﬂwl EAAd S 6mm= 5f
45131 910}, 2 Aol ek A8 ol 7H40 mmel 7
- olo]| Ut 742 B Aa{— Rog Rt 4

coun | o | i | B | Teigan. A% 59 2=t 20 42 K4l 290 933102
(mm) | (MPa) | (MPa) | (%) ubgslol, £32]E geto & QIsh 7z A|7ho 2 wheke,
1 27542 | 411.86 35.19
$$235 | 2 | 6.0 | 26862 | 401.18 |  39.03 Table 3. Results of push-out test
3 268.12 | 404.56 39.45
4 347.04 | 51871 |  32.68 No- | Speeimen (kQIG) (iﬁc) (“f‘un) (‘zﬁl)
SM275 5 12.0 | 34090 | 512.03 33.92 1 S-300-40-1 781.89 703.70 5.09 | 4.58
6 340.17 | 507.40 37.65 2 S-300-40-2 891.58 802.42 | 596 | 536
Concrete S =125.99 MPa 3 S-300-40-3 910.96 819.86 7.01 | 6.31
t: thickness of coupon; Fy: yield strength of steel; F),: tensile strength of 4 S-300-60-1 1,197.73 | 1,077.96 | 9.30 | 8.37
steel; fo: compressive strength of concrete 5 | $-300-60-2 | 1,171.53 | 1,054.38 | 10.66 | 9.59
2.3 Push-out A1 6 S-300-60-3 | 1,346.90 | 1,212.21 | 10.34 | 9.31

AT
=

ot

< AAANE 3,000 kN9| REs A 2A A7)0 3|3}

Q,: ultimate strength of the specimen; Pgr =0.9Q,; 8,: displacement at Pgy;
6uc = 0.96,

LR35 =5 433 A4S (EE A1735) 20214 8€Y 239
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gYsto] Pt FEo] AT 10 %E 2] Bz BE AARY AF AISCE B O = ZIFYE| 1L Qlof, % A+
AlFeta Qi £ AP AT ol 7Homml AFA S F ° 73S B AA 149 o] " gsirhil Al HTh

L H2}7} 86.15 kN, 60 mmQl A3 4| 9] AL 123.87 kNO.

2 99} k2. AJBRS WhESHE 71 0 & Ueldet 0, a1sc = 0.3(t; +0.51,) L.\/f i E, 1)

Fig. 72 AH A1 Pp 5 e AT 274 9] =] 3 2

7} ZASEE 2 5t Zobele Ao s etk A PnEurocode = = 106h* f 7o (2)
A =0 H o FELS- 30(; -402] 732~ 861.48 kN, S- Oncsn = 365(t, +0.51) Loy/Ta )
300-602] 3% 1,238.72 kNO &2 =A =] 9ich.

500 O, pashan = (3365 +5.24L H,)\/f o )
B Height =40
e 01714, Q.: Mt AAAN S ZHFEWN)
1,077.96 1,054.38 tf: ;1(:11'1;1. ﬂéxﬁ_o/] _J;;L_%;(] _%_-‘_ﬂﬂ(mm)

2 - 802.42 819.86 te: A A2 Y E FHA|(mm)

3 7037 Le: Ak 4872 -84 2 0] (mm)

. fu: 22 EO] ZHE(MPa)

E.: 229 E9) S4A%(MPa)
H,: e A4 2] $=0](mm)
b: Ak A4A 2] Zo|(= L., mm)
X e S S h: Ak A2 2] 420](mm)
Fig. 7. Bar chart of Pg results Yo - —]?]—Lﬂv:?l'{ﬁ]#(: 1.25)
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o] A= ANSI/AISC 360[%)(0]3} AISC), Eurocode!”, CSA A& 3H18 4= Q1]]th. ©] % Pashan©] A| A5t 4]o] A 4]
S16!'(0]3} CSA), Pashan'™ 4] 0 2 AXRS APtk A T KARE ATHE itk A 0= wetdrt o] Edf
3 Ay} Aot AZAA 9] Fold mEt Aot Wiskele Ag 2 A B2F Ad AAA Q) B A A ol &
gRlstgrt. sHATE Eurocode®} Pashan®] A1 A|Ljst o] HolA A2l A7} o|F A A] Qhi=tal et

Table 4. Comparison of test value and theoretical results

. Qu Qn;AISC Qu Qn;Eurocode Qu Qn,CSA Qu Qn,Pashan Qu
No. Specimen _—
P (kN) (kN) Onsaisc N) | Opturocode | (KN) Oncsa (kN) Opspashan
1 S-300-40-1 781.89 0.64 1.01 0.81 0.93
2 S-300-40-2 891.58 0.74 774.83 1.15 0.93 836.45 1.07
3 S-300-40-3 910.96 0.75 1.18 0.95 1.09
1,212.64 963.44
4 S-300-60-1 1,197.73 0.99 1.14 1.24 1.05
5 S-300-60-2 1,171.53 0.97 1,050.20 1.12 1.22 1,143.81 1.02
6 S-300-60-3 1346.9 1.11 1.28 1.40 1.18

240 5737201 =g A3 AL (EE A1732) 20219 8¢
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Table 5. Material properties of concrete

AR A4S W2 A WA A (implicit), 2] 2] (ex-
plicit) - GRrE o = A o]
| SAmE HEE Atk g, de] Hetdo] =2 A
o= ek SRS sA 9] ARt =3 Ado] 4]
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32 Z3E sAng

2aeE9] $2-9980) 49 QT YRS REH
s, 2] 82 o) RAB|ES] 2 24 HAT 4
= concrete damaged plasticity 7|52 &8930,
S Zh2 Table 59} 2t}

F 3 E 9] damage parameter(£=4F Hy )= 2T E

d X o] % e A A EAYEQ] ' ASE ¥igh
7)= AlSE, ABAQUSOIA AAoh= ©5 7] A5
5te] AskS MYkt

ZAYE AGE )= ACI 3189] 4] (5)F L5t
ARkslom, £ 0] Folul 028 BEIISIT .

1% %o gl

.

> o
oL

e

E, = 4700\/7, )

A7) A, E.: 32 E 2] EFA5(MPa)
fo: 22| E Q] QFE7FE (MPa).

Concrete compressive behavior | Concrete compression damage Concrete tensile behavior Concrete tension damage
Yield stress Inelastic Damage Inelastic Yield stress Cracking Damage Cracking
(MPa) strain parameter strain (MPa) strain parameter strain
10.39 0 0 0 2.60 0 0 0

11.37 4.97E-05 0 4.97E-05 0.05 9.76E-04 0.98 9.76E-04
15.01 2.50E-04 0 2.50E-04 - - - -
18.13 4.50E-04 0 4.50E-04 - - - -
20.73 6.50E-04 0 6.50E-04 - - - -
22.81 8.50E-04 0 8.50E-04 - - - -
24.37 1.05E-03 0 1.05E-03 - - - -
25.41 1.25E-03 0 1.25E-03 - - - -
25.93 1.45E-03 0 1.45E-03 - - - -
25.99 1.55E-03 0 1.55E-03 - - - -
13.00 3.36E-03 0.5 3.36E-03 - - - -
5.20 4.44E-03 0.8 4.44E-03 - - - -
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Fig. 11. Experiment results
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Table 6. FEA results
No. Specimen (kQI\uI) QFI:;\’IF)EA Qmil,‘FEA
1 S-300-40-1 781.89 0.92
2 S-300-40-2 891.58 851.30 1.05
3 S-300-40-3 910.96 1.07
4 S-300-60-1 1,197.73 0.97
5 S-300-60-2 1,171.53 | 1,239.44 0.95
6 S-300-60-3 1,346.90 1.09
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