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Analysis about Flexural Strength of Steel Plate-Concrete Composite
Beam using Folded Steel Plate (Cap) as Shear Connector
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Abstract The steel-plate concrete composite beam is composed of a steel plate, concrete and shear connector to
combine two inhomogeneous materials. In general, the steel plate is assembled by welding an existing composite
beam. In this study, the SPC beam was composed of folding steel plates and concrete, without a headed stud. The
folding steel plate was assembled by a high strength bolt instead of welding. To improve the workability in a field
construction, a hat-shaped cap was attached to the junction with a slab. Monotonic load testing under two points was
conducted under displacement control mode to analyze the flexural strength of the SPC beam using a cap as the shear
connector. Five specimens with shear connector types, protrusion length, and different thickness of steel plates were
constructed and tested. The experimental results were analyzed through the relationship between the shear strength
ratio and flexural strength in KBC 2009. The test results showed a shear strength ratio of more than 40 %. In the
case of using a cap-like specimen as the shear connector, the flexural strength was 70% of the value calculated as
a fully composite beam. In addition, the cap showed a smaller shear strength than the stud, but the cap served as
a shear connection. When the thickness of the steel plate was taken as a variable, the steel plate exhibited a bending
strength of approximately 70% compared to a fully formed steel plate, and exhibited similar deformation performance.
Local buckling occurred due to incomplete composite behavior, but local buckling occurred at a 5% higher strength
for a relatively thick steel plate. The buckling width also decreased by 15%.

Keywords : Steel Plate-Concrete Composite Beam, Shear connector, Shear strength ratio, Partially composite beam,
Flexural capacity
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(c) Assembling drawing

(b) Planar figure
Fig. 1. Assembling drawing of SPC beam
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strength Cox:lpregStS}:Ve Strain modulus T
, MP. stren E, MP.
Ve P (0, MPay | (pead) | B MO
27 30.8 0.0026 21,625
Table 3. Test result of steel plate
Stress(MPa) ) Yielding | Elastic
Item | Size Lo ) Ylild strain modulus
Yielding | Tensile | ratio (gy) (Es7 MPa)
4.5T 480 510 0.94 | 0.002480 | 207,986
Plate
6.0T 390 470 0.83 | 0.001900 | 205,263
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Table 5. Test results
Specimens [(z K Ps Py Pmax P/P 55 5y 61113)( 6max/
(kN/mm) | (kN/mm)| (kN) (kV) (k) v max (mm) (mm) (mm) 51/
SPC-01 80.5 66.9 240 440 592.2 0.74 3.0 6.2 30.5 4.91
SPC-02 78.9 49.8 240 1,050 1224.1 0.87 3.0 20.5 43.3 2.11
SPC-03 73.2 53.3 240 800 981.1 0.82 32 14.5 332 2.29
SPC-04 71.4 50.4 240 890 1,098 0.81 3.4 17.1 39.9 233
SPC-05 80.1 79.9 585 850 1,055 0.79 7.3 10.3 33.5 3.25
. [(l : Initial tangential stiffness * K; : Secant stiffness * Ps : Load at the time of primary slip occurrence * Py : Yielding load * Pma\( : Maximum load
. 65 : Displacement at the time of Ist slip occurrence * (5,/ : Displacement at yielding load point * (5max : Displacement at Maximum load point
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Table 6. Initial stiffness and maximum load of specimens

Test M
) M test
Specimens| K | K, | M, |M,,. Moy no |22
: v (kN-m)| M,
(ki) (kN/mm) | (RN-m)) | (kN-m) ]Lfy
SPC-01 | 80.5 66.9 528 711 1.35 0.43
SPC-02 | 78.9 | 49.8 1,260 | 1,469 1.17 1,657 | 0.89
SPC-03 | 73.2 533 960 1,177 1.23 0.71
SPC-04 | 71.4 50.4 1,068 | 1,318 1.23 1,660 | 0.79
SPC-05 | 80.1 79.9 1,020 | 1,266 1.24 1,729 | 0.73
Aver. 76.8 | 60.1 967 1,188 1.24 1,695 | 0.71
1.2
£
g 10
£
B 308
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2506 e R
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3
= 0.2
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Fig. 9. Comparison of flexural strength ratio
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Table 7. Ductility evaluation for specimens

. 4,
Specimens v
(mm)

J,

max

380%
(mm)

380%/9,
(mm) ’

SPC-01 6.2 30.5 53.5 8.6

SPC-02 20.5 43.3 76.0 3.7

SPC-03 14.5 33.2 72.5 5.0

SPC-04 17.1 39.9 69.0 4.0

SPC-05 10.3 33.5 71.2 6.9

Aver. 13.7 36.1 68.4 5.6
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Table 8. Evaluation of shear strength ratio according
to flexural strength ratio

Specimens | My, | M, | My, /M, | Q/C;
SPC-01 711 0.43 0.09
SPC-02 1,469 1,657 0.89 0.74
SPC-03 1,177 0.71 0.41
SPC-04 1,318 1,660 0.79 0.56
SPC-05 1,266 1,729 0.73 0.45

Table 89} 7o] AT wH|e} FAEE HluS o

KBCOlA AAISIAL 9l A o] debrdzv| et 37
The] A= v A BAEN AdddA] FEe
7 A5 UM JUEhA gt kA Cap
£ 280mm Ao E wjx|Eto] & ok 40% o]Ate] vt
THE e 5 9lon Capol /FE A8t Aot
BEHE ST Sl

5.4 H= Hl

5.4,1 HEHHAAX] Hs

Table 9%} Fig. 13(a)°ll ATAAAE W= AAe

ARE nlaste] e Aok Addd A7 ¢l SPC-0l
AGA e Stud=S F-23 SPC-02+= FEdHE A
shso] 7} 2.4, 2,10 =& @& RolErh MEAdTe
FazdolA 330, HdAdA 149 S7skdch et
FEA oigk o] M= 048R A

Table 9. Comparison of shear connector type

Specimens | e Py | Prax | 8y | Omax | max
connector | (kN | (kN | (mm) | (mm)| 6,
(1)SPC-01 non 440 | 592.2 6.2 30.5 49
(2)SPC-02 Stud 1,050 | 1224.1 | 20.5 433 2.1
(3)SPC-03 Cap 800 | 981.1 14.5 332 23
N 243 | 207 | 331 | 142 | 043
3)/(1) 1.82 1.66 234 1.09 0.47
3)(2) 0.75 | 0.80 0.71 0.77 1.08
ZRR GHZAA ] G AdAA A (Cap)E
e .03 ABAE AT ArlsiEol 25
L, A9 S7ksklT. e SPC-02 A Ao F st
Al APEE Y= WeH= 0402 HAskgih vt
2hA ZE e ZAYE B A Bse &
Holl tiel At AGAZAE FATFORN w2 F
BAEE LT + Utk
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Table 10. Comparison of thickness of steel plate

Spccimens | TTCkTESS P, | Prac| 0, | Oax | Omax
(mm) | (kN) | (kN) | mm) | (mm)| 6,
(1)SPC-03 4.5 800 981 14.5 332 23
(2)SPC-05 6.0 830 | 1,055 | 103 | 335 | 33
@)/N(1) 1.04 | 1.07 | 0.71 1.01 1.42
5.4.3 ZT =
A-EAYE FHEE S ARE ARE] uiE
of ZAute] HhzpFo|; AT dlsl] HEEojofg).
SPC-03, 05 A3A= sde B 3 F& AN, 7
o] FAe wel =S AR S8, A FA
£ 45T 6.0TZ Z7HAIATE o]d we Zn v
A& o 30% S7IsT
SPC-03 WH] T/ & AME-g SPC-05& 4

b oF 5% A Tkt o, HidelA e wWele
T e

SPC-03-> H3lZ<] 90%0lA Zao] wAste]
% FHFZL 280mm olth. SPC-05% 95%°l A =]
HAst, A9 7 5 FEFEL 240mm otk FEe
Cap?] Alololl WAYEIH, 6.0TS] 45 AtHoz vt
o] T 7] wiitol Cape] T-&2o| 2g3te] FHaFEo]
oF 15% 2holzl Ao dAekec) F Ao IS
Table 11¢] W @8}$33L, Fig.13(c)ell WERAITH

Table 11. Comparison of Protrusion length

Protrusion k)
Specimens | length Py Bnax 63’ Omas | Omax
(mmy | (BN | (EN) | (mm) | (mm) 4,
(1)SPC-03 1/3 x H1| 800 981 14.5 33.2 2.29
(2)SPC-04 1/4 x H1| 890 1,098 | 17.1 39.9 2.33
1Y) L1 | 12 | 118 | 120 | 102
6. 42
793 cgon A%T Bl e UL BER
AdstaL, = AdAdAE F23 SPC Beam®] #
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