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Experimental Study on the Structural Behaviors of U-Shaped Steel
Composite Beams using Lipped Channels and Side Trapezoidal Plates
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Abstract — In this study, experiments were conducted to investigate the structural performance of U-shaped steel-concrete
composite beams utilizing cold-formed lipped channels as web members. Trapezoidal steel plates were additionally installed on
both lower sides of the beams to enhance flexural and shear capacities. A total of five specimens were fabricated with two
primary variables: the presence or absence of bottom tension reinforcement (R/NR) and different shear span-to-depth ratios (1.5,
2.0, and 2.5). Four-point bending tests and three-point shear tests were performed respectively to evaluate the flexural and shear
behaviors. The specimens designed for flexure exhibited typical flexural failure modes. Specifically, specimen T8-R, containing
bottom tension reinforcement, exhibited approximately 14.8 % higher flexural strength compared to specimen T8-NR without
bottom tension reinforcement. Specimens subjected to shear tests showed typical shear failure patterns, and experimental shear
strength decreased as the shear span-to-depth ratio increased, with a maximum reduction of about 15 %. The cold-formed lipped
channels provided effective shear connection, enabling a fully composite action between the steel and concrete components,
thereby potentially replacing conventional stud anchors. This composite action significantly enhanced the overall structural
performance, improved load distribution capacity, and contributed to the stability and robustness of the entire structural system.
Keywords - In-filled composite beam, Flexural strength, Shear strength, U-shaped steel section, Lipped channel
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Table 1. Specimens list

Trapezoid | Bottom
. Shear span | .
Specimens Tensile vl side plate plate
P rebar P thickness | thickeness
ratio
(mm) (mm)
2-D25
T8-R (SD500) - 8 8
T8-NR - - 8 8
4-D25
T8-1.5 (SD600) 1.5 8 20
4-D25
T8-2.0 (SD600) 2.0 8 20
4-D25
T8-2.5 (SD600) 2.5 8 20
78 49 W52 A9etgn g 9 Ack 4L 59
shelch. A@A A Fol Y= Aole] AAS 3}
7 o) MERFOR SFT AL GAT FES
H2 AASHH. 53], dcdd 24 S35
WA E Bkl ¥t AHAA 3 mm 2719
2 GH L sho] = 27 7ho] A3 AL T

% Q=S shelvt,

Table 13} Figs. 1(a), 1(b) ¥ 1(c)°f] Z+ A&
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h,, = 1200

‘ - 12-D10 (SD400)  2-D22 (SD400))~ — Stub bolt 39-®16(HS1)@150 ‘
\

., ., AN VA . P 4
§ Wv g "o 9V [ PR ) 7o T3 u"
" \l s, ﬁ . W j Y ol)
< il A8 a =] <
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Top Plate \.
PL-100x6000X6t(SS275) - 9-L-S0x50x4t@600
3 v Lipped channel
i § / LC-150x50x20x3.2¢(SS275)
Al L e
= Trapezoid side plates
FL:5tx190x6000(55275) Tension reinforcement
2-D25 (SD500)
Bottom plate ) :
380x6040x8t (SM355A) 0O o
I \ )
® I by, =300 |
‘ 380 ‘
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@ ;
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N Tension reinforcement
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(d) Assembly of U-shaped composite beam

Fig. 1. Cross section and configuration of specimens (Unit : mm)

500 mmO & YHSHA ALt sSHRZHY FF
SM355A, TAFA 32 mm9 FJeFFY FF
SS2750]t}. HAFR IHARAE JF9 B TAHF
4 mm9| SS275% & T2 A0 =E A AT
ATA|F AAAFA Y FAA G D 22 E B4

> it X o o

oS - 28] - e
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(b) T8-1.5/2.0/2.5 specimens

Fig. 2. Set-up of specimens
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(a) T:-MR/NR

E LVDT-1,2,3

L

[ — ” |

(b) T8-1.5/2.0/2.5

Fig. 3. Installation location of LVDTs and loading conditions
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Fig. 4. Location of strain gauge
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Table 2. Concrete mix proportion (T8-1.5/2.0/2.5)

Design
criterion | W/B | S/A
strength (%) | (%)
f ck (MPa)

Unit amount of material
(kg/m")

A C G S AE
179 | 254 | 889 | 858 | 2.53

24 494 | 49.4

Note: W/B=Water/binder ratio, S/A=Fine aggregate ratio, W=Water,
C=Cement, G=Coarse aggregate, S=Fine aggregate, AE=Water-reducing

admixture

Table 3. Concrete mix proportion (T8-R/NR)

Design
criterion | W/B | S/A Unit amount of material
strength | (%) | (%) (kg/m®)
f ck (MPa)
A\ C G S AE
24 4.8 | 494 106 | 177 | 890 | 858 | 2.57

Table 4. Tensile test results of rebar (T8-1.5/2.0/2.5)

E e
Coupon (GPa) (h{iéa) (l\/ﬁ;a) (/l)
D10 (SD400)| 187.8 421.4 554.5 232
D22 (SD400)|  188.3 475.3 629.3 16.8
D25 (SD600) | 190.1 564.8 710.7 214

Note: £,=Elastic modulus, f,=Yield stress, /,=Tensile strength, ¢,

=Elongation at fracture

Table S. Tensile test results of rebar (T8-R/NR)

E e
Coupon (GPa) (h{iéa) (l\/{lz;a) (/l)
D10 (SD400)| 181.7 445.4 577.1 223
D22 (SD400)|  183.9 473.6 533.7 18.1
D25 (SD500) | 186.6 475.4 689.0 213

Table 6. Tensile test results of steel (T8-1.5/2.0/2.5)

t, E, -fy Ja Eelo
(mm) | (GPa) | (MPa) | (MPa) | (%)
3.2 mm (SS275) 3.15 | 184.5 | 269.2 | 418.1 | 31.0

Coupon

4.0 mm (SS275) 3.78 | 187.4 | 326.7 | 454.5 | 29.1
6.0 mm (SM355A) | 6.04 | 186.1 | 433.8 | 569.8 | 28.1
8.0 mm (SS275) 7.71 | 186.8 | 314.2 | 469.9 | 37.6
20.0 mm (SM355A) | 18.0 | 184.2 | 377.8 | 555.2 | 314

Note: ¢,= Diameter of tensile coupon, £ =Elastic modulus, f, =Yield

stress f,=Tensile strength, ,, =Elongation at fracture

elo
16 : HSDHPo] T3] QA I HE 22t 344 A =Hs}
%11, KS B 080230] Z3}o] QIFAIF S AA|5HgIT].
A2 A S A= Tables 4, 59} 6, 70 A 2]+t



Table 7. Tensile test results of steel (T8-R/NR)

— t | B | 4 | L | ew
(mm) | (GPa) | (MPa) | (MPa) | (%)

3.2mm (SS275) | 2.85 | 197.4 | 3109 | 4529 | 329
6.0 mm (SS275) | 6.15 | 167.4 | 297.1 | 4559 | 348
8.0 mm (8S275) | 7.71 | 191.6 | 298.2 | 472.6 | 36.0
8.0 mm (SM355A)| 7.92 | 199.0 | 386.3 | 539.6 | 33.7

Table 8. Tensile test results of stud (T8-1.5/2.0/2.5)

D E f f £,
C € S v u elo
OUPON 1ym) | (GPa) | (MPa) | (MPa) | (%)
Z16 (HS1) | 12.11 186.7 309.8 4213 33.1
Note : D,=Diameter of tensile coupon, £,=Elastic modulus, f,=Yield

stress f,=Tensile strength, ,,,=Elongation at fracture

elo

A 9D A AEAE 23 KS (GFHEEZFEI)oA
FAHe HA FEBE(f,), AFFE(S,) D AL
BHEShe A gelskaitt

=

(Selu)%

2. Table 90ﬂ *Jﬂﬂ‘c‘ﬂ Aot
of 2 W IAE Fig. 59 Yet

Table 9. Test results

(T.P.N.A) 37}2]—“;« :,Lﬁ}oq u]—/

FaENT |
3, AAZE vrg et %ﬂw:(N PN. A)EE‘r AEH A
o|X &2 &A% ZYZ(T.PN.A)O] 1.08-1.36H) Z7}st
902 HE 3 AFA 0 o FHF2 BT
iﬂﬂE B ol YXot= AL AT 5= et
T8-R1} T8-NR A A 9] F Q- A ZAT E 24 MPa
Hr} A gAY ATl 238 E 757} 38.7 MPa
2 =4 UehtA E23E ASTEAFEHRE BHY
3+ FHYFMPNAYC] JRAAZEZEE A8
3t 2YZ(N.PN.A)ETH Lotz Ao & motE
Fig. 5(a)= 8 mm SHAITHE|E BAahE AHESH &
13 A)Q1 T8-R/NRY| o}5-81 9] FAojct. ohE 143
o] 9l T8-R APA = shAFd ol gliz T8-NR
Hx 114 41‘41LHEﬂ Hr} 148 %%711 UrEP*E‘r Ql

;.:mlméjgrpmzrunh
A:@érl"ﬂ

Specimens | Tr v, 5 M M V.., V.., V., |NPNA |MPNA|TPNA
(kN) | (kN) | (mm) |(kN*m)|(&N°*m)| &N) | &N) | N) | (mm) | (mm) | (mm)
T8-R 1593.2 - 532 | 1872.0 | 1785.7 - - - 129.6 85.7 140
TS-NR | 1388.1 - 609 | 1631.0 | 15333 - - - 109.6 73.9 149
T8-1.5 | 27643 | 18349 | 14.4 - - 504.8 | 1056.8 | 162.8 - - -
T8-2.0 | 3122.5 | 1722.8 | 187 - - 504.8 | 1056.8 | 162.8 - - -
T8-2.5 | 2348.2 | 1565.5 | 26.0 - - 504.8 | 1056.8 | 162.8 - - -

Note: P, =Test maximum load v, =Test shear force, §,, =Displacement at the maximum load, 17 =Test bending strength, 2,=Bending strength based on the

material test result.

) nsl

shear strength calculated based on the nominal design strength of the lipped channel and side plate steel section alone, V. :

: Nominal shear strength calculated based on the nominal design strength of the lipped channel steel section alone, v, ,: Nominal

Nominal shear strength of the

concrete alone. N.P.N.A=Values calculated from nominal strength. M.P.N.A=Values calculated from material test results. T.P.N.A=Values obtained from

the strain distribution of specimens test results.

Sl R AT AR E(EE A195%) 20251 49 81
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Fig. 8. Strain distribution of T8-R/NR
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Fig. 9. Strain distribution of T8-1.5/2.0/2.5

S} R AT ARE(E U A195%) 20254 49 83



Yt S Jue A8 U Y TR Bt 484 47

ZJstses.

Fig. 82 TS-RNR U@A 9 MPE HES veh
ok g7 WIREGHE 2719 A9 0] AT
7 Hej o] 9 o g elo] SolshuA W
£o| 27159tk Figs. 8(a)% 8(b)lA & 4 Aol
AYA T8-R3} TSNROA e @49 HAESGL,
SG2)2 3% 71wt FAH o AgNg sl 5
VS glom, kil Y@ M S5 S B
Yo 9le-2 Holzt.

Fig. 92 T8-1.5/2.0/2.5 AEA|S HI
EFYl o]tk g9l He
718 SG1Y MPEL Ak
go| Z7hstehrt Hrje o 7
< B} whElo] Fig 9(a)ol A2} 2ol ez z}
2o 15 AFAQ T8-1500 4% Hehhee] 50 %74
WY Fo| S/t 1 ol FRE L ATt Bk,
Fig. 99149} Zo] 7t 4 o] 77he Eaele 2du
Agro] M5 CG1E A5 AL ol FEAFo] B4
31900, CG2oI A= A7 S7heto] npet
G0l FHAT, EAE S o4
Fuigo] WAyste] o)A Qo HolHgc.

o
=i
A
2
oN X
N
4 e
i o H
o,
ox oft N, T

N
ok

IoJ

i e

T

o
v N
=
S

X
)
T
o
N
P
Ol
=

n

) BAAA "=
ZZ

84 F=7F0S] = AT A2 (S A195%) 20254 44

AA ] g o] shRIAE o] gl T8-NR
A8 A 9 HheE B} 14.8 % =4 Uebygch
SHEQIZATO] 2 E &HHO] AHHE T

[e]
A7 22 E SR MFS BaA s

(3) AL E M= o A AP A oAM= 271
7

g2 Fadhs A2 BALH, FHd 15 %

Hro) 724 o] e F2% JFS vIH
. Ae 9 £2H Zito] M gog g
2 8% UF FHRE A9t ZALE o]
o YRS} AB o2 HIAY glo] B T2
AL Bt ol YRS} AFL AsE
Y g7 S| ot 22 E Apo]o] A o] o]
Aom, Aot 2aYE k0] YHAES T2
4 it AEE SAAE WA 248 24§
stct.

wrpel 2

o] A= 20249 = AR (A7 eH EEAT)Y A
Yo g A=xAFLAEY o]FEopr|Z ATAUAY
(@AM S No. RS-2024-00346347)2] A8 <} AL
A FEATL A Y08 YU

Z31 23 (References)

[1] Heo, B.W, Bae, K.W., Moon, T.S. (2004) Flexural
Capacity of Encased Composite Beam with Hollow Core
PC Slabs, Journal of Korean Society of Steel
Construction, KSSC, Vol.16, No.5, pp.587-598 (in
Korean).

[2] Ryu, S.-H., and Ahn, H.-J. (2005) An Experimental Study
on the Flexural Strength of SC-beams with Rectangular



Shape, Journal of the Architectural Institute of Korea
Structure & Construction, AIK, Vol.21, No.9, pp.55-61
(in Korean).

[3] Heo, B.W., Kwak, M.K., Bae, K.W., and Jeong, S.M.
(2007) Flexural Capacity of the Profiled Steel Composite
Beams -Deep Deck Plate-, Journal of Korean Society of
Steel Construction, KSSC, Vol.19, No.3, pp.247-258 (in
Korean).

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

[5] Lee, C.H., So, H.J., Park, C.H., Lee, C.N., Lee, S.H., and
Oh, H.N. (2016) Flexural Behavior and Design of
Concrete-filled U-shape Hybrid Composite Beams
Fabricated from 570MPa High-Strength Steel, Journal of
Korean Society of Steel Construction, KSSC, Vol.28,
No.2, pp.109-120 (in Korean).

[6] Kim, D.-B., Lee, M.-H., Lee, Y.-S., Kim, D.-J., and Kim,
M.-H. (2018) The Flexible Capacity Evaluation about
Composite-stage of Semi Slim AU Composite Beam for
Saving Story Height, Journal of the Korean Society for
Advanced Composite Structures, KOSACS, Vol.9, No.1,
pp-17-25 (in Korean).

[7] Choi, I.R., Kim, Y.H., Jung, S.J., and Lee, J.H. (2019)
Flexural Performance Tests for Steel and Composite
U-tube Flange H-beam Structure, Journal of Korean
Society of Steel Construction, KSSC, Vol.31, No.3,
pp-199-209 (in Korean).

[8] Yan, J.-B., Guan, H., and Wang, T. (2020)
Steel-UHPC-steel Sandwich Composite Beams with
Novel Enhanced C-channel Connectors: Tests and
Analysis, Journal of Constructional Steel Research,
Elsevier, Vol.170, 106077.

[9] Liu, Y., Guo, L., Qu, B., and Zhang, S. (2017)
Experimental Investigation on the Flexural Behavior of
Steel-concrete Composite Beams with U-shaped Steel
Girders and Angle Connectors, Engineering Structures,
Elsevier, Vol.131, pp.492-502.

[10] Lee, J., Haroon, M., Kang, S.-H., Shin, K.-J., and Lee, H.
(2023) Flexural Behavior of Large-scale U-shaped
Steel-concrete Infilled Composite Beams with Flat and
Embossed  Webs, Vol.55,
pp-1949-1959.

[11] Yan, Q., Zhang, Z., Yan, J., and Laflamme, S. (2021)
Analysis of Flexural Capacity of a Novel Straight-side

Structures,  Elsevier,

OPgg - 28] - Pel

U-shaped Steel-encased Concrete Composite Beam,
Engineering Structures, Elsevier, Vol.242, 112447.

[12] Choi, I.R., Lee, G.R., Park, S.W., Kyung, J.H., and Park,
D.W. (2021) Flexural Performance and Beam-column
Connection Structural Performance Tests for Slimflo
Composite Beam, Journal of Korean Society of Steel
Construction, KSSC, Vol.33, No.2, pp.131-141 (in
Korean).

[13] Lee, M.H. (2018) Structural Characteristics of Closed
Type U-shaped Composite Beam using n-shaped Shear
Connectors, Ph.D. Dissertation, Wonkwang University
(in Korean).

[14] Oh, H.S. (2021) Experimental Study on the Composite
Beam using U-shaped Steel Beam and Angle Shear
Connectors, Master’s Thesis, Seoul National University
(in Korean).

[15] Kim, S.B., Kim, S.S., Lee, W.R., Kim, J.Y., Lee, S.B.,
Ryu, D.S., and Kim, D.H. (2012) Study on the Flexible
Strength of U-shape Hybrid Composite Beam, Journal
of Korean Society of Steel Construction, KSSC, Vol.24,
No.5, pp.521-534 (in Korean).

[16] Kim, S.B., Cho, S.H., Oh, K.S., Jeon, Y.H., Choi, Y.H.,
and Kim, S.S. (2016) Bending Performance Evaluation
of Hybrid Composite Beam with Low Depth and New
Shape, of Korean Society of Steel
Construction, KSSC, Vol.28, No.3, pp.151-162 (in
Korean).

[17] Kim, S.B., Cho, S.H., Lee, J.Y., and Kim, S.S. (2016)
Bending Performance Evaluation of Hybrid Forming

Journal

Composite Beam with High Depth, Journal of Korean
Society of Steel Construction, KSSC, Vol.28, No.6,
pp-403-414 (in Korean).

[18] Kim, C.-G., Kim, H.-S., and Lee, S.-H. (2023) Flexural
Behavior of U-shaped Steel-concrete Composite Beams
under Positive Bending, Journal of Constructional Steel
Research, Elsevier, Vol.208, 108008.

[19] Korean Agency for Technology and Standards (2019)
Standard Test Method for Making Concrete Specimens,
KS F 2403:2019, KATS (in Korean).

[20] Industrial Standards Council (2022) Test Method for
Compressive Strength of Concrete, KS F 2405:2022,
Korean Agency for Technology and Standards (in
Korean).

[21] Korean Agency for Technology and Standards (2007)
Test Pieces for Tensile Test for Metallic Materials, KS B
0801:2007, KATS (in Korean).

1] ) AT ARE(E A195%) 20254 4% 85



Yoo SUATEE JBe 483 UY PR TR B 484 a7

[22] Korean Agency for Technology and Standards (2014) Method of Tensile Test for Metallic Materials, KS B
Headed Stud, KS B 1062:2014, KATS (in Korean). 0802:2003, KATS (in Korean).
[23] Korean Agency for Technology and Standards (2003)

2 % ol AT WY Y B ABAR BUY T FA-E e AR PRS- 2] 5 A8 e 4
Borgich. B 9 AT A2 A7 o) 2 oHE Zeo] Arkel B Geo] 4 Sobstoit. S AR EE fRRNR)SH AT
AZP(1.5/2.012.5)% W22 Sto] s709) AHAZ ARSIt 474 7he BT 34 7he AUARE A2 2ystodch BARAL
APAS Buka)7h st ek SRR ol TSRUFAE 51014 80] gl TS-NR AH o] ula] 14.8% %7 Lherac.
AT A 94 Hetuha 7 e Qe e azhe 7k 57kl nhek A Ak el grehs AFEe BAT Al 15% 7
assoich. Y7ol ool 22 £ AR FATAS 71N 4 0 AEE BAZ oA T 4 on], A FRA A2
g A7V Z1ofSka AA A 15 B S8 Pokstn TR I W A5-S FAAZIET Zlofei,

WAGo]: BAYTAR, YA, AVAE, UY B, Jeg

H

86 =7dT0LD] = AT A2 (S A195%) 20254 44



	립ㄷ형강과 측면사다리꼴 강판을 사용한 U형 합성보의 구조성능에 대한 실험적 연구
	Abstract
	1. 서론
	2. 실험계획
	3. 실험결과
	4. 결론
	참고문헌(References)
	요약


