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Abstract - This study investigated the flexural behavior of prestressed concrete-encased steel composite beams (PSC com-
posite beam) with hollow core. The PSC composite section consisted of the precast composite element, made of a steel sec-
tion (H or box section) and U-shaped concrete encasement, and the cast-in-place concrete slab. By prestressing strands at the
bottom of the precast element, the cracking resistance was enhanced. In addition, a void was formed in the web to reduce the
beam weight. Six full-scale PSC composite beams were tested under positive bending and their flexural behaviors before and
after casting the cast-in-place slab were investigated. The test results have shown that the initial strains of the steel section and
reinforcing bars that occurred at the prestressing stage agreed well with the predictions by the existing PSC design theory.
During the subsequent flexural testing, all beams were failed by concrete crushing at the compression end or slab. The stif-
fness and strength of the PSC composite beams agreed well with the effective stiffness and plastic moment strength for en-
cased composite members, respectively, calculated in accordance with AISC 360-16. At the interface across the cast-in-place
slab, relative slip did not occur and the interface shear resistance was contributed by both the vertical stirrups of the precast
concrete encasement and headed studs of the steel element engaged or embedded within the slab.
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Fig. 2. Prestressed concrete-encased steel composite beam (PSC composite beams)
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Fig. 3. Prestressed concrete-encased steel composite beam (PSC composite beams)

Table 1. Section properties of PSCS composite beam specimens

(c) Composite sections of specimens #4, #5, #6 (Type B)

Soec Precast composite element Cast-in-place ol e
pecimen .
Concrete section Steel section Void slab at slab interface
#1 SH-850-NS 500%850 H-680%200%9x%15 200x500 - -
Type H #2 SH-850 500%850 H-680%200%9x15 200x500 1,200%200 2319@130
#3 SH-1150 500%1,150 H-980x200x9x15 200x800 1,200x200 2319@130
#4 SB-850-NS 500850 B-500x200x9T 200%500 - -
Type B #5 SB-850 500850 B-500x200x9T 200%500 1,200%x200 2819@110
#6 SB-1150 500%1,150 B-800x200x9T 200x800 1,200x200 2019@110
Table 2. Reinforcements of concrete
St Prestressing _ Bottom II}termediate St We'lded _ Slab X
strands reinforcement reinforcement ties reinforcement
#1 SH-850-NS 8152 5D22 +4D16 2-4D16 2D13@200 | DI13@400 -
Type H #2 SH-850 8152 5D22 +4D16 2-4D16 2D13@200 D13@400 10D16(L) +
#3 SH-1150 87152 5D22 +4D16 3-4D16 2D13@200 | D13@400 | D13@200(T)
#4 SB-850-NS 8152 5D22 +4D16 2-2D16 D13@200 D13@400 -
Type B #5 SB-850 82152 5D22 +4D16 2-2D16 DI13@200 | DI3@400 10D16(L) +
#6 SB-1150 82152 5D22 +4D16 3-2D16 D13@200 | D13@400 | DI13@200(T)

"L and T stands for longitudinal and transverse directions, respectively.
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Table 3. Material properties

Yield Ultimate Rupture
Type and size strength strength strain
(MPa) (MPa) (%)
Plate 9T 434 546 33
(SM355) | 15T 408 506 44
D13 472 603 19
Rebar
(SD400) D16 463 590 20
D22 458 553 21

23 A5 2 A
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Fig. 4. Fabrication process of PSC composite beam specimens
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(b) Specimens #4, #5, and #6 with steel box section

Fig. 9. Steel and reinforcement strain distributions over composite cross section
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A 9 =29] g AS(= 200,000 MPa),
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%%"ﬂ et ﬂXHEPElPJ quﬂz;‘(]-_-;_qﬂg’ I, =3

_ - - = skA Tl o] Bl =T
EEEEE EL R EER LRSS = s Bdee =es
WO SR2ARE, A, - 74 SR, A, - BT o
42 374 9 FARE A, Ay =73 SHA, A, = HdEHY] SEHA oY
41 (®)°1 A1 oFeh A} PC % CIPE 242t mejAfAE
AISC 360-16"101 4] i FHPRAS FE B3 ARerd 2AEES 7HEj7Ict 4] (8)-4] (9)= 74l
<= O gol 78 5 Al AR, D A,y ILFSFA] AISC 360-162] 4] (12-6
2 4] (12-7)& 53T Aol
El,;;p=EI +E/(I,+1) R : - o=
C ([E.1 E ®) 2] (8)3 2] ()ZEH AAE PSCHAE] G&
+ 1([ CC]PC+[ CC]CIP) - —
= Table 59 YEHTHEA AEHE AHE). HI
Table 4. Initial stresses and strains generated by prestressing
Composite section properties Initial stresses and strains
SpeCimen Agtr Igtr YENA f;‘t Ect fcb Ech
(mm ) (mm ) (mm) (MPa) (ue) (MPa) (ue)
#1 SH-850-NS
4.15x10° | 2.75x10"° 391 +1.79 +50 -7.97 222
Type H #2 SH-850
#3 SH-1150 4.15%x10° 6.55%10" 528 +2.31 +64 -7.24 -202
#4 SB-850-NS
5.24x10° | 2.63x10" 403 +2.25 +63 -8.78 244
Type B #5 SB-850
#6 SB-1150 535x10° | 6.36x10" 545 +2.64 +74 -7.67 213
P;i=0.80f,u(npAp); e = yena — 180 mm; y, = yena — 850 mm or yevs — 1,150 mm; y, = ygva — 60 mm;f[ =42.0 MPa; E. = 30,560 MPa; E.; = 35,940 MPa

Table 5. Effective stiffness of PSC composite beam sections

Calculated effective stiffness Test result

Specimen Ely | Steel | Concrete Re;ﬁg";ffiﬁlgm yena™ c Eloys, Elyss
(kN-m?) (%) (%) %) (mm) (kKN-m?) El

#1 SH-850-NS | 5.41x10° | 38.6 453 16.1 389 0.401 | 2.90x10° 0.54

Type H #2 SH-850 | 10.6x10° | 17.0 60.7 223 563 0.404 | 10.9x10° 1.03
#3 SH-1150 | 21.5x10° | 19.4 60.0 20.6 717 0353 | 23.1x10° 1.08

#4 SB-850-NS | 4.93x10° | 35.0 49.5 15.5 402 0.350 | 2.48x10° 0.50

Type B #5SB-850 | 9.51x10° 8.3 67.0 24.8 574 0.355 | 6.56x10° 0.69
#6 SB-1150 | 20.1x10° | 12.9 65.5 21.6 728 0362 | 20.2x10° 1.01

*Contribution percentage of each material to El,;
“"Elastic neutral axis depth from the bottom surface
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Fig. 11. Plastic stress distribution method for PSC composite sections
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Table 6. Composite section flexural strength and slab interface shear strength

Composite section flexural strength” Slab interface shear strength””
Specimens M, Stete(} ;/;)ntr. M, M, | MAM, Vu 20, XV Vi
(KN-m) % )" (kN'm) | (kN-m) M, (kN) (kN) (kN) | 2Q,+ZVy
#1 SH-850-NS | 2,870 383 2,577 68 0.92 - - - -
Type H #2 SH-850 4,530 33.1 5,019 114 1.13 5,100 5,460 2,300 0.66
#3 SH-1150 6,860 35.9 7,522 190 1.12 5,100 6,820 2,300 0.67
#4 SB-850-NS | 2,420 26.2 2,282 69 0.97 - - - -
Type B #5 SB-850 4,020 24.4 4,494 114 1.15 5,100 6,450 1,150 0.56
#6 SB-1150 6,440 31.7 7,373 193 1.18 5,100 8,060 1,150 0.55

M, = theoretical strength; Steel contr. = steel contribution; M,, = test strength, M,, = selfweight moment (see Fig. 6(b))

'V, was taken as the compressive force of slab concrete.
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