ISSN(print) 1226—363X  ISSN(online) 2287-4054
DOI http://dx.doi.org/10.7781/kjoss.2015,27.2,143

Journal of Korean Society of Steel Construction

Check for
Vol.27, No.2, pp.143-153, April, 2015 updates

SO BHYEO| LSS et A1 W AN o1

WA, AeTfsh, 7SS fmd, Agtishm, A%

Experimental and Numerical Study of Fire Resistance of Composite Beams
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Abstract - In this paper, the standard fire resistance test under load and associated numerical study were carried out to evaluate
the fire resistance of unprotected partially encased beams and slimfloor beams. The temperature evolution and the deflection
increase of the composite beam specimens were investigated and the effects of the key behavioral parameters including the load
ratio, the reinforcement, and the fire exposure were analyzed. The test results showed that the temperature rise of the partially
encased beams and slimfloor beams is considerably slow compared to the conventional H-shape composite beams. Up to at least
90 minutes, the reinforcements in the partially encased composite beams maintained below the temperature at which the cold
steel strength is sustained. Unprotected partially encased beams and slimfloor beams in the experimental program achieved the
fire resistance more than 2 hours according to the limiting deflection criteria. This implies that unprotected partially encased
beams and slimfloor beams can be very promising alternatives to enhancing the fire resistance of steel beams. This study also
conducted the fully coupled thermal-stress analysis by using the commercial code ABAQUS to the thermal and structural
behaviour of composite beams in fire. The numerical predictions provide acceptable correlations with the experimental results.
Keywords - Partially encased beam, Slimfloor beam, Fire resistance test under load, Coupled thermal-stress analysis, Fire
resistance
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Fig. 1. Conventional H-shape composite beam
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Table 1. Summary of test specimen information

Specimen Steel section Span | Fire exposed Reinforcement Napp Minax M, Load ratio

(mm) (mm)| steel surface (kN) (kNm) (kNm) | Mmax/Mp)
HB-UP-L3 H-294x200x8%12 7700 3 sides - 122.4 126.3 503.8 0.25
HB-PE-L3 H-294x200%8x12 7700 1 side - 122.4 126.3 503.8 0.25
HB-PE-R-L4 H-294%200x8x12 7700 1 side 4-D25 221.9 228.9 695.9 0.33
HB-PE-R-L6 H-294%200x8x12 7700 1 side 4-D25 332.8 3433 695.9 0.49
HB-FE-L6 H-294%200%x8x12 7700 - - 2449 252.6 503.8 0.50
SB-L4 AH-350%230x350x12%19 | 7700 1 side - 2874 296.5 881.0 0.34
SB-R-L4 AH-350%230x350x12x19 | 7700 1 side 4-D25 352.7 363.8 1080.5 0.34
SB-R-L6 AH-350%230%350x12%19 | 7700 1 side 4-D25 529.1 545.7 1080.5 0.51

HB: H-section composite beam, SB: slimfloor beam, AH: asymmetric H-section
UP: unprotected, PE: partially encased, FE: fully encased, R: reinforcement, L: load ratio
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Fig. 2. Elevation and section

1~9)3teie}. 22T AREUA] A AGAEEE A9 SDA00, B A9 AAIEAES 24MPait 7
QTS A (TS-D3te] LENSAS HAS A StTh  HSoek HYRY A D BT ARAYAG AT
WYY GHRY A5 Guo| FPRo) PEOR AHES  Table 29 2w, ZAE A YHYE 2P AT
gsto] e 2aES TasEs gl Table 33} 2t

ABAG AR AR AR 55 $95400, B

R TReE =B A27E A2E(EY A1355) 20159 49 145



s ghdo) sl dhet AW 2 s A
Table 2. Mechanical properties of steel Table 3. Mechanical properties of concrete
. Steel Yield Tensile Design compressive strength | Average cylinder strength
Steel section .
(mm) thickness strength strength (MPa) (MPa)
(mm) (MPa) (MPa) 24 242
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Table 5. Fire resistance by loadbearing capacity criteria

Fire resistance

by loadbearing capacity criteria (min)

Specimen Limiting rate Limiting Limiting

of deflection | deflection deflection

in ISO 834 | in ISO 834 | in BS 476
HB-UP-L3 25 28 30
HB-PE-L3 - 120 135
HB-PE-R-L4 - 146 155
HB-PE-R-L6 - 106 119
HB-FE-L6 - >180 >180
SB-L4 - 61 64
SB-R-L4 - 142 151
SB-R-L6 - 74 80
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Fig. 9. Comparison of fire resistance by temperature and limiting
deflection failure criteria
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Simulation results
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Example of numerical simulation result of the partially
encased beam (HB-PE-L3, 1/4 model)
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Test results

Comparison of fire resistance between simulation and
test results based on the limiting deflection criteria
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