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ABSTRACT : This paper aims to experimentally investigate the fire resistance of U-shaped hybrid composite beams protected
by spay and paint insulations. Subjected to two and three hours of the Standard ISO fire, the flexural performance of 4.4m
beams with/without imposed loadings was examined with respect to failure criteria such as deflection and deflection rate of
the mid-span and temperatures measured in the steel section. The results demonstrated that the proposed configuration of
the composite beam is able to achieve a very competitive 3-hour fire resistance rating in economical aspects.
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Table 1. Specimen parameters

No. Name Material Load gi‘frite th%(vnellrrn)
1 | S-L-3H-20 |Spray coat| loading | 3Hour 20
2 | S-L-3H-15 |Spray coat| loading | 3Hour 15
3 |S-U-2H-15-1|Spray coat | unloading | 2Hour 15
4 |S-U-2H-15-2|Spray coat | unloading | 2Hour 15
5 |S-U-3H-20-1|Spray coat | unloading | 3Hour 20
6 |S-U-3H-20-2|Spray coat | unloading | 3Hour 20
7 | P-U-2H-1 Paint | unloading| 2Hour 1.64
8 | P-U-2H-2 Paint | unloading| Z2Hour 1.36

Table 2. Mix proportion of concrete

Slump W/C S/a Cen\;]zrilthltmit Compressive
(mm) (%) (%) (k g/gm‘) Strength(MPa)
120 48.0 47.5 344 24

Table 3. Material properties of steel(S5400)

Thickness | Yiled Strength Tensile Elongation
(mm) (MPa) Strength (MPa)| percentage(%)
5.8 355.0 529.1 23.4

Table 4. Weight mix proportion of spray-on fire protection

pulp | CeleUm | 4 q4itive

Gypsum | Styrofoam ot al

Weight

ratio(%) 60 2 3 30 5

Table 5. Weight mix proportion of fireproof paint

carboni
catalyst -
sation

acrylic | blowing

resin | agent pigment| Additive

Weight

ratio(%) 5~35 | 5~25 |10~40| 5~25 | 3~15

10~30
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Fig. b Test set up
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Table 6. Result of loading test

Deformation Strain rate
Time L?*/400d (mm) | ZL?*/9000d (mm/min)
Specimens (min) | Deformat; | Standard | Strain | Standard
perfor- rate of perfor-
on of Test
mance test mance
S-L-3H-15| 180 30.2 1.96
107.6 4.78
S-L-3H-20| 180 23.6 0.54
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Table 7. Temperature summary of loading and unloading test 110
Average Maximum 160
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0 [P . .
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Fig. 9 Deformation-time curve for loading specimens
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Fig. 10 Strain rate-time curve for loading specimens
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Table 8. Test result of loading and unloading

Average Temperature(C) Maximum
A section | B section | C section |Temperature(C)
Loading | Loading | Loading Loading
Unloading | Unloading | Unloading Unloading
) 84.6 81.3 87.1 103.2
30min
77.9 76.6 76.5 87.3
) 148.1 135.2 143.9 184.1
60min
134.3 135.6 134.4 166.6
) 201.8 183.7 200.1 251.7
90min
177.6 183.0 182.9 226.3
) 247.4 233.9 290.1 406.3
120min
220.6 224.6 226.6 275.7
) 294.2 279.0 348.3 478.9
150min
263.5 265.6 268.5 322.1
) 341.6 324.3 404.0 545.1
180min
306.9 306.5 309.2 367.2
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Table 9. Loading test result of spray thickness

Average Temperature(C) Maximum
A section | B section | C section | Temperature(C)

15mm 15mm 15mm 15mm

20mm 20mm 20mm 20mm

) 98.0 93.1 100.6 127.2
30min

71.1 69.4 73.6 79.2

) 161.3 151.5 163.3 217.2
60min

134.8 118.9 124.4 150.9

) 214.0 204.4 217.0 278.6
90min

189.6 163.0 183.2 224.7

) 263.5 255.4 264.5 322.5
120min

231.3 212.3 315.7 490.0

Table 10. Unloading test result compared spray with paint

Average Temperature(C) Maximum
A section | B section | C section | Temperature(C)

Spray Spray Spray Spray

Paint Paint Paint Paint

) 61.6 65.5 65.8 78.3
20min

202.0 202.5 191.5 215.5

) 103.6 114.2 113.6 144.3
40min

233.5 237.5 220.0 253.5

) 156.2 157.8 161.1 206.2
60min

280.0 282.0 262.5 303.5

) 190.2 191.3 199.9 252.6
80min

325.0 333.0 303.5 364.0

) 221.8 230.5 235.6 294.1
100min

386.0 399.0 360.0 438.5

) 253.9 265.4 269.2 332.1
120min

465.5 477.0 432.5 524.0
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