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Strength of RC Beam with Various Shear Reinforcement Ratios
After Experiencing Different Duration of Fire Load

M % A

Seo, Soo Yeon

i E2

Jeoung, Chae Myeoung

% 7] 29

Choi, Ki Bong

Abstract

This paper presents research result to study the change of structural capacity of reinforced concrete beams with
various shear reinforcement ratios after damage by fire load. In addition, fundamental data are given in order to predict
the strength variation of RC member due to fire damage by evaluating the previous calculation method codified in codes.

Nine RC beam specimens were made and exposed to the fire controled by the standard fire curve. And the structural
capacity was evaluated through a failure test under simple support condition. Previous code formula, ACI code and
Eurocode were reviewed and used for the calculation of the strength of specimens damaged by fire.

From the test, RC beam specimens exhibited very brittle failure when it exposed to fire controled by standard fire
curve during more than one hour. And this failure pattern tended to be more serious when shear reinforcement ratio
decreased or fire loading duration increased. From the evaluation of the calculation process in code, the change of
strength due to fire can be properly predicted if the damage of materials is well defined.

Keywords : Shear reinforcement ratio, fire load, failure test, duration, brittle failure
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Fig. 2 Temperature contours in concrete beams exposed to the

standard temperature curve (EC2, 1993)
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Fig. 3 Design values for reduction of compressive strength of
concrete with temperature (EC2, 1993)
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Table 1 Test specimen

Specimen Exposure Shear Shear
Dn ! Size time reinforcement reinforcement
ame (min.) distance (mm) ratio (%)
NA-10 - 150 0.32
NB-10 - 200 0.24
NC-10 - 250 0.19
300
FT1A-10 % 60 150 0.32
FT1B-10 500 60 200 0.24
FTIC-10 | % 60 250 0.19
2000
FT2A-10 120 150 0.32
FT2B-10 120 200 0.24
FT2C-10 120 250 0.19

N=Normal, F=Fire, T=Time
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Fig. 5 Specimen detail
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Table 2 Material properties

Reinforcement

Concrete
D10

D19

Type

f . . . . .
| Ratio Ratio Ratio Ratio Ratio

(MPa) (N[Pa) (MPa) (N[Pa) (MPa)
No fire| 21 | 1.00 | 375 | 1.00 | 585 | 1.00 | 336 | 1.00 | 414 | 1.00

1 hour
fire

2 hour
fire

17.6 | 0.84 | 357 | 0.95 | 560 | 0.96 | 307 | 0.91 | 408 | 0.99

155 1 0.74 | 314 | 0.84 | 557 | 0.95 | 304 | 0.90 | 402 | 0.97

Fig. 6 Furnace for heating
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(c) FT2A—10 specimen

Fig. 11 Failure shape of specimens after loading test
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Fig. 12 Load—Displacement curve of specimens corresponding to

the fire exposure duration
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Fig. 13 Load—displacement curve corresponding to the shear
reinforcement ratio
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Table 3 Load test result

. Initial crack Yield point Ultimate point Ductility
Specimen name Load Displacement |  Stiffness Load Displacement |  Stiffness Load Displacement 548,
(kN) (mm) (KN/mm) (kN) (mm) (KN/mm) (kN) (mm) “
NA-10 150 0.8 187.5 382 3.4 112.4 590 59.7 17.6
NB-10 130 1.06 122.6 316 3.2 98.8 538 44.9 14.0
NC-10 130 1.32 98.5 361 4.3 84.0 484 24.8 5.8
FT1A-10 200 2.34 85.5 343 5.7 60.2 500 29.5 5.2
FT1B-10 110 15 73.3 330 5.3 62.3 424 25.9 4.9
FT1C-10 50 112 44.6 331 7.2 46 386 18.9 2.6
FT2A-10 180 2.7 66.7 412 7.0 58.9 480 28.0 4.0
FT2B-10 140 2.3 60.9 323 6.3 51.3 419 15.0 2.4
FT2C-10 51 1.28 39.8 254 6.5 39.1 341 14.0 2.2
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Fig. 14 Stiffness at initial crack
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Fig. 15 Stiffness at yield point
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Table 4 Strength reduction factor due to fire by Eueocode 2

Fire T
loading enmp. k 7 k. T Location
! (© : "
duration
Main bar
250~350 1.0 1.0~0.78 (omm)
1 Hour -
300~450 | 1.0~0.82 | 0.89~057 Stirrup
(40mm)
400~550 | 0.91~0.64 | 0.68~0.36 Main bar
(50mm)
2 Hour St
500~650 | 0.73~0.46 | 0.46~0.15 Urrup
(40mm)

# Strength reduction factor for concrete
# Strength reduction factor for reinforcement
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Table 5 Comparison of test and calculation results

T Calculation result by code (kN)
Specimen est Test
result | Flexural Shear strength Ultimate
name Cal.
(kN) strength v, v, v, strength
NA-10 | 590 198 | 320 | 518 518 1.14
NB-10 538 555 198 240 | 438 438 1.22
NC-10 | 484 198 | 192 | 390 390 1.24
FT1A-10| 500 182 | 305 | 487 432 1.16
FT1B-10| 424 432 182 | 228 | 410 410 1.03
FTIC-10| 386 182 | 183 | 365 365 1.06
FT2A-10| 480 171 268 | 439 422 1.14
FT2B-10| 419 422 171 201 372 372 1.13
FT2C-10| 341 171 161 332 332 1.03
V.d
7N, ——=<1.0
Mu
Af.d
y, = bt &)
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Vo= VA4V, @
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