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ABSTRACT

The purpose of this study is to investigate the flexural strength for reinforced concrete beam members after high
temperature. In order to investigate the strength of flexural members, we tested twelve reinforced concrete beam
members with three reinforcement ratios (0 msx, 050mx Pmn) and four heating conditions (non-heating, 400°C-2hr/4hr
and 800 C-4 hr). The experimental results show that failure mode, load-displacement relationship, initial stiffness,
moment-curvature relationship and moment-strain relationship are affected on reinforcement ratios and heating
conditions. And we analyzed reinforced concrete beam members varying heating conditions with proposed sectional

analytical method.

The results of this study can be summarized as follows; (1) The specimens showed various failure modes
following to the reinforcement ratios and heating conditions. At the same heating conditions, the higher reinforcement
ratio, the lower the resistance load and initial stiffness of beam members. And the higher temperature, the higher
strain at the same moment. (2) The values which are compared with the nominal strength and the experimental
maximum load are 0.85~1.05 at 400 C and 044 ~064 at 80 C. (3) After comparing analytical value with
experimental result about maximum moment of members, its average (experimental value / analytical value) shows
09 and we proved trustability about proposed analytical method. (4) We proposed flexural strength equation of
various heating conditions for reinforced concrete beam members.

Keywords : reinforced concrete flexural members, flexural strength, reinforcement ratios, heating conditions
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Table 1 Specifications of test specimen

Factors of experiment
Beam | Tension | Reinforcement | Stirrup Heating
steel ratio (%) (mm) condition
A-1 non-heating
A-2 | 2-D22 . 400C -2hr
A3 | (oma) 180 #6@40 00T —ahr
A-4 800°C -4hr
B-1 non-heating
B2 | 2-DI6 o |_400°C~2hr
B3 |05pm| 0% PO€80 4007 ~anr
B-4 800°C-4hr
C-1 non-heating
c-2 2-D13 L 400C -2hr
C3 | (o) 057 0@ 120 ™00 ~anr
C-4 00C-4hr
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Fig. 1 Details of test specimen (unit : mm)
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Fig. 4 Loading and measurement (unit : mm)
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Table 2 Proportion of mixture

W/C|S/A|AIR| Water | Cement | Sand | Gravel AE
(%) (9%) 1 (%) | (kegf/m") | kef/m') | kgl/m")| (kgf/m’) | (kgf/m’)

4891481145 171 380 342 910 247

W/C : Water cement ratio, S/A : Sand aggregate ratio

Table 3 Average compressive strength of concrete

Heating Compressive Modulus of elasticity
condition strength (kef/crf) (X 10°kgf/cr)
non-heating 250 3.09
400C-2hr 219 3.02
400C-4 hr 180 1.44
800C -4 hr 69 0.29

Table 4 Average strength of reinforcing bar
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Size of reinforcing Yield strength Tensile strength Modulus of elasticity | Residual rate of yield strength
bar (kgf/crf) (kgf/cri) (X 10%kgf/cr) on 800C-4hr(%)
D22 5037 7097 1.62 30
Di6 5251 7312 249 79
D13 5524 7682 2.18 87
#6 8719 9417 2.36 -
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Table 5 Load and displacement at cracking,

yielding and maximum value

pcr 8 cr Py 6 y Pmax 6 max
Beam | onf) | (mm) | Gond) | (mm) | (tonf) | (mm)

A-1 2.0 04 305 5.3 325 | 293

A-2 30 0.7 - - 26.1 6.1

A-3 3.6 0.9 - - 205 7.0

A-4 96 4.4 - - 13.3 9.0

B-1 3.0 0.6 135 2.1 185 | 173

B-2 1.6 0.3 11.0 33 168 | 325

B-3 20 05 12.0 29 174 | 302

B-4 5.1 2.7 - - 8.9 7.0

C-1 35 0.7 135 34 141 | 156

() C-4 C-2 2.0 06 115 35 136 | 348
C-3 2.5 0.8 12.1 34 135 | 439

Fig. 5 Crack patterns of specimen 4 L1 0.5 - — 8.2 7.1
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Table 6 Comparisons of maximum load and initial stiffness for heating conditions

Beam Maximum load(tonf) Reduction of load Exp/Cal stiffneirslzttfrllf/mm) Reduction of stiffness Exp/Cal
Experiment | Calculation (heating/non-heating) Experiment | Calculation (heating/non-heating)
A-1 32.5 1.00 1.08 6.6 1.00 0.83
A-2 26.1 200 0.80 0.87 5.2 79 0.30 0.66
A-3 255 ’ 0.79 0.85 5.2 ’ 0.79 0.66
A-4 13.3 0.41 0.44 2.2 0.34 0.28
B-1 185 1.00 1.01 5.7 1.00 0.75
B-2 16.8 183 091 0.92 4.8 75 0.85 0.64
B-3 185 ) 1.00 1.01 44 ’ 0.78 0.59
B-4 89 0.48 0.49 2.1 0.38 0.28
C-1 14.1 1.00 1.10 49 1.00 0.66
C-2 13.6 128 0.96 1.05 3.6 73 0.75 0.50
C-3 135 ’ 0.96 1.05 3.6 ’ 0.74 0.49
C-4 8.2 0.58 0.64 2.1 0.43 0.28
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Table 8 Specifications of analysis specimen
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Table 7 Comparisons of analytical moment with test
results

Beam Experiment | Analysis Exp/Anal Failure mode

Mmax(tonfm) Mmax(tOnfm) (teSt)

A-1 8.1 78 1.04 %er}dmg
ailure

A-2 6.5 7.7 0.84 Shear failure

A-3 6.4 7.7 0.83 7

A-4 34 3.7 0.92 "

B-1 43 49 0.94 Bfef.‘dmg
ailure

B-2 42 5.0 0.84 ”

B-3 46 5.0 0.92 "

B-4 2.2 3.3 0.67 Shear failure

C-1 35 35 1.00 Bfer.‘dmg
ailure

C-2 34 35 097 U

C-3 34 35 0.97 "

C-4 2.0 26 0.77 Shear failure

Series Width(b) | Depth(D) Effective depth(d) | Total cross-sectional area of tension steel | Tension steel ratio
(cm) (cm) (cm) (cm?) (%)
A 40 70 63 40.56 (8-D25) 16
B 40 70 63 20.28 (4-D25) 0.8
C 40 70 63 10.14 (2-D25) 04
s U2 22242 8 2Xje| 2= Hot 837
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Table 9 Comparisons of analytical moment with proposed moment (unit : tonfm)

Maximum Half of Maximum Minimum
Factor reinforcement ratio | Anal/Prop | reinforcement ratio | Anal/Prop | reinforcement ratio | Anal/Prop
Anal Prop Anal Prop Anal Prop
Temperature 875 88.2 0.99 496 477 1.03 255 24.7 1.03
1hr 88.2 87.6 1.01 495 475 1.04 255 24.7 1.03
200C 2hr 88.1 87.3 1.01 494 474 1.04 255 247 1.03
3hr 83.1 87.0 1.01 494 473 1.04 255 24.6 1.03
lhr 86.9 36.8 1.00 48.3 473 1.04 250 24.6 1.01
400C Zhr 86.7 86.1 1.01 483 471 1.02 25.0 24.6 1.01
3hr 86.7 85.2 1.02 480 469 1.02 249 24.5 1.01
1hr 83.7 84.9 0.99 46,0 468 1.02 24.3 245 0.99
600C 2hr 82.0 83.8 0.98 458 465 0.98 24.3 24.4 1.00
3hr 816 82.5 0.98 458 46.2 0.99 24.3 24.4 1.00
lhr 65.0 65.3 1.00 430 419 0.99 23.2 23.3 1.00
800°C 2hr 52.4 61.9 1.01 418 41.1 1.02 23.0 23.1 1.00
3hr 56.3 56.7 0.99 404 39.8 101 225 22.8 099
Total Average 1.00 1.01 1.01
Standard deviation 0.012 0.11 0.015
100 r—————— Table 10 Comparisons of experimental moment with
E 80 ; y&gmal temperature proposed moment
8 :é%% B Exp Prop Exp/Prop | Average Standard
é 60 [ [« 800 €aMS | (1 \nfm) | (tonfm) | “XP/FTOP | AVETAEE| qoviation
T 4 A-1 8.10 7.75 1.04
Ei B-1 4.63 464 1.00
s 2 B-2 | 420 | 457 0.92
< 0 B-3 4.60 451 1.01 1.02 0.12
0 20 40 60 80 100 C-1 3.53 3.24 1.08
Proposed value{toni-m) C-2 3.40 391 1.05
(a) Maximum reinforcement ratio C-3 3.40 3.18 1.06
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Fig. 16 Comparisons of analytical value with proposed
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