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Abstract - Fire in buildings can cause not only damage to property caused by the complete combustion of the cargo inside're likely
to collapse before the fire suppression by casualties firefighters committed to the fire inside also. Particularly, in the case of fire, beam
members composed of H beam are subject to constant structural changes such as buckling, deflection and fracture due to decrease
in strength due to temperature rise. In the case of long-span large steel buildings, it is generally difficult to produce members at one
time, so it is common to connect members using end-plate connections. Therefore, it is very important to predict the temperature rise
and behavior of beam members and connection at high temperatures. Therefore, in this study, the H beam members with end plate
connection are tested at high temperature and the behavior of the beam and connection are analyzed together with temperature and

displacement.
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Fig. 1. Dimension symbol of ASTM E8M specimen

Table 1. ASTM E8M Specimen 3 Specimen specification

(a) Before (b) After
heating furnace  heating furnace Thermocouple
installation installation attached

Fig. 3. Test set-up
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Gauge distance (G) (mm) 30.0£0.1 Table 2. High temperature tensile test conditions
Diameter (D) (mm) 6.0+0.1
Radius (R) (mm) 6 Loading speed
Parallel length of reduced part (A) (mm) 36 .
— To the yield From yield
point point
H Room temperature 0.25mm/min 2mm/min
High temperature 0.15mm/min 1.5mm/min

(a) SS275 (SS275)

)

(b) SM355 (SM355)

(c) FI0T

Fig. 2. Tensile test specimens of SS275 (SS275), SM355
(SM355) and F10T
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Fig. 4. Stress-strain relationship of SS275 at elevated

temperature
T 400C  500C  600C  700C  800C

Fig. 5. Failure shape of SS275 at elevated temperature

Table 3. Tensile test results of SS275 grade steel
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Fig. 6. Stress-strain relationship of SM355 at elevated

temperature
20C 400C 500C 600C 700°C 800C

Fig. 7. Failure shape of SM355 at elevated temperature

Table 4. Tensile test results of SM355 grade steel

Temper Yield Tensile Elastic . Temper Yield Tensile Elastic .
ature strength strength modulus Elongation ature strength strength | modulus Elongation
(C) (MPa) (MPa) (MPa) (%) (C) (MPa) (MPa) (MPa) (%)
20C 294.51 438.67 197,496 33.72 20C 332.53 479.16 233,235 34.30

400C 239.74 382.08 137,734 35.63 400C 241.03 415.29 161,736 41.79

500C 193.12 246.32 40,043 35.33 500C 202.56 243.57 143,952 44.72

600C 136.03 169.82 46,352 37.62 600C 134.86 166.01 63,059 51.93

700C 83.89 103.84 26,751 47.56 700C 68.29 89.13 26,275 52.15

800C 47.57 60.62 18,493 54.20 800C 56.01 77.00 15,156 48.69
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Table 5. Tensile test results of FIOT Fig. 11. Reduction factors of tests and standards for

Temper Yield Tensile Elastic Elongatio ultimate strength
ature strength strength modulus n
(0) (MPa) (MPa) (MPa) (%) Fig. 11 SS275, SM355 73A2] 1 QPgAI3o] gt <l

20C 940.78 1042.01 201,728 13.81
400C 728.33 877.93 183,109 13.83
500C 408.05 625.05 140,534 15.21
600C 191.00 286.98 65,560 38.63
700C 38.03 98.27 19,318 37.74 =
800C 29.31 72.45 12,110 48.81

Ao AAASE eIt AF3E0] 49 400TC 2 50
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Fig. 12. Reduction factors of tests and standards for bolt
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Fig. 13. Experiment installation concept
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Fig. 15. 6-Bolt Specimen
End-plate section diagram

Fig. 16. 4-Bolt Specimen
End-plate section diagram

Table 6. Specimen type

Specimen name
6-Bolt 4-Bolt
Number of lower bolts 6 4
t, (End-plate thickness) 24mm
dy, (Bolt diameter) 24mm 20mm

AgHR= AISC Design Guidel6®¥2 % stgiom. KBC
2016® 070642 B-83}0] g 9 J=-2 AESII 6-Bolt
FH|2] Z3dollAl End plated] **74]591_155 By Yo
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AARHEL B HBA10] 0 6382 AA s 17-20] ot ZE9]
112 fsigich. Age AA81%0] o 2/39] 6-Bolt A
9] 739-350kN, 4-Bolt AEA|Y] 74 250kN-2 7l & 5 7}
A APskort. AFA0] Heh Fe Al et A
]oFARS: Table 7014 9l&35193tt
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Table 7. Prediction of experimental results according to 1000
theoretical formulas
6-Bolt 4-Bolt 50
Load (kN) | Load (kN) 5 w00
Joint End-plate 708.98 647.94 E
Bolt 743.28 367.88 g
- & 400 |-
Compression flange | 54, 9 580.93 g —Stndand Tomp
yleld strenth 200 """*"""**% fffffffffffffffff 1,, —=— Actual Temp (6Bolt)
Beam | Lateral buckling 954.13 954.13 | || o Actual Temp 4Boty
strength . ; ; :
Shear strength 670.31 670.31 0 10 20 30 40
] Bolt Time (min)
Destruction aspect Beam yield breakdown .. .. .
type type Fig. 18. Standard fire rising curve and fire rising curve during
Force load 350 250 the experiment
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Fig. 17. Horizontal heating furnace (Korea Institute of
Construction Technology, KICT)
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Fig. 19. After 6-Bolt specimen experiment
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Fig. 20. After 4-Bolt specimen experiment
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rok
i
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Fig. 21. Thermocouple attached

Table 8. Position of thermocouple attachment

Mark | Attaching point | Mark | Attaching point
Center of
——— connection —O— | Upper flange
(Left)
Center of
—A— connection = = | Bottom flange
(Right)
Bottom of
e . =—3— | Center of web
connection
900
800
700
£ 600
£ s00
®
g 400
=3
E 300
200
100 -
0 =
0 5 10 15 20 25 3C
Time (min)

Fig. 22. Temperature of H-section versus time
(6-Bolt specimen)

Section Average Templ1 B

Actual Temp. \

0 5 10 15 20 25 30 35
Time (min)

Fig. 23. Temperature of H-section versus time
(4-Bolt specimen)
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Table 9. Comparing elastic modulus reduction coefficient at
room temperature and high temperature

Eurocode 3 Material Test
Temp. | Elastic | Reduction | Elastic | Reduction
(C) | modulus factor modulus factor
(MPa) k (MPa) k
20 205,000 1.000 233,235 1.000
200 184,500 0.900 - -
300 164,000 0.800 - -
400 143,500 0.700 161,736 0.693
500 123,000 0.600 143,952 0.617
600 63,550 0.310 80,094 0.343
700 26,650 0.130 26,275 0.113
800 18,450 0.090 15,156 0.065
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Fig. 25. Displacement of H-section versus temperature
(6-Bolt specimen)
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Fig. 26. Displacement of H-section versus temperature
(4-Bolt specimen)
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Fig. 27. Displacement of each specimens versus temperature
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