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Post-Fire Seismic Performance Evaluation of Encased Composite Column
in Ordinary Moment Frame

Choi, Byong Jeong""

'"Professor, Dept. of Architectural Engineering, Kyonggi University, Suwon, 15442, Korea

Abstract — To investigate the post-fire seismic behavior of encased composite steel column with different fires under different
temperature conditions, three specimens were fabricated in full scale. The fire test was conducted in a furnace chamber, followed
by static tests under a low cycle load. The temperature transmissions through the structures were measured using thermometers
installed. In the cyclic loading tests, the load vs. displacement relationship, drift ratio, secant stiffness, equivalent damping ratio,
and accumulated energy are measured and compared in the loading process. The experimental results expressed that the peak
flexural moment, drift ratio, ductility ratio, secant stiffness, and accumulated energy capacity of the encased composite steel
column decreased after fire exposure and cyclic loading. The temperature distribution of specimens are increased with the
increment of fire exposed times. The maximum flexural moment is also decreased with the increase of fire exposed times under

cyclic loading.
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Fig. 1. Experimental detail in typical OSRC specimen



Table 1. Minimum yield strength and the maximum tensile

strength
Yielding | Tensile . Elastic
Strain
Steel type | strength | strength Cy— modulus
(MPa) (MPa) (MPa)
D10 471.7 614.5 3.088x10° | 190,394
D19 487.2 638.9 2.365x10° | 206,948
SHN275 341.7 449.2 1.631x10° | 209,530
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Fig. 2. Reinforcement detail of typical specimen
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Fig. 3. Installation of thermometer for OSRC specimen and
setting with variation of exposed times
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Table 2. Specimen type and detail with fire load and seismic load

Specimen details Fire load Seismic load
: . . Total . .
Specimen
p Dimension kit Longitudinal H-beam sk /. Fire Heat Load h
(mm) bars (MPa) | load | time
(mm)
OSRC-0t D19 H- 0 Cyclic
SR 1400 - 100x100x | D10@200 ISO .
OSRC-30t 300%300 (1250%) | (p.=0.013) 6x8 (ph=0.17) 24 8341 30 loading 0.2
OSRC-60t (=0.024) 60 (ACI374.2R)

Note. p,, = volumetric transverse reinforcing bar ratio; p, = longitudinal reinforcing bar ratio; w = H-beam ratio; » = applied axial load level
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(a) OSRC-30 (Rebar)

250 7
200 3
— .
O -
=

g -
o 150 3
2 3
S -
5 100 3
(=8 .
= ]
= 50

09 Avg:27°C 86 114 124 142 169

1 1 1 = 1 : 1 = 1 : ] :

0 10 20 30 40 50 60

Time (min)

(c) OSRC-60 (Rebar)

250
d1 A4 — B-4 ca —
_ 200 E A-5 e | ST, gp—— C-5
o  JA6 --- B6 ---  C6 ---
< 150 3
L 3
= -
~— -
ES -
1
=3 3
E 7
£ 507
03 Avg: 17°C
T } r } : I
0 10 20 20
Time (min)
(b) OSRC-30 (H-beam)
250
1 A4 — B-4 o4
. 200 3 A5 e B-5 e Co5 o
5% 3 A6 === B-6 --- C-6 ---
N ]
o 150 3
2 3
s 3
5 100 5
& 3
£ 7
£ 504
03 116 114
| [
T T T
0 10 20 30 40 50 60
Time (min)

(d) OSRC-60 (H-beam)

Fig. 5. Temperature variation curves at 30t and 60t
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Table 3. Temperature measurement for rebar and H-beam at elevated temperatures

Measuring point (°C)
Specimen Rebar H-beam
A-1| A2| A3 | B-1|B2|B3|C1|C2|C3|A4|A5|A-6|B4|B5|B6|C4]|C-5]|C-6
OSRC-30t | 113 | 119 | 121 | 110 | 119 | 118 | 109 | 120 | 125 | 35 | 30 | 28 | 87 | 81 | 56 | 75 | 66 | 49
OSRC-60t | 125 | 210 | 212 | 145 | 188 | 196 | 128 | 170 | 153 | 117 | 120 | 118 | 123 | 121 | 114 | 120 | 120 | 115

7ot = A8 AU2(EE A2032) 20261 8 131
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Fig. 8. Moment vs. Drift curves for OSRC-0, OSRC-30 and OSRC-60
Table 4. The maximum moment, drift and stiffness for three specimens
Ductil
S eCi Dlr Mnﬁcal My Mpeuk Mpeak Ay Apeak A(I.S }’Z;;e Kv Kp Ea(‘L‘ ‘§D
o |1y | 0N | N | N | e | 6) | )| @) | N | (RNm) | (RN-m) | (%)
(2 3) 4) (%) (6) (7 (®) ) (10) (11) (12) | (13)
+ 142 140.4 178.6 1.26 1.3 1.8 3.1 2.4 9.7 6.1
O_S(ic - 142 127.6 160.4 1.13 1.3 1.8 2.9 2.2 8.5 5.8 8800 176'
Avg. 142 134 170 1.20 13 1.8 3.0 2.3 9.1 6.0
ORSC + 142 122.7 154.3 1.09 2.1 3.0 4.0 1.9 53 33
30t - 142 126.2 159.2 1.12 2.1 2.9 3.6 1.8 5.6 35 8166 9.7
Avg. 142 124.5 156.8 1.10 2.1 3.0 3.8 1.9 5.5 34
OSRC + 142 113.5 143.4 1.01 2.2 3.0 3.8 1.7 4.7 3.0 8848 11
60t - 142 114.4 146.7 1.03 2.1 29 3.4 1.6 49 3.1
Avg. 142 114 145.1 1.02 2.2 3.0 3.6 1.7 4.8 3.1

Note. M, s the calculated peak moment and input shear force based on measured material properties; M., is the measured peak moment ; M,, K, and Ay are
the yield moment, stiffness and drift at yielding point estimated based on ACI 374.2R-13 (2013), respectively; 4,.. and K,, are the drift ratio at peak moment;
4ys1s the post-peak drift ratio corresponding to 0.8M,..; m is the ductile ratio (=4, divided by 45); Eac. is the accumulated energy up to drift ratio of 3%; ¢,

is the equivalent damping ratio at drift ratio of 3%.

*Ductility was determined using the displacement at the last loading step, as it remained above 80% of peak load in the descending branch.
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