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ABSTRACT : A simple but accurate analytical method to evaluate the fire resistance of unprotected concrete filled tubular
(CFT) columns under standard fire condition is proposed based on the fire design framework of EC4. To this end, the

accuracy of the current tabulation method for the temperature prediction proposed by Lawson et al. was first critically

evaluated, and a new prediction equation for the temperature gradient across the CFT section was then proposed based on

available test and finite element analysis results. Overall, the axial strength predicted by using the proposed equation under

the general fire design framework of EC4 was more accurate than that based on existing methods and appeared reasonable

for design purposes. The results of this study are directly usable for the more rational fire analysis and design of unprotected

CET columns.

KEYWORDS : Concrete-filled steel tubular(CFT) columns, fire resistance performance, heat transfer analysis, temperature gradient

prediction equation, standard fire test
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Fig. 1 Time-deformation curve of an unprotected CFT
column exposed to fire
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Table 1. Thermal properties of structural steel at
elevated temperatures

Property |Specific heat/Conductivity/Elongation| Range(T)
425+7.73 10710, —1.69 X 10™ %92 +2.22 <10 °¢? 20 < 0, < 600
13002
c, 666—( 5,738 ) 600 <6, <735
17820
(J/keK) 545*(9 T ) 735 < 0, < 900
650 900 < 6, < 1200
)\a 54—3.33x10" %9, 20 < 6, < 800
(W/mK) 273 800 < 6, < 1200
—2416 %10 ' +1.2 X107 %6, +0.4 10~ *6™ 20 <6, < 750
Al/l
111072 750 < 6, < 860
(mmy/mm) :
6.2X107°+2x107 %0, 860 < 0, < 1200

—=— Effective yield strength
- Proportional limit

08 o =~ Slope of the linear

elastic range

06 4

Reduction factor

02 4
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Temperature (°C)

Fig. 2 Reduction factors of structural steel at elevated
temperatures
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Fig. 3 Stress-strain relationships of structural steel at
elevated temperatures
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Fig. 4 Stress-strain relationships of concrete with
siliceous aggregates at elevated temperatures
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Fig. b Illustration for application of Lawson-Newman
method to CFT section

Table 2. Multiplication factor C,

Diameter, or Distance of center of layer

size of square from outer surface (mm)

section(mm) |10 | 30 | 50 | 70 | )70
200 1.08 1.22 1.41 1.60 1.80
300 1.05 | 1.14 | 1.22 | 1.36 | 1.50
400 1.03 | 1.09 | 1.18 | 1.25 | 1.35
500 1.02 | 1.07 | 1.12 | 1.18 | 1.25

Table 3. Basic temperatures of infinitely large concrete
sections exposed to fire on outer surface

AMPHE EC4: Part 1.290A4 Zi
tﬁﬂ@ﬂl HZ
Al dutd Aol JulEA] ek=t},

Distance of center of layer
Fire from outer surface (mm)

resistance T
(min)  |Fire(7};) o

10 30 50 70 | >70
30 840 470 | 250 | 140 | 100 | 70
60 945 642 | 421 | 250 | 150 | 130
90 1005 738 | 519 | 345 | 245 | 190
120 1049 850 | 591 | 415 | 310 | 240
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Fig. 7 Temperature distributions of CFT sections with
various diameters, steel tube thickness and exposure
times by heat transfer analysis
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Table 4. oyand o, at different fire-exposure times

FR(min.) Qaq, Qay; Qgp. Qg;
30 1.0 0.75 0.015
60 1.0 0.85 0.005
90 1.0 0.90 0.002
120 1.0 0.95 0
120 1.0 1.0 0
1000 +

Temperature (°C)

05D-t

10 + + | 1 !
0 0.2 0.4 0.6 0.8 1
MNormalized distance from steel-concrete interface (d/0.5D-t)
Fig. 9 Temperature distributions in CFT sections with
various diameters(60 minutes of fire exposure time,
9mm in steel tube thickness)
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various diameters, steel tube thickness and exposure times
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(b) 90 minutes of fire exposure times, 500mm in
diameter

Fig. 13 Temperature distributions of CFT sections with
various diameters and steel tube thickness
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Table 5. Slopes of temperature profiles in concrete
sections among design parameters

Section | Tube FR(min.)
width |thickness
(mm) (mm) 30 60 90 120
3 -1.312 | -0.625 | -0.418 | -0.314
6 -1.305 | -0.597 | -0.395 | -0.293
200 8 -1.257 | -0.567 | -0.376 | -0.278
10 -1.214 | -0.542 | -0.359 | -0.263
12 -1.142 | -0.552 | -0.369 | -0.271
6 -2.188 | -1.386 | -0.913 | -0.654
-2.191 | -1.357 | -0.875 | -0.634
10 -2.153 | -1.318 | -0.844 | -0.616
300 12 -2.116 | -1.332 | -0.876 | -0.643
14 -2.046 | -1.295 | -0.847 | -0.622
16 -1.978 | -1.252 | -0.823 | -0.602
20 -1.939 | -1.210 | -0.769 | -0.566
8 -3.015 | -1.949 | -1.521 | -1.181
10 -2.952 | -1.926 | -1.499 | -1.125
400 12 -2.855 | -1.909 | -1.483 | -1.110
14 -2.849 | -1.914 | -1.496 | -1.103
16 -2.883 | -1.929 | -1.505 | -1.047
20 -2.867 | -1.911 | -1.489 | -1.013
8 -3.819 | -2.519 | -2.017 | -1.679
10 -3.717 | -2.473 | -1.976 | -1.646
12 -3.640 | -2.474 | -1.979 | -1.640
500 14 -3.678 | -2.476 | -1.988 | -1.659
16 -3.626 | -2.437 | -1.964 | -1.637
20 -3.779 | -2.431 | -1.954 | -1.627
25 -3.633 | -2.376 | -1.933 | -1.602
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-®Fire test result (Chung et al)

—+—Proposed method (this study)

Lawson and Newman(1996)
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Fig. 14 Temperature distributions of CFT column(square
section) at 90 minutes of fire exposure time
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Prediction of Heat transfer analysis ‘

temperature
distribution of
CFT section

Lawson and Newman(1996) ‘

Proposed method (this study) \

Eurocode 4: Part 1.2

Plastic resistance to axial
compression under fire (N, ;)

)

Effective flexural stiffness (EI,; .,)
& Euler buckling load (N,, ;,.)

Evaluation of

axial strength of 1«
CFT column
under fire Relative slenderness (i)

l

Reduction coefficient (y)
for buckling curve

Fig. 15 Flow chart for calculating axial strength of
unprotected CFT columns based on EC4 design method
under fire condition
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Table 6. Comparison between predicted and measured
(Lie et al.'®) loads in CFT columns

Test trgII?Sfter Proposed | Lawson-
No. | Steel tube | lvsis | method | Newman
| Dxt (m) (kN) analysis

Predicted / Test

C02 | 141.3x6.55 | 110 0.95 1.12 1.16

C04 | 141.3x6.55 | 131 0.73 0.87 0.90

C05 | 168.3x4.78 | 150 0.73 0.72 0.67

C08 | 168.3x4.78 | 218 0.76 0.64 0.60

C09 | 168.3x6.35 | 150 0.82 0.80 0.75

C11 | 219.1x4.78 | 492 0.57 0.55 0.51

C13 | 219.1x4.78 | 384 0.64 0.47 0.42

C17 | 219.1x8.18 | 525 0.65 0.62 0.59

C20 | 273.1x5.56 | 574 0.90 0.64 0.62

C22 | 273.1x5.56 | 1000 0.74 0.71 0.70

C26 | 323.9x6.35 | 1050 0.94 0.88 0.85

C28 | 355.6x6.35 | 1050 1.14 0.96 0.91

C30 | 406.4x12.7 | 1900 1.42 1.37 1.33

Average 0.85 0.80 0.77

Standard deviation 0.22 0.24 0.25
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