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Abstract — In Korea, since no domestic design guidelines have been established for the structural fire design of steel-plate
composite walls (SC walls), it is necessary to refer to international design provisions to perform structural fire design. However,
existing predictive equations for fire performance are often inefficient for practical use. This study proposes practical methods
for fire resistance evaluation by performing finite element analysis and a steady-state thermal resistance model and provide
temperature distribution for composite steel-plate walls. The two proposed methods were applied to a structural fire design
example, and their results were compared to assess practical applicability in efficient design.
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Fig. 1. Components of SC wall
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(a) Finite element modeling of SC wall
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Fig. 2. Modeling of SC Wall
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Fig. 3. Comparison between test and numerical analysis result
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900 800 700 600 500 400 300 200 100 7(°C)
Steel plate
thickness Temperature (°C)
(mm)
4 376.17 | 203.53 | 112.52
6 369.10 | 198.79 | 110.04
8 36297 | 19436 | 107.75
10 357.07 | 189.97 | 105.53
12 351.25 | 185.68 | 103.43
14 345.57 | 181.61 | 101.53
16 339.71 | 177.48
18 333.76 | 17343
20 327.67 | 169.44 Below
22 321.59 | 165.67 100°C
24 31541 | 161.95
26 309.31 | 158.40
28 303.29 | 154.98
30 29736 | 151.68
34| 578.81 | 285.87 | 14547
38| 557.94 | 274.90 | 139.78
Depth 0 25 50 75 100 125
(mm)
(a) 1 hour fire exposure
Steel plate
thickness Temperature (°C)
(mm)
4 553.31 | 355.78 | 231.06 | 149.01 | 101.98 |
6 549.76 | 352.46 | 22825 | 146.92 | 100.71 |
8 546.10 | 349.11 | 22549 | 144.92
10 54219 | 34561 | 222.68 | 142.93
12 538.05 | 3420 | 219.84 | 140.99
14 533.68 | 33834 | 217.08 | 139.18
16 52892 | 33450 | 214.26 | 137.37
18 523.79 | 330.57 | 211.48 | 135.64
20 51820 | 326.52 | 208.72 | 133.96 Below
22 51223 | 322.50 | 206.09 | 132.40 100°C
24 505.80 | 31845 | 203.51 | 130.88
26 499.10 | 314.50 | 201.06 | 129.44
28 492.17 | 310.70 | 198.71 | 128.07
30 485.17 | 307.08 | 196.48 | 126.75
34 471.74 | 300.57 | 192.35 | 124.25
38 460.65 | 295.06 | 188.55 | 121.91
Depth 0 25 50 75 100 125 150 175
(mm)
(b) 2 hours fire exposure
Steel plate
thickness Temperature (°C)
(mm)

45217

317.94 | 223.

91

156.66 | 113.24

450.05

315.98 | 222.

15 | 155.19 | 112.15

447.95

314.07 | 220.

49

153.87 | 111.34

445.

79 | 31210 | 218.

76

15246 | 11034

443.

60 | 310.14 | 217.

07

151.14 | 109.54

441.

42 | 308.18 | 215.

38 | 147.80 | 108.61

439.15

306.17 | 213.

67 | 147.33 | 107.85

436.82

304.11 | 211

£R

147.14 | 106.93 | Below

43443

302.03 | 210.

19 | 145.87 | 106.19

100°C

4320

299.92 | 208.

43

144.53 | 105.28

429.50

297.79 | 206.

70

14330 | 104.60

426.93

295.61 | 204.

92

141.98 | 103.69

42430

293.43 | 203.

21 | 140.81 | 103.07

421.

58 | 291.19 | 201

41

139.51 | 102.19

415.

89 | 286.64 | 197.

89 | 137.12 | 100.74

409.86

281.99 | 194.

40

134.84

Depth 50

(mm)

75

100

125

150 175 200

(c) 3 hours fire exposure

Fig. 4. Result of heat transfer analysis
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900 800 700 600 500 400 300 200 100 7(°C)
Steel plate
thickness Temperature (°C)
(mm)
4 400 | 300 | 200
6 400 | 200 | 200
8 400 | 200 | 200
10 400 | 200 | 200
12 400 | 200 | 200
14 400 | 200 | 200
16 400 | 200
18 400 | 200
20 400 | 200
22 400 200 Below
24 400 | 200 100°c
26 400 | 200
28 400 | 200
30 300 | 200
34| 600 | 300 | 200
38| 600 | 300 | 200
Depth ¢ 25 50 75 100 125
(mm)
(a) 1 hour fire exposure
Steel plate
thickness Temperature (°C)
(mm)
400 [ 300 [ 200 [ 200 |
400 | 300 [ 200 [ 200 |
400 | 300 | 200
400 | 300 | 200
400 | 300 | 200
400 | 300 | 200
400 | 300 | 200
400 | 300 | 200
400 | 300 | 200 Below
400 | 300 | 200 100G
400 | 300 | 200
400 | 300 | 200
400 | 200 | 200
400 | 200 | 200
400 | 200 | 200
300 | 200 | 200
Depth o 25 50 75 100 125 150 175
(mm)
(b) 2 hours fire exposure
Steel plate
thickness Temperature (°C)
(mm)
400 | 300 | 200 | 200
400 | 300 | 200 | 200
400 | 300 | 200 | 200
400 | 300 | 200 | 200
400 | 300 | 200 | 200
400 | 300 | 200 | 200
400 | 300 | 200 | 200
400 | 300 | 200 | 200 | Below
400 | 300 | 200 | 200 | 100°C
300 | 300 | 200 | 200
300 | 300 | 200 | 200
300 | 300 | 200 | 200
300 | 300 | 200 | 200
300 | 300 | 200 | 200
300 | 200 | 200 | 200
300 | 200 | 200
Depth 0 25 50 75 100 125 150 175 200

(mm)

(c) 3 hours fire exposure

Fig. 5. Simplified temperature profile
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Table 1. Example of strength calculation
(a) Using temperature profile

List Layers of material
Steel Concrete
]()niﬁl; . 0-25 25-50 50-75 75-100 100-125 Over 125
Tem(liecr;‘mre 1000 | 100 900 600 400 300 200 100
P“ENpZ;ger 170.4 | 4260 60 1125 562.5 637.5 712.5 5250
P,o (N/mm) 10856.4
(b) Using equation (3)
. Layers of material
List Steel Concrete
]();ﬁ}; - 0-25 25-50 50-75 75-100 | 100-125 | 125-150 | Over 150
Tem(lifér;‘t“re 1000 | 100 900 700 600 500 400 200 100
P“‘(’prr;ger 1704 | 4260 60 225 3375 450 562.5 712.5 4500
Pro (N/mm) 10250.78
4. 24 A
1200 —Eq. (3)-3hours 4 FE-3hours
1560 . —Eq. (3)-2hours « FE-2hours
—Eq. (3)-1hour ® FE-lhour - .
G a0 [ AR = dd9 42 S5 &3t Fig. 59 2%
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5 ao 2T d&2]S &galo], S0 &d PG TATG
£ 20 Hol YA E T = Ut FHHES I 1
(]
=5 FIHA AU 8 HAZ HE 7He3 ©]ojH, &2

0 25 50 75 100 125 150 175 200 225 250
Concrete depth (mm)

Fig. 6. Comparison between analysis and the equation
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Selection of a target
building

Set of design objective

Change of the
target compartment

_ Selection of a target
compartment

r
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1

1 - 9 %

' Selection of a fire scenarios
I

I

I

Obtain of internal
temperature

1SO 834
standard fire curve

Application of

fire protection Use of Fig. 5 and Eq (3)

Strength calculation of fire-

exposed wall Use of Eq (6)

OK

Fig. 7. Process of structural fire design
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