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average temperature of the steel to exceed 1000 °F (538°C), or

INTRODUCTION for thetemperatureat any measured point to exceed 1200°F (649

°C) (ref. 6). These criteriadepend on the thermal properties of

Because of itsinherent fire resistant properties, concrete the column cover and of the steel column (ref. 3). Using this

masonry is often used as a non-structural fire protection technique, an empirical formulawas devel oped for the predic-

covering for structural steel columns. Fire endurance of steel tion of thefire endurance of concrete masonry protected steel
column protection is determined as the period of time for the columns (refs. 2, 4).

R* = 0.401(AJp)°" +[0.285(T _26/k°2)][1.0 + 42.7{ (A,/ DT_)/(0.25p + T_ )} °9| (English units)
R* =7.13(A/p)*" +[0.0027(T,,*¢/k%2)][1.0 + 2.49x10°{ (A,/ DT_)/(0.25p + T_,)} °¥] (SI units)
where:
A, = Cross-sectional area of the steel column, in2 (n?) R = Fireresistance rating of the column assembly, hr
D = Density of the concrete masonry protection, pcf (kg/n?) T,, = Equivalent thickness of concrete masonry protectiof
d = Depth of steel column, diameter of pipe column, in. (m) assembly, in. (mm) (see Figure 2)
k = Thermal conductivity of concretemasonry, Btu/hrft-°F t,o, = Thickness of web, in. (m)
(W/mK) (see Table 2) W = Average weight of steel column, Ib/ft (kg/m)
p = Inner perimeter of concrete masonry protection, in. (mm) w = Width of sted column, in. (m)
p, = Heated perimeter of steel, in. (mm)
p=2w+d)+2w-t,) p, =pd p,= 2w+ 2d
w d w
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Figure 1—Details of Concrete Masonry Protection for Commonly Used Steel Columns (ref. 1)
*Note: The 2000 International Building Code (IBC) (ref. 7) replacesthefirst termin the above equation with 0.17(W/p )°" (English
and (1.22(W/p)°") (metric) where W isthe average weight of the steel columnin Ib/ft (kg/m). Both formsof the equationsyield
identical answers.




Table 1—Fire Resistance of Cor

W SHAPE COLUMNS

Column Concrete Minimum required equivalent Column Concrete  Minimum required equivalent
size masonry thickness of concrete masonry size masonry thickness of concrete masonry
density, protection assembly, T_, , in. density, protection assembly, T, , in.
pcf Fire resistance rating, hr pcf Fire resistance rating, hr
1 2 3 4 1 2 3 4
W 14 x 82 80 074 161 236 3.04 W 10x 68 80 0.72 158 233 3.01
100 0.89 185 267 3.40 100 0.87 1.83 265 3.38
110 096 197 281 357 110 094 195 279 355
120 1.03 208 295 3.73 120 1.01 206 294 372
W 14 x 68 80 0.83 170 245 3.13 W10 x54 80 0.88 1.76 253 3.21
100 099 195 276 3.49 100 1.04 201 2.83 357
110 1.06 206 291 3.66 110 111 212 298 3.73
120 114 218 3.056 3.82 120 119 224 312 3.9
W 14 x 53 80 091 181 258 3.27 W10x45 80 092 1.83 260 3.30
100 1.07 205 288 3.62 100 1.08 207 290 3.64
110 1.15 217 3.02 3.78 110 1.16 218 3.04 3.80
120 122 228 316 3.9 120 123 229 318 3.96
W 14 x 43 80 1.01 193 271 341 W10x33 80 1.06 200 279 3.49
100 117 217 3.00 3.74 100 122 223 3.07 381
110 125 228 314 390 110 130 234 320 3.96
120 132 238 327 4.05 120 137 244 333 4.12
W 12 x 72 80 081 166 241 3.09 W 8 x 40 80 094 1.8 263 333
100 091 188 270 343 100 1.10 210 293 3.67
110 099 199 284 3.60 110 118 221 3.07 3.83
120 1.06 210 298 3.76 120 125 232 320 3.99
W 12 x 58 80 0.88 176 252 321 W 8 x 31 80 1.06 200 278 3.49
100 1.04 201 2.83 356 100 122 223 3.07 381
110 111 212 297 373 110 129 233 320 3.97
120 119 223 311 389 120 136 244 333 4.12
W 12 x 50 80 091 181 258 3.27 W 8 x 24 80 114 209 289 3.59
100 1.07 205 288 3.62 100 129 231 316 3.90
110 1.15 217 3.02 3.78 110 136 242 328 4.05
120 122 228 316 3.9 120 143 252 341 4.20
W 12 x 40 80 1.01 194 272 341 W 8 x 18 80 122 220 3.01 3.72
100 117 217 3.01 375 100 136 240 325 4.01
110 125 228 314 390 110 142 250 337 4.14
120 132 239 327 4.06 120 148 259 3.49 4.28

ajn. x 254 = mm




asonry Protected Stedl Columns?

STRUCTURAL TUBE COLUMNS

Tube Concrete  Minimum required equivalent
nominal masonry thickness of concrete masonry

size, in.  density, protection assembly, T, in.
pcf Fire resistance rating, hr

1 2 3 4

4x4 80 0.93 190 271 343

Y2 in. wall 100 1.08 2.13 299 3.76
thickness 110 1.16 2.24 3.13 3091
120 122 234 3.26 4.06

4x4 80 1.05 2.03 2.84 3.57
3 in. wal 100 120 2.25 3.11 3.88
thickness 110 1.27 235 3.24 4.02

120 1.34 245 3.37 417

4x4 80 121 220 3.01 3.73
Yain. wall 100 1.35 240 3.26 4.02
thickness 110 1.41 250 3.38 4.16

120 1.48 2.59 3.50 4.30

6 X6 80 0.82 1.75 254 325
Y in. wall 100 0.98 1.99 2.84 3.59
thickness 110 1.05 210 298 3.75

120 112 221 3.11 391

6 X6 80 096 191 271 342
3fg in. wall 100 1.12 214 3.00 3.75
thickness 110 1.19 225 3.13 3.90

120 126 2.35 3.26 4.05

6 X6 80 114 211 292 3.63
Ys in. wall 100 129 232 318 3.93
thickness 110 136 243 330 4.08

120 142 252 343 422

8x8 80 0.77 1.66 244  3.13
Y2 in. wall 100 092 191 275 3.49
thickness 110 1.00 2.02 2.89 3.66

120 1.07 214 3.03 3.82

8x8 80 091 184 263 3.33
3 in. wal 100 1.07 208 292 3.67
thickness 110 114 219 3.06 3.83

120 121 229 319 398

8x8 80 1.10 2.06 286  3.57
Ysin. wall 100 1.25 2.28 3.13 3.87
thickness 110 1.32 2.38 3.25 4.02

120 1.39 248 3.38 4.17

STEEL PIPE COLUMNS

Pipe Concrete  Minimum required equivalent

nominal masonry thickness of concrete masonry
size, in.  density, protection assembly, T, in.
pcf Fire resistance rating, hr
1 2 3 4
4 80 126 225 3.07 379
Standard 100 140 245 331 4.07
0.237 in. wall 110 146 255 343 421
thickness 120 153 2.64 354 434
4 80 112 211 293 3.65
Extra strong 100 1.26 2.32 3.19 395
0.337 in. wall 110 1.33 242 331 4.09
thickness 120 140 252 343 4.23
4 80 080 175 256 3.28
Double extra 100 095 199 285 3.62
strong 110 1.02 210 299 3.78
0.674 in. wall 120 1.09 220 312 3.93
thickness
5 80 1.20 219 3.00 3.72
Standard 100 1.34 239 325 4.00
0.258 in. wall 110 141 249 337 414
thickness 120 147 258 349 4.28
5 80 1.04 2,01 283 354
Extra strong 100 119 223 3.09 3.85
0.375 in. wall 110 126 234 322 4.00
thickness 120 132 244 334 414
5 80 0.70 161 240 3.12
Double extra 100 0.85 1.86 271 347
strong 110 0.91 1.97 2.85 3.63
0.750 in. wall 120 098 208 299 3.79
thickness
6 80 114 212 293 364
Standard 100 129 233 319 394
0.280 in. wall 110 1.36 243 331 4.08
thickness 120 142 253 343 422
6 80 094 190 270 342
Extra strong 100 1.10 2.13 298 3.74
0432 in. wall 110 117 223 311 3.89
thickness 120 1.24 234 324 404
6 80 059 146 223 292
Double extra 100 0.73 171 254 3.29
strong 110 0.80 182 269 347
0.864 in. wall 120 0.86 193 2.83 3.63

thickness




Table 2—Thermal Conductivity of
Concrete Masonry Units(ref. 4)
If this hollow Density, D, Thermal conductivity?, k,
unit is 53% solid, pcf (kg/n) Btu/hrftoF (W/mK)
80 (1282) 0.207 (0.358)
85 (1362) 0.228 (0.394)
. 90 (1442) 0.252 (0.436)
SN qa?y :Eiecﬁ‘j]‘gf?'sem 95 (1522) 0.278 (0.481)
@«“‘ @5, 4 on inches 100 (1602) 0.308 (0.533)
Q 0’@ (i03 mm) 105 (1682) 0.340 (0.588)
. . . 110 (1762) 0.376 (0.650)
(Equival ent Thickness = 0.53 x 194 mm = 103 mm) 120 (1922) 0.459 (0.749)
125 (2003) 0.508 (0.879)
130 (2083) 0.561 (0.971)
Figure 2—Determining Equivalent Thickness 135 (2163) 0.620 (1.073)
140 (2243) 0.685 (1.186)
Calculating Equivalent Thickness 145 (2323) 0.758 (1.312)
Equivalent thickness is calculated by multiplying the 150 (2403) 0.837 (1.449)
average percentage of net area (percent solid) of aunit by the .
actual width of the unit (Figure 2). The average net area, in ® oven dry thermal conductivity at 70 °F (21 °C)

percent, isdetermined in accordance with Standard Methods
of Sampling and Testing Concrete Masonry Units, ASTM C
140 (ref. 4).
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