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STEEL COLUNMN FIRE PROTECTION

INTRODUCTION

Because of its inherent fire resistant properties, concrete ma-
sonry is often used as a non-structural fire protection covering
for structural steel columns. Fire endurance of steel column
protection is determined as the period of time for the average
temperature of the steel to exceed 1,000 °F (538 °C), or for the
temperature at any measured point to exceed 1,200 °F (649
°C) (ref. 1). These criteria depend on the thermal properties of
the column cover and of the steel column (ref. 2). Using this
technique, an empirical formula was developed to predict the fire
endurance of concrete masonry protected steel columns (refs.
3, 4). This formula is presented in Figure 1, and is also included
in the International Building Code (ref. 5)
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Equivalent Thickness

Equivalent thickness is essentially the solid thickness that would
be obtained if the volume of concrete contained in a hollow unit
were recast without core holes (see Figure 2). The equivalent
thickness is determined in accordance with Standard Methods
of Sampling and Testing Concrete Masonry Units, ASTM C
140 (ref. 7), and is reported on the C 140 test report. Note that
when all cells of hollow unit masonry are filled with an approved
material, such as grout and certain loose fill materials, the
equivalent thickness of the assembly is the actual thickness.
For more detailed information, as well as typical equivalent
thicknesses for concrete masonry units, see Fire Resistance
Ratings of Concrete Masonry Assemblies, TEK 07-01D (ref. 8).
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R =0.17(W/D)*" + [0.285(T_"*/K*?)] x [1.0 + 42.7{(A./d T )/(0.25p + T )}°%] (English units)
R =1.22(W/D)°" + [0.0018(T_"%/K°2)] x [1.0 + 384{(A./d T.)/(0.25p + T )}°%] (S
where:
A, = cross-sectional area of the steel column, in.2 (mm?) R = fire resistance rating of the column assembly, hr.
d = depth of steel column, diameter of pipe column, in. twer = thickness of steel column web, in. (mm)
(mm) T, = equivalent thickness of concrete masonry protection
d = density of concrete masonry protection, pcf (kg/m?) (see Figure 2), in. (mm)
D = heated perimeter of steel, in. (mm) w = width of steel column, in. (mm)
K = thermal conductivity of concrete masonry (see Table W = average weight of the steel column, Ib/ft (kg/m)
2), Btu/hrft°F (W/m-C)
p = inner perimeter of masonry protection, in. (mm)
D=2(w+d)+ 2(W - tyep) D = nd D=2(w+d)
w d w
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A Note that Standard Method for Determining Fire Resistance of Concrete and Masonry Construction Assemblies (ref. 6) replaces the first
term in the above equation with 0.401(A /p,)° [in SI, 0.042(A_/p,)*" 1, where p_ is the same as D above. Both forms of the equation yield
identical results.

8 p is calculated based on a 1 in. (25 mm) clearance between the masonry and the steel member. Decreasing this uniform clearance in turn
reduces p, which has the net effect of increasing the fire resistance rating for a given equivalent thickness. Using a larger p will require a
greater equivalent thickness than shown in Table 1. The masonry may be in contact with the steel element.

Figure 1—Details of Concrete Masonry Protection for Commonly Used Steel Columns (ref. 5)*
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Table 1—Fire Resistance of Concrete Masonry Protected Steel Columns* B¢
W SHAPE COLUMNS
Column  CM density, Minimum required T, for a Column  CM density, Minimum required T_ for a
size pcf fire resistance rating, hr, of: size pcf fire resistance rating, hr, of:
1 2 3 4 1 2 3 4
W 14 x 233 85 0.37 0.99 1.61 2.19 W12 x 50 85 0.95 1.87 266  3.36
105 0.47 1.23 1.94 2.60 105 1.10 2.1 295 3.70
125 0.58 1.46 2.25 2.98 125 1.25 2.33 322 4.02
145 0.70 1.68 2.55 3.34 145 1.39 2.54 349 432
W 14 x 176 85 0.48 1.20 1.86 2.49 W12 x40 85 1.05 1.99 279  3.50
105 0.61 1.44 2.20 2.89 105 1.20 2.22 3.07 3.82
125 0.74 1.68 2.51 3.26 125 1.35 244 334 413
145 0.87 1.91 2.81 3.61 145 1.48 2.64 359 443
W 14 x 120 85 0.66 1.46 2.19 2.85 W10 x 112 85 0.55 1.32 203 269
105 0.80 1.71 2.51 3.23 105 0.69 1.58 237  3.09
125 0.94 1.95 2.81 3.58 125 0.83 1.82 268 345
145 1.08 2.18 3.10 3.92 145 0.96 2.04 297 3.80
W 14 x 82 85 0.77 1.63 2.39 3.07 W 10 x 88 85 0.67 1.50 224 291
105 0.92 1.88 2.70 3.44 105 0.82 1.75 256  3.29
125 1.07 2.1 2.99 3.78 125 0.96 1.99 286 3.64
145 1.21 2.33 3.27 4.10 145 1.10 2.21 315 3.98
W 14 x 68 85 0.86 1.76 2.53 3.22 W 10 x 68 85 0.80 1.67 244 313
105 1.02 2.00 2.83 3.57 105 0.95 1.92 275 349
125 1.17 2.23 3.1 3.90 125 1.10 2.15 3.04 383
145 1.31 2.44 3.38 4.22 145 1.24 2.37 3.32  4.15
W 14 x 53 85 0.95 1.87 2.65 3.36 W 10 x 54 85 0.91 1.82 2.61 3.31
105 1.1 2.11 2.95 3.69 105 1.07 2.07 2.9 3.65
125 1.25 2.33 3.22 4.01 125 1.22 2.29 3.18  3.98
145 1.39 2.54 3.48 4.32 145 1.36 2.50 345 429
W 14 x 43 85 1.05 1.99 2.78 3.49 W 10 x 45 85 0.96 1.88 267 3.38
105 1.20 2.22 3.06 3.82 105 1.1 212 296 3.72
125 1.35 243 3.33 412 125 1.26 2.34 3.24  4.03
145 1.48 2.64 3.59 4.42 145 1.40 2.55 350 4.34
W 12 x 190 85 0.39 1.04 1.67 2.28 W 10 x 33 85 1.10 2.05 286  3.57
105 0.50 1.28 2.00 2.68 105 1.25 2.28 3.13  3.89
125 0.61 1.51 2.32 3.06 125 1.40 2.49 339 419
145 0.73 1.74 2.62 3.42 145 1.53 2.69 3.64 448
W 12 x 136 85 0.53 1.28 1.98 2.62 W8 x40 85 0.98 1.92 2.71 3.42
105 0.66 1.53 2.31 3.02 105 1.14 2.15 3.00 3.76
125 0.80 1.77 2.62 3.38 125 1.28 2.37 3.27 407
145 0.93 2.00 2.91 3.73 145 1.42 2.58 353 437
W 12 x 96 85 0.70 1.53 2.27 2.95 W8 x 31 85 1.10 2.05 285 357
105 0.85 1.78 2.59 3.32 05 1.25 2.28 3.13  3.89
125 0.99 2.02 2.89 3.67 125 1.39 2.49 339 419
145 1.13 2.24 3.18 4.00 145 1.53 2.69 3.64 448
W12 x 72 85 0.84 1.73 2.50 3.19 W8 x24 85 1.17 2.14 295 367
105 1.00 1.97 2.80 3.54 105 1.32 2.36 322 397
125 1.15 2.20 3.09 3.87 125 1.46 2.56 3.47  4.27
145 1.29 242 3.36 4.19 145 1.59 2.76 3.72 456
W 12 x 58 85 0.91 1.82 2.60 3.30 W8x18 85 1.26 2.25 3.06 3.78
105 1.07 2.06 2.90 3.65 105 1.41 2.45 332 4.07
125 1.22 2.29 3.18 3.97 125 1.54 2.65 356 4.36
145 1.36 2.50 3.45 4.28 145 1.67 2.84 3.80 4.64
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STRUCTURAL TUBE COLUMNS STEEL PIPE COLUMNS
Tube nominal  CM density, Minimum required T_for a Pipe nominal CM density, ~ Minimum required T_for a
size, in. pcf fire resistance rating, hr, of: size, in. pcf fire resistance rating, hr, of:
1 2 3 4 1 2 3 4
4x4 85 099 198 281 354 4 85 129 230 313 3.86
I in. wall 105 114 220 3.08 3.85 Standard 105 143 250 3.37 4.14
thickness 125 128 241 334 4.15 0.237 in. wall 125 156 2.68 3.60 4.41
145 141 261 359 4.45 thickness 145 1.68 2.87 3.83 4.68
4x4 85 110 210 293 3.66 4 85 116 216 299 3.73
3/g in. wall 105 125 231 319 3.96 Extra strong 105 1.30 237 325 4.02
thickness 125 1.38 251 344 4.25 0.337 in. wall 125 143 257 349 4.30
145 151 271 3.68 4.54 thickness 145 156 275 3.73 4.58
4x4 85 125 225 3.08 3.81 4 85 0.84 1.81 264 3.37
Iy in. wall 105 1.39 246 3.33 4.10 Double extra 105 098 204 292 3.70
thickness 125 1562 265 357 4.37 strong 125 112 226 319 4.01
145 1.65 283 3.80 4.65 0.674 in. wall 145 125 246 345 4.31
thickness
6x6 85 0.88 1.83 264 3.36
I in. wall 105 1.03 206 293 3.69 5 85 123 224 3.06 3.79
thickness 125 117 228 3.20 4.01 Standard 105 1.38 244 331 4.07
145 1.31 249 346 4.31 0.258 in. wall 125 150 263 355 4.35
6x6 85 1.01 198 279 3.52 thickness 145 1.63 282 3.78 4.63
3/g in. wall 105 116 221 3.07 3.84 5 85 1.08 2.07 289 3.62
thickness 125 1.30 241 333 4.14 Extra strong 105 122 228 316 3.92
145 144 262 358 4.43 0.375in. wall 125 1.36 249 341 4.22
6x6 85 118 217 299 3.71 thickness 145 148 268 3.65 4.50
4 in. wall 105 1.32 238 325 4.01 5 85 0.74 1.68 248 3.21
thickness 125 146 258 349 4.30 Double extra 105 0.88 1.91 278 3.55
145 1.59 277 3.73 4.58 strong 125 1.01 213 3.06 3.87
0.750 in. wall 145 115 234 332 4.18
8x8 85 083 175 254 3.25 thickness
I in. wall 105 098 199 284 3.60
thickness 125 112 221 312 3.92 6 85 1.18 217 3.00 3.72
145 126 243 3.39 4.23 Standard 105 1.32 238 325 4.01
8x8 85 097 192 272 344 0.280 in. walls 125 146 258 349 4.30
3/g in. wall 105 112 215 3.00 3.76 thickness 145 1.58 277 3.73 4.58
thickness 125 126 236 3.27 4.07 6 85 0.98 1.96 2.77 3.50
145 1.39 257 353 4.37 Extra strong 105 1.13 218 3.05 3.81
8x8 85 115 212 293 3.65 0.432 in. wall 125 1.27 239 331 412
4 in. wall 105 129 234 320 3.96 thickness 145 140 259 356 4.41
thickness 125 143 254 345 4.25 6 85 0.63 152 231 3.02
145 1.56 273 3.69 4.53 Double extra 105 0.77 176 262 3.38
strong 125 0.90 1.99 291 3.72
0.864 in. wall 145 1.03 220 318 4.04
thickness

A in. x 25.4 = mm; CM = concrete masonry; T, = equivalent thickness of concrete masonry protection (see Figure 2)

8 Equivalent thickness values are based on a calculation of p with a 1 in. (25 mm) clearance between the masonry and steel member (see Figure
1). Decreasing this uniform clearance in turn reduces p, which has the net effect of increasing the fire resistance rating for a given equivalent
thickness. Using a larger p will require a greater equivalent thickness than that shown in Table 1 in order to meet a given fire resistance rating.
The masonry may be in contact with the structural steel element, however, consideration should be given to the relative movement. This
should be a primary design consideration for structures designed for high lateral loads — such as those from wind or earthquake. Depending
upon the design loads and method of masonry support, it may also be necessary to reinforce the masonry providing the fire protection. Such
reinforcement may be required prescriptively for seismic design of non-shear wall elements (as a function of the seismic design category) or
as necessary to safely resist applied loads.

¢ For masonry densities between values listed, T. may be interpolated, or the next higher density value may be used.
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Table 2—Thermal Conductivity of
Concrete Masonry Units (refs. 4, 5)
Concrete masonry ~ Thermal conductivity?, K,
density, pcf (kg/m?) Btu/hrft°F (W/m-C)
80 (1,282) 0.207 (0.358)
85 (1,362) 0.228 (0.394)
90 (1,442) 0.252 (0.436)
95 (1,522) 0.278 (0.481)
The equivalent thickness (a solid unit with the same amount of ma- 100 (1,602) 0.308 (0.533)
terial) of this particular unit (which is 53% solid) is 4.04 in. (103 mm). 105 (1,682) 0.340 (0.588)
Figure 2—Equivalent Thickness Hg E} ;ig; 82:2 Egsgg;
120 (1,922) 0.459 (0.749)
125 (2,003) 0.508 (0.879)
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ABOUT CMHA

The Concrete Masonry & Hardscapes Association (CMHA) represents a unification of the Interlocking Concrete Pavement
Institute (ICPI) and National Concrete Masonry Association (NCMA). CMHA is a trade association representing US
and Canadian producers and suppliers in the concrete masonry and hardscape industry, as well as contractors of
interlocking concrete pavement and segmental retaining walls. CMHA is the authority for sesgmental concrete products
and systems, which are the best value and preferred choice for resilient pavement, structures, and living spaces.
CMHA is dedicated to the advancement of these building systems through research, promotion, education, and the

development of manufacturing guides, design codes and resources, testing standards, and construction practices.

Disclaimer:

The content of this CMHA Tech Note is intended for use only as a guideline and is made available “as is.” It is not intended for use or reliance upon
as an industry standard, certification or as a specification. CMHA and those companies disseminating the technical information contained in the Tech
Note make no promises, representations or warranties of any kind, expressed or implied, as to the accuracy or completeness of content contained
in the Tech Note and disclaim any liability for damages or injuries resulting from the use or reliance upon the content of Tech Note. Professional
assistance should be sought with respect to the design, specifications, and construction of each project.




