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Introduction

Fire-safety precautions and regula-
tions are predicated to a great extent
on average performance, incidence,
experience, and circumstances. Fire-
resistance ratings of concrete ma-
sonry walls are based on fire tests
conducted by Underwriters’ Labora-
tories, Inc., the National Bureau of
Standards, National Research Council
of Canada, and other recognized fire-
testing laboratories. Methods of fire
tests are described in ASTM E 119,
“Standard Method of Fire Tests of
Building Construction and Materials."
The test consists of exposing one side
of a wall to a fire of controlled intens-
ity for a time equal to or greater than
its rated fire-resistance time. Immedi-
ately after firing, the hot face of the
wall is subjected to a fire hose stream.
During the test, loadbearing walls also
carry a specified compressive load;
and the wall must withstand the fire
and the hose stream without passage
of flame or gases. Also, heat transmis-
sion through the wall must be limited
to less than 250°F average gain in
temperature.

Results of such tests are the most
useful tools we have for estimating the
performance of the types of construc-
tion materials.

Concrete Masonry in
Fire Protection

The resistance of concrete masonry
to fire is well established and has
been found by research to be a func-
tion of the type of aggregate employed
in manufacture of the units and their
equivalent solid thickness. During a
standard fire test, the endurance of
concrete block walls [their fire re-

sistance rating) is invariably deter-
mined by temperature rise on the un-
fired, cold side. Few concrete ma-
sonry walls have ever failed during
the fire test due to loading or due to
the sudden cooling by the fire hose
stream. Fire resistance rating can be
reliably estimated from a knowledge
of the aggregate type used in the block
and equivalent thickness. Table 1 lists
the equivalent thicknesses required
for the different aggregate types and
fire resistance ratings found in model
building codes. As may be noted, dif-
ferences in the codes are minor.
Similar rationale is contained in other
codes such as the National Building
Caode of Canada.

Equivalent thickness of hollow units
is calculated from actual thickness
and the percentage of solid materials
(see calculation of equivalent thick-
ness). Both needed items of informa-
tion are normally reported by the
testing laboralory using standard
ASTM procedures listed in ASTM C
140 “Methods of Sampling and Test-
ing Concrete Masonry Units.” When
walls are plastered or otherwise
faced with fire-resistant materials,
the thickness of these materials is in-
cluded in calculating the equivalent
thickness effective for fire resistance.

Although numerous fire tests on
concrete masonry walls have been
conducted, it would be almost impossi-
ble to test all combinations of unit
sizes, shapes, and aggregate types
used in construction. The equivalent
thickness approach enables one to
reliably determine fire resistance of
concrete masonry assemblages that
may not have been tested. At the same
time, it may sometimes be helpful or
advantageous to refer to results of a
particular fire test in solving a fire
resistance requirement. For this pur-
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pose the information contained in
Table 2 is provided. It may be noted
that the tests referenced in Table 3
are for protection of steel columns
with concrete masonry.

Calculating Fire Resistance

Supplementary to the equivalent
thickness method and to specific fire
tests, another acceptable method of
determining fire resistance of ma-
sonry composite or cavity walls is by
calculation. A calculation procedure
is given in '‘Fire Resistance Classifica-
tions of Building Constuctions,” Ap-
pendix B, BMS 92, National Bureau of
Standards. It is used for walls com-
posed of two or more wythes or lami-
nae, where the fire resistance period
of the wythes or laminae are known;
an example of this is a cavity wall con-
sisting of 4” solid brick, 2” air space
and 4” hollow block. The fire
resistance of the wall is calculated
from the formula.

R = (RI™+ R + R}™)

in this example,

R fire resistance period of wall
fire resistance period of brick
wythe = 1 hr.

space*
, = [ire resistance period of block
wythe = 1 hr.

R,
R. = fire resistance period of air
R

therelore

R={(1%03 + 1) = (23" =
4.12 hrs.

*See Table 4 for R® of plaster and
continuous air space.
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TABLE 1

Summary of Building Code
Estimated Fire Resistance
Ratings for Concrete
Masonry Walls of

Various Equivalent
Thickness

Code:
UNIFORM

Code: BOCA BASIC/NATIONAL BUILDING CODE
— Building Officials Conference of America, Inc.

th und gypsun

Thick h fi 4 ted. The equivident thi i = the thickness of portiand
icknesses shown for concrete S R e A KA : o tible bers
masonry units are *eguivalent 1i5 times the thickness of sypsum p 3 e i
thicknesses” and include plaster, wall, the wall must be of such thic g ucted that the thickne:
lath and gypsum wallboard where
mentioned and grout when cells 5 ] nosite sides, will be not I

are solidly grouted. The equivalent
thickness may include the thickness . ; : ' 1
of portland eement plaster or J (it egs 8 Inches or gredten and having a fi ; aas v hours sholl

.2 Increasing ralings: Walls composed of hollow ; masonry units hoving

BUILDING CODE — 1.5 times the thickness of 1ssifie f ours w 2 } ure complataly filled with insulotion,
lntemliunfl;:mC:lnferenna of gypsum plaster. " v T 1r-material. such os es slag: mhay, shale or sand.
Building Officials
Minimum Equivalent Thickness,
Minimum Finished Thickness Face-ta- Inches, for Ratings of*
Construction Face (2) (In Inches)
4 Hr il AT e Expanded Slag

Expanded Slag or Pumice

or Pumice 4.0 3.2 2i1 = .

Expanded Clay Expanded Clav.

or Shale 4.8 3.8 2.6

Limestone; Cinders Limestone Cinders

or Air Cooled 5lag 5.0 4.0 2.7 or Slag

Calcareous or

Siliceous Gravel 5.3 4.2 2.8

CALCULATING CALCULATING
EQUIVALENT ESTIMATED FIRE
THICKNESS RESISTANCE EXAMPLE

Equivalent thickness is the An 8" hollow masonry wall is

solid thickness that would be constructed of expanded slag

obtained if the same amount of  units reported to be 55%*

concrete contained in a hollow solid. What is the estimated

unit were re-cast without fire resistance of the wall?

core holes. (modular units)
Eq Th = 0.55 x 7.625 in. =
4.19 inches

From Table: 3 hr. Fire Resist-
ance requires 4.00 inches

* Percentage salid can be calculated from

net area or net volume values os determined
by ASTM C 140 "'Methods of Testing Concrete
Masonry Units,"

IF THIS
HOLLOW UNIT
18 50%

CORE VOIDS

"

4 —y
ITS EQUIVALENT
SOLID
THICKNESS
IS5 47




TABLE 2
Fire Tests—Masonry Walls

Asg;;?le Al Rating .
Pumice Cddips e
5 C JHrar

2 hrs.*
T her
Expanded | 4 hrs.
. Slag ; 2 .
- : ' : 4 hrs.
L ';B in. tmits % aol:d unplasterad {1 2] 3 hrs.
6 in. units 61 % solid; unp!astered {1 2) ; 2 hrs.*
6 in. units 50% solid; plastered on one side with 1/2 in. 13 gypaum ‘andsand plaster (1,2) 2 hre*
4 in. units 76% solid; plastered on one side with 1/2 in. 1:3 gypsum and sand plaster (1,2) 2 hrg.*
3 umts 76% sohd p‘laste ed on beth mdes w:lh 1!2 i 1: 3 gypaum amd sand plaﬂler : =
ey - 2 hrs.*
4 in. units 63% aahd plastered on one snde thh 1!2 in. 13 gypsum ‘and sand plaster [1.2] 1%z hrs.®
4 umts 63% solid: unplastered {1.2) ' i e
' Expanded 10 in. unﬂs 60% st}hd unplastered [l 200 4 hrs,
Shale, Clay B in. units 89.1% solid; unplastered (7] - 4 hrs.*
.and Slate - 6 in, units 61% solid; unplastered; Iar.ed with 2- 1!4 ln hrit,k [1 2] 4 hrs,
B in. units 89.4%; unplastered (8) ' 4 hrs.*
8 in. units, mm:nmum face shell thi::}meas 1—1;‘2 in., minimum end shell thlckmass 2-5)‘16 it ; -
~ and minimum web thmlmess 3-1/18 in. unplaatrsred Concrete studs built into wall on 2 ft.
centers hy f:llmg every third cell alcn,g the length of the wall. Each stud reinforced with i
1/2 in. round bar. (3) 2hedd .
4 in, units 76% solid; unplastered on one srde w:th 1!2 in. 1 3 gypsum and sand plaster 2) - Zhsr
6 in. units 68.8% solid; unplastered (5) - ol . 2 hra.*
4 m units 100% sehd mlpkastersc[ (6) 2 hra *
6 in. units 61% solid: unplaa‘lered (1.2) o 1% hrs.*
'3 in, units 76% solid; plastered an hoth sides with ‘Uz in. 1:3 gypsum and sand plaster [i 2) 1Y hra*
4 in. units 67.7% solid; unplastemd {a] - ahpr
" Cinder 4 m units 63% solid plasiéi;éd on ane s:da with 112 m 1:3 gypsum and Sﬂnd plaster; other -
=  side faced with 3-3/4 in, brick (1.2) 4 hrs,
B in. units 61% solid: unplastarad fa{*ed with 2- lf‘&i in. brick (2) 4 hrs.
10 in. unplastered cavity wall of two 4 in, wythes 2 in. apart: units 63% solid 1. 2} ~dhrs.
6 in, unita 61% sul:d plastered nn ona s1d3 with 1/2 in. 1.3 gvpsum and sand .
 plaster (1,2) ' 2 hra.*
6 in. units 50% sohd p].aslered on buth aadas w1th 1{2 m 1 3 gypsum and sand plaster -
[1 2] - 2 hra.*
:6 in. units 61% suhd unplastered {1 2] 144 hrs.*
Caleareous B in, unité ?B% solids unplaﬂtﬁréd (10} 3 hrs.
Gravel 8 in. units 57% solid: unplastered (10] 2 hrs.
' - 4 in, units 63% solid; plastered on both. sides with 11‘2 in, 1: 3 gypsﬂm and 3and plaster [‘l A0) | 1t hrs?*
6 in. units 66.3% solid; unplastered (8] 1 hrs.*
10in. unplastered ca\nty ‘wall of two 4 in, wv‘thes 2 in, apaﬂ uni!s 63% suhd (1, 10] ihe
4in. umts 73.50% sohd unphaslered (8] 1 hr.*
~ Siliceous 12 in. unplastered wall c:tmsistmg of 8 in. units 5?% so!:d and 4 in. umlb BT snlld [1,10) 4 hrs.
“Gravel 12 in. units 58% solid; plastered both sides with 1z in. 1:3 gypsum and sand plaster [10) 4 hrs.
i 2 6 in. units 64.5% solid; unplastered (8] 1% hre*
4 in. units 74% solid; plastered on both sides with 1/2 in. 1 3 gvpsum and sand p!astar (1. 10} 1 hr.*
4 in. nnits 71.6% sohd unplastemd {8] - - 1hr*

*Nonbearing




TABLE 3
Column Protections

Steel Columns

1/2in, 113 sanded one s
gypsum plaster both

COLUMN

FLANGE 5/Bin. 1:3 sanded one side

gypsum plaster  hoth sides
ted) — e

FiLt [when hoted) 3/4 in. 1:3 sanded one side
gypsum plasier both sides

Canlinuous air
CONCRETE ce 102 in. to

MASONRY UNITS

Concrete 3 in. concrete block, hollow, cinder; fill of cinder concrete slabs and
Masonry mortar with 1% in. mortar between column and blocks .(9) ... .. 4 hrs.
Units
4 in. concrete masonry units, solid, expanded clay or shale [rotary
kiln); 14 in. space betwean column and masonry units. No, fill.(4) 4 hrs.
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