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Foreword

This report is one of a series issued by the National Bureau of

Standards, dealing with the fire resistance of building constructions and

materials. It indicates the fire resistance that can be expected of walls of

various thicknesses of lightweight-aggregate concrete masonry units made

with cinder, pumice, expanded-slag, or expanded burned-shale aggregates.

As concrete masonry units made with lightweight aggregates are used

extensively in both residential and commercial buildings, the information

contained in this report is of timely interest to building regulatory bodies

in setting up building code requirements pertaining to exits, shaft en-

closures, and fire division walls.

E. U. Condon, Director.
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Fire Resistance of Walls of Lightweight-

Aggregate Concrete Masonry Units

by Harry D. Foster, Earl R. Pinkston, and S. H. Ingberg

The results of fiie-endurance and hose-stream tests of 16 walls of lightweight-

aggregate concrete masonry units are given. The aggr^ates used in the manufacture
of the units were cinders, expanded shale, pumice, or expanded slag. The constructions

ranged from 3-in. nonload-bearing partitions to 10-in. load-bearing walls with no

framed-in members and included brick-faced exterior bearing walls.

The fire-resistance values indicated by the tests varied with the thickness of the

wall, the moisture content at the time of the test, and the kind of aggregate used in

the units and ranged from 1 hr 9 min for a 4-in. unplastered partition to 7 hr 3 min for

an 8-in. bearing wall faced with brick and backed with 4-in. lightweight-concrete units.

Hose-stream tests conducted at the end of the fire-endurance tests indicated that

walls of lightweight-aggregate concrete masonry units met the requirements of this

test for their respective fire-resistance values.
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I. Introduction and Scope

Consideration of the fire resistance of walls

is of prime importance in the design of build-

ings. Building regulations usually require fire-

resistive walls or partitions for the enclosure of

shafts, stairways, and corridors, and also for

subdivision into fire areas. The required fire re-

sistance is governed by the type of construction

and the amount of combustible material in-

volved in the occupancy of the building. The
fire-resistance values of the different types of

walls or other building members are based on
the results of tests of representative construc-
tions subjected to controlled fire exposures of

standardized intensity.

Concrete masonry units made with light-

weight aggregates, such as cinders, expanded
slag, expanded shale, and similar materials, are
extensively used because of their insulating
value, ease of cutting, fitting and laying, and
lower loading imposed on the supporting mem-
bers or foundation of the building.

A series of fire tests of walls built of units of
the general type mentioned above was under-
taken as a part of the Bureau's general program
of research on building materials and struc-
tures. Sixteen walls, each containing two or
more sections of masonry units of the same size

but made with different kinds of aggregate,
were tested. The thicknesses of the walls were
3, 4, 6, and 10 in. They were constructed of
units made with cinders, pumice, expanded
slag, and expanded shale. Nine of the walls
were not plastered, four were plastered on one

side, and three on both sides. One of the walls
was of the cavity type and consisted of two
4-in. wythes spaced 2 in. apart. Two of the
walls were faced with clay brick as frequently
used in exterior wall construction.

DESIGN A DESIGN B DESIGN C

DESIGN D DESIGN E

DESIGN F DESIGN G DESIGN H

Figure 1. Designs of concrete units used in fire-test

walls.

II. Materials

1. Concrete Masonry Units

The size and design of the units are shown
in figure 1. The screen analysis and other
physical properties of the aggregates are given

in table 1. The nominal size, shell thickness,

and percentage of cell area of the units, and the

number of blocks obtained per bag of cement
are given in table 2.

Table 1. Some physical proper-ties of the aggregates in the lightweight-aggregate concrete units

Kind of aggregate

Cinder. _

Pumice.

Expanded slag I.

Expanded slag II.

Expanded shale.

Grade

[Fine.. _ _

J
Coarse

,

i Combined: 85.5 percent fine and

I 14.5percent coarse, by weight.

[Fine

I Coarse
j Combined: 82 percent fine and
1 18 percent coarse, by weight-.

[Fine _._

) Coarse
i Combined: 64 percent line and
[ 36 percent coarse, by weight..

Weight!

Dry
(rodded)

Ih/ffi

61.0

65.0

48.0

48.0

62.0

46.0

55.5

46.5

Damp
(loose)

65.0

60.0

63.5

53.5

74.0

52.0

65.0

47.0

Moi sture

content

in stock

piles

Percent

6.4

32.0

12.0

6.0

1.3.0

12.0

Screen analysis—percentage retained on sieves

No. 4

20

No.

28

32

No. 16

52

No. 30 No. 50

72

64
92

70

52
100

65

100

75

No. 100

99

91

93

95

93

74

100

81

Fineness

modulus'

3.40

3.40

3.02

5.77

3.41

2.89

5.26

3.33

2.31

5.60

3.23

'' The weights were determined in accordance with the Standard
Method of Test for Unit Weight of Aggregate, ASTM Designation:
029-39.

^ The fineness modulus is an empirical factor obtained by adding

the total percentages of sample retained on each of the sieves and
dividing the sum by 100. (See Standard Definitions of Terms Relating

to Concrete and Concrete Aggregates, ASTM Designation: Cl 25-39).
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Table 2. Batch proportions and yield obtained in the manufacture of lightweight-aggregate concrete units

Kind of aggregate

Description of units

Nominal
size

Thickness
of

shell

Design'
Cell

area

Batch proportions

Cement
Aggregate'

Fine Coarse Combined

Water

Yield-
units

per bag
of cement

Test walls in

which units

were used

Cinders.

Pumice.

Expanded slag I.

Expanded slag II.

Expanded shale.

( 4 by 18 by 8..

4 by 24 by 8..

j 6 by 18 by 8.,

6 by 18 by 8.

[ 6 by 18 by 8.

/ 4 by 16 by 8.

llOby 16by 8.

3 by 16 by 8.

4 by 16 by 8.

4 by 16 by 8.,

4 by 24 by 8.,

6 by 16 by 8.

6 by 16 by 8.

f
3 by 16 by 8.,

4 by 16 by 8..

{ 4 by 16 by 8..

I
6 by 16 by 8..

1 6 by 16 by 8..

I 3by 16by 8..

4 by 16 by 8..

6 by 16 by 8..

lOby 16by 8., 'A

Percent

37
37
50
39
39

37
40

24
37
37
37
50
24

24
24
37
24
39

24

24
39
40

500
500
363

500
363

446
346
555
346
361

485
340
340
340

85
62

97
75

120
75
75

195
187
137

137

653

816
653
653

560
390

gal

2.00

3.25

3.20
3.20

3.75

2.75

1.25

1.50

1.30

1.50

1.00

3.40

4.45

3.00

3.75

3.75

7.40

6.10

6.10

5.00

33.2

37.2

24.6

24.6

35.2

12.8

43.3

34.3

26.2

27.0

16.3

41.0

24.5

41.5

16.8

20.0

60.5

32.0

25.4

15.9

n.K
12A
7A

8A, 9A, and 15A
14A

5B and 6A
llA and 16A

2B
5A
13B

6B and 12B
7B

9B and lOA

IB
3B
4A

lOB and 150
8B and 15D

lA and 2A
3A

14B and 15B
llB and 16B

1 The designs of the units in cutaway sections are indicated in fig-

ure 1, page 2.
^ The aggregates were taken directly from the stock piles and had

moisture contents approximating those given in table 1.
'' Batch proportions were not determined.

(a) Cinder Concrete Units

The cinders were taken from stock piles

where they had weathered to permit any lime
they might contain to slake and any sulfur or
iron rust to be washed out. Unslaked lime, sul-

fur, or iron in cinders may cause "popping" or
staining of the finished walls. After weather-
ing and washing, the cinders were crushed,
graded, and recombined in the proportions re-

quired to give a fineness modulus of approxi-
mately 3.50. After approximately one-half of

the required water had been added to the ag-
gregate, each batch was mixed in a spiral-blade

mixer for 3 min before the Portland cement
and remaining water were added. The batches
were mixed for 5 additional min after adding
the cement.

The 4- by 24- by 8-in. units were molded by
the vibration process in the vicinity of New
York City. All other cinder concrete units were
molded in the Chicago district by the tamping
process. They were cured in a saturated at-

mosphere for approximately 24 hr at tempera-
tures ranging from 90° to 110°F and then
stored in the open stock yard for about 6 weeks
before being shipped to the Bureau for test.

(b) Pumice Concrete Units

The pumice aggregate was prepared by

crushing a natural vesicular volcanic lava to

y2-in- particles or smaller. Particles passing a
No. 8 sieve tend to break down to a fine powder
unsuited for use as a fine aggregate. Conse-
quently, siliceous sand was used for this pur-
pose.

The pumice aggregate, sand, cement, and
water were proportioned and mixed in the same
manner used for the cinder concrete units. The
units were molded by the tamping process in a
plant in Chicago. They were cured in the same
manner and for approximately the same time as
the cinder concrete units.

(c) Expanded-Slag Concrete Units

The aggregates were prepared from molten
slag brought in contact with water by two
methods diff'ering in the amount of water and
the mechanical treatment. The expansion of

slag I was accomplished by pouring molten
blast-furnace slag into water and entrapping
some of the steam thus genei'ated. The expan-
sion of slag II was accomplished by a combina-
tion of water and mechanical treatments that

entrapped vapor, air, and gas. The two types
of expanded slag were crushed and graded, as

indicated in table 1.

3



The expanded-slag aggregates, cement, and
water were picportionea and mixed in the same
manner used foi the cinder masonry units. The
units were molded by the tamping process and
cured in the same plant and in the same manner
as were the pumice concrete units.

(d) Expanded-Shale Concrete Units

The shale aggregate was produced by pass-
ing freshly mined lumps of shale through ro-

tary kilns. As the lumps passed through the
kiln they were expanded by thermochemical re-

actions. The resulting cellular clinker was
chilled, crushed, and graded as indicated in

table 1.

The expanded-shale aggregates, cement, and
water were proportioned and mixed in the same
manner as used for the cinder concrete units.

The units were molded by the tamping process
and cured in the same plant and in the same
manner as were the pumice concrete units.

2. Mortar and Plaster

The mortar consisted of 1 part of portland
cement, 1 part of hydrated lime, and 6 parts of

sand, by volume. Proper proportions were
actually obtained by weight, assuming that
Portland cement weighs 94 lb/ft hydrated
lime 40 Ib/ft-^ and that a cubic foot of loose

damp sand would, after drying, weigh 80 lbs.

The Portland cement and hydrated lime were of

well-known brands obtained from local dealers.

The sand was Potomac River building sand,
about 95 percent of which was a mixture of sili-

ceous minerals and the remainder was largely
mica, calcite, pyroxenes, and feldspar. The plas-

ter was sisal-fibered gypsum obtained from local

dealers. One part of the gypsum plaster was
mixed with three parts of sand, by weight.

3. Tests of Materials

Units representative of each design and kind
of aggregate were tested for compressive
strength and absorption in accordance with
Standard Methods of Sampling and Testing
Concrete Masonry Units, ASTM Designation:
C 140-39. The results are given in table 3.

Table 3. Some physical properties of the units used in test walls

Kind of aggregate
used in units

Average size

Shell

thick-

ness

Design' Cell

area

Weight Tests2

As
delivered

After drying Moisture
content'

Absorption
Compressive

strength based
on gross area

Test walls

in which units

were used

in. in. Percent lb/unit lb/unit Ib/fP Percent Percent Ib/ft^ lb/in.-'

[4.00 by 17.71 by 7.80 1.04 B 37 20.6 20.0 87.9 20.0 13.9 12.2 1,015 13A
3.92 by 23.76 by 7.70 0.84 D 37 26.0 25.2 92.2 23.1 13.6 12.5 820 12A

Cinders -- • 5.76 by 17.70 by 7.72 1.03 E 50 23.0 22.6 87.0 14.1 14.7 12.8 705 7A
5.78 by 17.70 by 7.76 1.57 E 39 29.1 28.1 88.0 25.1 14.4 12.6 1,145 8A, 9A and 15A
,5.80 by 17.70 by 7.76 1.48 E 39 29.5 28.2 88.2 29.2 11.5 13.0 1,205 14A

Pumice - /3.98 by 15.70 by 7.66 0.98 C 37 16.4 14.8 77.0 48.0 22.0 16.9 665 5B and 6A
\lO.OOby 1.5.69 by 7.78... 1.82 H 40 35.7 31.6 76.9 59.8 22.3 17.1 700 llA and 16A

f
2.92 by 1.5.70 by 7.86... 0.90 A 24 14.4 14.1 99.1 17.4 13.9 13.8 640 2B

1
3.99 by 15.76 by 7.76... 1.00 C 37 18.1 17.4 95.2 22.2 15.5 14.7 645 5A

Expanded slag I 1 3.92 by 23.72 by 7.94... 0.84 D 37 31.5 30.7 108.4 20.5 10.2 11.1 895 6B and 12B
1 4.00by 15.80 by 7.70... 1.00 C 37 19.4 18.3 101.3 41.6 13.2 13.4 990 1.3B

6.00 by 15.78 by 7.71... 1.31 F 50 23.9 22.9 99.4 24.9 13.1 13.0 800 7B
1 6.00 by 15.71 by 7.59... 2.00 G 24 30.0 28.7 99.4 30.1 13.0 13.1 1,075 9B and lOA

f
2.98 bv 15.73 by 7.92... 0.94 A 24 15.8 15.2 97.8 31.8 13.4 13.1 935 IB
4.00 by 15.79 by 7.76... 1.29 C 24 21.4 20.8 100.4 22.5 11.6 11.6 1,090 3B

Expanded slag II 4.00 by 15.79 by 7.80. .

.

1.00 C 37 18.5 18.2 100.2 15.1 14.0 14.0 550 4A
6.00 by 15.73 by 7.70_._ 1.48 F 39 27.1 26.3 104.1 30.8 10.2 10.6 1,315 8B and 15D

I 6.00 by 15.71 by 7.69... 1.99 G 24 31.9 30.8 99.4 29.7 12.0 12.0 1,420 lOB and 15C

( 2.92 by 15.71 by 7.76... 0.93 A 24 12.5 11.8 78.7 30.1 18.1 14.3 985 lA and 2A
Expanded shale 4.00 by 15.70 by 7.66_.- 1.22 C 24 17.6 16.8 81.0 26.9 16.4 13.3 1,280 3A

5.98 by 15.70 by 7.68... 1.38 F 39 21.9 21.2 82.2 22.4 15.3 12.6 1,380 14B and 15B

( 10.00 by 15.70 by 7.72___ 1.80 H 40 3,5.4 33.2 82.6 43.9 15.2 12.6 1,395 IIB and 16B

* The designs of the units, in cutaway sections, are indicated in

figure 1, page 2.

2 All tests were made in accordance with Standard Methods of

Sampling and Testing Concrete Masonry Units, ASTM Designation:

C 140-39.

^ The moisture contents were determined at approximately the same
time that the compressive strength tests were made. They were ex-
pressed as a percentage of the total absorptions.



The time of set, consistency, and tensile

strength of the gypsum plaster were deter-

mined in accordance with Standard Methods of

Testing Gypsum and Gypsum Products, ASTM
Designation: C 26-33. The results are given in

table 4. The compressive strengths of the
mortars and plasters are also given in table 4.

The compressive-strength values were obtained
by testing three 2-in. cubes that were made
from each batch of mortar or plaster and aged
28 days in locations adjacent to the walls for
which they were used.

The wide range in the strength of the mortars
and plasters used for the walls is due in part to

the use of different shipments of portland ce-

ment and plaster which were obtained as needed
over a period of nearly 3 years. The seasonal
variation in the uncontrolled aging conditions
for the walls with which the test cubes were
stored is also reflected in their strength values.

Table 4. Tests oj mortar and plaster

Mortar'

Compres-
sive

strength'

Ib/in.i

613
855
444
691

692

928_

615,
880.

407.

812.

649-

360-
719.

887-

Plaster

Con-
sist-

ency'

49

Time
of

set'

hr

13

12

12

Tensile

strength,

neat'

245
330
330
275

275
275

275

Mijc

dry-weight

proportion

1:3

1:3

1:3

1:3

1:3

1:3

1:3

Compressive
strength,

sanded'

lb/in?
598
486
538
558

348

348

Test walls

in which used

lA and IB
2A and 2B
3A and UB

4A
6A and 5B

6A and 6B
7A and 7B
8A and 8B
9A and 9B

lOA and lOB

llA and IIB
12A and 12B
13A and 13B
14A and 14B

15A, 15B, 150, and 15D

16A and loB

' The mortar was proportioned, by volume, of 1 part of portland
cement to 1 part of hydrated lime to 6 parts of sand.

' The compressive strengths of the mortar and plaster were ob-
tained from tests of three 2-in. cubes of each batch and were determined
after curing 28 days in locations adjacent to the partitions.

' The time of set, consistency, and tensile strength of the plaster
were determined in accordance with Standard Methods of Testing
Gypsum and Gypsum Products, ASTM Designation: C 26-33.

* Not determined.

III. Test walls

1. Construction

The construction is indicated in figures 2 and
3. All except three walls were built of 3-, 4-,

6-, or 10-in. units laid with cells vertical in com-
mon bond. Walls 13 and 14 were faced with
brick that were bonded and tied with brick
header ties above every second course of con-
crete units. The bricks used for facing wall 13
were laid flat and those for wall 14, on the 214-

by 8-in. edge. The cavity-type wall, 12, con-
sisted of two 4-in. walls spaced 2 in. apart and
tied together at points 24 in. apart in every
second bed joint. The ties were of 3/16-in.

steel wire bent to a 3%- by 6-in. rectangle, with
ends butted (not welded) at the center of one
short side.

2. Size

The walls were built in fireproofed test frames
of 20-in. 140-lb steel-girder beams, bolted or
riveted at the corners, and having openings for
test specimens 16 ft long and 8 to 11 ft high.
They were built in two sections, each being 8 ft

long and bonded together along the vertical

center line except where it was desired to load
each section independently. With the exception

WALLS 1.2 WALLS 3,4,5,6

WALLS 7,8,9,10,15 WALLS 11,16

Figure 2. Construction used in 3-, 6- and 10-in. test

walls.
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Figure 3. Construction of cavity-type and of brick-
faced test walls.

of wall 4, the two sections of each wall were
built of units of the same or similar design but
made with diflferent kinds of lightweight aggre-
gate. Section B of wall 4 was built of units
with sand and gravel aggregate and is not con-
sidered in this report.

3. Restraint and Loading

The nonload-bearing walls were built solidly
within the frames to give a condition of re-
straint representative of that at the borders of
partitions in buildings. The load-bearing walls
were built in frames equipped with hydraulic
jacks, figure 4, so that loads could be applied
throughout the fire-endurance tests. They were
centered on 8-ft loading beams resting on
the pistons of the hydraulic jacks. They were
bedded with mortar against the frames at the
top but not at the ends. Openings approxi-
mately 1 in. wide were left between the ends of
the walls and the frames. Similar openings

were left between the two sections of wall 4 and
of the cavity-type wall, 12. These openings
were filled with loosely packed mineral wool,
and the two sections of walls 4 and 12 were
loaded independently during the fire-endurance
tests.

4. Workmanship

The walls were built and plastered by skilled

craftsmen working under contract. The work-
manship was representative of local commercial
jobs.

Full horizontal mortar beds were obtained
for the 3- and 4-in. walls. Only the face shells

of the blocks in the 6- and 10-in. walls were
bedded. The vertical mortar joints were formed
with mortar applied to the outside edges of the
units before shoving them into place. No at-

tempt was made to point the joints in the walls
that were to be plastered. However, the walls
that were to be tested without plaster finish

were carefully pointed.

5. Wall Finish

Some of the walls were finished with 1 :

3

gypsum plaster on one or both sides. The
plaster was applied a few days after the walls
were built. Its total thickness was 14 in- A
white-coat finish was not used. Instead, both
the scratch and brown coats were applied the
same day and given a float-finish. Wood base-
boards were used on both sides of all of the
plastered walls. They were attached by nail-

ing into wood plugs set in the joints of the
masonry.

6. Storing and Aging

After the mortar and plaster had taken its

initial set, the frames containing the walls were
moved to storage tracks for seasoning. Some
of the plastered walls were covered with wet
burlap for a few days in order to prevent ex-

cessive drying until after the plaster had set.

All of the walls, except one, were aged for 28 to

40 days before being tested. That one, wall 16,

being of units that had aged for a long time,

was tested 14 days after it was built. The ap-
proximate moisture contents of the walls were
taken as the same as those of unplastered con-

trol units like those used in the walls and sea-

soned with them. These values were found by
determining the loss in drying the control units

to constant weight at 220° F. They are given,

in pounds per cubic foot of concrete material,

in table 5 to indicate the condition of the walls

at the time of test.
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Figure 4. Cavity-type load-bearing wall, 12, prepared for fire-endurance test.

The section of the wall in the foreground was of expanded-slag 1 concrete units, and that, in the back-
ground, of cinder concrete units. The test frame, the hydraulic jacks for loading the wall, and the asbestos
pads for protecting the thermocouples are shown

IV. Method of Testing and Equipment

The tests were conducted in accordance with
the Standard Methods of Fire Tests of Building
Construction and Materials of the American
Standard Association, ASA No.: A2-1934,
(ASTM Designation: C 19-33).

1. Wall-Testing Furnace

The tests were made in a furnace built of
reinforced concrete and lined with firebrick to
form a combustion chamber 21/) ft deep and
16 ft long. The combustion chamber extended
6 ft below the burners in order to provide room
for debris that might fall from the test wall
and obstruct them. The details of the con-

struction of the furnace are shown in figure 5.

The walls were exposed on one side to furnace
fires that were controlled to have average tem-
peratures of approximately

:

1,000° Fat 5min
1,300° F at 10 min
1,550 °F at 30 min
1,700° Fat 1 hr
1,850° Fat 2hr
2.000° Fat 4hr
2,300 °F at 8 hr or more.

The test fire was produced by 92 gas burners
(B, fig. 5) that were controlled with 34-in. gas
cocks, K, on each burner and also with one
large valve, L, on the main gas supply. The
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SECTION LONGITUDINAL SECTION HALF ELECTION
Figure 5. Wall-testiyig furnace.

a,,xnt'rv^"-,T''fr,w!"'V' ''"'""r,^;
C thermocouple protection tubes; D, pit for debris; E, mica-glazed observation windows; F.

L ^frontrnl v^vI-'m 'l,^^
outlets and dampers; H firebrick iurnace-lining; I, reinforced-concrete furnace shell; K, gas cocks;

P hvd?^n ,> loi^rtTn; T:;^^^^^^
upper observation windows; N, movable fire-proofed test frame; O, loading beams

^^sed surface of teft aU
l°ad-bearmg test wall; R, nonbearing test partition; T, asbestos pads covering thermocouples on unex-
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burners were of the induction type with venturi
mixing tubes, part of the air for combustion
being drawn in around the gas jet. Additional
air was supplied to the combustion chamber
through six 4-in. diameter inlets, F. The nat-
ural flow through these inlets was accelerated
by means of jets of compressed air.

The fire exposure was continued in each test
until one of the following criteria that limit the
fire resistance was obtained: (a) Fire damage
sufficient to allow the passage of flame or gas
hot enough to ignite cotton waste, (b) fail-

ure under the applied load, or (c) the transmis-
sion of heat through the wall sufficient to raise
the average temperature on its unexposed sur-
face 250 deg or 325 deg F at any thermocouple
location.

2. Temperatures

The temperatures of the furnace, on the un-
exposed side of the walls, and in the cells of
some of the walls were measured at 5- to 10-
min intervals during the fire tests. The tem-
peratures in the furnace were measured with
nine 18-gage chromel-alumel thermocouples, C,
figure 5. The thermocouples and their leads,

which were within porcelain insulators, were
protected by %-m. wrought-iron pipes that
were sealed at one end and symmetrically dis-

tributed in the furnace chamber.
The temperatures of the unexposed surface

of the walls were measured with 22-gage
chromel-alumel thermocouples, the leads of
which were insulated with asbestos sleeving,
except for a short length near the junctions.
They were coiled under flexible, oven-dry,
felted-asbestos pads, 6 in. square and 0.4 in.

thick, held firmly against the partition. Extra
thermocouples and a supply of dry cotton waste
were provided for use over cracks or other
places on the surface of the walls where high
temperatures developed. The arrangement of
the thermocouples on the surface of a wall is

shown in figures 4 and 7.

The leads from all of the thermocouples were
assembled in an insulated junction box, from
which a compensating thermocouple was con-
nected to a cold junction maintained at the tem-
perature of melting ice. The ends of the alumel
and chromel lead wires in the insulated junc-
tion box were connected to the copper wires of
a lead-sheathed cable leading to selector

switches in the instrument room. These
switches were connected to portable potentiom-
eters for measuring the electromotive force of
the thermocouples. The readings of the poten-
tials were subsequently converted to tempera-
tures.

3. Deflections

The deflections were measured during the
tests at nine locations on the unexposed surface
of the walls. They were obtained by measuring
from the surface of the wall to weighted wires
fastened to the top of the test frame and ex-
tending downward in front of and a few inches
from the test wall. One of the wires was oppo-
site the vertical center line of the test specimen
and one opposite the quarter points on each
side of the center line.

4. Hose Stream

Fire-test walls that withstand a fire-endur-

ance test of 1 hr or more are required to be
subjected to a hose-stream test. This test is

ordinarily made by subjecting a duplicate wall
to a fire exposure of a duration equal to half of

the desired fire-resistance rating but not for
more than 1 hr. It is permissible, however, to
apply the hose stream to the fire-endurance
test walls immediately after their test. This
optional method was used for the present tests.

The water for the hose-stream tests was deliv-

ered through a 21/2-in. cotton, rubber-lined, fire

hose and discharged through a National Stand-
ard Playpipe equipped with a IVa-in. discharge
tip. The water was discharged against the wall
from a position at 19 ft (20 less 1 ft for its

upward inclination) in front of the fire exposed
side and at pressures of 30 to 45 lb/in-. The
water pressures were controlled by the adjust-
ment of a valve in the supply line. They were
measured by means of a gage connected to the
base of the playpipe. The hose stream was
applied at 30 lb/in.- for 1 min for each 100 ft^

of exposed area for all walls that had a fire en-

durance of 1 to IV2 hr; for II/2 rnin, for walls
having a fire endurance of II/2 to 2 hr; for 2I/2

min, for walls having a fire endurance of 2 to

4 hr; and at 45 lb/in.- for 5 min, for walls
having a fire endurance of over 4 hr.

V. Results

The results of the fire-endurance and hosestream tests are given in table 5 and in the logs of
the individual tests.
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1. Log of Tests

The log of tests gives the description of the
walls, the important observations that were
made during each test, the duration of the
tests, the factors which determined the fire

endurance of each wall, and the results of the
hose-stream tests. Reference is made to figure

6 showing the deflections, toward (-f) and
away (— ) from the fire, at the center of the
walls ; to figures 7 to 9 showing the condition
of some of the walls after test, and to figures

10 to 18 giving the temperatures of the furnace
and the test wall.

Test 1.—Three-inch nonbearing plastered par-
tition; expanded-shale concrete units, 24 per-
cent of cell area, in section A ; and expanded
slag II concrete units, 24 percent cell area, in

section B.

The first eff'ects of the fire exposure were noted at 12
min when dull cracking sounds were heard. At 25 min,
wet spots began to show in the plaster on the unexposed
side of the wall, as indicated in figure 7. Fine diagonal
cracks appeared across the lower corners of the unex-
posed surface at 1 hr 6 min. No further changes in the
appearance of either side of the partition were observ-
able when the gas was turned off at 2 hr 11 min.
The fire endurance of section A was limited by a tem-

perature rise of 325 deg F at one place on the unex-
posed surface at 2 hr 2 min; and of section B, in the
same manner, at 2 hr 8 min. The deflection and tempera-
ture curves are given in figures 6 and 10.

The partition was subjected to the hose stream at a
pressure of 30 lb/in.-' for 21/2 min for each 100 ft- of
exposed area. The exposed-side plaster was washed
away, but the partition met the requirements of the test.

Test 2.—Three-inch nonbearing plastered
partition; expanded-shale concrete units, 24
percent of cell area, in section A ; and expanded
slag I concrete units, 24 percent cell area, in

section B.

The early effects of the fire exposure, noted at 5 and
7 min, consisted of dull cracking sounds and the appear-
ance of fine cracks across the corners of the unexposed
side. Steam was observed at these cracks at 14 min. At
48 min, vertical cracks near the ends of the partition,
and a long horizontal crack near the top, were noted.
No further fire effects were noted when the gas was
turned off at 2 hr 13 min.
The fire endurance of section A was limited by an

average temperature rise of 250 deg F on the unex-
posed surface at 1 hr 54 min: and of section B in the
same manner at 2 hr 8 min. The deflection and tempera-
ture curves are given in figures 6 and 10.
The partition was subjected to the hose stream at a

pressure of 30 lb/in.2, for 21/2 min for each 100 ft2 of
exposed area. The exposed-side plaster was washed
away, but the partition met the requirements of the test.

Test 3.—Four-inch nonbearing partition plas-
tered on the exposed side; expanded-shale con-
crete units, 24 percent of cell area, in section A

:

and expanded slag II concrete units, 24 percent
of cell area, in section B.
The first effects, noted at 9 min, were fine vertical

cracks near the middle of the unexposed side and in a
horizontal mortar joint at the midheight of section B.
Cracks in two other horizontal mortar joints were ob-
served at 1 hr 35 min. Some of the mortar joints in
both sections of the partition showed wet spots at I2V2
min. Soon after this, steam issued from some of the

cracks. This steaming had ceased at 1 hr 40 min. No
further fire effects were noted on either side of the
partition when the gas was turned off at 2 hr 47 min.
The fire endurance of the partition was limited by an

average temperature rise of 250 deg F at 2 hr 42 min
for section A; and for section B, at 2 hr 24 min. The
deflection and temperature curves are given in figures
6 and 10.

The partition was subjected to the hose stream at a
pressure of 30 lb/in. 2, for 21/2 min for each 100 ft- of
exposed area and met the requirements of the test.

Test 4.—Four-inch nonbearing partition plas-
tered on the exposed side

;
expanded-slag II con-

crete units, 37 percent of cell area, in section A.
(Section B was of gravel concrete units and is

not included in this report.)

Neither wet spots on the unexposed surface nor
steam appeared during the fire exposure, nor did the
appearance of the exposed plaster change. The gas
was turned off at 1 hr 55 min.
The fire endurance of this partition was limited by

an average temperature rise of 250 deg F on the un-
exposed surface at 1 hr 30 min. The deflection and
temperature curves are given in figures 6 and 11.
The partition was subjected to the hose stream at a

pressure of 30 lb/in.2 for 1^/2 min for each 100 ft2 of
exposed area and met the requirements of the test.

Test 5.—Four-inch nonbearing unplastered
partition; expanded-slag I concrete units, 37
percent of cell area, in section A ; and pumice
concrete units, 37 percent of cell area, in sec-
tion B.

Cracking sounds, first heard at 1 min after the be-
ginning of the fire exposure, continued intermittently
throughout the test. At 15 min, wet spots began to ap-
pear on the unexposed side of section B of the parti-
tion. Neai'ly all of these had disappeared at 2 hr. The
gas was turned off at 2 hr 12 min.
The fire endurance of section A was limited by a

temperature rise of 325 deg F at one place on the un-
exposed surface at 1 hr 36 min; and of section B, in
the same manner, at 2 hr 3 min. The deflection and
temperature curves are given in figures 6 and 11.

The partition was subjected to the hose stream at a
a pressure of 30 lb/in.2, for 2V2 min for each 100 ft^

of exposed area and met the requirements of the test.

Test 6.—Four-inch nonbearing unplastered
partition

;
pumice concrete units, 37 percent of

cell area, in section A; and expanded-slag I

concrete units, 37 percent of cell area, in sec-

tion B.

Wet spots were noted at a number of places on the
unexposed surface at I2V2 min. At 30 min, a consider-

able amount of steam was coming from section A and
a smaller amount, from section B. At 1 hr 15 min, the
steaming had ceased. Diagonal cracks across the cor-

ners of the unexposed surface were noted at 21 and
30 min. The gas was turned off at 1 hr 30 min.
The fire endurance of the partition was limited by

an average temperature rise of 250 deg F at 1 hr 16
min for section A; and at 1 hr 9 min for section B.

The deflection and the temperature curves are given
in figures 6 and 11.

This partition was not subjected to the hose-stream
test.

Test 7.—Six-inch nonbearing partition ; cin-

der concrete units, 50 percent of cell area, in

section A, plastered on both sides ; and ex-

panded-slag I concrete units, 50 percent of cell
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area, in section B, piasierea only on the exposed
side.

The fire effects consisted of wet spots and steam,
first noticed lor section B at 16 min, and, for section A
at 30 min. The steaming had stopped at 1 hr 18 min
and nearly all of the wet spots had disappeared at 1 hr
55 min. Other fire effects consisted of a horizontal
crack in the unexposed plaster, near the top of sec-

tion A, at 1 hr 15 min. The gas was turned off at 2 hr
30 min.
The fire endurance of section A was limited by a

maximum temperature rise of 325 deg F at one point
on the unexposed surface at 2 hr 6 min; and of section

B, by an average temperature rise of 250 deg F at 2

hr 28 min. The deflection and temperature curves are
given in figures 6 and 12.

The partition was subjected to the hose stream at a
pressure of 30 lb/in.-, for 2% min for each 100 ft^ of
exposed area and met the requirements of the test.

Test 8.—Six-inch nonbearing partition plas-

tered only on the exposed side; cinder concrete
units, 39 percent of cell area, in section A ; and
expanded-slag II concrete units, 39 percent of

cell area, in section B.

The fire effects consisted of wet spots on the unex-
posed surface of section A, which appeared at 32 min
and disappeared at approximately 2 hr. The gas was
turned off at 3 Yly.

The fii'e endurance of section A was limited by an
average temperature rise of 250 deg F on the unex-
posed surface at 2 hr 12 min; and of section B, in the
same manner, at 2 hr 54 min. The deflection and tem-
perature curves are given in figures 6 and 12.

The partition was subjected to the hose stream at a
pressure of 30 lb/in.2, for 2% min for each 100 ft^ of
exposed area. The water washed away the plaster and
some of the vertical mortar joints, figure 8. As water
did not pass through the partition, it met the require-
ments of the test.

Test 9.—Six-inch nonbearing unplastered
partition; cinder concrete units, 39 percent of
cell area, in section A ; and expanded-slag I con-
crete units, 24 percent of cell area, in section B.

The effects of the fire exposure were confined to

steam and the formation of wet spots on the unexposed
surface. At 30 min, wet spots were appearing at a num-
ber of places. They predominated on section B. The gas
was turned off at 3 hr 30 min.
The fire endurance of section A was limited by an

average temperature rise of 250 deg F on the unex-
posed surface at 1 hr 36 min; and of section B, in the
same manner, at 3 hr 20 min. The deflection and tem-
perature curves are given in figures 6 and 13.

This partition was not subjected to the hose-stream
test.

Test 10.—Six-inch unplastered bearing wall;
175-lb/in.- load; expanded-slag I concrete
units, 24 percent of cell area, in section A ; and
expanded-slag II concrete units, 24 percent of
cell area, in section B.

A number of fine vertical cracks extending nearly
the full height of the wall formed in the unexposed
surface. The first two of the cracks appeared at 7 and
10 min. Steam began to issue from the wall at 25 min
and caused wet spots which first appeared on the un-
exposed surface at 42 V2 min. After 3 hr, the wall sur-
face began to dry and the wet spots disappeared. The
ga"? was turned off at 4 hr 4 min.

The fire endurance of the wall was limited by a tem-
perature rise of 325 deg F at one place on the unex-
posed surface, at 3 hr 54 min, for section A; and at

3 hr 55 min, for section B. The deflection and tempera-
ture curves are given in figures 6 and 13.

The partition was subjected to the hose stream at a
pressure of 45 lb/in.-, for 5 min for each 100 ft- of ex-
posed area and met the requirements of the test.

Test 11.—Ten-inch unplastered bearing wall;
70 Ib/in.^ load; pumice concrete units, 40 per-
cent of cell area, in section A; and expanded-
shale concrete units, 40 percent of cell area, in

section B.

During the first 10 min, a number of cracking sounds
were heard. A number of fine vertical cracks, some
extending from the top to the bottom of the wall, ap-
peared in section A of the wall during the first part of
the test. The first of these cracks was observed at 12
min. These cracks widened as the test progressed, with
one of them opening to Vg m. at 1 hr 30 min. The first

wet spots appeared on section A at 40 min, and on
section B at 51 min. At 1 hr 30 min, nearly all of the
unexposed surface of section A was wet. At 2 hr 15
min, cotton waste was put over one of the larger cracks
in section A. It soon became wet from the condensa-
tion of steam. However, at 4 hr 55 min, the wet waste
was replaced with dry waste. At 5 hr 20 min, the waste
ignited. The fire exposure was continued for 6 hr 22
min. At that time a 2%-in. outward deflection, at the
middle of section A, made it unsafe to continue the
test.

The fire endurance of section A was limited by the
ignition of cotton waste over a crack in the unexposed
surface, at 5 hr 20 min; and that of section B, by an
average temperature rise of 250 deg F on the unex-
posed surface, at 4 hr 42 min. The deflection and tem-
perature curves are given in figures 6 and 14.

This wall was not subjected to a hose-stream test.

Test 12.—Ten-inch unplastered cavity-type
bearing wall made up of two 4-in. walls, spaced
2 in. apart, tied together with metal ties;

80-lb/in.2 load; cinder concrete units, 37 per-

cent of cell area, in section A; and expanded-
slag I concrete units, 37 percent of cell area, in

section B.

At 46 min, a fine vertical crack extending from the
top to the bottom of section B was observed. Steam
issued from the edge of the wall at 26 min. Wet spots
first appeared at 46 min on the unexposed surface of
section B and began to disappear at 3 hr. They did
not form on section A. When the gas was turned off

at 5 hr 15 min, there were no visible cracks or other
effects of the fire on the exposed surface.
The fire endurance of the wall was limited by an

average temperature rise of 250 deg F on the unex-
posed surface at 3 hr 45 min for section A; and at 4
hr 43 min, for section B. The deflection and tempera-
ture curves are given in figures 6 and 15.

The wall was subjected to the hose stream at a
pressure of 45 lb/in.- for each 100 sq ft of exposed
area. After 4% min of water application, section A
collapsed. This section should have withstood the hose

stream for 4 min at a pressure of 30 lb/in.- to have
met the requirements of the test. Section B, with a

fire endurance of 4 hr 43 min, was required to with-

stand the hose stream, at a pressure of 45 lb/in.-, for

8 min.

Test 13.—Eight-inch plastered bearing wall

veneered with brick laid on side ; SO-lb/in.^

load; cinder concrete units, 37 percent of cell

area, in section A ; and expanded-slag I concrete

units, 37 percent of cell area, in section B.

At 45 min, steam was issuing from the borders of

the walls and wet spots were appearing on some of
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the unexposed side mortar joints. At 1 hr 45 min, a
small area of the exposed plaster was loose and had
curled out slightly. Cracking sounds, which were be-
lieved to be from the breaking of the brick header ties,

were heard between 2 hr and 2 hr 30 min. There was
no further change in the appearance of the wall when
the gas was turned ofi at 7 hr 7 min.
The fire endurance of the wall was limited by an

average temperature rise of 250 deg F on the unex-
posed surface at 6 hr 26 min for section A; and at 7
hr 3 min, for section B. The deflection and tempera-
ture curves are given in figures 6 and 16.

This wall was not subjected to the hose-stream test.

Test 14. — Eight and one-half-inch unplas-
tered bearing wall, veneered with brick on
edge; 80-lb/in.- load; cinder concrete units, 39
percent of cell area, in section A ; and ex-
panded-shale concrete units, 39 percent of cell

area, in section B.

At 50 min, steam was issuing from the top of the
wall, and at 1 hr 5 min, wet spots appeared on the
unexposed side mortar joints. These began to disappear
at 2 hr 10 min. There was no further change in the
appearance of the wall up to 5 hr 35 min when the
gas was turned off.

The fire endurance of the wall was limited by an
average temperature rise of 250 deg F on the unex-
posed surface at 4 hr 54 min for section A; and at 5
hr 26 min, for section B. The deflection and tempera-
ture curves are given in figures 6 and 17.

The wall was subjected to the hose stream at a
pressure of 45 lb/in.2 for 4 min for each 100 ft2 of
exposed area. The water washed out nearly all of the
vertical mortar joints and pitted the surface of the
cinder concrete blocks (fig. 9). After the wall cooled
it was loaded to 160 Ib/in.^ without showing further
damage. The wall met the requirements of the hose-
stream test.

Test 15.—Six-inch nonbearing unplastered
wall; cinder concrete units, 39 percent of cell

area, in section A; expanded-shale concrete
units, 39 percent of cell area, in section B; ex-
panded-slag II concrete units, 24 percent of cell

area, in section C; and expanded-slag II con-
crete units, 39 percent of cell area, in section D.

Cracking sounds were heard at frequent intervals
during the test. Steam issued from the borders and
unexposed surface of the wall from 20 min to 1 hr 45
min. A diagonal crack, across one of the lower comers
of the wall and following tne mortar joints, was ob-
served at 32 min. There had been no further change
in the appearance of the wall when the gas was turned
off at 3 hr 32 min.
The fire endurance of the wall was limited by an

average temperature rise of 250 deg F at 1 hr 37 min
for section A; at 1 hr 54 min for section B; at 3 hr
29 min for section C ; and at 2 hr 25 min for section D.
The defiection and temperature curves are given in
figures 6 and 18.

This wall was not subjected to the hose-stream test.

Test 16.—Ten-inch nonbearing unplastered
wall; pumice concrete units, 40 percent of cell

area, in section A ; and expanded-shale concrete
units, 40 percent of cell area, in section B.
At 30 min, a small amount of steam was issuing

from the borders of the wall. At 1 hr 50 min, a verti-
cal crack, extending from top to bottom, was formed
at the midlength of the wall. At 3 hr 5 min cracking
sounds were heard but no cracks were visible. There
had been no further change in the appearance of the
wall when the gas was turned oS at 5 hr.

The fire endurance of the wall was limited by an
average temperature rise of 250 deg F at 4 hr 33 min
for section A; and at 4 hr 19 min for section B.

This wall was not subjected to the hose-stream test.

VI. Discussion of Results

The fire endurance of all but one of the walls
of this series was determined by the limiting
temperature rise on the unexposed surface.
For that one, it was determined by the ignition
of waste at a crack in the unexposed surface.
Damage to the construction as a whole or to

its several constituent parts, is not taken as a
criterion of the performance in the fire-endur-
ance test. However, observations of such dam-
age were made. Some of the exposed shells

were loosened by the cracking of the transverse
webs, but none of them fell during the fire-

endurance tests. A number of the units, par-
ticularly in the bearing walls, were cracked
through both the exposed and unexposed shells
and broke into two parts as they were removed
from the wall. The fire exposures, particularly
those of the longer durations, weakened the
cement binder in the blocks and mortar, and
caused minor and variable disintegration.
There was no noticeable fusion on the surface
of any of the walls.

1. Effect of Wall Thickness

When the moisture content, the kind of ag-
gregate, and other conditions are the same in
two or more walls, the fire resistance of solid

walls has been found to be nearly proportional
to the 1.7 power of the wall thickness.^ For
walls of hollow units of similar design the rela-

tion holds approximately for the "effective

thickness," which is obtained by multiplying
the over-all thickness of the wall by the per-

centage of solid material in the units. A com-
parison showing the above relation can be had
between the test results with section B of 4-in.

wall 6 and that of section B of 6-in. wall 9.

Both were of units made with expanded-slag
aggregate I. The effective thickness for the
former was 2.5 in. and for the latter, 4.6 in., and
the respective fire endurance, 1 hr 9 min and
3 hr 20 min, which conforms closely with the
theoretical relation. A second comparison can
be had from the test results of the two sections

of wall 15, both of 6-in. units made with ex-

panded-slag aggregate II but differing in cell

area. With respective effective thicknesses of

4.56 and 3.66 in., the fire-resistance values were
3 hr 29 min and 2 hr 25 min. A third com-
parison can be had with section B of 4-in. wall

6, and section B of the cavity-type wall, 12,

1 National Bureau of Standards BMS92, "Fire Resistance Classifica-

tions of Building Constructions," Appendix B.
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which consisted of two 4-in. wythes of the same
type of unit. The calculated fire endurance of

the latter, based on the test results of the for-

mer, was 4 hr 40 min. The fire endurance ob-

tained in the test was only 3 min greater than
the calculated value.

2. Effect of Type of Aggregate

There was little diff'erence in the test results

that could be attributed to difi'erences between
expanded-slag I units and expanded-slag II

units, as shown by section B of walls 1 and 2,

and by section B of walls 7 and 8. There was
some difference in the performance of walls
made of units of expanded slag, expanded clay,

and pumice, but it may have been due to inci-

dental variations. However, the limiting tem-
perature rise on the unexposed-side surface of
walls of cinder concrete units was reached ear-

lier than with walls of pumice, expanded-slag,
or expanded-shale concrete units. The limit

for a 6-in. wall of cinder concrete units, plas-
tered on the exposed side, was reached in 2 hr
12 min, and for a similar wall of expanded-slag
units, in 2 hr 54 min, (wall 8). For an unplas-
tered 6-in. wall of cinder concrete units, it was
reached in 1 hr 37 min; for one of the ex-
panded-shale concrete units, in 1 hr 54 min;
and for one of expanded-slag concrete units, in

2 hr 25 min, (wall 15). For a 10-in. unplas-
tered cavity-type wall, 12, the limiting temper-
ature rise was reached in 3 hr 45 min, for the
section built of cinder concrete units, and in 4
hr 43 min for the section built of expanded-
slag units.

3. Effect of Moisture Content

Consideration should be given to the mois-
ture content of the test specimens when evalu-
ating the results of fire tests. All of the light-

weight aggregates are moisture retentive, par-
ticularly so for those having very small pores
like those in pumice aggregate. Units made
with such aggregates require prolonged dry-
ing in a heated building before they attain con-
stant weight.
The effect of moisture in walls of pumice

concrete units is shown by the results of tests
of section A of walls 11 and 16, both of which
were 10 in. thick and not plastered. The mois-
ture in the units of the first wall at the time of
the test was 11.8 Ib/ft^ and the average tem-
perature rise on the unexposed surface was
160 deg F when the test was stopped at 6 hr 22
min. The moisture in the units of the second
wall was 6.3 Ib/ft'^ and an average tempera-
ture rise of 250 deg F was reached at 4 hr 33
min. The difference in test results, due to differ-

ences in moisture content of expanded-shale con-
crete units, is indicated for sections B of walls
11 and 16, and for expanded-slag concrete units
by section B of wall 10 and section C of wall 15.

The higher moisture content consistently in-

creased the time required for attaining the lim-

iting temperature rise on the unexposed sur- ^

face.
'

The aggregates used in the units for the
[

walls tested in the present series were more re-

tentive of moisture than most materials used in
j

building constructions. The specimens that
j

were tested after the normal seasoning period
of 30 to 90 days gave results that were rela-

|

tively higher than would be obtained for other-
wise comparable constructions built of less

!|

moisture retentive materials. The moisture '

contents of the specimens that were seasoned
i

250 to 500 days were lower than usual for fire-
|

test specimens, and consequently, the fire-en-
,

durance values obtained in the tests were lower
'

than would be generally obtained. Fire-endur- •

ance values from walls seasoned for periods
^

intermediate to the above might be more ap-
J

plicable in making comparisons with estab-
^

lished values for other materials.

4. Effect of Combustible Framed-in Members
,

When combustible members are framed into
jj

a bearing wall, the fire resistance is limited by
an average temperature rise of 325 deg F at po- I

sitions 31/2 to 4 in. from the surface into which
the combustible members are framed. Hence,
the time at which the above-mentioned limiting

\

temperature was reached between the two
wythes of the cavity-type wall, 12, determined
the resistance to be used when combustible
members are framed into the wall. These times
were 1 hr 30 min for section A of cinder con-
crete units, and 1 hr 54 min for section B of 1

expanded-slag I concrete units. Temperature
measurements for the determination of the fire

resistance of the walls with combustible
\

framed-in members were not made in the other k

bearing walls of this series. However, the re-
1

suits of a large number of other fire tests have ;

indicated that the fire resistance of 8-in. bear- j

ing walls with combustible framing set in
c

4 in. from the unexposed side and embedded on
]

at least three sides in solid masonry or incom-
bustible material will be about two-fifths of (

that for the same walls with incombustible or no I

framing members bedded in them.^
[

5. Effect of Loading
'

All of the bearing walls sustained the applied \

working loads during the fire exposures, al-
^though subject to qualification in the case of
'

section A of wall 11 of pumice concrete blocks.
,

The fire exposure of this wall was continued to
j

6 hr 20 min, even though the fire endurance
^was limited by ignition of waste at 5 hr 20 min.

The curves given in figure 6 indicate a consider-
ably greater outward deflection for section A i

of wall 11 of pumice concrete units than for
section B of expanded-shale concrete units. In-

- National Bureau of Standards BMS92, "Fire Resistance Classifica-
tions of Building Constructions," page 27.
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asmuch as the two sections were bonded to-

gether, the deflection indicated for the former
was, without doubt, less than would have been
obtained if it had been tested as an independent
wall. It is probable, however, that load failure

of a separate wall of the pumice concrete units

would not have occurred before 5 hr 20 min of
fire exposure, since, at that time, the deflection

of the wall, as bonded with the other section of

expanded-shale concrete units, was only 1% in.

6. Resistance to the Hose Stream

Ten of the test walls were subjected to the
hose-stream tests at the end of the fire-endur-

ance tests. Three of the remaining walls, 6, 9,

and 15, were of the same kind of units as in

other walls that had been subjected to both the
fire-endurance and hose-stream tests. A hose-
stream test of the brick-faced wall 13 was not
considered necessary, since brick-faced wall 14,

with the bricks set on edge, easily met the
requirements of such a test.

The 10-in. walls, 11 and 16, were not sub-

jected to the hose-stream test, but considering
the performance in the tests of unplastered
4-in. wall 5, and of 6-in. wall 10, after a 4-hr
fire exposure, it can be assumed that these

10-in. walls would have withstood easily the
hose stream after 1 hr of fire exposure. This

is the requirement of the test specifications

when a duplicate wall is used.
For wall 10, the load was not applied after

the hose-stream test, which was conducted at

the end of the fire-endurance test. It appears
probable, considering the low deflection of the
wall, that the load would have been sustained
subsequent to a hose-stream test conducted
after a 1-hr fire exposure.
The cinder concrete unit section. A, of the

10-in. cavity-type wall, 12, collapsed after 41/2

min of water application at 45-lb/in.- pressure
following 51/4 hr of fire exposure. A part of the
exposed wythe of the expanded-slag I concrete
unit, section B, collapsed after 4% min of hose-
stream application. Section A of this wafl, hav-
ing given a fire endurance of 3 hr 45 min, was
required to withstand the hose stream at 30-

Ib/in.- pressure for 4 min. It more than met
the requirements. Section B, having given a fire

endurance of 4 hr 43 min, was required to with-
stand the hose stream at 45-lb/in.- pressure for
8 min after a fire exposure of 1 hr. Its condition
after 1 hr of the fire-endurance test was suffi-

ciently good in comparison to what it was after

514, hr of fire exposure, to indicate that a dupli-

cate wall after 1 hr of fire exposure would have
met the hose-stream requirements.

VII. Summary

The fire-resistance values of the construc-

tions in the present series are given in Table 6,

grouped according to aggregates. The agree-
ment in values for the walls of comparable con-

structions was close. The results differed by
only 1 min for two walls of 6-in. cinder concrete
units and also for two 6-in. bearing walls of

units made with expanded-slag aggregates. The
difference for two 3-in. plastered walls of units

of expanded-shale aggregate was 8 min. This
difference may have been due in part to the
small difference in moisture content of the two
walls.

Three-inch and four-inch plastered walls of

units having 24 percent cell area and made with
expanded-slag or expanded-shale aggregate
gave fire-resistance values ranging from 1 hr
54 min to 2 hr 8 min. Four-inch unplastered
walls of units having 37 percent cell area and
made with the same general type of aggregate
gave values ranging from 1 hr 9 min to 1 hr
30 min. Six-inch unplastered walls of units hav-
ing 24 percent cell area gave values ranging
from 3 hr 20 min to 3 hr 55 min, and a 10-in.

unplastered wall of units having 37 percent cell

area, gave a fire resistance of 4 hr 43 min.
A 10-in. cavity-type unplastered wall with a

2-in. air space between two 4-in. wythes built

of units having 37 percent of cell area and made

with cinder aggregate, had a fire endurance of

3 hr 45 min ; a similar wall of units having 37
percent of cell area and made with expanded-
slag I aggregate had a fire resistance of 4 hr
43 min. An 8-in. plastered wall faced with 4 in.

of brick and backed with 4-in. slag-concrete
units having 37 percent of cell area had a fire

resistance of 7 hr 3 min.

The fire resistance of walls of the same type
of units and kind of aggregates increases in

proportion to the 1.7 power of the thickness of

solid material through the wall.

The fire-resistance values of walls made of

units with pumice aggregates were approxi-

mately the same as for similar walls made with
expanded-slag or burned-shale aggregates,
where the moisture content at the time of test

was comparable. Walls of units with cinder ag-

gregates, however, gave somewhat lower values

than comparable walls of units of other aggre-

gates, the differences being from 1/2 to 1 hr.

Walls of units made with lightweight aggi'e-

gates and tested after normal seasoning periods

of 1 to 3 months gave fire-resistance values

greater than those of comparable constructions

of materials that do not retain moisture as

tenaciously as the lightweight aggregates.

Plaster on one or both sides did not increase

15
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Table 6. Fire resistance of walls of lightweight-aggregate concrete masonry units

Nominal
thickness Aggregate

in.

6. -

m .-..do

10 do

4 _--.do

6 do
6 .--do
6

8 do
10' do

3 Expanded slag II

4... do
4 -.-do
6 do --

6 do
6 ---do -

, , ,
,

3 .- —-do
4 —-do-
6.. - .—dom -...do

10 ....do
10... ....do..

Cell

area

Percent

Wall finish

Restraint or load Fire resistance Test wall

during fire test of wall No.
(on gross area) On fire-exposed side On unexposed side

lb/in.'' M

Restrained Plaster! Plaster' 2 06 7A
do None 1 236 9A
do 1 237 ISA
do Plaster'- - ..._do 2 12 8A

80 Brick, flat 6 26 13A
80 None Brick on edge 4 54 14A
80 None - 3 45 12A

Restrained None None 1 54 5B
do - do do 1 216 6A

70 _ - -do - -do 5 20 llA
4 233 16A

Restrained Plaster' .- Plaster' 2 08 2B
1 27 5A

do -_ An An 1 ^09 6B
-- -do Plaster'-- - -- do - 2 28 7R

175 do--- 3 54 lOA
Restrained do do 3 220 9B
80 Plaster' - - Brick, flat' - 7 03 13B

80 None -- None 4 43 12B

Restrained— Plaster' Plaster'- - 2 08 IB
do do None.- 2 24 3B
do do do 1 30 4A
do-_ - 2 54 8B
do -- -

o
ii 225 15D

175 _ 3 55 lOB
3 229 15C

Plaster' Plaster' 2 02 lA
—-do.... -...do 1 64 2A

_.-.do - - - .-.do None 2 42 3A
—-do— ....do.... 1 254 15B

80 - ....do.... Brick on edge 5 26 14B

70 — ....do 4 42 IIB

..._do - ....do 4 no 16B

^ The plaster consisted of 1 part of fibered gypsum to 3 parts of
sand by volume and was applied to a total thickness of Yi in.

^ Tests were made after extended aging of units.

' These walls were of the cavity type and consisted of two 4-in.

wythes spaced 2 in. apart.

the fire resistance of constructions in this series

to the extent to be expected from the increase
in over-all wall thickness. This was apparently
due to the relatively high fire resistance of the

concrete of which the units were made, a given

thickness of solid wall material being more ef-

fective in increasing the fire resistance than an
equal thickness of sanded gypsum plaster.

Acknowledgment is made to the National
Concrete Masonry Association, represented by
P. M. Woodworth, for manufacturing and sup-

plying the lightweight-aggregate concrete units

and for constructing most of the test walls.

16



OI20I20I234
TIME IN HOURS

2

0

12 B

I2A

"9B

f
/I5

'9A012340 12345
TIME IN HOURS

0

2

I4B

^13

—=»-
-I4B

-14

/I3

14A

-IIA

-II

-IIB

^0
1 23456789 10

TIME IN HOURS

Figure 6. Defections of lightweight-aggregate con-
crete masonry test walls.

The curves without section designations, A or B, represent values
obtained at the center of the combined wall. Positive (+ ) values
represent deflections toward the fire.
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Figure 7. Unexposed side of nonbearing partition, 1, after 1 hr 12 min of fire

exposure on the opposite side.

The dark spots were caused by condensation of steam in the plaster.

Figure 8. Exposed side of 6-in. nonbearing partition, 8, after fire and hose-stream tests.

Cinder aggregates were used in the dark-colored and expanded-slag II aggregates for the light-colored units.



Figure 9. Exposed side of SVz-in. brick-faced wall, H, after fire and hose-stream tests.
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Washington, June 2. 1949.
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BMS47 Structural Properties of Prefabricated Wood-Frame Constructions for Walls, Par-

titions, and Floors Sponsoi-ed by American Houses, Inc 20/
BMS48 Structural Properties of "Precision-Built" Frame Wall and Partition Constructions

Sponsored by the Homasote Co 15/
BMS49 Metallic Roofing for Low-Cost House Construction 20/
BMS50 Stability of Fiber Building Boards as Determined by Accelerated Aging 10/
BMS51 Structural Properties of "Tilecrete Type A" Floor Construction Sponsored by the

Tilecrete Co. 10/
BMS52 Effect of Ceiling Insulation Upon Summer Comfort 10/
BMS53 Structural Properties of a Masonry Wall Construction of "Muniock Dry Wall Brick"

Sponsored by the Muniock Engineering Co 10/
BMS54 Effect of Soot on the Rating of an Oil-Fired Heating Bailer 10/
BMS55 Effects of Wetting and Drying on the Permeability of Masonry Walls 10/

pI^I^^ a Survey of Humidities in Residences 10/
Bi^S57 Roofing in the United States—Results of a Questionnaire— _ *

BMS58 Strength of Soft-Soldered Joints in Copper Tubing 10/
BMS59 Properties of Adhesives for Floor Coverings 15/
BMS60 Strength, Absorption, and Resistance to Laboratory Freezing and Thawing of Build-

ing Bricks Produced in the United States 15/
BMS61 Structural Properties of Two Nonreinforced Monolithic Concrete Wall Constructions 10/ „

BMS62 Structural Properties of a Precast Joist Concrete Floor Construction Sponsored by
the Portland Cement Association— 10/

BMS63 Moisture Condensation in Building Walls 15/
BMS64 Solar Heating of Various Surfaces, 10/
BMS65 Methods of Estimating Loads in Plumbing Systems 15/
BMS66 Plumbing Manual - 35/
BMS67 Structural Properties of "Mu-Steel" Prefabricated Sheet-Steel Constructions for

Walls, Partitions, Floor, and Roofs, Sponsored by Herman A. Mugler 15/

BMS68 Performance Test for Floor Coverings for Use in Low-Cost Housing: Part 3 20/

BMS69 Stability of Fiber Sheathing Boards as Determined by Accelerated Aging 10/

BMS70 Asphalt-Prepared Roll Roofings and Shingles ^ 20/

BMS71 Fire Tests of Wood- and Metal-Framed Partitions 20/

BMS72 Structural Properties of "Precision-Built, Jr." Prefabricated Wood-Frame Wall
Construction Sponsored by the Homasote Co 10/

BMS73 Indentation Characteristics of Floor Coverings 10^
BMS74 Structural and Heat-Transfer Properties of "U. S. S. Panelbilt" Prefabricated Sheet-

Steel Constructions for Walls, Partitions, and Roofs Sponsored by the Tennessee

Coal, Iron & Railroad Co _ 15<
BMS75 Survey of Roofing Materials in the North Central States 15^
BMS76 Effect of Outdoor Exposure on the Water Permeability of Masonry Walls 15/
BMS77 Properties and Performance of Fiber Tile Boards lO**

BMS78 Structural Heat-Transfer, and Water-Permeability Properties of Five Earth-Wall

Constructions 25

BMS79 Water-Distributing Systems for Buildings 20*'

BMS80 Performance Test of Floor Coverings for Use in Low-Cost Housing: Part 4 I5i

BMS81 Field Inspectors' Check List for Building Constructions (cloth cover, 5 x IVs inches) 20/
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BMS82 Water Permeability of Walls Built of Masonry Units 25(
BMS83 Strength of Sleeve Joints in Copper Tubing Made With Various Lead-Base Solders. 10 f

BMS84 Survey of Roofing Materials in the South Central States . 15^
BMS85 Dimensional Changes of Floor Coverings With Changes in Relative Humidity and

Temperature lOf
BMS86 Structural, Heat-Transfer, and Water-Permeability Properties of "Speedbrik" Wall

Construction Sponsored by the General Shale Products Corporation 15f
BMS87 A Method for Developing Specifications for Building Construction—Report of Sub-

committee on Specifications of the Central Housing Committee on Research,
Design, and Construction 15f

BMS88 Recommended Building Code Requirements for New Dwelling Construction With
Special Reference to War Housing *

BMS89 Structural Properties of "Precision-Built, Jr." (Second Construction) Prefabricated
Wood-Frame Wall Construction Sponsored by the Homasote Co 15<

BMS90 Structural Properties of "PHC" Prefabricated Wood-Frame Construction for Walls,
Floors, and Roofs Sponsored by the PHC Housing Corporation 15<

BMS91 A Glossary of Housing Terms 15f
BMS92 Fire-Resistance Classifications of Building Constructions SOf
BMS93 Accumulation of Moisture in Walls of Frame Construction During Winter Exposure 10*
BMS94 Water Permeability and Weathering Resistance of Stucco-Faced, Gunite-Faced, and

"Knap Concrete-Unit" Walls 15 f

BMS95 Tests of Cement-Water Paints and Other Waterproofings for Unit-Masonry Walls. 25/
BMS96 Properties of a Porous Concrete of Cement and Uniform-Sized Gravel 10/
BMS97 Experimental Dry-Wall Construction With Fiber Insulating Board 10/
BMS98 Physical Properties of Terrazzo Aggregates . 15/
BMS99 Structural and Heat-Transfer Properties of "Multiple Box-Girder Plywood Panels"

for Walls, Floors, and Roofs 15/
BMSlOO Relative Slipperiness of Floor and Deck Surfaces 10/
BMSlOl Strength and Resistance to Corrosion of Ties for Cavity Walls 10/
BMS102 Painting Steel 10/
BMS103 Measurements of Heat Losses From Slab Floors 15/
BMS104 Structural Properties of Prefabricated Plywood Lightweight Constructions for

Walls, Partitions, Floors, and Roofs Sponsored by the Douglas Fir Plywood
Association 30/

BMS105 Paint Manual with particular reference to Federal Specifications $1. 00
BMS106 Laboratory Observations of Condensation in Wall Specimens 10/
BMS107 Building Code Requirements for New Dwelling Construction *

BMS108 Temperature Distribution in a Test Bungalow With Various Heating Devices 10/
BMS109 Strength of Houses: Application of Engineering Principles to Structural Design__$l. 50
BMSllO Paints for Exterior Masonry Walls ' 15/
BMSlll Performance of a Coal-Fired Boiler Converted to Oil^ 15*
BMS112 Properties of Some Lightweight-Aggregate Concretes With and Without an Air-

entraining Admixture 10/
BMS113 Fire Resistance of Structural Clay Tile Partitions 15/
BMS114 Temperature in a Test Bungalow With Some Radiant and Jacketed Space Heaters.. 25/
BMS115 A study of a Baseboard convector Heating System in a Test Bungalow 15<f

BMS116 Preparation and Revision of Building Codes 15/

BMS117 Fire resistance of Walls of Lightweight-Aggregate Concrete Masonry Units 20*
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