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THERMAL EXPANSION OF CLAY BUILDING BRICKS
By Culbertson W. Ross

ABSTRACT

The coefficients of thermal expansion of 139 bricks were measured over the range
—10° to +40° C (14° to 104° F). These bricks included 1 sample of sand-lime,
9 of fire-clay, and 61 of clay and shale bricks. The clay and shale bricks repre-
sented a wide range in properties and included samples from various districts in
the United States.

The coefficients of 87 percent of the clay and shale bricks were between 5 and
7 millionths per © C (2.8 to 3.9 per ° ¥). The average coefficient of the clay bricks
was 6.0 (3.3), of the shale bricks 6.1 (3.4), and of the fireclay bricks 3.9 millionths
per © C (2.2 per ° F). No relation was observed between the thermal expansion
and the other physical properties of the bricks.
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I. INTRODUCTION

The change in length of building bricks due to temperature changes
is one of the factors sometimes blamed for cracking of brick-masonry
walls. Inasmuch as a better knowledge of the thermal expansion of
bricks should be useful in the study of this and other problems of
structural design, measurements have been made of the linear thermal
expansion of 139 bricks, representing 1 lot of sand-lime, 9 of fire-clay,
and 61 of clay and shale bricks. These bricks, representing the product
of various localities in the United States, were available from other
investigations and tests and comprised bricks having a wide range in
properties. The coefficients of expansion were measured over the
temperature range —10° to +40° C (14° to 104° F), or approximately
the range to which they might be subjected in structures. The other
physical tests which are customarily used as a measure of quality have
been made on the bricks as a matter of record and in the hope that
there might be some relation between them and the thermal expansion.

Previous tests of the thermal expansion of bricks have usually been
made in connection with the study of some other property of the bricks
and are not very extensive.

The Watertown Arsenal report of 1896 gives the thermal expansion of
22 clay and shale bricks over the temperature range 33° to 212° F

197



https://inspectapedia.com/exterior/Coefficients_of_Expansion.php
Copy at InspectApedia.com
CLICK ANYWHERE on THIS PAGE to return to THERMAL EXPANSION of

MATERIALS at InspectApedia.com


198  Journal of Research of the National Bureau of Standards  (vei. 27

(approx. 0° to 100° C). The bricks were kept immersed in water, and
the changes in length were measured by means of a 6-inch strain-gage
reading to 0.0001 inch. The coefficients of thermal expansion ranged
from 3.7 to 13.6 millionths per © C (2.1 to 7.6 per ° F), with an average
of 6.3 (3.5). Fifty percent were within the range 5 to 7 (2.8 to 3.9).

Palmer ! reported tests on six types of clay and shale and two types
of fire-clay bricks. A 20-inch Whittemore strain gage was used to
measure the length changes in specimens consisting of three bricks
cemented together with litharge-glycerin cement. The bricks were
measured in a cold room at —8° C and in another room at +25° C.
(17.6° and 77° F). Bricks of each type were divided into two classes,
one harder burned than the other. The thermal expansion of the
harder burned bricks was in general somewhat less than that of the
softer bricks. The coefficients of thermal expansion of the clay and
shale bricks were between 3.9 and 8.5 millionths per ° C (2.2 to 4.7
per ° F), with an average of 5.6 (3.1). The coeflicient for the fire-
clay bricks was about 3.7 millionths per © C (2.1 per ° F).

Ingberg and Foster 2 reported thermal-expansion measurements on
16 hollow clay tile, a material somewhat similar to clay bricks.
These measurements were made by the interferometer method and
over a much larger temperature range than used in the present
investigation. From 0° to 300° C (32° to 572° F), the coefficients
ranged from 5.1 to 7.3 millionths per © C (2.8° to 4.1 per ° F) for the
10 clay and shale tile, with an average of 6.2 (3.4). The range of the
coeflicients of the six fire-clay tile was from 3.5 to 6.8 millionths per
° C (1.9° to 3.8 per ° F), with an average of 5.5 (3.1).

II. DESCRIPTION OF APPARATUS

The Tuckerman optical strain gage ® was used to make the thermal-
expansion measurements in this investigation. The thermal expan-
sion of the gage was determined by noting the change of the reading
with a change in temperature when the gage was mounted on a metal
bar, which had been measured from —10° to +40° C in the thermal-
expansion section of this Bureau. In the same way, the change in
the reading between different temperatures with the gage mounted
on a brick gave the difference between the thermal expansion of the
gage and brick, and thus the thermal expansion of the brick.

A diagram of the Tuckerman optical strain gage, which also shows
the method by which it is mounted on a brick, is given in figure 1.
The gage operates on the optical lever principle. A rotation of the
stellite lozenge produced by a relative change in length between the
gage and the specimen causes the image of the fiduciary point to
move on the scale in the autocollimator. The gage is sensitive to a
length change of 0.000002 inch. For many of the tests a 4-inch exten-
sion bar was added to the gage, giving a 6-inch gage length. For
samples which were available only as half bricks, it was necessary to
use the 2-inch gage, as shown in figure 1.

The knife-edges of the gages could not be placed directly on the
bricks as these contain hard minerals, which would cause wear and
m, Volume changes in brick masonry materials, BS J, Research 6, 1003 (1931) RP321.

2 8. H. Ingberg and H. D. Foster, Fire resistance of hollow load-bearing tile, BS J. Research 2, 1 (1929) RP37.

(1;2%). B. Tuckerman, Optical strain geges and extensometers, Proc. Am. Soc. Testing Materials 23, pt. 2, 602
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Tanre 1.—Coefficient of thermal expansion of 6-inch gage H, as determined by seven
tests on a calibrated bar over a period of 2% years

’ }?oeﬂ"xc}ient of

ermal expan-

Date sion, —10° to
+40° C

AMfillionths per° C
June 14, 1937_____ R 11.78

August 12, 1937 11.76
February 3, 1938 11.78
February 8, 1938 11.78
i June9, 1938____ Sk 11.81
| August 31, 1939. 11,77
| February 17,1940 .. _____________..__._ 11.79

: |

The coefficients of thermal expansion of an iren bar as determined
by four tests with 2-inch gages and of an aluminum alloy bar as deter-
mined by two tests are given in table 2. These show the reproduci-
bility of data obtained with 2-inch gages on metal bars which did not
require mounting plates.

TasLe 2—Cocflicient of thermal expansion of an tron bar and of an aluminum
alloy bar, as determined by tests with 2-inch gages

| : Coefficient of
Coefficient of
) thermal expan- tsi(g;na_l %‘ g‘g'
(Gage sion, —10° to Gage :{-405 0. of an
+4g oz(xj i)gf. an alumi%ufn alloy
ar
Millienths per °C' Miltionths per °C
Do 11.38 Do 22.31
11.43 (E8 e 22.33
11.36
11.38

A sketch of the controlled temperature oven in which the tests
were made is shown in figure 2. Approximately 1 watt per °C eleva-
tion above room temperature was required to balance the heat loss.
The heat input was controlled manually. The copper plates distrib-
uted the heat so that, at equilibrium, there was less than 0.1° C
difference between the temperatures of the thermometers. The tem-
perature for the lower point of the range was obtained by circulating
cold brine through the copper tubes near the top and bottom of the
oven.

The temperatures were measured by means of six copper wire
resistance thermometers placed in the copper box about the bricks in
the locations shown. Their resistance was measured with a Wheat-
stone bridge and galvanometer. They were calibrated to 0.1° C by
means of a six-junction thermocouple and a portable potentiometer
after being placed in the oven. The calibration was checked on sev-
eral later occasions and showed no change as great as 0.1° C.

The gages were read with the autocolitmator through holes in the
cover of the oven. These holes were normally closed by wooden
plugs. The removal of the plugs did not allow enough air to circulate
{rom the room into the oven to cause an observable change in the read-
ing of the gage in the few seconds required for the measurement,
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The bricks were supported in the oven by small pieces of rubber
cut from automobile tire inner tubes, which allowed the position of
the bricks to be adjusted so that the gages could be viewed through
the openings in the oven and helped to prevent vibration from the
floor being transmitted to the bricks and gages.

III. TEST PROCEDURE

The bricks were dried at a temperature of 105° to 116° C before
the tests. The gages were then mounted on the bricks and the bricks
and gages placed in the oven and their position adjusted so that the
gages could be viewed through the openings in the door of the oven.

The temperature of the oven was raised to about 40° C and, after
the temperature of the oven thermometers became uniform, the read-
ings of the gages were recorded. About 5 hours was required for the
temperatme to become uniform after the oven had reached the ap-
proximate temperature desired. The cooling brine was turned on and
the overnight period of 17 hours was allowed for the temperature of
the oven to reach the lower point of the range and become uniform,
usually at about —10° C. The readings were again recorded and
the temperature of the oven raised to 40° C.

The bricks were subjected to two cycles of cooling and heating,
giving four values of the thermal expansion. The average of the four
values was taken as the value of the thermal expansion for the test.
A number of tests were made on each brick.

Different gages usually were used in the different tests of a given
brick and the tests on each brick were spread over a considerable
period of time as a further check on the constancy of the gages.
More tests were made on the bricks tested with the 2-inch gages than
on those tested with the 6-inch gages as the data obtained with the
shorter gage were less consistent.

After the thermal-expansion tests were completed, the compressive
strength, the modulus of rupture, the 5-hour boiling absorption, and
the 24-hour water absorption were determined for the bricks in
accordance with methods of ASTM Specification C67-39.* The com-
pressive strength and modulus of rupture of cored bricks were com-
puted on the basis of the actual sections rather than the gross measure-
ments. The compressive strength and modulus of rupture of bricks
19 to 40 were determined by McBurney and Richmond.®

IV. ACCURACY OF THE MEASUREMENTS

The chief limit on the accuracy of the thermal-expansion measure-
ments was a lack of precision in estimating the length of the portion
of the bricks within the gage length. Both the iron plates and the
cellulose nitrate cement have a higher thermal expansion than the
bricks, and considerable uncertainty exists as to the effective point
of attachment. The 0.1 inch of the gage length occupied by the plates
amounts to 5 percent of the 2-inch and 1.7 percent of the 6-inch gage
length. Discrepancies between the values of the thermal expansion
from different tests on the same brick were frequently as large as

4 Am. Soc. for Testing \[ahnals Standards, pt. 2, 104 (1939).

5J., W. M¢Burney and J. C. Richmond— \immh Absorption, and Resistance to Laboratory Freezing
ng Und s Produced in the United States, Building Materials and Struetures (1940).

and I‘hawmg of Bui
NBS Report BMS6
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this. However, as most of the tests did not give values that differed
by these amounts, and since the average of the values from several
tests was taken to obtain the final value, it is believed that the error
mn the final value for the thermal expansion of a brick is substantially
less than 1.7 percent for the data obtained with the 6-inch gages and
5 percent with the 2-inch gages. The variation between different
tests on metal bars which did not require the mounting plates was
much less, as may be seen from table 2.

After the oven temperature was changed, considerable time was
required for the temperature of the bricks to approach that of the
oven. Since a substantial difference between the temperature of
the bricks and that of the gages at the time readings are made might
be expected to introduce an error, the time required for the tem-
peratures to approach equilibrium was checked by placing a resistance
thermometer in a hole drilled in the center of one of the bricks and
comparing its temperature with that of the oven thermometers and
the readings of the gages. These data, which were obtained while
the temperature was being raised, are given in table 3. In this table
the apparent coefficients of thermal expansion of the bricks have been
computed, for the conditions at each time interval after 30 minutes,
from the change in the readings of the gages and the change in tem-
perature of the oven thermometer which indicated the lowest tem-
perature. This thermometer was located at the center of the bottom
of the copper box, and from its location would be expected to give a
better indication of the temperature of the bricks than any of the other
five shown in figure 2.

TasLE 3.—Changes in the temperature of the oven thermometers, in the temperature
of one of the bricks, and in the readings of the gages as the temperature of the oven
was raised fram the lower to the higher point of the range

Highest | Lowest Coefficient Ct f

= 5% ‘hange of | Coefficient

Time after heat was | ° 3\‘3;’}“ "f&(z_;_"“ mometer | reading of ‘f’fpl}lll‘:fg:l, reading of | of thermal

turned on (min) i U e (Y R)I‘ll('k uln;:_e. 1{11 8{] |~ ot Brick giagv:klvlgil of‘t?qn)i“l)'lzlz
tees tave bric 101 orick 122 | of bric!

Ther- | Change of

Millionths | Millionths | Millionths | Millionths

16 {84 20 in. perin. per °C in. per in. per°C

e s ~10.9 -10.9 —10.9 Oy (1 e
80 i< 2 +3.7 +2.4 —8.0 [ SR R o e
60 : 25.0 20.9 +1.7 210 5.18 230 4,63
90L - 41.0 36.2 14.7 317 5.06 353 4.37
120 42.3 39.2 26. 5 332 5.16 378 4,32
180 42.4 41.1 36.2 337 5.30 387 4.42
240__ 42,2 41.5 39.7 339 5.31 390 4.42
330 == 41.8 41.6 41.0 341 5. 28 392 4,39

5 38.4 38.5 321 5.27 368 4.40

1,270b_ ol ] 38,

» From —10.9° C to the temperature given in the third column,
b Heating current reduced slightly and oven allowed to stand all night for this reading.

The surprisingly small error caused by the temperature of the
bricks, gages, and oven not being equal may be accounted for by noting
in table 4 that the thermal expansion of the gages was about twice
that of the bricks and that they were mounted on the surface of the
bricks where their temperature would be about midway between
that of the bricks and that of the oven thermometers. Thus, if the
temperature of the oven is 40° C, of the gage 35° C, and of the brick
30° C, and the coefficient for the gage is 12 millionths per °C and for
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the brick 6 millionths per °C, both would be 0.000060 inch per inch
shorter than they would be if all temperatures were 40° C. There
would then be no relative change in length, and the gage would read
the same as it would if all the temperatures were 40° C. Several
tests were made on other bricks and with the temperature going down
as well as up, with similar results. This automatic compensation
was not used to shorten the time required for the tests and would
be less effective for bricks for which the thermal expansion was sub-
stantially different from those of the bricks given in table 3. For
most of the bricks it lessens the likelihood of small differences between
the temperatures of the bricks and gages, causing errors in the thermal
expansions obtained.

Tasre 4.-—Constanis a and b for expressing the thermal expansion as a lwo-term
equation in powers of ihe lemperature

Y
|
Thermal Thermal
Number of Constant| Constant| expansion, Number of Constant| Constant| expansion,
brick a b —10° {o brick a b —10° to
-+-40° C +40° C
Millionths Miliioniths
X10-8 per °C X10-8 | X108 per °C
0.017 5.55 = 4.80 | .012 5.15
.018 5.50 3. 56 012 5.90
.013 5. 60 5. 50 012 5. 85
.012 6.00 3.65 011 3.90
.012 5.75 3. 90 .010 4.2
011 5,20 3.95 .012 4,30
.012 5.30 5.95 .013 6.35
012 5.25 6.15 013 | 6. 55
.013 5.03 5.85 011 8.20
.012 5.10 4.95 .012 5.30
.013 5.25 11. 55 .029 12,40
. 015 4.90 10. 85 . 028 11.70
.013 3.30 8.40 028 10.20
. 009 8.35
.013 5.60 11,14 .0132 11.54
11.32 .0153 1L 78
11.42 0148 11.80

In some of the tests the expansion measured as the temperature
increased was substantially different from that as the temperature
decreased, as shown in table 5. This might be taken to indicate an
irreversible change in the length of the brick due to a change in water
content or to the temperature changes. However, as other tests on
the same brick frequently did not show this change in length, it
probably was due to a slight shifting or creep of the plates on which
the gages were mounted rather than to changes in length of the brick.,
The average of the values from such tests was usually in good agree-
ment with others which did not show this apparent change in length.

The differences between the thermal expansions of the gages,
bricks, and calibrated bars, for the small temperature range used in
this investigation, are very nearly proportional to the temperature,
Since the differential method was used, the variation of the tempera-
ture range of several degrees does not affect appreciably the values of
the thermal expansions obtained.
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TasrLe 5.—Thermal expansion data, —1C° to -+40° C, for two bricks, with 6-inch

gages

B e o et 121 121 122 122 122

Gage. .- liiee-- H F Va pes F
Change in reading of gage, millionths inch per inch

per° C

Temperature decreasing_ _____________ . _________._ 7.41 7.38 7.63 7.53 7.59
Temperature increasing_ ... - 7.19 7.39 7.49 7.50 7.47
Temperature decreasing. .. - 7.39 7.41 7.54 7.52 7.54
Temperature increasing._ ... ... ... 7.30 7.38 7.49 7.52 7.48
AVOIARS e s 7.32 7.39 7.54 7.52 7.52
Coeflicient of thermal expansion of gage__._.__._____ 11.78 11. 86 11.86 11. 7 11. 86
Coefficlent of thermal expansion ef brick e 4.46 4,47 4,32 4.26 4,34
Riralaverage. .. . = o . el e Ca e e e 4.31
Standard deviation. ... | O 01N SRS e 0.04

There is some evidence in the data that the 2-inch gages gave a
value of the coefficient of expansion about 0.2 millionths per © C higher
than that given by the 6-inch gages. Tests were made with both
gages on similar bricks, 1 to 5, 6 to 11, and 12 to 18, and both gages
were used on the same bricks for the seven given at the end of table 6.

The values of the coefficient of thermal expansion found by means
of the 2-inch gages for both halves of the same brick agreed within
0.2 millionth per © C, except for bricks 12 and 15, which are unusually
soft bricks. Of course, there is no reason why the thermal expansions
of both halves of a brick should be the same, but the fact that, except
for this one type, the independently determined expansions of the
two halves agreed so closely leads one to expect that the random error
in the values is less than this amount. A systematic error would not
be disclosed by this comparison.



TasrLe 6.~Coefficient of thermal expansion of 139 bricks over the temperature range —10° to +40° C. with description and the data for the other
physical tests made on the same bricks

[C, clay; 8, shale; F, fire-clay; SI, sand-lime; SM, soft mud; SC, side eut; DP, dry press; EC, end cut; DD, down draft; UD, up draft]

S-nour | 24-hour | Satura- : ¢ Root mean
: , Com- | Modulus Y A Coefficient | Num- :
Brick |Mate- | Method of 1 Manufacturer’s alifr nf e 5 boiling | waterab-| tion co- square of | Brick
No.s | rial | forming iln grade name Locality of production Strr?:é‘gﬁ oilrl?g" absorp- sorpg(m. ei(I;x:r’;ier)mt ‘éi;‘)};;‘;’i’})’:} t{ﬁ;‘l‘ fdeviation No.e
S £ tion, B B = : > TOImMm Mmean
X Percent | Percent Millionths Millionths
. Lbfin.2 | Lblin.% |dry weight|dry weight per °C. per °C.
SC.. Kittenning_______ Western' Pennsylvanial - = | = = 0 1.8 0.7 *3.2 5 0.08 la
& = 18 .6 *3.1 4 0.05 ib
1.3 el *3.3 8 .08 2a
1.2 .3 *3.2 9 .03 2b
1.5 .3 *3.3 it .06 3a
14, 200 1.4 2 *3.4 8 .05 3b
20, 600 2, 500 1.8 .4 3.06 3 .05 4
18, 200 2, 600 1.4 .3 3.05 e 5
16, 300 3, 000 1.5 A el e Avg.
10.1 6.5 0.64 *8.5 3 0.04 6a
10.7 7.4 69 6.8 4 .04 6b
3251 8.9 .7 *6.1 2 05 7a
12.5 9.4 .75 *6.2 3 il 7
10.2 6.8 .67 262 4 .08 8a
9.3 5.1 .65 *6.1 6 .06 3b
____________________ 11.8 7.6 .64 *6.3 v .05 Ya
5, 500 1, 550 10.8 7.9 7e *6.3 3 .06 9b
5, 500 1,020 12.5 9.7 8 5. 85 3 .07 10
5, 800 1, 370 12.3 9.3 .7 6. 00 L |, 11
5, 400 1,300 1.3 8.3 .73 SO Avg.
____________________ 19.8 17.2 .87 b 8 0.18 123
2, 150 130 20.2 17.5 .87 6.5 4 el 12b
____________________ 19.5 11.6 .60 *6.7 bl .08 13a
2,070 170 19.1 16.8 .88 *6.6 74 .09 13b
R 17.8 14.3 .80 12 5 .08 14a
2,080 200 19.7 1o.701 .80 *7.0 6 .06 14b
e 14.5 11.2 | S *6.9 i .13 15a
3,600 | 570 14.2 10.9 | .67 | il i .06 15h
4,000 | 480 14.4 12.0 .83 | 6.45 2 .03 16
2,000 | 250 18.1 15.4 .85 | £.85 2 .01 17
2, 500 | 290 17.6 14.8 .84 f 6.50 2 .04 18
2,600 300 17.5 14.9 .85 | w7l | Ave

SPLDPUDIS [0 WD2UNG QOUOYDNT 2y} [0 You0asaY [0 ppuanof QO
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0. ... € SC...... DD Whitewater, Wis______| 1,900 400 | 31.1 25.6 | 0.82 Ao £ 0.16
20._____.! C [8M__.._. Scove. .. Detroit, Mich____.____ | 4,400 590 | 27 18.8 | .83 *6.0 | 4 07
21 Il ¢ | UD._._. Kingston, N. Y______| 8,100 | 780 19.0 14.9 .78 6.2 | 4 16
2 | C Lebanon, N. H__ | 8000 1,90 7.1 2.9 .41 *5.2 5 .03
B 8 DPL . UD D’Hamis, Tex. . - 6,800 | 980 20.8 18.7 .90 *6.0 6 .07
o4 tiik B DRI W NTD Pueblo, Colo- 5,500 | 1,060 15.3 12.7 .83 6.6 6 .05
a8 NC&s LDe - Sheridan, Wyo. 4, 200 320 13.8 11.1 .80 *8.5 4 .09
20 8 M | Pueblo, Colo___ | 7,200 1,370 14.7 12.6 .86 *6.7 4 .08
200 © Duteh._. Sharon Hill, Pa__ | 7,400 780 12.1 | 7.6 63 *6.2 4 10
2® | .8 Tunnel. Cleveland, Ohio_._____| 6,700 7 11.8 9.3 | 7 *6. 5 6 .07
29 . .. I S O O SR Richmond, Va________ 7,000 1, 350 11.8 7.5 | .66 *5.9 5 12
30 .. 8 HDbpP . IDD Birmingham, Ala_____ 15, 800 2,160 7.0 | 4.1 | .59 3.7 4 .11
Slo o C Detroit, Mich__ 5, 600 2, 320 10.8 4.4 L4l *5.7 5 .08
2o B8O P DD Alton, TN ____ - 16, 700 2,370 3.0 ol .23 *6.0 5 .08
Ly el L S b T Alliance, Ohio_..._____ 21, 000 2, 500 5.1 1.3 .25 3.7 4 .06
L B C Dutch___] Black Arch_ Baltimore, Md_._____ 13, 000 2,160 4.2 1.4 .33 *6.0 4 .14
a8b. o C Scove.__| Kilnrun.__ Lebanon, N. H__ 14, 600 2, 500 8.6 5.5 .64 *5.3 5 .07
a6 BOERGL DD i Allentown, Pa___ 12,000 2, 060 5.2 2.6 .50 *6.8 6 .16
8. GO E PR O Red e e Evansville, Ind __ 14,100 2, 500 3.2 .5 .15 *5.9 3 .04
38 C Cleveland, Chio_. ____ 10, 100 1, 700 1.5 SO RIS T *5.3 3 o} B
39 . C |SM_.._____{DD..___|..._.do...._ New London, Wis____ 9, 500 1,130 15.5 10.7 .69 8.7 3 .05
40 C |SM._____|DD____. Upper Sandusky, Ohio.| 16,000 3,200 .8 VA *6.5 4 .03
4la..____ C - 20.0 15.4 o s 3 07
4¥h-= C 19.3 14.3 74 *5.7 3 .05
498 . (8] 18.2 13.7 75 *5.9 3 .12
dobi .. (o] 17.9 13.5 .75 *5.8 7 .13

18.8 14.2 .75 BB o |

4.5 2.4 .53 6.5 g 06 |
4.6 2.6 . 56 *6. 4 3 13

4.6 | 2.5 .54 L R e e
6.1 3.8 .62 *6. 6 b .05

6.0 3.8 .63 6, 6 3 10 |

6.0 3.8 .62 .6 s
5.5 3.5 .64 *6.5 3 .08
5.2 3.3 .63 6.7 4 .07

5.4 3.4 .63 s T R R
12.5 10.1 .81 *6.9 2 .03
12.5 10.1 .81 0.7 2 .08
11.6 8.9 AT *6.6 3 .13
11.8 9.3 -9 *6. 5 3 .04

12.1 | 9.6 79 *6u7 [P S

See footnotes at end of table.
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avg.
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45b

avg.

46a
46b
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TasLr 6.—Coefficient of thermal expansion of 139 bricks over the temperature range —, 0° to +-40° C, with description and the data for the other
physical tests made on the same bricks—Continued

! 5-hour | 24-hour | Satura- : Root mean
Brick Mate- Method of | gy Mam(:ifacmrer’s A T prceglslil\;e I\g?g\ﬁl)t}s bgiling water ab- tliioln co- Sfoteﬁggglt irel;%lf. square of Ii‘ric‘»:
No.a ria. forming grade name absorp- | sorpiion, | efficien 3 : deviation | No.¢
strength ture tion, B ol (C/B) expansion | tests e
Percent | Percent Milliorihs Millionths
Lbfin.2 Lbfin.? | dry weight dry weight per °C. per °C.
48 ... C SM Salmon._____ New Oxford, Pa....__. 1,44¢ 16 23.5 14.6 0.62 4.90 2 0.02 48
C [ s d; 1,130 185 24.7 16.2 .66 5.05 2 .01 49
1, 290 175 24.1 15.4 0.64 4.95 | avg.
7,100 500 12.1 10.0 0.83 6.10 4 0.14 50
10, 600 1, 200 9.8 7.6 .78 5.75 2 .00 51
8, 800 1,100 10.9 8.8 0.81 5.90 avg.
6, 900 490 111 7.8 0.70 5.76 52
7,500 670 12.9 8.9 .69 5. 55 53
€, 700 650 12.8 8.9 70 5. 50 54
7,000 600 12.3 8.5 0.7 5.60 || avg.
7,400 820 14.4 12.7 () 5.90 3 0.04 55
19, 100 1,150 13.5 11.8 87 5.75 2 10 5
8,700 990 14.0 12.2 0.88 e s il e 8VE.
4,000 400 21.9 19.3 0.88 5.40 2 0.05 57
3,700 430 23.6 20.7 .88 5.70 2 06 58
3,800 420 22.8 20.0 0.88 avg
9
2,000 480 33. 4 27.2 0.81 50
4,800 850 3L.6 26.3 .83 6
3,400 | 660 32.5 26.8 0.82 avg
4,800 950 16.2 107 0.72 61
3, 500 2,000 14.9 9.0 .60 62
3, 300 1,280 19.5 15.6 80 63
2, 600 1,490 14.8 10.4 7 64
3, 100 1, 600 16.4 1127

802
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65 C Hudson Valley, N. Y .. 2,700 380 23.7 10.7 | 0.83 | 6.55 | 2 0.01
66 C | SM.__ e doo 6, 200 400 19.3 13.7 | A i 2 .04
P ‘~
4,400 390 21.5 16.7 0.77 L s e s avg
2, 840 320 24.3 22.2 0.91 5.95 3 0.04
8,400 970 14.5 11.8 .81 5.75 i 2 .05
5, 600 650 19.4 17.0 0.86 5.85 1 SRS SN S avg.
13, 200 540 5.2 2.9 0.56 6.00 2 0.02
16, 000 1, 650 2.6 0.9 .35 5.756 2 .60
13, 700 1,910 5.3 2.9 .55 6.05 2 .01
14, 300 1,370 4.4 2.2 0.49 b e R o= avg
6, 500 1,130 12.0 9.9 0.82 6.85 3 0.07
6, 000 730 13.1 10.9 .83 6.70 2 .04
6, 200 930 12.5 10.4 0.82 6.80 | _-__ et || AN
2,740 280 17.0 4.4 0.85 6.30 2 0.01
3,400 320 15.6 12.5 .80 5.65 2 o7
3, 100 300 16.3 13.4 0.82 60001 avg.
8, 000 1,310 9.6 5.0 0.52 5.20 P 0.02
15, 600 1, 690 8.4 3.7 .44 5.15 2 .01
11, 600 1,350 8.4 5.5 .65 4.95 2 .02
11,700 1,450 8.8 4.7 0. 54 o L1 B RO SR avg
79— C SM o Light burned, | Lebanon, N.H_______ 6, 300 910 17.0 13.9 0.82 5.10 2 0.02
sand struck.
{1 C SM___ do.. o s I e p e 3,400 460 19.4 16.9 87 5.45 5 .09
ke o C SM .o do.______.____j.__._ Ao 4, 500 810 18.1 14.5 80 5.30 2 .03
e L 4,700 730 18.2 15.1 0.83 5.80 s avg.
82 C M weezeu----| Hard burned, | Lebanon, N. H________ 12, 760 1,130 5.4 2.7 0. 50 8L 2 0.05
water strueck.
16, 000 1,920 8.3 5.3 .64 5.10 2 .01
13 300 2 330 8.3 5.2 .83 5. 25 2 .05
15,400 1,140 6.4 1.5 - 23 5.05 2 .04
14,400 1,390 6.0 1.7 .28 5.10 | 2 ) .02
14, 400 1,580 | 6.9 359 0.46 5.15 | ... : ot gy

See footnotes at end of table.
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TasLe 6.—Coefficient of thermal expansion of 139 bricks over the temperature range —10° to +44° C, with description and the data for the other
physical tests made on the same bricks—Continued

Gl Noanlns ]z;)-}.xlqur 24-hou£ Satura- Coelilﬁcieni; Num- | Root mean
Brick | Mate- | Method of : Manufacturer’s : : S = o oiling | waterab-| tion co- | of thermal | ber of | square of | Brick
Nr’o.o rial forming Kiln grade name Locality of production é’ggﬁ’lyﬁ Oftal;é] absorx;’— sorption, | efficient | expansion | tests deviation No.e
IS8y tion. B (2] (C/B) from mean
Percent | Percent Millionths Millionthe
Lblin.2 Lbjin.? |dry weight|dry weight per °C. per °C.
TR C BN Light hards, | Lebanon, N.H._.______ 7,400 1,350 16.5 13.4 0.81 5.00 2 0.01 87
water struck.
C d 7,200 930 17.0 13.9 .82 5.00 2 .06 &8
7,300 1, 070 18.5 15.6 .84 5.25 3 .03 89
7,800 790 17.2 14.9 .87 4.90 2 .01 90
7,400 1,030 17.3 14.4 0.84 R e avg.
18, 200 2, 700 2.0 0.5 0.25 3.25 2 0.06 91
17,700 2,830 2.4 o .29 3.30 2 .01 92
18, 000 2, 760 2.2 0.6 0.27 e CRE R IR avg.
2. 000 650_ 2 34.4 SR 0.91 8.10 2 0.04 93
4, 100 950 2%.6 24.6 0. 86 8.35 2 0.04 94
3, 050 800 315 28.0 0.89 8200 -~ el vy
7. 000 1,100 12.1 10.2 0.84 5.90 2 0.01 95
'8, 000 1, 350 10.9 9.3 0. 85 5. 90 L e A 96
7, 500 1, 220 11. 5 9.7 0.84 5.90 |l avg.
17400 | 2,300 29| 18 0.62 5.10 2 0.02 o7
14, 200 1,190 10.8 4.9 .45 5.15 ke e 98
13, 800 1,430 13.9 10.2 .73 5.15 2 00 99
22, 200 1, 830 0.3 0.3 I _______ 5.15 2 07 100
17, 200 1,630 8.0 L5 .19 5.25 2 02 101
17, 000 1, 680 7.2 3.7 0.51 5.15 | avg.
5400 | 1,070 15.4 | 108 0.70 590 | 2 0.05 102
6, 100 1, 050 15.9 | 1120 7 5.85 e 103
6, 200 13.6 | 9.4 | 69 5.90 3 05 104
7. 300 950 14.9 | 10.2 i 68 5.85 2 04 105
6.200 970 |  15.0| 104,  0.69 5.90 | _______ | avg

o pumof O
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4, 660 980 19.9 11.8 0. 59 6. 3¢ 2 0.03
4, 100 660 17.0 11.8 .69 10. 25 4 .08
4,100 500 16.2 12.0 74 10.75 3 .03

________________________ 4,100 530 16. 6 19 0.72 N N i B D
Black Lick, Ohio______ 21, 000 1, 600 4.3 0.9 0.21 4.05 3 0.06
Momence, Il ___ - 11, 209 950 8.5 4.7 .55 4.10 2 .01
Columbus, Ohio._____ 17,300 1, 050 6.4 4.2 . 66 4.45 2 .01
1 {1 S 23, 600 1,430 5.6 4.7 .84 4. 55 2 .00
18, 200 2,230 5.1 2.3 .45 3.90 2 .01
19, 800 1, 960 4.8 2.2 .46 4.20 2 .03
21, 800 2, 240 5.5 3.1 . 56 4.30 2 .06

20, 860 2. 100 5.2 2.6 0.51 o | e e
S A RSO S - 3, 800 760 25.8 22.2 0. 86 5.90 2 0.04
Mason City, Iowa. ___ 10, 400 840 15.0 9.1 61 5.35 2 .00
Paducah, Kentucky.__ 7,400 860 17.4 14.8 85 6. 30 2 .01
Cle\eland Ohio_______ 12, 700 1. 750 6.8 2.7 40 5.95 2 .04
................. 5, 500 950 12.8 10. 4 81 6. 50 2 .04
Bammore Mgt T 2, 590 620 17.2 10.2 59 4.45 2 .01
AAAAA do. ol 2,100 620 17.0 9.6 56 4.30 3 .04
______________________ 2, 100 490 18.7 11.3 60 4.30 2 .04

,,,,,,,,,,,,,,,,,,,,,,,, 2, 260 580 17.6 10.4 0.58 485 ) b it
19, 7 2, 300 3.4 2.0 0. 59 6. 25 3 0.05
18, 600 1. 080 3.2 1.5 47 6.10 2 .06
18, 600 2, 290 3.4 1.9 56 6. 25 2 .01

,,,,,,,,,,,,,,,,,,,,,,,, 19, 000 1, 890 3.3 1.8 0. 54 G200 i S
5,300 780 [ 13.9 10.2 0.73 4.20 3 0.03
5, 600 830 13.8 Q.6 .70 4.10 2 vl
3, 600 670 15.5 1.3 .73 4. 50 2 03

4, 800 760 14.4 10.4 0.72 - e e
2,170 195 18.2 15.8 0.87 6.25 3 0.01
4,120 270 16.6 14.3 .86 6.65 3 .03
2, 160 20.2 18.8 .93 6.45 3 .08

2, 900 210 18.3 16.3 0.89 b e ol

See footnotes at end of table.
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Tasne 6.— Cocfficient of thermal expansion of 193 bricks over the temperature range

10° to +40° C,with description and the daia for the other

physical tests made on the same bricks—Continued

i { | ! -
| | I Com- | Modulus| ohour | 24-nour | Satura- | Coefficient | Num- | Root mean
Brick | Mate- | Method of Kiln | Manufacturer’s Tooality of protnction. ré ol lofrans boiling | waterab-| tion co- | of thermal | ber of | square of | Brick
No.a rial | forming | grade name | oL gl)rréb;:gth turg absorp- | sorption, | efficient | expansion | tests | deviation | No.s
i k 1 = tion, B C (C/B) from mean
= ! |
i |
! | | ‘ Percent | Percent Miliionths Millionths
| | Lbjin.t | Lbjin.? |dry weight|dry weight per °C. per e,
i i Martinshurg, W. Va. 14, 450 2, 100 3.5 L& 0.43 6.35 2 0.03 133
| 12, 500 2, 180 4.5 2.6 .58 6.55 2 .02 134
13, 100 2, 680 6.9 5.0 N2 . 135
14, 400 2, 500 6.4 4.6 .72 136
13, 600 2.360 53 3.4 0.61 avg.
| | e e = |
6,400 870 16.6 1.5 0. 69 3 I 137
(», £00 900 16.8 12.3 7. 11.70 3 (153 138
5,300 500 16.5 11.8 72 10. 20 3 10 134
6 .9 11.45 avg.
*3 2 3 0.17 4b
*6.0 2 .10 55 b
*3.4 2 =17 91 b
*5.3 4 .08 98 b
*6.1 2 .24 1165 b
*5.3 4 .02 117 ab
*5.4 4 .06 | 117bb
*6.9 2 .26 120 b

» Bricks 19 to 40 are similar to 1 to 22 in the ‘““Water Absorption of Building Bricks.”
A1, Soc. Testing Materials 88, pt. 1, 260 (1823). No. 22 is from the same sample as 35,
and there is no brick corresponding to No. 17 of the above report. The remainder of
the bricks are in the same order asin that report. The compressive strength and mod-
ulus of rupture for these bricks were obtained by McBurney and Richmeond, Building
Materials and Struetures (1940) NBS Report BMS60.

Bricks 95 to 96, 97 to 101, 106, 109 to 115, and 119 to 120 were.corod.

Rricks 57 and 48 are similar to 20, but of a later shi pment.

Bngks 67 and 68 are from & dxﬁemnr, manufacturer, but of similar raw materials to
65 an

Bricks 72 and 73 are of the same type as 69 and 71, but are not as hard burned.

Bricks 79 to 81 are from the same manufacturer as 76 to 78, but are not as hard burned.

Bricks 87 to 90 are similar to, but rot as hard burned as 82 t0 86.

Bricks 91 and 92 are similar to 1 to 5, but from a shipment received at 8 much later date.

Bricks 93 and 94 are similar to 19, but from a later shipment. They have a high lime
content.

Bricks 97 to 101 are similar to Nos. 26 to 30 in the report ““Water Absorption of Building
Bricks.”” Am. Soc. Testing Materials 36, pt. 1, 260 (1823).

Bricks 137 to 130 seem to have slag or cinder material mixed with the clay.

bThermal expansion tests were made with both 6- and 2-inch gages, The coefficient
obbtiained with the 6-incli gages and data from the other physical tests are given in this
table.

o Average is for last 4 items only.

4 Average is [or last 3 items only.

» Averageis for last 2 items only.

*Data obtained with 2-inch gages

4}
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Ross] Thermal Expansion of Buwilding Bricks 213
V. EXPERIMENTAL RESULTS

Table 6 presents the thermal expansions of the 139 bricks used in this
investigation, the data from the other physical tests, and a description
of the bricks. Bricks 107 and 108 are sand-lime bricks and, while
somewhat extraneous to this investigation, are of interest and have
been included. Bricks 19 to 40 are similar to those used in an investi-
gation of different methods of making water absorption tests on bricks.®
The saturation coefficient is the ratio of the 24-hour water absorption
to the 5-hour boiling absorption (see footnote 4). The number of
thermal-expansion tests made on each specimen is given, as well as
the standard deviation. The values from the different tests with the
2-inch gages were weighted, the weight depending on the spread of the
four values of the thermal expansion found with each test.

In order to show the methods used in computing the thermal ex-
pansion from the tests and other characteristics of the data, more
details are given in table 5 for the two tests with the 6-inch gages on
brick 121 and the three tests on brick 122.

Thermal expansions over a large range of temperature are fre-
quently expressed by a two-constant equation in powers of the temper-

ature, such as
LtZLo (1+at'i"bt2),

in which L is the length of the specimen at the base temperature, L,
is the length at the temperature ¢, and ¢ and b are constants. An
effort was made to obtain the second constant, b, for some of the
bricks by taking a reading at a temperature intermediate between the
highest and the lowest. This constant is given in table 4 for the bricks
on which two tests gave values which differed by less than 0.002X107°.

i
N6} — J
gf‘f i LEGEND =
N ' ]
L 79 o D Clay brick
N
% ﬁ ; X sand-vime brick X
§ !g; Frre-clay brick ;
®
~\§ (;i Shale brick 3
Y 4l o
% 5 [Ei Clay and Stote brrck |
o ]
g 4r
2 zf -
’HJ %% ] [I I Lo M l e b T e ] r_

30 3580455055 60 5570758085390 55 [00 105 L0KS 12025130135 145 155 165
Drstribution of Fhermal exparsions, millonis per €

Viaure 3.—Disiribution of the thermal expansions of ihe clay, shale, sand-lime, and
fire-clay bricks.

Figure 3 shows the distribution of the thermal expansions of the bricks

The averages were used, rather than the values for the individual

©J. W. McBurney, Water Absorption of Building Brick, Am. Soc. Testing Materials 86, pt. 1, 260 (1923).
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bricks, in the cases in which more than one brick from the same lot
was tested.

In figure 3 it may be noted that the coefficients of thermal expansion
of 54 of the 61 lots of clay and shale bricks, or 89 percent, were between
5 and 7 millionths per °© C. This may be compared with the 22 bricks
in the report of the Watertown Arsenal, of which the coefficients for
11 bricks were within this range. Four of the 12 values for clay and
shale bricks given by Palmer, and 8 of the 10 for clay and shale tile
given by Ingberg and Foster were within the same range. KExcept
for the rather unusual bricks from Whitewater, Wisc. (Nos. 19, 93,
and 94) and from Columbus, Miss. (Nos. 137 to 139) the “cut off”” at a
thermal expansion of 7 millionths per © C for clay and shale bricks
is very sharp.

The few values above 7 and below 5 millionths per © C among the
clay and shale bricks are chiefly limited to the softer clay bricks (5-
hour boiling absorption above 14 percent).

The thermal expansions of the fire-clay bricks showed some tend-
ency to decrease with increasing hardness, but the samples are scarcely
numerous or representative enough to draw any conclusions on this

oint.

P The thermal expansion of the clay and shale bricks was compared in
turn with the compressive strength, modulus of rupture, 5-hour
boiling absorption, 24-hour water absorption, and saturation coefli-
cient. No correlation was found between the thermal expansion and
these properties, and, even among bricks from the same shipment,
there was no consistent tendency for the thermal expansion te in-
crease or decrease with differences of hardness of burning, as indicated
by the above physical properties.

The distribution of the thermal expansions with different methods
of forming was studied, but nothing significant was found. The only
two types of bricks having coeflicients above 7 millionths per © C were
both side-cut clay bricks.

The probable error, or rather the probable difference between the
thermal expansion of an unknown sample of bricks and the arith-
metic mean, has been computed on the basis of the tests reported in
this paper and is given in table 7. The probable error for the clay and
shale bricks and the clay bricks is larger, chiefly owing to the large
departure of the coefficient for bricks numbered 137 to 139 from the
mean.

TABLE 7.—Probable error if the arithmetic mean of the coefficients of thermal expansion
28 assumed as the coefficient of a brick for which the coefficient is unknown

Probable
error

Ty e Number of | Arithmetic
Types of brick ots Hean

Millionths
per °C
Bt

Millionths
per °C
Olayvandishale: o 61 6.1

Clay and shale with 5-hour boiling absorptions less than 14 !
3 e 32 6.0 !
38 6.0 )
22 6.1 | -4

|
|
|
|
|
}
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VI. CONCLUSIONS

1. The average values of the coefficients of thermal expansion, their
range, and the number of samples tested for different types of clay
bricks are given in table 8. For comparison, similar data are given
from previous investigations.

TaBLE 8.— Average coefficient of thermal expansion (in millionths per °C) of different
types of clay bricks from this and previous investigations

[The values in parentheses are in millionths per °F]

Average co-
Number of | efficient of | Range of coefficient of
Types of clays | specimens thermal ex- thermal expansion
f pansion
PRESENT PAPER (BRICKS) —10° TO +40° C (14° TO 104° F)
Surface clay .| 80| 6.0(3.3)| 4.2 to 12.4 (2.3 to 6.9)
Shale_. S e o oo e 41 k 6.1(3.4)| 4.7 to 6.8 (2.6 to 3.8)
Fireolay - . oene e 15 | 3.9(2.2)| 3.0 to 4.6 (1.7 to 2.6)
PALMER (BRICKS)—&° 70 25° C (18° 170 77° F)
Surfaceclay .. . ... ... | 6| 6.6(3.7)| 4.7 to 8.5 (2.6 to 4.7)
Bhalel =i e e e L sarec] il 4.8(2.7)| 4.1 to 5.2 (2.3 to 2.9)
ireeelay - e e 4| 3.7(2.1); 3.6 to 3.8 (2.0 to 2.1)
INGBERG (HOLLOW TILE) 0° TO 300° C (32° 10 572° F)
|
Surface clay. ... .. | 6.2(3.4)| 5.1 to 7.3 (2.8 to 4.1)
BRGSO e elae [ 6 6.1(3.4)| 5.7 to 6.9 (3.2 to 3.8)
Hleeday | 5.5(3.1)| 3.5 to 6.8 (1.9 to 3.8)
WATERTOWN ARSENAL (BRICKS) 0.6° T0O 100° C (33° 10 212° F)
oy and SHAIe T { 22 l 6.3(3.5)| 3.7 to 13.6 (2.1 to 7.6)

2. The coefficients of thermal expansion of 89 percent of the clay
and shale bricks were between 5 and 7 millionths per ° C (2.8 and 3.9
per ° F), the average being 6.1 (3.4). The value, 6 millionths per °C
(3.3 per ° F),is a good value to assume for the thermal expansion of
clay and shale bricks, the probable error, as computed from the data
of this paper, being about 0.7 millionth per °C (0.4 per °F). Of course,
if an accurate knowledge of the thermal expansion of any bricks is
desired, the above assumption could scarcely be substituted for an
actual test.

3. There was no significant difference between the average thermal
expansion of the clay and shale bricks. The few values of the coeffi-
cient above 7 and below 5 millionths per °© C are chiefly limited to the
softer clay bricks (5-hr boiling absorption above 14 percent).

4. The thermal expansion of the fire-clay bricks was much lower
than that of the clay and shale bricks. The number tested, however,
was scarcely large enough, nor were the bricks representive enough to
allow definite conclusions to be drawn as to the thermal expansion of
other fire-clay bricks.

200723—41—8



216  Journal of Research of the National Bureaw of Standards — (voi. &

5. There was apparently no significant correlation between the
thermal expansion and the other physical properties of clay and shale
bricks which are customarily measured as tests of quality, and even
among bricks from the same shipment there was no consistent tendency
for the thermal expansion to either increase or decrease with differences
of hardness of burning.

W asHINGTON, June 18, 1941.

O



MATHEMATICAL TABLES

Attention is invited to a series of publications which is being prepared by the
Project for the Computation of Mathematical Tables conducted by the Federal
Works Agency, Work Projects Administration for the City of New York
under the sponsorship of the National Bureau of Standards.

To date, six tables have been made available through the National Bureau of
Standards. These are listed below:

MT1. Taste or TE First Ten Powers or THE INTEGERS FrOM 1 TO 1000:
(1938) VIII+-80 pages; heavy paper cover. 50 cents.

MT?2. Tasbtes or THE ExponenTIAL FuNcrioN e®:
The ranges and intervals of the argument and the number of decimal places in the entries
are given below:
Interval  Number of

Range of x ofx  decimals given
—2. 5C00 to 1. 00C0 0. 0001 18
1. 0000 to 2. 5000 . 0001 15
2.500 to 5.000 . 001 15
5.00 to10.00 .01 12

(1939) XV 535 pages; bound in buckram, $2.00.

MT?3. Tanies or CircuLar AND HyrerBoric SiNes AND CosiNES FOR RADIAN ARGUMENTS:

Contains 9 decimal place values of sin x, cos x, sinh x, and cosh x for x (in radians) ranging from
0 to 2 at intervals of 0.0001.
(1939) XVII+ 405 pages; bound in buckram, $2.00.

MT4. Tasres or Sines aND CosiNEs FOR RADIAN ARGUMENTE:

Contains 8 decimal place values of sines and cosines for radian arguments ranging from 0 to 25
at intervals of 0.001.
(1940) XXIX+-275 pages; bound in buckram, $2.00.

MTS5. Tasres or Sine, CosiNg, AND ExPONENTIAL INTEGRALS, VOLUME I:

Values of these functions to 9 places of decimals from 0 to 2 at intervals of 0.0001.
(1940) XX VI+ 444 pages; bound in buckram, $2.00.

MT6. Tasres or Smwe, CosmNe, AND ExpoNenTIAL INTEGRALS, Vorume II:
Values of these functions to 10 places of decimals and 9 or 10 significant figures from

0 to 10 at intervals of 0.001.
(1940) XXXVII+-225 pages; bound in buckram, $2.00.

Payment is required in advance. Make remittance payable to the ‘“National
Bureau of Standards”, and send with order, using the blank form on the page
facing this one for the purpose.

Above prices are for delivery in the United States and its possessions and in
countries extending the franking privilege. To other countries the price of
MT1 is 65 cents and that of MT2, MT3, MT4, MT5, MT6 is $2.50 each
remittance to be made payable in United States currency.

Copies of these publications have been sent to various Government depositorie
throughout the country, such as public libraries in large cities, and colleges and
universities, where they can be consulted.

A mailing list is maintained for those who desire to receive announcements
regarding new tables as they become available. A list of the tables it is planned
to publish will be sent on request.
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