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I. INTRODUCIION

For 2 long time many people of the structural clay products
industry have debzted the vslues of laboratory investigation of clays
and shales for use in industry. There are those who ignors or reject
these results as useless. Few, however, have tried either to justify
or to disprove the use of the laborztory by planned experimentation
with clays and shales.

The principal objection advanced by opponents of laboratory
tests 1s that there is no correlation between laboratory results znd
the results obtained from commercial products made from the seme clay
or shzle on & plant-scale bagis. The objection arises from the many
existing differences between treatments of the rew materials in the

in the commerciszl

(s}

laboratory as compared with the treatments receive
wlant .

Principal differences in the results are caused by diffesrences

[

in

0

rinding, tempering end pugging, methods of forming, and the
methods of firing.

Differences in grinding may be due to the machinery used or the
length of grinding or both. Grinding couvld bs controlled ensily by
2llowing the plant to do all the grinding of the material to be tested
in the laboratory. Thus, the pzrticle size effect could be eliminated

largely es o fzctor influencing the results.

Tempering and pugzing play an important role in influencing the
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results, for these two processes are a means of mixing the particles
of the material and the water, More uniform mixing and larger amounts
of water are usually required in laboratory work.

The formation of samples in the laboratory does not impart the
same intimacy of the particles as the methods of formation in the
plant, for the pressure are lower in the machines usually used in the
laboratory than in the machines used in the plant processes.

Firing is perhaps the main factor influencing the results, It
is a complex factor of three main components; namely, temperature,
length of firing, and kiln atmospheres.,

Temperatures can be_measured’by pyrometric means, Tempera-
tures readings may be duplicated and from these readings a person
can tell when the temperatures have been duplicated,

Temperature and length of firing combined are the principal
factors in the heat treatment of the ware fired in a kiln, Heat
treatments in industrial plants are affected by the great length
of firing since most of the plants are firing schedules for periods
of a day in the case of tunnel kilns ta a week or more in periodie
kilns, In laboratories, firings seldom last over 14 to 15 hours,
byt by the use of pyrometric cones, heat treatments can be more
nearly duplicated regardless of time,

The variations of fuel and atmpspheres in the kilns cause
differences in the results obtained by the two means of firings.

There has been some thought that a correlation could be obtained
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between the laboratory and commercisl firing of products made form the
came claye, especizally in the structural cley products industry. Vith
the above mentioned factors in mind a study seemed jJustified.

Four plants were chogen in this study so as to have different
clays and different means of firing reprecented. The materisls were
(1) a coal-measure clay, from the West Virginis Brick and Tile
Company, Charleston, West Virginia; (2) a disintegated shale, from the
Salem Brick Company, Selem, Virzinia; (3) a shele, from the Roanoke-
Webster Brick Compeny, Roanoke, Virginis; (4) a sandy clay, from the

Daniels Brick Company, Richmond, Virginia.
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II. REVIEW OF LITERATURE

Little has been done or published on the relation between the
physical and pyro-chemical tests made on clays in the laborstory
and the same properties determined on structural clay products msde
from the clays in commercial plants,

W. H. Vaughnl made tests at the Ceramic Laboratory of the
Georgia School of Technology and at the Daisy, Tennessee plant of
the B. Mifflin Hood Company in 1931 and reported factors which would
relate the physical properties of samples fired in the laboratory
to the properties of the commercial products. Vaughn pointed out
that there was one factor for each property measured. The factors
apply only to the particular clay and nlant and can not be used for
other clays and plants.

Since Vaucghn'!s work there seemingly has been no further work

attenpted or at least notreported in the literature.

1 Geological Survey of Georgia, Bul.i5, "Shales and Brick Clays of
Georgia™, Smith, Richard W., Stein Printing Co., Atlants, Ga., pp 25-27.
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ITI, EXPZRIMENTAL PROCEDURE

A, Materials

Thirty plastic bricks were taken from the off-bearing belt in
each of the commercial plants, Fifteen‘of these bricks were marked,
cried, and fired at the plant, The remaining fifteen bricks were
taken to the laboratory. The bricks representing four different
materials: (1) a coal-measure clay, from the West Virginia Brick and
Tile Company, Charleston, West Virginia; (2) a disintegrated shale,
from the Salem Brick Company, Salem, Vriginia; (3) a shale, from the
Roanoke~Webster Brick Company, Roanoke, Virginia; and (4) a sandy
clay, from the Daniels Brick Cbmpany, Richmond, Virginia.
Be Forming

Part of the plastic bricks from e:.ch plant were broken by hand,
tempered, and pugged in a Lancaster mixer, Tweniy-four samples,
approximately A"x1"x1l", and twenty-four samples, approximately
1xlnxl", were formed from each material by hydraulic extrusion.

The remaining bricks were dried and from these bricks were
cut twenty-four samples, approximately A™l'™x1¥, and twenty-four
samples, @pproximately 1™1Wx1", representing the disintegrated shale
and the coal-measure clay, Only eighteen samples of each size were
obtained from the sandy clay for there were not enough bricks left
after the hydraulically extruded samples were formed to obtain
twenty-four samples, It was impossible to obtain samples from the

shale for the particles in the bricks were too large to allow cutting,.
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The samples of each material were divided ecuslly. One helf was
returned to the plants to be fired. The remaining helf wee retained
for laboratory firings. At the plants, the samples and bricks were
divided into three groups. One zroup was placed in the bobtoir of the
kilns, another in the middle and the third in the top. Along with
ench group there wss a cone plocue so that the hest treatment could
ba measurad. In the case of tunnel kilns the groups were sst in the

bottom, middle and top of the kiln car.
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D, Testing

Al eemple: end bricks from each meteri:zl were tested in accord-
ance with A.S.T.M. procedures2 for firing chrinkeges (except the
bricke), cold weter sbeorption, beiling weler absorption, comprescive
«trength end suction retes The only change thet wes mede wers in the

1

colewletion of the compressive vtrsngthe of the bricks thet had holes

in them. The net ares wos used so thet
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the comperison with the smell samoles would be more nesrly correct.

, cigmetions C67—//, LG T, STANDARDS, Part IT, Nommetellice
Meteriele, Constructionsl, ve. 183-190, fmer. Soc. Test. Me 2ty
Phile., Pa., 1946,
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IV. EXPERIMENTAL DATA

A, Data on the West Virginia Brick and Tile Company Material

TABLE 1

Specimens Formed in the Laboratory by Hydraulic Extrusion

and Fired at the Plant

38459

Wte. After Wt, After

Heat Wte Fired 2, hr. Soak 5 hre Boil
Sample Treatment (gms.) (gms.) (gms.)
1 Come 3 41,30 43450 44418
2 40,09 ReR7 42,88
3 40420 42439 42493
b 38496 41,12 41,65
5 Cone 5 36486 38,78 3942
6 at 2 ofclock 39.17 41425 41492
7 36454 38445 38,96
8 43407 45438 45492
9 Cone 5 36,61 38.37 38.94
10 41465 43467 44s30
11 42432 IV, 44e97
12 40,47 40,98
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TABLE 1 (Cont,)

Vol, Dry Vol. Fired Cross-Sect,. Load

Sample (ce) (ce) Area (in?) (1b%)
1 22,1 19.4 1.16 8,850
2 Rle4 1849 12,250
3 Rle4 18,9 11,125
A 20,9 18.3 11,100
5 21.0 17.2 10,675
6 19.9 18.4 9,650
7 19.6 17.1 12,500
8 243 18.3 11,250
9 19.9 17.1 12,350
10 R2e4 19.4 9,250
11 22,8 19.8 11,675
12 21,0 17.8 Y 15,200
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TABLE 2

Specimens Cut From Plant Formed Dried Brick

and Fired at the Plant

Wt. After Wt. After

Hezt VWt. Fired 24 hr. Soak 5 hr. Boil
Serple Treatment (zme.) (gms.) (gm=.)
11 Cone 3 51,09 53.76 54430
21 bl e28 46.59 477.14
31 42,32 44,63 45.00
41 3497 36.93 37.18
51 Cone 5 35.41 37.21 37.56
61 at 2 o'clock 38.48 40.49 40.81
71 47.31 £9.69 50.11
81 42,59 L4 TL 45.16
91 Cone 5 34.60 36.21 36.52
101 37.50 39.17 39.52
111 39.53 41.27 41.71
121 43.15 45.06 45.49
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TABLE 2 (Cont.)

Vol. Dry Vol. Fired Cl‘oss~§§§", Lozd

Sample (cc) (ce) Area (in®) (1be.
11 2644 234 0.79 4y 225
21 22.9 20.2 0.85 4,175
31 21.8 19.4 0.92 7,125
41 18.0 16.1 1.10 10,400
51 18.3 16.1 1.06 10,525
61 19.8 17.5 0.88 5,300
71 2L o4 21.6 0.94 6,450
81 22.2 19.5 0.91 10,250
91 18.0 15.7 1.02 6,450
101 19.6 17.0 0.94 7,750
111 20.6 17.9 0.93 11,675
121 224 19.6 1.07 8,175
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TABLE 3

Specimens Formed in the Laboraztory by Hydraulic Extrusion

end Fired in the Laboratory

Vt. After . After

Heat Wt. Fired 24 hr. Soak 5 hr. Boil
Sample - Treatment (gm=.) (ems.) (ems.)
1 Cone 3 £0.00 42489 43.39
2 41.19 43.90 44,65
3 41.22 44,18 £4..90
a 4347 47.18 47.96
5 Cone 5 39.38 LL.T4 42,50
6 at 2 o'clock 37.57 39.90 46,65
7 39.04 41.51 L2424
8 39.82 42.66 43.49
9 Cone 5 42.33 454725 46,01
10 35.76 37.36 38.50
11 40,42 4304 43777
12 Y 43.16 46,03 46.81
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TABLE 3 (Cont.)

Vol. Dry Vol. Fired Crogss-Sect. Lozd

S=mole (ce) (ce) Area (in?) (1os.)
1 he 19.7 1.17 12,400
2 249 20.3 15,175
3 247 20.2 13,350
4 245 20.0 8,250
5 2445 20.0 9,100
6 24.1 19.8 14,750
7 24.0 19.3 15,475
8 2L, 20.3 13,675
9 23.5 19.5 11,250
10 22.5 18.4 15,075
11 23.6 19.2 15,200
12 25.0 20,3 Y 14,700
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TABLE 4

Specimens Cut From Plant Formed Inied Brick

and Fired in the Laborstory

Wt. After Vt. After

Heat Wt. Fired 2/ hr. Sosk 5 hr. Boil
Sample Treatment, (oms.) (gms.) (ems.)
11 Cone 3 43.00 45.92 4L€.35
21 41.39 4419 4461
31 45.94 49.19 £9.61
41 £3.02 46,67 £4'7.05
51 Cone 5 45.90 48.58 £9.14
61 at 2 ofclock 43.18 45.67 46.20
71 43,00 45.68 46,12
81 48451 51.79 52.33
91 Cone 5 39.37 41,43 41.93
101 46,30 48.89 49.46
111 42:32 44,13 45,22
121 Y 46.04, 48.96 49.41
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TABLE 4 (Cont.)

Vol. Dry Vol. Fired Cross-Sect.
Sample (2c) (ce) Area (in®)
11 22.3 19.8 0.72
21 21.3 13.9 0.568
31 23.8 Z1.1 0.73
41 Q2.2 20.3 0.73
51 23.6 21.0 .74
61 22.4 19.8 0.72
71 R2.1 19.8 0.67
81 25.1 22.5 0.82
91 2044 17.9 0.64
101 24,.0 21.1 0.76
111 21.8 19.3 0.70
121 2.0 21.1 0.78
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TLBLE 5 ;

Bricks Formed and Fired at the Plant

Wt. After Wt. After Mean
Half Heat Wt. Fired | 24 hr. Soak | 5 hr. Boil Load | Area
Brick | Treatmesnt (ems.) (gmc.) (gms.) (1bs.) | (in®)
1 Cone 3 819 856 867 131,800 | 10.2
2 837 877 887 170,500
3 856 901 912 137,200
4 829 868 878 129,000
5 Cone 5 872 911 9232 154,500
6 at 2 ofclock 845 882 892 154,500
v 863 902 912 130,800
8 863 911 923 170,500
9 Cone 5 &35 874 886 173,200
10 883 920 923 180,100
11 856 896 210 164,500
12 1 873 914 926 168,500 | |
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TABLE 6

Bricks Formed and Fired at the Plznt

Thole Heet Wt. Fired . Wet Mean Aren
Prick Trecbment (gl (gme.) (in%)
1 Cone 2 1710 1714 2044
2 1726 1733
3 1713 1720
4 v 1712 1718
5 Cone 5 1705 1710
6 at 2 otclock 1736 1720
7 1708 1712
8 1715 1721
9 Cone 5 1702 1707
10 1726 1730
11 168/ 1689
1z 1708 B 1712 Y




/7'

TABLE 7

Specimens Formed in the Leboretory by Hydraulic Extrusion

and Fired in the Laboratory

Long Heat Length Width Wt. Fired Vt. Vet
Semple Trestment (in.) (in.) (gms.) (gme.)
1 Cone 3 JARVA 1.06 161 162
P 4,18 163 165
3 4.7 164 146
4 419 165 167
5 Cone 5 4.19 162 165
6 at 2 otclock| 4.19 163 164
7 4.17 162 165
e Y 417 163 164
9 Cone 5 418 161 162
1C AL 163 164
11 415 163 164
12 v 421 v 165 166
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TADLE 8

Specimens Cut From Plant Formed Dried Brick

and Fired in the Laborstory

Long Heat Length Width Vt. Fired ¥t, Vet
Sample Trectment (in.) (in.) (gms.) (gm=.)
11 Cone 3 3.74 1,08 9% 96
21 3.82 1.2 102 106
31 3.68 1.13 96 99
41 3.80 1.12 93 96
51 Cone 5 3.86 1.08 98 100
61 at 2 o'clock| 3.9€ 1.12 100 102
71 354 1.07 89 21
8l 3.71 1.14 99 101
91 Cone 5 3.92 1.00 105 107
101 2.67 1.1C o1 93
111 3.82 1.14 93 95
121 3.2 1.07 86 a8
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TABLE 9

Specimens Formed in the Laboretory by Hydraulic Extrusion

and Fired at the Plant

Long Heat Length Width Vt. Fired Wt. Vet
Sample Treatment (in.) (in.) (gms.) (egms.)
1 Cone 3 L5 1.06 166 167.0
2 461177 161 162.0
3 4e22 166 168.0
4 Y 420 163 164.0
5 Cone 5 4.19 162 162.0
6 at 2 ofclock| 4.19 164 165.0
7 4.19 166 167.5
8 4.19 166 166.5
9 Cone 5 421 169 169.5
10 Le25 168 168.5
11 412 163 164.0
12 4ozl 1 165 165.5
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TABLE 10

Specimens Cut From Plant Formed Dried Brick

and Fired st the Plant

Long Heat Length Width Wt. Fired Wt. Vet
Semple Trestuent (in.) (in.) (gmes) fms. )
1 Cone 2 3.84 1.14 95 9¢é
2 3.72 1.14 94 96
3 3.2 1.18 99 101
4 3.72 1.1 97 99
5 Cone & 3.8C 1.14 a5 86
6 at 2 c'clock| 3.82 1.06é 86 a87
7 3.72 1.06 76 77
8 1 3.78 1.12 99 101
9 Cone 5 3.7C 1.06 81 83
10 3.68& 1.14 98 99
11 3.88 1.16 96 98
12 Y 3.72 1.15 102 104
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Data on Roanoke-iebster Brick Company lMaterial
TABLE 11
Specimens Formed in the Laboratory by Hydraulic Extrusion

and Fired at the Plant

T Wt, After Wt. After |
; Heat Wte Fired 2/, hr. Soak 5 hr, Boil

Samples | Treatment | (gns.) | (gms.) | (gmse)

l Cone 96 i 32,86 35641 35,88 T

2 at3 ?'cldcki 32,78 35,37 | 35.83 |

3 3305 | assh 3600

4 Y 32,62 35.10 35051
5 Gone 04 33.31 3460 35,17
6 | 30,81 % 32418 ; 32,68
7 33,14 é 34446 | 35,02
g 1 32,51 | 33.93 % 34435
9 | Cone 02 | 32455 33.90 34«49
10 ‘ ' 30449 31.94 32.48
1 | 32,72 34412 | 3401
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TAELE 11 (Cont.)

Vel. Dry Vol. Fired Cross—Sect. Load

Sample (ce) (ce) Aree (in<) (1bs.)
1 19.¢ 15,7 1.12 7,300
2 19.8 15.4 6,175
3 19.9 15.4 7,250
4 19.7 15.2 7,075
5 20.1 15.0 1.06 7,250
6 18.2 14.1 5,800
7 20.1 15.1 7,175
8 19.7 14,.7 f 6,000
9 19.6 15.5 1.02 1,825
10 18.2 14.6 5,075
11 20.0 15.6 4,850
12 19.6 15.2 Y 3,750
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TAELE 12

Specimenc Formed in the Laboratory by Hydravlic Extrusion

end Fired in the Laboratory

Wt. After Wt. After

Hesat Wt. Fired 24 hr. Soak 5 hr. Boil
Sample Trectment (gme.) (gms.) (gms.)
1 Cone 06 32.57 38.62 49.19
2 at 2 ofclock 33.65 39.82 4045
3 33.41 39.75 40.21
4 33.08 39.25 39.8€
5 Cone 04 33.13 37.45 38.12
6 32.7C 37.12 37.73
7 32.65 37.28 37.89
8 \ 33.43 38.43 39.04
9 Cone 02 31.9€ 34.68 35.25
10 30.44 32.85 33.47
11 31.67 34,09 34.72

12 | 33.5¢8 35.82

36.61
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TAELE 12 (Cont.)

Vol. Dry Vol. Fired Crosg-Sect. Load

Sample (ce) (ce) Ares (in*<) (1bs.)
1 19.7 18.32 1.17 4225
2 20.2 19.1 4,050
3 20.2 19.0 4y 2775
4 20.C 18.6 3,950
5 20.C 16.9 1.c8 43825
6 19.8 16.2 LyETS
7 19.8 16.8 3,900
8 20.2 17.5 Y 3,900
9 19.6 15.2 1.C4 Ly325
10 18.4 14.C 5,050
11 19.2 14.6 4,625
12 20.2 15.2 Y 6, 8C0




Bricks Formed and Fired at the Plant
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TABLE 13

Wt. After Wt. After Mean
Helf Heat Vt. Fired | 24 hr. Soek | 5 hr. Poil| Load | Ares
Brick | Treatment (gms.) (gms.) (egms.) (1bs.) | (inR)
1 Cone 06 819 856 867 | 174,000 | 13.66
2 at 3 ofclock 837 877 887 170,000
3 856 901 912 146,500
4 4 829 868 878 140,000
5 Cone 04 872 911 923 127,600
6 845 882 892 Broken
7 863 902 912  |115,000
8 Y 868 911 923 |118,600
9 Cone 02 835 874 886 115,000
10 883 920 933 |100,000
11 856 896 910  |108,800
12 - J& 8732 914 926 105,000 f
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TLBLE 14
Bricks Formed and Fired at the Plant
Whole Heet Wt. Fired Wt. Wet Mean Area
Brick Treatment (gms.) (gms.) (in<)
1 Cone 06 2255 2289 27.32
2 at 2 o'clock 2175 2201
3 2231 2268
L [ 2250 2283
5 Cone 04 Broken >
6 2234 2258
7 2221 2242
8 L 2275 2304
9 Cone 02 2236 2290
10 2204 2260
11 2220 22T,
12 \ 2229 2306 [
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TABLE 15

Specimensg Formed in the Leboratory by Hydraulic Extrusion

and Fired in the Plant

Long Hest Length Width | Wt. Fired . Vet
Sample Treatment (in.) (in.) (ems.) (rms.)
1 Cone 06 3.86 0.98 129 134
2 at 3 o'clock 2,90 0.98 129 .135
3 3.86 0.93 129 126
4 2.88 0.98 132 138
5 Cone 04 2.84 0.98 129 133
6 2.36 0.99 132 136
7 3.85 1.00 131 135
8 3.88 1.00 132 136
9 Cone 02 3.86 1.01 131 136
10 3.86 1.01 132 135
11 3.86 0.99 131 134
12 3.36 0.99 130 134
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TABLE 16

Specimens Formed in the Laborstory by Hydraulic Extrusion

and Fired in the Laboratory

Long Hezt Length Width Wt. Fired Vt. Vet
Sample Trestment (in.) (in.) (oms.) (zme.)
1 Cone 06 4el2 1.04 133 140
2 et 2 o'clock 4ol2 1.06 133 140
3 4el2 1.04 134 141
4 ) 420 1.06 136 145
5 Cone 04 4,08 1.02 128 143
6 4,98 1.06 142 149
7 4,10 1.04 137 146
8 1 3.99 | 1.02 130 137
9 Cone 02 3.7 0.98 128 131
10 3.34 0.99 131 136
11 3.8 0.98 130 133
12 3.90 0.99 132 132
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Data on Salem Brick Company Material

29.

TAELE 17

Specimens Formed in the Leboratory by Hydreulic Extrusion

and Fired at the Plant

Vt. After Wt. After
Heat Wt. Fired 24 hr. Sozk 5 hr. Boil
Sample Treatment (gme.) (gme.) (ems.)

1 Cone 8 41,45 43443 Ll 4T
2 41.28 4342 Lhpobidy
3 40,50 42.55 4347
4 40.55 42.€8 43.67
5 41,79 43.88 45.10
6 4114 4427 45.40
7 41..95 44,.C1 45,10
8 L4274 4t 65 45.72
9 41.91 43.94 44,97
10 43.03 45.07 46.10
11 45.€3 47.86 48.91
1z Y 39..7 41.40 42,28
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TABLE 17 (Cont.)

Vol. Dry Vol. Fired Cross-Sect.. Load

Samnle (ce) (ce) Ares (in?) (1bs.)
1 R.1 19.4 1.19 16,250
2 22.0 19.2 12,150
3 215 19.1 17,750
4 ”1.5 19.2 17,400
5 2.2 19.°9 14,950
6 22.5 19.8 15,450
7 2242 19.2 12,125
8 22.6 20.1 12,675
9 22.2 19.5 14,750
10 2.7 20.1 12,525
11 2401 21.2 14,225
12 20,8 18.2 Y 11,22
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TAELF. 18

Specimens Cut From Plant Formed Dried Brick

and Fired at the Plant

Wt. After Wt. After

Heat Wt. Fired 24 hr. Soak 5 hr. Roil
Sample Treatment (gms.) (gms.) (gme.)
1 Cone 8 42.89 L, 76 45.€L
2 51.89 54459 55.61
3 53.28 55.52 56.52
4 48.21 50.95 52.C0
5 477,97 50,23 51.23
6 41..02 43,13 43.86
- 51.02 53,36 54,55
8 48.77 £9.53 51.95
9 4L8.55 51.C6 52.17
10 40,85 4297 43.86
11 53.6C 56.28 57.5€
12 Y 49.24 51.80 52.76
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TABLE 18 (Cont.)

Vol. Dry Vol. Fired Cross-Sect. Load

Sample (ce) (ce) Ares (in?) (1bs.)
1 22.5 19.8 1.24 17,200
2 27.2 24.1 1.2€ 5,250
3 27.8 2443 1.23 11,€75
4 25.4 22,9 1.24 16,425
5 25.2 22.2 1.13 5,600
6 21.6 19.1 1.20 7,575
7 26.9 22.1 1.2 16,725
8 25.5 20.8 1.20 9,775
9 5.4 20.9 1.20 4,825
10 214 19.1 1.25 »3225
11 28.2 25.0 1.26 6,475
1z 25.¢ 23.1 1.Cé 4,900
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TAELE 19

Specimens Formed in the Laboratory by Hydrsulic Extrusion

and Fired in the Laborstory

B Vt. After Wt. After

Heat Wt. Fired 24 hr. Soegk 5 hr. Poil

Sample Treatment (gms.) (gmae) (ems.)
1 Cone 8 41.82 4429 45.26
2 43.65 46,37 47.21
3 44,92 VA FASN A
A 42.61 4£5.15 46,11
5 43.23 45.C9 46.81
6 44,27 46.92 47.GL
7 42.51 45432 46.23
8 4to 85 47.92 48.91
9 4349 46.C2 46.98
10 42.14 45.80 46.78
11 4044 42.92 45.81
12 Y 42.22 45.19 46.03
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TABLE 19 (Cont.)

Vol. Dry Vol. Fired Crogs-Sect., Load

Semple (cc) (ce) Area (in?) (1bs.)
1 2243 19.7 1.10 15,€00
2 24.2 20.€ 15,575
3 22.9 21.0 13,400
4 22.5 20.0 16,025
5 23.0 20.2 17,725
6 23.2 20.8 15,725
7 22.5 20.1 12,225
8 23.8 PARYA 14,400
9 23.1 20.2 13,525
10 22.9 20.3 11,900
11 21.3 18.¢8 11,825
12 22.2 12.¢ Y 11,€75
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TABLE 20
Specimens Cut From Plant Formed Dried Brick

and Fired in the Leboratory

Wt. After Wt. After

Heat Wt. Fired 24 hr. Sozk 5 hr. Boil

Sample Treatment (gms.) (gms.) (zmel)
1 Core 8 39.98 42.29 43.10
2 50.29 3.51 54+477
3 49.€9 52.69 53.63
4 49.92 52.92 53.78
5 42.92 45.56 46429
6 44, .28 LT e24, 48.00
7 41,16 43499 4469
3 46.21 48.88 50.25
2 4452 LT b4 48,24
10 45.62 48474 4947
11 39297 42,60 43.36
12 4 4478 47.95 " C48.73
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T4BLE 20 (Cont.)

Vol. Dry Vol. Fired Crogs=-S8ect. Load

Semple (ce) {ee) Arez (inR) (1bs.)
1 21.0 18.9 1.12 11,325
2 26.5 23.5 1.24 8,075
3 25.9 3e2 1.29 7,500
4 26,0 3.3 1.22 6,275
5 22.4 20.1 1.08 4,900
6 23.2 21.0 1.16 5,500
7 21.5 19.4 1.11 4,375
8 2R 22.4 1,19 4,875
9 23.2 21.0 1.19 13,550
10 23.9 21.6 1.23 11,025
11 21.0 18.7 1.1.7 12,075
12 23.4 21.1 1.23 12,950
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TABLE 21

Bricks Formed and Fired at the Plant

Wo. After Wt. After Mean
Half Hezt Wb. Fired | 24 hr. Sosk | § hr. Boil| Lozd Ares
Brick | Treatment (gms.) (gns.) (zms.) [(1bz.) | (in%)
1 Cone 8 1141 11.84 1211 26,000 15.0
2 1110 1164 1187 26,200
3 1145 1200 1226 26,600
b 1119 1178 1198 23,400
5 1120 1163 1190 23,400
6 1140 1184 1212 |27,800
7 % 1146 1191 1216 29,800
8 1135 1182 1206 |31,000
9 1183 1230 1257 30,000
10 1106 1158 1132 25,600
11 1121 1167 1196 27,000
2 Y 1108 1156 1134 {30,200 Y
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TABLE 22

Bricks Formed and Firsd at the Plent

¥hole Héat N ﬁ&. Fired Wt. Vet Mean Area
Brick Treatment (ems.) (gms.) (in%)
1 Cone 8 _269 2296 30.0
2 2289 2312
3 2315 2338
A 2265 2285
5 2250 2263 é
6 2285 2300 :
7 2323 2337 %
3 2311 2321 ;
9 2391 2408 i
10 2303 2315
11 2290 2308
12 Y 2285 2307 Y
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TABLE <3

Specimens Formed in the Laborztory by Hydrsulic Extrusion

and Fired st the Plant

Long Heat Length Width Wt. Fired | Wt. Wet
Sample Treztment (in.) (in.) (ems.) (gms.)
1 Cone 8 4e23 1.07 176 178
2 423 1.11 176 178
3 4.19 1.10 165 167
4 427 1.11 175 178
5 Broken -
6 4419 1.99 165 167
7 4419 1,08 166 169
8 4.19 1.09 168 IAY
9 b2 1.08 ‘172 175
10 413 1.09 165 167
11 418 1.19 149 17
12 Y 420 1.10 168 170
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TABLE 24

Specimens Cut From Plant Formed Dried Brick

and Fired at the Plant

Long Heat Length Width Wt. Fired Wt. Vet
Sample Treatment (in.) (in.) (gms.) (gms.)
1 Cone 8 3.63 1.16 133.5 139.0

2 349 1.19 170.0 176.0

3 3.50 1.13 136.0 141.5
4 3.56 1.18 1415 146.0

5 3.57 1l.12 135.5 139.0

6 3.49 1.20 148.5 151.0

7 3.52 1.05 134.0 136.5

8 3.56 1.14 135.0 138.0

9 3.56 1.15 130.5 134.0
10 3.50 1.14 128.0 142.5
11 3.46 1.16 132.5 136.5
12 f 3.42 1.21 147.5 151.5




41.

TABLE 25

Specimens Formed in the Lebor:story by Hydraulic Fxtrusion

and Fired in the Laborstory

Long Heat Lenzth Width Wt. Fired Wt. Vet
Sample Treatment (in.) (in.) (egms.) (ems.)
1 Cone 8 4ol 1,07 168,0 171.5

2 4el3 1.11 167.5 171.5

3 419 | 1.10 169.0 1745

A 4.19 1.09 171.5 175.0

5 4s21 1.09 171.5 173.0

6 4,19 1.09 169.0 173.0
7 419 | 1.08 168.5 173.0

8 4.19 1.09 170.0 173.0

9 LeR2 1.08 171.0 173.5
10 418 1.09 168.5 171.5
11 .13 1.10 168.0 171.5
12 v 4420 1.10 170.9 173.5
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TLBLE 26

Specimens Cut From Plant Formed Dried Brick

and Fired in the Laboratory

Long Heet Length Vidth Wt. Fired Wt. Vet
Semple Treatment (in.) (in.) (gmz.) (egms.)
1 Cone 38 243 1.14 126.0 131.5
2 2.48 1.25 158.5 164.0
3 3.46 1.05 129.5 13440
4 3.44 1.11 117.5 123.5
5 3.46 1.13 106.5 111.5
é 2,58 1.06 125.90 131,90
7 3.49 1.11 1.8.5 155.0
8 3.52 1.16 158.0 165.0
9 343 1.17 122.5 128.5
10 3.54 1.22 150.5 156.0
11 3.50 1.08 125.5 129.5
12 Y 3.49 | 1.17 133.5 139.0
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D. Datz on Daniels Brick Company Material
TABLE 27
Specimens Formed in the Laoboratory by Hydroulic Fxtrusion
and Fired at the Plant
Wt. After Wt. After
Heat Wt. Fired 24 hr. Sozk 5 hr. Boil
Sample Treatment (zms.) (ems.) (ems.)
1 Cone 08 37.10 41.02 41,58
2 3774 IR 42.34
3 36.76 40.55 41.17
4 37.12 4056 4£1.06
5 35.29 38.37 '38.723
6 ! 31.73 34475 25.19
7 Cone 06 39,02 £1.55 42,11
8 3434 36.56 37.07
9 \ 3324 35.79 35.85

—"
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TABLE 27 (Cont.)

Volume Dry Volume Fired Cross~Sect.

(ce) (ce) Ares (in?)
20.8 18.¢ 1.24
1.2 19.2

3 20.6 18.5

4 20.4, 18.2

5 20.% 18,6

6 20.9 18.8

7 20.6 17.8

8 20.7 17.9

9 20.5 17.8 Y
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TABLE 28

Specimens Cut From Plant Formed Dried Brick

and Fired at the Plant

¥h. After Wt. After

Heat Wt. Fired 24 hr. Sosk 5 hr. Boil
Sample Treatment (gnms.) (egms.) (ems.)
1 Cone 08 33.31 26.57 37.25
2 38.61 42.76 43425
3 31.97 42.53 42.00
4 29.52 31.86 32.18
5 38.27 35.60 36.02
6 | 26,28 28.38 R84
7 Cone 06 3254 34.51 34.90
8 30.52 32.39 32.73
9 ¥ 31.78 33.67 34.07
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TABLE 28 (Cont.)

Volume Dry Volume Fired Cross-Sect Lozd
Sanple (cc) (ce) Area (in?) (1bs.)
1 18.1 16.8 0.78 5,480
2 21.2 19.4 0.31 11,290
3 18.1 16.3 0.67 4,560
A 16.1 14.4 0.74 16,260
5 20.9 13.9 0.98 5,150
6 14.5 12.5 0.34 10,420
7 18.1 15.4 1.01 13,720
8 16.9 1444 1.03 13,290
9 17.5 15.0 0.82 11,710
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TAELE 29

Specimens Formed in the Laboretory by Hydreulic Extrusion

and Fired in the Leboretlory

Wt. After

Vt. After

Heat Wt Fired 24 hr., Soczk 5 hr. Boil
Sample Treatment (rms.) (eme.) (gme.)
1 Cone 08 35,47 41.84 42,20

0

R O ¢ e B AT L B o

]

Cone (6

37.24
38.81
38,90

36.71

45.8C

46.21

44,75
46.12
L6.7E
4270
427

Ltialt,

44,06

28,65
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TABLE 29 (Cont.)

® I O WM W

O

Volume Fired Crose-~Sect. Load
(ce) Lres (in?) (1be.)
19.8 1.25 7,600
21.0 5,825
21.8 \ 6,575
22.6 1.23 4,750
23.7 4,005
22.0 1 5,250
21.2 1.21 5,525
1.7 6,22
21.4 4y 550
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TABLE 30

Specimens Cut From Plant Formed Dried Brick

end Fired in the Laboratory

Wt. After Wt. After

Heat Vt. Fired 24 hr. Sosk 5 hr. Boil
Semple Treatment (zms.) (zms.) (zms.)
1 Cone 08 26.09 20.28 20.44
2 2032 R23.70 R4.53
3 21.82 25.44 26.87
4 25.47 29.837 31.05
5 23.35 2774 27.96
6 Y 22.51 26.20 26.33
7 Cone 06 19.380 23.08 23.25
8 24.19 28.23 28444
9 20.2% 23.71 23.99
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TAELE 30 (Cont.)

Volume Dry Volunz Fired Cross.TSSct‘ Lozad

Sample (ce) (ce) Lrea (in<) (1bs.)
1 14.1 14.1 0.71 2,575
2 11.1 11.0 C.77 3,075
3 1z.0 12.0 0.76 4,150
4 14.1 14.1 0.56 3,150
5 13.0 14.8 0.70 1,950
6 1z.3 12.6 0.77 2,500
7 10.8 11.0 0.58 1,800
8 13.3 13.5 0.71 3,600
9 11.2 11.98 0.61 2,500
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TIBLE 21

Bricks Formed end Fired at the Plant

Wt. ifter | Wt. Lfter Mean
Helf | He=zt ¥Wt. Fived | 24 hr. Sogk | § hr. Poill Lozd | lree
Brick | Treztmert (gms.) (egms.) (ere.) | (Lbs.) | (in?)
1 Cone 08 1191 1z07 1328 [179,500 | 15.05

2 1154 1266 1285 |163,500

3 1121 1225 1246 (191,500

4 758 813 827 220,000

5 987 1055 1072 (221,800

6 Y 1042 1119 1128 |229,500

7 Cone 06 1143 1201 1224 {259,000

8 1184 1247 1265 [237,500
9 1206 1267 1290 239,500 Y-
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TAELE 32

Bricks Formed and Fired zt the Plent

Whole Heet Wt. Fired Wt. Vet Mean [ree
Brick Trectment (eme.) {emg ) (in%<)

1 Cone 08 2274 2302 30.1

2 2318 2347

3 <343 2371

4 2362 2401

5 Broken >

6 Y 2301 2319

7 Cone 06 2230 R340

8 2337 2346

9 Y 2327 2337 Y
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TAELE 33
Specimene Formed in the Laboratory hy Hydraulic Fxtrusion

end Fired et the Plant

Long Heat Length | Width | W. Fired | Wt. Wet
Semole | Trestment (ine) | (in.) {gms.) (gms.)
1 Cone 08 4.08 1.07 147 153
P 4,08 1.07 146 152
3 3.99 1.08 148 152
A 4.11 1.02 158 160
5 4411 1.07 157 161
6 ¥ 4.02 | 1.05 146 149
7 Cone 06 406 1.05 154 157
8 3.08 1.0% 150 152
9 4.02 1.0€ 152 154
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TLELE 34

Specimens Cut From Plent TFormed Dried PRrick

and Fired &t the Plent

Long Heet Length | Width | ¥Wt. Fired | Wt. Wet
Sanple | Treetment (ins) | (in.) (grs.) (gme.)
1 Cone 08 2.86 1.0C 140 144
2 4.01 1.12 184 191
3 4,07 1.04 149 154
4 3.9€ 1.08 179 182
5 3.88 1.12 145 1.8
6 Y 3.92 | 1.08 157 161
7 Cone 06 3.91 1.07 15C 153
8 3.92 1.CL 182 182
9 3.96 1.05 144 146
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TLELE 35
Specimens Formed in the Leboratory by Hydraulic Fyxtrusion

and Fired in the Laboratory

Long Heet Length | Width e Fired Wt. Vet
Semnle| Trestment (in.) | (in.) (gms.) (gms.)
1 Cone 08 Lo21 1.10C 150.0 154.0
2 Lozt 1.08 149.0 153.0
3 Lol 1.08 148.0 153.0
4 Le2E 1.1C 149.5 152.0
5 429 1.1C 149.5 152.%
6 | 427 1.0 147.5 151.5
7 Cone 06 Le26 1.10 148.0 151.0
8 428 1.1C 148.0 151.5
9 4e222 1.1C 149.0 152.%2
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TLELE 36

Specimens Cut From Plant Fermed Dried Bricks

and Fired in the Laboratory

Long Heat Length | Width |Wt. Fired |¥Wt. Vet
Samnle | Tresztment (in.) | (in.) (zms.) (gzs.)
1 Cone 08 4.2 1.12 189.0 195.0
2 4.08 0.%94 141.C 146.0
3 4.15 1.09 134.0 139.0
4 4,08 1.C€ 134.5 138.C
5 4,08 1.1€ 155.2 159.5
6 # 3.99 1.19 149.0 154.C
7 Cone 06 4.03 1.15 144..C 148.5
8 4410 1,08 143.5 147.0
2 415 1.C9 157.0 161.0
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V. RESULTS

A. Pesults on VWest Virginia Brick and Tile Compeny Materiel

TABLE

37

Specimens Formed in the Lsborstory by Hydraulic Extrucion

and Fired zt the Plant

Absorption

Hezt Vol. | Cold |Boiling Compe. Suct.
Trect-— Shr. | Vater | VWater | Sst. Str. Rate

Semple | ment, (%) (%) (%) Coef.| (psi) |(g/30 in'%.:')
1 Cone 2 12.2 | 5.2 7.0 0.74 | 7,650 6.7
2 11.7 | 5.4 7.C 0.77 |10,780 6.7
3 11.7 | 5.4 6.8 0.79 | 9,600 13.1
Mean l 12.0 | 5.4 6.9 0.78 | 9,250 8.2
5 Cone 5 18.1 | 5.2 6.6 0.72 | 9,200 6.8
€ at 75 | 5.3 7.0 0.76 | 8,220 6.8
7 2 o'clock(1l2.8 | 5.2 6.6 0.79 10,740 Lol
& 17.2 | 5.4 6.6 0.22 | 9,690 Lol
Mean {‘ 14.1 | 5.2 6.7 0.79 | 9,500 5.1
Q Cone 5 14.1 | 4.8 6.1 0.79 10,580 3.4
10 13.4 | 4.8 A 0.7 8,500 3.2
11 12.2 | 4.0 6.2 0.79 |10,160 6.8
12 15.2 | 4.9 6.2 0.79 |13,230 3.4
Mean 1 14.0 | 4.8 ‘ 6.2 0.76 |70, 6/0 72
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TABLE 38

and Fired at the Plant

Specimens Cut From Plant Formed Dried Brick

Absorpntion

Heat Vol. {Cold | Boiling Comp. Suct.
Treat- Shr. |Water | WUater Sat. Str. Rate

Semole | ment @ | ® | @ | cost.| (psi) | (/30 infey
1 Cone 3 11.4 | 5.2 6.3 0.82 | 5,040 10.3
2 14.8 | 5.2 6.4 0.8L | 4,850 13.9
3 15.6 | 5.4 6.3 0.26 | 7,750 14.4
4 11.8 | 5.6 6.3 0.89 | 9,460 1.1
Mean v 13.4 | 5.4 | 6.3 | 0.34 | 6,770 | 12.2
5 Cone 5 12.0 | 5.1 6.1 0.84 | 9,930 6.9
6 at 11.6 | 5.2 6.1 0.35 | 6,020 7.4
7 2 otclock | 11.5 | 5.0 5.9 0.36 | 6,750 7.6
8 12.2 | 4.7 5.9 0.31 {12,130 142
Mean | 1.8 | 5.0 | 6.0 | 0.8, | 8,720 9.0
9 Cone 5 12.8 | 4.5 5.5 0.84 | 6,230 15.3
10 12.3 | Lok 5.4 0.31 | 8,240 7.1
11 131 | 4.4 5.5 0.80 (11,920 13.3
12 12.5 | 4ok 5.4 | 0.81 | 7,600 | 14.0
Mean y 12.9 | 44 5.4 0.82 | 8,510 12.4
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TAELE 29
Specimens Formed in the Lzborstory by Hydraulic FExtrusion

and Fired in the Laboratory

Aébsopption
Heet Vol. | Cold | Boiling Comp. Suct.
Treat- Shr. | Water | Water | Sat. Str. Rate
Semple| ment (%) (%) (% Coef. | (pei) |(&/20 inYmm)
1 Cone 3 12.6 | 6.7 8.5 0.79 | 10,600 6.8
2 13.2 | 6.6 | 8.4 |0.79 |12,970| 13.5
3 el o7z 8.9 10.81 |11,410| 13.6
4 10.7 | 8.5 | 10,2 |o0.82 | 7,050| 12.%
Mean Y 1z2. i 72 9.C 0.82 | 1C,510| 11.8
5 Cone 5 14.6 | 6.C 7.2 0.76 7,780 132.%
6 At 12.4 | 6.2 g.2 |0.76 |1z,600| 6.8
7 2 o'clock | 12.4 | 6.3 8.2 0.77 [ 13,230 13.6
8 12.5 | 6.9 8.2 0.78 | 11,690 6.8
Me&n & 13.2 | 6.4 8.2 0.77 11,230 10.2
9 Cone 5 14.2 5.4 7.4 0.73 9,700 6.8
10 15.0 | 5.9 7.7 0.77 (12,890 6.2
11 14.1 | 6.5 8.2 |0.78 |1z,820| 6.8
12 13.0 | 6.6 8., |0.78 |12,560 | 6.7
Meen ¥ 1141 | 6.1 8.C

0.7¢ 11,990 6.2
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TABLE 40

Specimens Cut From Plant Formed Dried Brick

and Fired in the Laboratory

Lbsorption
Hest Vol. | Cold | Boiling Comp. Suct.
Treat- chr. | Water | Vater | Sat. Str. Rete
Sample| ment (%) %) (%) | Coef.| (p=i) | (&/30 in%ime
1 Cone 3 11.2 | 6.€ 7.8 0.85 | 9,340 14.2
2 11.2 | 6.8 7.8 0.87 | 8,750 15.6
3 11.2 | 7.C 8.0 0.88 111,100 1.2
4 9.C | 8.2 9.4 0.87 | 5,100 21.1
Mean 4 10.7 | 7.2 8.2 | 0.87 | 8,570 19.2
5 Cone 5 11.c | 8.C 9.C 0.89 | 7,600 144
6 &t 11.€6 | 5.8 7.C 0.83 | 9,670 13.5
7 2 o'clock| 10.4 | 6.2 7.2 0.86 | 8,040 14.2
8 I 10.0 | 6.€ 7.9 0.84 | 8,880 14.2
Mean + 10.8 | 6.6 7.8 0.26 | 8,550 14.1
9 Cone 5 12.2 | 5.2 6.5 0.80 (12,710 14.1
10 12.1 | 5.6 6.2 0.82 [10,670 14.8
11 11.5 | 5.4 6.8 0.79 | 7,050 13.7
1z 12.1 | 6.2 72 0.86 | 9,720 15.9
Mean Y 1Z.C | 5.€ 6.8 0.82 [10,040 - 14.6
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TAELE 41

Brick Formed and Fired at the Plant

Abscrption

Hezt Cold | Boiling Comp. Suct.
Treat- Water | Veter | Sat. Str. Rute
Brick| ment (2) (%) Coef. (pei) |(g/30 inﬁéﬁ
1 Cone 3 L5 5.9 0.76 17,850 5.9
2 4.8 6.0 | 0.80 16,680 10.2
3 5.2 6.5 0.82 12,430 10.2
47 5.9 | 0.20 12,610 8.8
Mesn Y 4.8 6.1 | 0.2 15,140 8.2
5 Cone 5 L8 5.8 0.78 15,120 7.2
6 at sk 5.6 0.78 15,130 5.9
7 |2 o'clock | 4.5 5.7 0.79 12,800 5.9
8 5.C 6.2 0.79 16,680 8.8
Mesn " L6 5.2 | 0.78 14,940 7.0
9 Cone 5 Lae'7 6.1 0.77 17,460 7.2
10 4ia? 5.7 0«74 17,650 5.9
11 4.7 6.2 0.75 16,100 7.2
12 45 6.1 0.74 16,490 5.9
Mean Y 48 6.1 0.75 16,930 6.6 L




TABLE 42

Mecns for Specimens From West Virginia Brick and Tile Compony Meterial

Abzorption

Vol. Cold |[Boiling Compe. Suct.
Shr. Vater | Veter Set. Stra. Rate
Semple Cone (%) (%) (%) Coef. (p=i)  [(2/30 inF)

Lab. Formed 3 12.0 5.4 6.9 0.73 2,250 8.3
Plant 5 at 2 oteclock | 1.1 5.3 6.7 0.79 9,500 5.1
Fired - 5 14.0 48 6.2 0.75 10,610 Lol
Teb, Foraed 3 12.1 7ol 9.0 0.82 10,510 11.8
Loboratory | 5 at 2 otclock | 13.2 6.l 8.3 0.77 11,230 | 10.2
Fired 5 14.1 6.1 8.0 0.75 11,990 6.8
Cut Samples 3 13.4 564 6.3 0.84 6,770 13.2
Plant 5 at 2 ofclock | 11,8 5.0 6.0 0.84 8,710 2.0
Fired 5 12,9 Lody 54 0,32 8,510 124/
Cut 55:(!11)16?3 3 1007 7-2 802 0087 8, 5“"’} l‘)m:ﬁ
Leboratory | 5 at 2 otelock | 10.8 6.6 7.8 0.856 8,550 1441
Fired 5 12.0 5.6 , 6.8 0.32 10,040 14.6
Brick 3 no 48 6.l 0.80 15,140 8.8
Plent 5 at 2 o'clock |values L6 5.8 0.73 14,940 7.0
Tivad 5 45 6.1 0.75 16,930 6.6

29
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B. Results on Salem Brick Company Material

TABLE 43

Specimens Formed in the Laboretory by Hydrzulic Extrusion

and Fired at the Plant

Absoroption
Heet Vol. | Cold | Boiling Comp. Suct.
Treat- |Shr. | Weter | VWater | Sat. Str. Pete
Sample | ment (%) (%)ﬁ (%) Coef.| (pei) |(g/30i m‘iﬂ]

1 Cone 8 |12.1| 4.8 7.2 0.€6 3,650 132.2
2 12.2| 5.1 7.6 | 0.67 | 10,210| 12.2
3 11.2 | 5.1 7.6 0.€7 | 14,920 13.C
L 10.7 | 5.7 7.7 | 074 | 14,620  19.0
Mean 11.6W" 5.2 7.6 0.68 | 12,250 1.5
5 10.8 | 5.0 7.9 0.63 | 12,560| Broken
6 12.C | 5.2 7.7 0.68 | 12,980 13.2
7 11.2 | 4.9 7.5 0.65 | 10,190 19.9
8 11.1 LeE 7.0 0.6 | 11,490 19.7
Mean 11.2 | 4.9 7.5 0.65 | 11,800 17.€
9 12.2 | 4.8 7.2 | 0.66 | 12,390| 19.7
10 114 | 447 7.1 0.66 | 10,520 13.2
11 12.C | 4.9 7.2 0.68 | 11,950 13.1
12 12.0 | 5.C 7.1 | 0.70 24520 13.0
Mean Y 119 4.2 | 7.2 |0.68 | 11,100 1.8
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TAELE 44

Specimens Formed in the Laborsztory by Hydrsulic Extrusion

and Fired in the Lzboratory

Absorption
Heat Vol. [Cold | Beiling Comp. Suct.
Treat- | Shr. |VWzter | Water | Sut,. Str. Fate

Sample | ment (%) (%) (%) Coef.| (psi) [(2/30 inmin)
1 Cone 8 | 11.6 | 6.1 8.3 0.73 | 12,890 23.1
2 14.9 | 6.2 8.4 0.74 | 12,780 25.5
3 1z.1 | 5.9 8.3 0,71 | 11,070 R2.8
4 11.1 | 6.0 8.2 0.73 | 13,240 26.2
Meen 12.4 | 6.1 8.2 0.73 | 12,500 2Ly
5 12.2 | 4.3 8.2 0.52 | 14,650 229
6 10.7 | 5.7 8.0 0.71 | 13,000 26.2
7 10.7 | 6.6 9.C 0.73 | 10,100 29.9
8 10.1 | 6.8 9.1 0.75 | 11,200 19.7
Mezn 10.9 | 5.8 8.6 0.68 | 12,400 247
9 12.6 | 5.8 8.0 |0.73 | 11,200 | 16.4
10 11.4 | 6.2 8.2 0.76 2,800 19.7
11 11.7 | 3.7 8.2 0.44 9,770 22.8
12 10.8 | 6.5 8.8 0.74 9,650 22.7
Meen Y 11.6 | 5.6 8.3 0.67 | 1,100 20.4
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TABLE 45

Specimens Cut From Plant Formed Dried Bricks

and Fired at the Plant

Absorption

Heet Vol. [Cold |Boiling Cono. Suct.
Treat- Shr. [weter | VWeter | Set. Str. Fote

Sample | ment (2) (%) (%) Coef. | (vsi) |(2/30 inFmin)
1 Cone 8 12.0 | 4.4 6.4 0.69 | 12,950 39.2
2 11.4 | 7.1 9.1 0,78 4,170 LR 4
3 12.6 | 4.2 6.1 | 0.69 | 8,780 41.7
4 9.8 | 5.5 7.6 0.71 | 12,260 32.1
Mean 11.4 | 5.2 7.2 0.72 9,790 39.1
5 11,9 | 4.7 7.0 0.67 4,960 26,2
6 11.6 | 5.1 6.8 0.75 6,310 17.9
7 17.8 | he€ 6.2 0.67 | 12,480 2042
8 18.4 | 4.6 6.5 0.69 8,140 2242
Mean 14.9 | 4.8 6.2 0.69 7,270 21.6
9 17.7 | 5.2 T4 0.70 3,720 25.7
10 10.7 | 4.2 7.1 0.69 5,060 33.8
11 11.3 [ 5.2 s 0.70 5,140 22.9
12 10.2 | 5.2 7.2 0.72 4,620 29.0
Mean ¥ 12.6 |5.1 | 7.2 |owo | 4,640 20.6
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TABELE 46

Specimens Cut From Plant Formed Dried Bricks

and Fired in the Leboretory

Abgorption
Hezt Vol. | Cold | Boiling Comp. Suct.
Treat- Shr. |Weter| Vster | Szt, Str, Rete
wnle |ment (%) (%) (%) Coef.| (psi) |[(g/20 in?ﬁh&
1 Core 8 10.0 ] 5.8 7.8 0.74 | 10,11C 41,6
2 11.2 | 6.4 8.2 0.77 6,51 379
3 10.4 | 6.C 7.9 0.76 5,810 37.2
4 1C.4 | 6.C 7.7 0.78 5,140 47.1
Meen 10.5 | 6.1 7.9 0.76 6,890 41.C
5 1C.2 | 6.2 8.1 0.76 44540 38.4
6 9.5 | 6.7 8.4 0.20 Ly'740 475
7 9.8 | 6.9 8.€ 0.20 3,940 50.4
& 9.2 | 5.8 8.7 0.€7 4,100 51.5
Mean 9.7 | 6.4 8.4 0.76 44330 47.C
9 9.5 | 6.6 8.4 0.78 | 11,390 374
10 9.6 | 6.7 8.3 0.21 8,260 38.2
11 11,0 | 4.6 8.5 0.7 | 106,320 21.7
1z 9.8 | 7.1 8.9 C.381 | 11,340 4044
Mean « 10.0 | 6.8 845 0.80 | 10,500 36.9
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TABLE 47

Bricks Formed and Fired at the Plant

Abzorntion
Heat Cold | Boiling Comnop. Sucth.
Trest- Uater | Water | Sat. B3tr. Rate
Brick | ment (%) (%) Cozf. {pei) | (g/30 i1 /min)
1 Cone 3 3.8 6.1 0.62 8,660 27
2 49 | 6.9 |om 8,730 23
3 4.8 7.1 |o0.68 8,860 23
4 5.2 7.1 | 0.73 7,800 20
Mesn La'7 6.3 0.6% 8,510 24
5 3.8 6.2 |0.6L 7,800 13
6 3.9 6.3  |0.62 9,260 15
7 3.9 6.1 |0.64 9,930 14
8 4ol 6.2 |0.66 10,330 10
Mesn 3.9 6.2 0.62 9,330 14
9 40 2 lo.es 9,990 17
10 4o 6.8 |0.69 8,530 12
11 3.9 | 6.3 |0.57 8,990 18
12 43 6.8 |0.63 10,660 12
Mean Y YA 6.6 0.63 9,540 14.8




TAELE 48

Means for the Results on the Salem Brick Company Materisl

Lbsorption

Vol. Cold .| Boiling Comp. Suct.
Shr. Water | Veter Sat. Str. Rate

Samples Cone (%) (%) (%) Coef. | (psi) |(2/30 indfmin)
Lab. Formed 8 11.6 5.2 7.6 0.68 13,250 14.5
Plant $ 11.2 L@ 7.5 0.65 11,800 17.¢
Fired 11.9 4.8 7.2 0.68 11,100 14.8
Lab. Formed 8 12.4 6.1 8.2 0.73 12,500 2hel,
Laboratbory L 10.9 5.8 8.6 0.68 12,400 247
Fired 11.6 5.6 8.2 0.67 10,1C0 20.4
Cut Samples 8 11.4 5.2 7.2 0.72 9,790 39.1
Plant L 14.9 4.8 6.8 0.69 7,970 21.6
Fired 12.6 5.1 7.2 0.70C 44640 29.€6
Cut Samples 8 10.5 6.1 7.9 0.76 6,390 41.0
Laborstory l 9.7 6.4 8.4 0.76 44230 47.0
Fired 10.0 6.8 8.5 0.80 10,500 36.9
Brick 8 no 4o'7 6.8 0,68 8,510 24..0
Plant L velues 3.2 6.2 0.63 2,230 1.C
Firec L2 6.6 0.63 Q,540 1.2
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C. Results on Rosonoke-Webster Brick Company Msterinl
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TABLE

13
e

Specimeng Feraed in the Lebor:tory by Hydraualie Extrusion

and Fired at the Plant

Ab=orntion

Hent Vol. | Cold | Boiling Comn. Suct.
Treat- Shr. |U=zter| Water | Sat. Str. Rate

Szanle | ment (%) (%) (%) Coefal (pei) | (2/20 inmi
1 Cone 06 | 21.1 | 7.8 2.2 0.85 | 6,200 29,7
2 et 22.2 | 7.9 9.2 0.85 | 5,230 471
3 2 o'clock| 22.6 | 7.5 8.9 0.8%4 | 6,150 55.6
4 I 22.8 | 7.6 8.8 0.85 | 5,920 474
Yean # 22.2 | 7.7 9.1 0.85 | 5,890 L7744
5 Cone 04 | Z5.4 | 3.9 5.9 0.66 | 6,930 32.0
6 23.0 | 4.1 5.7 0.72 | 54430 31.4
7 2.9 | 4.0 5.7 0.70 | 6,730 31.1
8 254 | 4ol 5.6 0.73 | 5,670 31.1
Mann  { 2447 | 4.0 5.7 0.70 | 6,210 21.4
9 Conz 02 | 20.9 | 4.1 6.0 0.63 | 4,770 38.2
15 20.2 | 4.8 6.5 0.74 | 4,880 21.1
11 22,0 | 4.3 6oy 0.67 | 4,690 23,6
12 22.4 | L4 6.1 0,72 | 3,630 31.4
Menn Y 2loh | heh 643 0.70 | 4,490 31.1
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TABLE 50

Specimens Formed in the Laboratory by Hydraulic Extrusion

and FTirad in the Lzboratory
Absorotion

Heat Vol. | Cold |Boiling Como. Suct.
Trent- Shr. |Water | Water | Sat. Str. Rate

Semple | mend (%) (%) (%) Coef.| (psi) |(g/30 1N
1 Cone 06 | 7.1 13,6 20.2 | 0.92 ] 2,670 L2
2 at 5.9 15.4 2042 | 0.75 | 3,450 4872
3 3 otclock| 5.9 19.0 20.6 | 0.92 | 3,660 49.2
4 7.0 15.9 20.5 | 0.73 | 3,3%0 47.7
fenn * 6.5 | 17.2 | 20.4 | 0.84| 3,550 43.6
5 Cone 04 [15.5 13.0 15,1 | 0.85 | 4,470 50.6
6 10.1 14.1 15.4 | 0.92 | 4,240 48.7
7 10,1 14.2 16,0 | 0.89 | 3,610 63.5
) 12.8 15.0 16,7 | 0.90 | 3,610 51.5
Mean Y 12.4 | 141 | 15.8 | 0.89 | 3,990 53,4
9 Cone 02 |17.3 8.2 10.6 | 0.77 | 4,160 R/a3
10 23.9 7.9 10.0 | 0.79 | 4,860 39.5
11 2440 7.6 9.7 | 0,73 | 4,450 2349
12 246 6.7 9.0 | 0.74 | 6,540 31.1
Mezn Y 224 7.6 9.8 | 0.77] 5,000 29.7
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TABLE 51

Bricks Formed and Fired at the Plont

Absorotion

Hest Cold | Boiling Comp. Suct.
Treat- Vater | Water | Sat. Str. Rate

Brick| ment (%) (%) Coef. (05i) |(g/30 inYmin)
1 Cone 06 4e5 5.9 0.75 12,880 37.3
2 at 48 6.0 0.80 172,590 28.5
3 |3 o'clock 5.2 6.5 0.80 10,830 0.6
| L7 5.9 0.89 10,390 36,2
Mean * 4.8 6.1 0.79 11,690 35.6
5 Cone 04 L5 5.8 0.75 9,520 26.4
6 Lol 5.6 0.7% 8,490 23.1

7 L5 5.7 0.79 Broken -

8 5.0 6.3 0.79 8,720 31.8
Mesn Y Leb 5.8 0.73 3,930 27.1
9 Cone 02 L5 6.1 0.74 8,490 59.3
10 Lo 5.7 074 7,320 €1.5
11 47 6.3 0.75 8,050 48.3
12 L7 6.1 0.77 7,470 8445
Mean Y 45 6.1 10.75 7,330 63.4




Mean Results on Roanoke-Webster Brick Compsny Meterial

TABLE 52

Absorotion

Vol. Cold | Boiling Conp. Suct.
Shr. Veter | VWater Sat. Str. Rate

Samples Cone (%) (%) (%) Coef. | (psi) |(g/30 inmm)
Lab. Formed | 06 at 2 o'clock | 22.2 7.7 9.1 0.85 5,800 47 .4
Plant 04 247 4.C 567 0.70 6,210 31.4
Fired 02 21.4 Lot 6.2 0,70 4y L0 31.1
Lab. Formed | 06 et 2 oteclock 6,5 17.2 20.4 0.8 2,550 L8.6
Laboratory 04 12.4 14.1 15.8 0.89 3,980 52.6
Fired 02 R2.4 7.6 9.8 0.77 5,000 29.7
Brick 06 gt 3 o'clock no 4.8 6.1 0.79 11,680 35.6
Plant 04 values ARS 5.8 0.78 8,02 27.1
Fired 02 A4S 6.1 0.75 7,830 63.4

‘gL
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Results on Daniels Brick Company Material

TLBLE 53

Specimens Formed in the Laboratory by Hydrsulic FExtrusion

-1

and Firsd at the Plant

Absorotion
Heat Vol. |Cold |Boiling Comp. Suct.
Treat~ Shre. |Water | Water |Sat. Str. Rate
Sample | ment % | % (%) |Coef.| (psi) |(g/2CinYmin)
1 Cone 08 | 9.6 10.46 12.1 ]0.87 | 13,040 41.3
2 9.4 10.56 12.2 |0.37 | 10,550 415
3 10.2 10.3 12,0 10.85 | 14,040 3444
Mean Y 9.7 10.5 12.1 |0.87 | 12,540 39.1
4 Cone 08 |10.4 9.3 10.6 [0.83 | 13,840 13.6
5 10.1 3.7 10.3 10.84 | 18,810 40.9
6 9.8 9.5 19.9 [0.87 | 16,350 21,3
Mean i 10.1 9.2 10.5 |0.85 | 16,330 25.3
7 Cona 06 [13.5 6.5 7.9 |0.82 | 18,030 21.1
8 13.5 6.5 7.9 |0.82 | 18,920 144
9 13.1 6.5 7.8 10.35 | 17,990 14.1
Mean v 13.4 6.5 7.9 (0.83 | 18,330 16.5
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TABLE 54
Specimens Formed in the Laborstory by Hydrzulic Extrusion

and Fired in the Laboraztory

Absorption

Heat Vol. |Cold |Boiling Comp. Suct.
Treat- Shr. |Weter | Water | Sat. Str. Rete
Samnle | ment (%) (%) (%) Coef.| (pei) |(g/20imm)
1 Cone 08 | 4.3 18.0 19.0 | 0.95 6,080 25.9
2 #1.9 18.6 19.8 | 0.94 | 4,660 26.2
3 £3.8 18.0 18.3 | 0.96 | 5,260 32.8
Mesn Y |A0.5 | 18.2| 19.2 |0.95 | 5,330 28.3

4 Cone 08 |A£L.6 18.8 20.2 |0.93 | 3,820 22.3

5 £3.6 18.0 18.9 [0.95 | 3,270 2545
6 #7243 18.0 19.0 |0.95 4270 25.5
Mean Y #3.5 18.3 | 19.0 |0.94 | 3,790 244

7 Cone 06 |£3.9 17.4 18.5 [0.94 | 4,570 19.1
) #L.3 17.8 13.9 |0.94 | 5,140 22.3

9 Fhed 18.9 19.7 |0.95 | 3,400 22.3

Meen } 4h.2 | 18.0 | 19.0 [0.95 | 4,440 21.2
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TABLE 55

Specimens Cut From Piant Formed Dried Bricks

‘and Fired =t the Plant

Absorption

Hezt Vol. | Cold |{Boiling Comp. Suct.
Trent- Shr. |Water | Water | Sat. Str. Rate

Sample | ment (%) (%) (%) Coef.| (psi) |(g/30intmin)
1 Cone 08 | 7.2 10.7 11.8 |0.921 7,030 31.2
2 8.5 10.7 12.0 |0.89 | 13,940 46,9
3 8.6 11.1 12.4 (0.90 6,300 25.5
fean # 8.1 10.8 12.1 [0.9D 9,260 27.9
A Cone 08 |10.5 7.6 8.3 [0.92 | 21,980 21.0
5 11.0 11..0 12.3 [0.39 5,250 20.7
6 12.7 8.0 9¢4 10.85 | 12,400 284
Mesn i 11.8 8.2 10.0 [0.89 | 13,210 23.4
7 Cone 06 |14.9 6.1 7.2 10.85 | 13,590 21.5
8 14.8 5.8 6.9 |90.34 | 13,000 7,
9 14.53 5.9 7.2 10.82 | 14,290 1h44
Mean { 14.7 5.9 7.1 ]0.84 | 13,620 1.4
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TABLFE 56
Specimens Cut From Plant Formed Bricks

and Fired in the Laboratory

Ab . orption
leat Vol. | Cold |Boiling Comu. Suct.
Treszt- Shr. |VWeter | Water |Sat. Str. Rete
Samnls| ment (%) (%) (%) Coef.| (pei) |(2/20in%mn)
1 Cone 08 0.0 16.1 16.7 [0.95 | 4,060 39.1
2 0.9 | 16,6 | 20.5 |0.81 | 4,000 39.3
3 0.0 | 16.5 19.8 |0.84 | 5,390 33.2
Mean & 0.3 16.4 19.0 10.87 | 4,480 37.2
VA Cone 08 | 0.0 | 17.3 21.9 |0.79 | 3,680 22.1
5 +1.4 | 16.3 17.2 |0.9% | 2,640 26.1
6 +2.5 | 16.4 17.2 10.95 | 4,540 31.9
Me=n Y +1.3 | 16.7 13.3 |0.90 | 3,610 26,7
7 Cone 06 [+1.9 16.5 7.4 10.95 | 3,100 29.3
8 +1.5 16.7 17.6 10.95 | 5,070 2349
9 +53 | 16.0 17.8 |0.95 | 4,100 30.0
Mean 2 { +2.9 | 16.4 | 17.4 [0.95 | 3,760 27.7




Bricks Formed and Firsd at the Plant
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TABLE 57

Absorption
Heat Cold | Boiling Comp. Suct.
Treat- Water| Vater Sate Str. Rate
Brick | ment (%) (%) Coef. (psi) | (g/30inYmin)|
1 Cone 08 9.7 11.5 0.35 11,960 27.9
2 9.7 10.5 0.92 10,890 38.9
3 9.3 11.2 0.83 12,760 27.9
Mean ,} 2.6 10.7 0.87 11,870 21.6
L | come 08 | 7.3 9.1 |o0.80 | 14,680 | 38.9
5 T4 2.2 0.80 15,420 Broken
6 6.9 8.6 | 0.80 15,280 17.9
Mean 7.2 9.0 0.8 15,120 28.4
7 Cone 06 5.1 7.1 072 17,280 10.0
8 5.1 7.1 | 0.72 15,810 10.0
9 5.0 6.8 | 0.7 15,950 9.0
Mean X 5.1 7.0 |0.73 16,340 9.7




TABLE 58

Mean Results on the Deniels Brick Comneny Material

Absorvtion

Vol. Cold |Boiling Cormine Suet.
Shr. Vater | Veter Szt otr. Rate

Semules Cone (%) (%) (%) Coef. (pei) (/30 inYmin)
Lab, Formed 03 9.7 10.5 12.1 0.87 12,540 29.1
Plant 08 10.1 9.2 1C.6 0.86 16,3230 25.2
Fired 06 13.4 6.5 749 0.83 18,330 16.5
Lab. Formed 08 £ 0.5 18.2 19.2 0.95 5,330 28.2
Laboreabory 08 £ 3.5 1.2 19.4 0.24 3,790 2L .1,
Fired 06 F L2 1g.0 19.0 0.95 VAYNAS. 21.2
Cut Ssmnles 08 8.1 10.2 12.1 0.90 9,260 7.2
Plent 08 11.8 8.9 1G.0C 0.89 3,210 224
Fived 0é 147 5.7 7.1 0.8/ 12,620 iVAYA
Cut Samples 08 0.2 16.4 19.C 0.27 4,480 27.2
Lzborstory 08 £ 1.2 16.7 1g.8 0.90 3,610 26.7
Fired 06 # 2.9 16.4 17.6 0.95 3,760 27.7
Bricks 08 no 9.€ 1C.7 0.87 11,870 21.6
Plant 08 values 7.2 9.C 0.80 15,120 2844
Fired 06 5.1 7.0 0.73 16,240 9.7

‘gL
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VI, DISCUSSION OF RESULTS

The methods of the investigation in this work were designed
to learn of any correlation between the laboratory firing and
commercial firing of the clays and shales of the itype commonly
used in the structural clay products industry. Control of all
variables in such an investigation is extremely difficult. How-
ever, particle size, heat treatment, and uniformity of material
were controlled as closely as possible,

The bricksthat were formed, dried, and fired at the respective
plants were representative of the commercial products from those
plants., The samples fofmed in the laboratory by hydraulic-ex-
trusion were typical of the usual laboratory specimens prepared
for testing, The samples cut from the plant-formed dried bricks
were used so that: (1) the structure imparted by plant formation
methods would be retained, éhd (2) the samples would be approxi-
mately the size of the laboratory-formed samples,

By using Standard Orton pyrometric cones with the groups
of samples and bricksas they were fired in the plant kilns, it
was possible to measure the heat-treatment each group receivéd.
By firing the groups of samples in the laboratory with Standard
Orton pyrometric cones as control measures, the heat-treatment

of each group closely approximated the heat-treatment received
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by the corresponding group in the plant firing,

Material from the West Virginia Plant

Absorption: The absorption values of all the samples fired in
the laboratory were higher than those of the samples or bricks
fired in the commercial kiln., These absorption values, however,
were close enough to those values of the bricksto allow a very
good estimate of the absorption of the bricksto be made, The
inequality of absorption was due to two factors. The difference
in the size of the samples probably accounted for some of the
difference in the absorption, The short firing schedule used

in the laboratory as compared to the long firing schedule used

in the commercial firing possibly affected the absorption even
though the same end-points were obtained for the cones,
Shrinkage: The shrinkage of the laboratory-formed samples fired
at the plant was vractically the same as that of the same type

of samples fired in the laboratory. The shrinkage of the samples
cut from the bricks and fired in the laboratory was greater than
that of similar samples fired in the commercial kiln,

Compressive Strength: The samples cut from the bricks, both

plant-fired and laboratory-fired, had lower strengths than the
samples formed by hydraulic-extrusion, All of the small samples
had compressive strengths lower than those of the brick but the
difference was only 6,000 psi., This could pcssibly be accounted

for by the difference in the samples size.
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Suction Rate:s No attempt was made to compare the suction rate

of the samples and bricks because the variation of the sample
sizes and the outside texture of the specimens played too great
a role in the results to allow a good comparsion,

Material from the Salem Plant

Absorption: The values of absorption for the samples differ
only slightly as can be seen in Table 48, The samples fired

at the plant have practically the same absorption regardless

of the method of forming, The samples fired in the laboratory
had practically the same absorption regardless of the method of
forming. The absorption of the brick was lower than that of
any of the semples, Some idea of the absorption of the brick
could be obtained from the absorption of the hydraulic-extrusion
samples which were fired in the laboratory.

Shrinkage: There was little difference in the shrinkage of the
samples regardless of the method of Forming when fired in the
cormercial kiln, There was only a slight difference between

the two types of samples when fired in the laboratory. The samples
cut from the dried bricks and fired in the laboratory had the
least amount of shrinkage,

Compressive Strength: All of the samples with the exception of

those cut from the bricks and fired in the laboratory had higher
compressive ah-ev\gi-ks
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or compressive strengths nearly equal to those of the bricks,
A1l of the samples formed by hydraulic-extrusion had higher com-
pressive strengths than the other samples,

Material from the Roanoke-Webster Plant

Absorption: The values in Table 52 show that the samples fired in
the laboraltory are considerably higher in absorption than the
plant-fired samples or brick, The absorption of the plant-fired
samples was very nearly that of the bricksin the case of those
fired to cones 04 and 02; however, in the case of those fired

to cone 06 at 3 o'clock there. is considerable difference in the
absorption as compared to the bricks. The high values of absorpt-
ion for the laboratory-fired samples might be attributed to the
fact that it was not easy to interpret the end-point of cones

used in the commercial firing due to the bloating and distortion
of the cones., Thus, the heat-treatments could have been different,

Conpressive Strength: None of the samples had compressive strengths

that were comparable to the strength of the bricks. The samples
fired in the commercial kiln had strengths much lower than those
of the bricks and the samples fired in the laboratory had even
lower velues, The samplesvfired in the industrial kiln having
lower strengths than the bricks indicates that the sample sizes
could possibly have had more effect on the strength than was

evident in the previous materials,
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Material from the Daniels Plant

No correlation could be determined from the samples made
from this material because, as can be seen from the values in
Table 58, the laboratory-firing probably never approached the
heat~treatment received by the samples in the commercial firing,
This was readily evident by the volume increases in the laboratory-
fired samples rather than volume shrinkages, This again is pro-
bably due to not being able to properly interpret the cones used
in the commercial firing, besause these cones were also bloated
and distgRyted.

Factors Hftaining to all Plants

The firing in the West Virginia plant was carried out in a
round down-draft kiln fired with gas; that of the Salem plant
in an oil-fired tumnel kiln, Roanoke-Webster firing was done
in a round down-draft kiln fired with coal; that of the Daniels
plant in a round down-draft kiln fired with coal., Laboratory
firing was conducted in a Globar-type Electric kiln,

The atmospheres in the kilns differed and had effects on
the specimens that could not be controlled. The sulphur gases
in the coal-fired kilns greatly affected the deformation of the
cones, If cones unaffected by the sulphur gases were used, the
heat-treatments could probably be duplicated more nearly in the
laboratory.

The values for the samples cub from the bricks showed that
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he method of forming had little effect on the correlation be-
tween laboratory-firing and plant-firing., This was evident by the
agreencnt of the values from the laboratory-formed and cut samples
from each material as long as they both were fired by the sanme

means and had the same heat-treatment,



8s.

VII, CONCLUSIQNS

Several definite conclusions were reached after the results
of this investigation had been determined. These conclusions
are listed below in the order of importance.

(1) From a consideration of the results over all of the

materials used in the investigation, it may be seen that there

is some definite relation bhetween laboratory and commercial firing.

(2) The relation is not the scme for every material and
plant, The relation varies with the material and the plant, but
for any one plant and material there is some definite relation,.

(3) The difference in the structure imparted to the speci-
mens by the different methods of forming caused very slight dif-
ferences in the physical properties of the specimens., This was
true for all materials regardless of the heat-treatment received.

(4) The use of pyrometric cones which would not be affected
by the kiln atmospheres would be helpful in determining the heat-
treatment received by the specimens in the commercial firings.
This does not mean that cones are needed that are nol affected
at all by the kiln gases, but rather cones that would not bloat
and distort in kiln atmospheres containing gases such as those
injkiln fired with coal,

(5) The correlation between laboratory firing and comercial
firing is a very hard object to obtain for materials such as those

used in the structural clay products industry for there are many
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factors which affect the firings and complete control of these

variables is extremely difficult,
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