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INTRODUCTION

In February, 1929, the Dry Presc Committee of the
Rational Brick Manufecturoers Assoolation, in cooperation
with the dspartment of Ceramics of the ldasouri Sohool of
¥inos and !letallurgy, began several investigations relat-
ing to dry press ware, This Coomittee suggested a groat
mmber of possibdble inveatigations, and are now systemati-~
cally proceedins alongs these lines,

This investization has for f£ts objeot:

(1) The transmission of pressure in the dry preassing
of typical dullding briok and fire briok mixes as affeoted
by the dsgree of pressure; end

(2) As affeoted by the moisture oontent of the mix,

This theecis conteins a desoription of equipment and
raw materials used, and a detail of the testing methods.

RUASQONS FOR INVESTIGATION

I¢ has long been the object of refraotories oompanies
to be able to meke a8 dry press bloock of depths greater than
four or six inchos. To dnte, several companies have sucscess—
fully made blooks of eix ineh depth and eighteen to twenty-
four inah lengths by inoreasing the time of the appliocasion
of pressurs, but dus to the veriocus physioal properties of
the mixee and the meansg of applying the preasure, most of
the attempts to inorease the depth of the ware produced has



reaulted in too great a loss.

Certain properties of dry press ware ocan be oontrolled
in the composition of the mix and in the firins of tho ware,
but maﬁy defeotc develop when a hody is made of greater
depths than four inohes. Laminstions, soft centers, and
air cracks,all due to entrapped alr, are the result of in-
oreasing the slze of the ware. This is due to the unequal
compression in various parts of the ware. While a fiuid
transmits pressure equelly in all diregtions, the came 1s
not true of a clay body, a3 the pressure rmust be trans-
mitted from grain to grain, Due to the difference in grain
size, friction botween the gralné, and poor lubrication of
the grains, the external pressure applied to the body is
not distributed equally thruout the mix,

Undoubtedly $hie transmission of pressure will be
affected by the shape of grain, aize of graln, percentage
of fines and course grains, plasticity of the mix, molsture
content of mix, ocohuded air, degree of presswre, and time

and rate of application of the pressure,

¥YATER IALS USED
The materials that were used in this investigation
oover practicelly sll of the general types of clays used
in dry press bodies, These materials, with their percent-

ages apd mixes axe as follows:



1. St. Louis Surfaoe Clay (red burming loess) 1004

2. Cheltorham ClaF.e...e.... 86,73
S¢. Louis Surface Clay... 14, 37

3. Cheltenham Clay .... 923
Fire Brick Croge.... 8%

4. North Missouri Semi~flint Clay 923
Fire Briai Grogeascssesasscanne 875

50 HiBBO‘dI‘i NO. 1 F'lint Clayooaooo 757
Chel tenham Clw....-......-.... 25,)

8. Progress Press Brick Clay 1003

EQUIPMERT FOR MILLIKG

In preparing the mixes used for the dry press ware,
the Cheltenham olay and the grog were first passed thru
the Jew orusher and reduced to 3/8 inoh size. These wore
then proportionod among the various mixes in whioh they
were used and then Ary pamned. The dullding briek mixes
were soreened thru 10 mesh and the fire briock mixes thra
8 mesh in A Great Western Mamufaaturing Company Gyratory
Riddle.

The entire batch was quartered down to a sultabdble
sample for socreen anAlysis., Those camples were placed in
8 Tyler Rotap machine for twenty mimute periods. The
cantenta of each soreen was weighed to the nearest hunidrsedth
of a gram and the percentage determined, These resulta are

as follows:



Tﬂ%" !
SCREEN (JALYSLS OF DRY PAIDED NI IS

Ewlnr Standard

Sieve wd 8 8 ! .8 %
On B 04005 0,005 04003 0,00 0,00;> E
Mhru © on 10 0,003 04007} 6,617 10,75 15,407 i
Thru 10 7 14 | 11,885% | 17,875 | 14,88 11,567 15,065 |
hru 14 ¢ 20 8,875 04507 | 13.49% 9 o 0455 10,105 |
Thru 280 " 88 10 ,48% 10,865 13,205 11,874 15440, :
Thru 28 " 38 74325 74815 0477 84907 0.617 |
Thru 88 ¢ 48 Be 805 540155 8,085 74495 84455 |

48 " o8 3,845 44945% 0765 04615 84B7%

65 " 100 B 4395 8 44575 9,967 10,487 9 855

100 " 180 B437% 84580 849455 Be13% 742105

180 " 200 1,045 56845 £,80:3 3,427 24207

800 46,0075 24,835 840%5 15,08 5 43055

100,04% 100,085 100,015 100,035 09,967




TEMPERIEG

The temperins of these various mixes was done in &
cmall kneading machine. The amount of hoisture originally
present in the olay was determined by takinz a xmown
amount of mix, usually 300 grams, &rying at 1209C. for
24 howrs, cooling in a deslocator to room temperature and
again weighing. This moisture was then subtracted from
the amount necsecsary to give e 7% moisture oontent to the
bateh: The water was added by hand and the batoh kneaded
in s$he machine for ten mimtes., It was then allowed to
age for twenty-fouy hours, to give an even distribution
of the water to the mix, before being formed in the dry

pross.

FPORMIRG

The blogks were formed in e Hydraulic Press Manufao-
turing Company hy4raulic press capable of giving a
maximum pressure of about 6000 1ldas. per 8qs in., or 135 tons
on a 9-3/4" x 4-3/4" byiekx. The mold box of this press was
9-3/4" x 4~3/4" and twenty-two inaches deep, thus making it
posalble $0 form blocks of ten inoh depths, The lower
ram wag eble to move thyu a distance of 22 inches while
the upper ram moved 1-3/4 inohes., Though the rate of
movemant of the rems was slower than those of a mechanioal
press, yot thia was the enly type in which she applied



pressure cdould be measuzred ot 211 $imes during the opera-
tion. A gause was inscalled. in the line bebdween the precs
and the eleebric pump to 1ndiscate Hhnis pressure. .. valve
on tne pup aliowed « variation in meximum pressure st
any one time.

Approximately 36 1lbs. of mix were made for each tect
and tnis #as introduced in weighod amounts, capable of
f111ing a mold 2 1nches deep. IZignt of these batohes
woreo added to fora tne dblock and then the prossure applied,
the maximum pressaro deing held for 2 sseconds. It took
an averags of 10 seconds to odialn the maxlium pressure.

IRYIRG
Aftexr being formed, the blocks were allowed to dry

for 5 doys at room temperatore, them they were cut up to
the desfired sige specimaens and aried at 235°9F,

TESTS MADE

Hoat of the tests were made according to the standard
procedure af the juwerican Ceramie Soclety znd of the
American Soclety for Testing lfaterlals, with however, some
changes made neocessary by local oonditions. The principal
change was the determination of the pressures developed
at the various levels of the block. liany ldeas were care-
fully considered, smong them belng the determination of
the density of the various lewels by means of the Vioat



needle, 3By measuring the amount of penetration of

this needle, 1t wea hoped that a relation could be worked
out with a standard 2" bloock and the test block and con-
elusions be drawn from it. %This hnad $to be dlsoarded as
goverasl of the bodies contained grog, which would serlous-
ly retard the amount of psnatration of the needle should
1t strixes the grog. Other suggestiions wore, plaocing
horizontal plungers at the Aifferent lewvels aof the dlook,
and conmmecting these to rressure gaunges, copper tubes
placad at the 4different levels and measuring the sollapae
of thess tubes, plaasing ocarbor platesa at various levels
and measuring the amount of current flowing thru them,
All these weroe Qdiacarded dus to mechanical complicatiaoma,
no standards of comparison and elsc the tims neceasary

to conatruct and install all these parts.

It was finally dsocided to determine the dulk
specific gravity and the apparent porosity of specimans
taxen from the differemt levels. These zpsoimens were
taXen from the dlock as showm in the figure below:
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In order to obtaln these -samples it was necessary
to devise a means of splitting the bdlock at regular
intervals and obtein the desired size sample. Thia was
accomplished by introducing a thin layer of finely ground
flint between each level. A definite amount of clay by
welght 44 1bs., was introduced to the mold box and a
thin layer of flint sprinkxled over esch layer. After
the block was formed it was an easy matter to break it



up into 1ts aeparute lsysrs, as the £1ir$ had no bond-~
ing power. The flint slso showed the flow of the clay
in easah layer. Thig flow was down ir the corners and
up in the canter, tima forming & convex layer. This is
11llustreted in the following figure:

R
,—-"'——.——— T ———
.-——"'-—.-—_—7 X
" o ———

Eight layers composed each bloek and each layer
was 2 inchss deep befors the pressure was applied. By
adding a definlte amount of clay by weight, more acourate
sized layers wers obtained.

¥he bulk apeacifie gravity and apparenmt poroaisy of
each gpecimen was dstermined from ths following formulae:

-10-



The speclimens weyre first dried and weigned and inen
ssburated in kerosene under a vecuum of 26 lmahes of
narcury for 3 houri. The satwrated and suspendad wslgits
ware then dsisrmined.

DATA

On the following pages are the data and curvea
obtained,

Irn the firat table is the bulk speoific gravity and
apperent porosity of ¥ix Fo. 1, namely 100% Gt. Louis
Surface Clay, and 1s used in making bullding drick.

In Tadble B 18 gilven the dnta on ¥ix Fo. 2 corsist-
ing of B85.7% Cheltenham Clay and 14.3% St. Louis Surface
Clay, 811 dry pammed thru 10 mesh., The mix is ecommonly
used for making building brick. | |

Table C gives the data on Hix Ro. 3 conaisating of
927 Cheltenham Clay and 8% Grog, and i3 used for fire
briok mixes.

Table D givea the date on Mix No. & consisting of
92% Horth Missouri Semi-Flint Clay and 8% Grog and is
used in meking fire briek.

Table E gives the data on Mix Ho. 5 consisting of
264 Cheltenham Clay and 75% Miascuri Flint Clay.

-11-



Hix:
5%, Louis Surface Clay = Ground in Dry Ian Through 10 ldesh,

VERTICAL VARIATION IN APPARVNT POROSITY AND BULK DNSITY
FORMING PRUSSURE TN LBS, PHR Do TN,

Yoot~
tion

- 800

11000

TABLE = A

11800

2000

2000

4000

SR+GRe EQRs
1,708 33,44

1,680 30,26
1,666 87,21
1,630 37,69
1,860 37,08
1,060 36,80
1,780 35,64
1,720 33,17

SRelRs LGEs

1,780 53,48
1,740 84,07
1,780 3¢.85
1,700 35,66
1,710 35,07
1,788 54,38
1,748 38,43
1,770 32,81

§.745 33400
1,730 34,04
1,728 34,87
1,733 34460
1,783 33,72
1,783 32,51
1,790 38442
1,813 31,83

1,748 34,08
1,770 32,28
1,785 52,27
1.778 33,67
1,790 38,46
1,818 31,38
1,613 B1.49
1,838 30,61

IGra SReGEe EQEs SDaSka £0%a

1,780 38,92
1,708 32,68
1,780 51,95
14818 51450
1,880 50,36
1,843 50,68
1.860 28,97
1,863 27,68

SRelle LOEs,
1,790 BL.71

1,800 31,28
1.818 51,03
1,830 20,80
1,808 29,01
1.870 28,€0
1,906 27.08
1.923 26,40

L:UQOGQGDF

%

1,67¢ 86,19

——

1,734 34,21

1,789 33.48

1,788 38,17

1,616 30,78

1,840 BP.42

o

Finished

Blook

9,06"

8,90"

8,06

8,607

B.Mﬂ

BI'MH
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11dxs
Some as glven in Table A.

FORMING PRUSSUREB I LBS, XNl 3 o IN.

TADLE Ae)

0T

AID BULL DENSITY

T.000=

tion 800 10060 1800 2000 2000 4000
A 1,880 38,00 1,739 34,01 1.768 33,20 1,788 02,18 1.824 30,37 1.863 20.48
B 1,676 38,10 1,754 84418 1,769 33,60 1,794 1,99 1.014 30,66 1,861 29445
0 1,878 30,0 1,730 34.14 1,788 33,55 1,764 32,13 1,815 30,71 1.834 29,00
D 1,680 36,58 1,750 34,38 1,754 33,73 1,769 52,58 1.611 31,15 1.839 39,68

AYE. . _ _ . _ _ _ _ . _

Am 1.673 G0el9 L7300 G417 L1709 BI4BE 1780 38,10 1.815 30,783 1.840 20,48

BIGeK

Thiok- : ' o '

noss P.06" B,.80" B.B8" 8,60 B8,04" Baidv
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e bABLE Bed
Mixy

Samn a8 given in Table B,

FORMING PRISSUIES Di LBS, FUR & o IN,

Tooa-
tion 800 1000 1800 2000 3000 4000

RiQok Sp.0r, Poxs BReU, 20m, 22408 EoHe S1a0GXe PO SNalfie 2or, SNeGDe Pove

A 1,928 87,00 1,965 20,01 3,033 38,61 2,076 20,42 2,008 10.04 2.140 17,56

B 1,988 20,67 1,080 20,80 2,081 20,80 B,071 80,28 2,110 10,32 2,184 17,16

C 1,928 80,66 1,081 28,89 £,080 22,61 2,080 20,42 3,098 19,12 2,150 17,58

D 1.208 87,33 1,944 20,43 85,08) 20,08 £,081 20,37 8,088 10,6) 2,188 17,540
AVge.

A=D 1,022 86,07 1,983 26,03 8,080 33,00 2,005 20,87 2,000 10,40 D,184 17,36

Block
Thi ok - - | |
ness 10,38" 10,28" 9.98" 9.46" 904" 0,56"

-y - P . L = . -




___TARBIL O
Mixs

Cheltonham Clay 92i3) _ .
Fire Briok Grog &%) Ground in Dry Pan - Through 8 liesh,

YiRTICAL VARIATION IN AFPARENT PORCSITY AND LK DENSITY

— FORLING P SURE I FER 30y IM,

Aw

tion 800 11000 1800 2000 3000 4000

BReG, EOR, M_A'.. SReGFa Zors SRaGEs LOFs SDa0Xe LOn, 3DWGLe PO,

1 2,046 21,968 2,100 81 2,100 20,29 2,115 19.47 2,170 18.80 2,180 18,62
2 2,048 22,20 2,073 20,16 2,102 20,10 2,128 19.71 2,185 10,63 2,180 10,06
3 2,018 83,03 R.070 2l.16 2,100 20,34 £,080 19,48 2,183 16,43 2,160 18,61
4 2,080 82,80 2,080 20,61 2,118 20,14 2,128 10,72 2,185 18,50 2,170 1886
[ 8,080 22.94 2,090 R0,13 2,108 10,58 2,130 10.44 2,175 17.80 2,160 17.61
6 8,030 23,00 2,083 21.25 2.120 19,36 2,135 19,18 2,170 17.82 2,180 17.84
Yy B.0B8 82,07 2,097 20.18 3,138 10,59 2,148 19,01 2,163 17.41 2,180 17,88
8  B,035 21,91 3,128 19,84 2.127 19,23 2,140 18,80 2£.183 17.22 2,180 17,80
AVE, ' ’ ’

1-8 2,034 £2.40 2,002 20,80 2.113 19.80 2,126 18.38 2,170 18,04 2,170 18,12
Tépth of

Finiahed

Blook 8=7/16" 8—5/16" 7-14/16" 8-3/16" 8.7 /36" -7/10"
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TARLE D

M1z
North Missourl Semi-Flint Clay 0205 _ .- |
Fire Brick Grog &5 Grouné in Dry Pan - Through O tesh.

CRTICAL VARIATION IN APPARCNT POROSITY AMD JALK DITISITY
FORMING FRESSURD IN LBS, FUR 8y TNy

Vioa 500 1000 1800 2000 3000 4000

1,802 25,00 1,963 23,00 C,018 23,06 8,043 23,72 2,075 21,13 L.095 20400
1,943 20,08 1,068 24441 1,088 83,80 2,030 23,24 2,085 21,59 2,008 20,27
1,917 20,43 1,940 26,36 1,083 23,50 2,048 22,20 2,078 80,98 2,103 10,09
1,927 26,88 1,040 24,71 3,088 23,37 2,080 22,28 2,095 20,30 3,190 20,09
1,915 26,12 1,963 24,68 2,180 23,33 2,085 21,80 2,115 19,80 2,128 18,72
1,930 25,16 1,988 23,81 2,045 21,71 2,088 21,00 2,130 19,18 £,145 18,23
1,960 85,43 2,010 83,03 2,086 21,30 2,108 £0,37 8,145 18.64 2,140 17,89

a o o e & m» M

2 1.9808 84,73 2,018 28,7 3,078 20,38 2,110 19,90 2,183 18,20 2,130 17,04

AYZ. ' ) ’ ) ) ) ' '
l-g 1,938 85,73 1,974 24,01 2,060 823,34 £,009 31,68 2,108 19,98 2,128 19,12

Yoo
Trindshod

Blook 10-8/18" 10-3/4 " 10-8/18" 109 f32n 10-1/38" 0=15/16"
S —— s - = = e z - -




_6'[—

Mixs

TABLE D=l

Same as given in Table D,
HORIZONTAL VARIATION T APPAIUHT 2OR0STUY diD JUIe, D1 TTY

FORMING FuLOWies IN ILES, B 5.4 IV,

Looa~

tion BOO 1000 1500 2000 5000 4000

Blogk BSp,0r, Por, Sp,Gr, Por, Sp.Gre For, Sp,Gr, Par, 3Ip.6r, Por, ID.Gr, Pore
A 1,881 28,70 1.971 24,17 2,030 22,81 2,074 21,083 2,103 00,08 2,136 19,35
B 1.950 28,36 1.983 23,92 2,086 22,08 2,070 21,87 2,108 19,96 2,126 19,20
0 1,933 28,04 1,971 24,20 2.057 22,22 2,071 21,560 2,100 10,85 2,126 18,98
D 1,937 20,63 1,907 23,76 2,047 22,66 23,060 21,08 2,104 20,03 2,125 10,07

AV, A - . . . : . .

A= 1,938 8B471 1.073 24.01 2.080 22,37 2,080 21.71 2.108 10,98 2,128 19,13

Blook

Thi k-

ness 10-5/16" 10-3/4" 10=-5/16" 10=9/35" 10-1/38¢" 0=16/16"

e




Mix)

Ohel tonham Clay

TABIE R

No. 1 Missouri Flint Clay 785

VERTICAL VARTATION IN APPARENT PORCSTTY AND BULK D.igTTY

255; Ground in Dry Pan - Through 8 liesh.

FORMDNG PRUSSURE IN LBS, POR SC, TN,

Toda-
tion - 800 11000 1800 2000 _ | 4000
DRaUFy EOFs SDeGF, D0y DReUXe SGUCs ODaUX, 0K OpelXe FOZy SDeUXe IOT,
1 1,507 30.78 R9,18 1,840 29.44 R0.80 1.850 28,10
2 1,805 31,42 29,28 1,933 20,89 20411 1,883 27,87
| . . . . .
3 3 1,795 31,61 50,07 1,897 £0,08 20,00 27,36
4 1.768 31,02 28,82 1.048 20,34 280,11 26,82
5 1.780 31,34 23,31 1.088 28,71 27,80 26,70
) 1,803 30,69 28,88 1.083 28,25 27 4 26 26 458
7 1,813 30,03 28,02 1,000 27,83 £8.62 26,38
8  1.840 27,92 27.25 1.688 26,91 28,31 26,68
33. n - 0
1 1,804 30,60 28,72 1.981 28,48 27,83 26,95
Dopth of
Mnished
Blook 1i-1/8" 10-3/4" 10-5/a" 10-7/18" 10-11/18"  l0-3/4"




-tz—

A b'4]

TABLE E=)

Seme as given in Table &,

BORIZONTAL VARIATION IN APFARENT FURQSITY AND BULY DLNSITY

FORMING PRLSSURES TN LRS, PIR 54 T,

Looas=

%ion 500 1000 1500 2000 3000 4000

BL0k Sne0Grs Fore BSRe0C, DoX, SD«GRe EQTa JRa0xs 2Qre SRalla FOr. SRaORs 20r,
A 1.808 30,66 1,838 28,93 1,870 28,39 1,894 27,81 1,836 27,87 1,805 26.67
B 1.801 30,98 1,830 29,01 1,863 28,067 1.801 27,03 1,670 27,38 1,888 20,89
g 1.609 30,37 1,840 88,88 1,804 28,78 1,805 27,88 1.881 87,41 1.881 27,02
D 1.799 30,40 1,843 285,09 1,861 28,73 1,888 27,93 1,838 87,80 1,883 37,21

AVRY . . . . . : . .

A 1.804 30,60 1.6839 27,00 1.865 38,64 1,892 87,85 1,861 27.B7 1,887 26,95

Blook

Thicke

ness 10=3/4* 105 /8" 10=7/16" 10=11/16"  10.3/4"

11-1/8"




GRAFHS

Disocowssion of Results

From the graph Plot A, it ccr be secern thut in the
vexrtical column, the 2000 1b. preussure apprlicction gavs
the best results for the building brieck mix, convivt-
ing of “t. Louis Surface Clay. Pressures of 500 1lba.
and 1000 1ba. gave a softcr coxre in the center of the
block and 15 ahownm by the increase in porocity of the
middle layers with the porosity deerocusing on either
end. This also shows thot the prossure is first trans-
nitted to the outside layerg and only after more extornal
pressure 1s applled, 1o 1t transmitted to the csanter.

In the higher pressures, 3000 1bs. and 4000 1lbs., the
porosity deorcased from top to bottoms This 1s undoubt-
edly due to the lower ram moving thru the greantest
distance which would tend to ferce the grains to transmit
the pressure f£irpt, 88 the lower slde would be moving
more than the top.

In Graph C is schown the most uniform porocity
thruout the entire pressure range, thouch there wns but
1ittie varinotion in porosity between precsures of 1000 1lbs,
and 2000 lba. This mix gave the beat resulis in rogurd
to uniform porosity thruout the entire depth of the block.

From the two types of mixes, that ic, dullding brick
and fire bhrick, it ic seen that the fire brick mixes



trangmit the rresocure more uniformly thruout the block
than do the buildirg briek. Thus anothor interosting
problem is found as to the cause or causes of this Aif-
ference, and to the renedy for this.

The poroaity for the horizontal layers did not vary
a great deal in elther of the two types of mixes and so
not much inforrution can be obtained fyom this,

This difference in the ability of the fire brick
nixes to tronasmit the presocures more rosdily than the
building brick mix can be acsountod for in saveral ways.
From the soreen analyses of the various mixes, it is
noted that the St. Louls Surfooe Clay had 465 thra
200 mesh and the mixture of St. Louils and Choltenhem
olays had 247, whils the firs briok mixes had a meximun
of orly 133, thru 200 mesh. It may be assumed that
this lsrge amount of ocolloidal moterisl in the duilding
dbrick mixes may be one of tho faotors affecting the
transmission. The non-plastio qunlity of those fines
may also affcct the tranamission. It may clso be broughé
40 mind that this colloidal material 1a able to hold the
entrapped air more readily and thus affect the pressure
transmiseion,

The shape of grain, silge of grain and amount of ths
various siges hove an impartent effeot. These sizes and
ghapes vary with the different olays and can only be



controlled in the grirding of the alays.

In oonclusion, it may be snid that the differeonce
in the transmission of the two types of mixes, building
brick and fire brick, i1s Gune lurgely to tha size ard
shape of tho arain spd to the relutively non-pluctic
quelity of the fines in the building brick mixes.
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2T 11

In this investigntion the arplied precssure was kept

constant at 2000 1lba. und the moisturc content varied
from 5 to 12,5, except in two cases, whore 145 was added,
but thesa gnve poor results, Que to the flowing of the
mix thru the vent holes of the die when the maxirum
pressure was applied. To. 1 !x oonsisted of 1003 :it.
Louis Surfece Clay; Bo. 2: 1007 Cholterham Clay;
Noe. 3: 85.7,5 Cheltenham and 14.77 5t. Louls Surfees Clay;
To. 4: 92% Cheltenham Clay and 8% Grog; Ho. 5: 927 North
osouri Semi-Flint and 87 frog; and Fo. 6: 757 I4asouri
Flirt and 257> Chcltenhem,

FORMING

In formirg thesa bdlocks, 1t was firet necessary to
find out the smount of clay necessary to £111 the two inch
mold box, 68 this varied with the moisture cantent, and
with the mix. This smount ranged botween 2-3/4 1bs. to
3-1/2 1bs. for oach layer. This vas introduced into the
mold box by hand and a thin lnyer of flint sprinxied
over it. Kight layers oompoced cach bleock &s in the
preceding investigation. The pressure of 2000 1lbs., was
mmappuedammmmsammarorasooonda.



DRYING
The blocks were first dried at room temperature
for 5 days and then cut into samples arnd dried in an
electric drier at 235°F, These samplea were cut dif-
ferent from those of the preceding part, there being
only two samples to each layer instead of four. The

position of these samples is shown 1r the followlng

figure:
1= Warer Cowre~nt Lroex,
]“_: w”ix Numpgex
T- I-1-X [~ Llaver /NumBErR,
-1
{
1-1-J 1-r-7 |1-1-1x
1-7-2 1-1-2|1-1-2-x
I-7- 3 7-1-3 1 (-3-X
1-1- 4 1[4 |]-1-4-X
| 1 7-5 I-1-5 1 ]-1-5X
1-1- 6 716 I 6X
-7 -7 -7 |1-I7-X
7-7- 8- 1-7-8 |11 B°X

These seamples were approximately 2~1/4" x 4-3/4"

and composed one-half of the layer.
These samples were woighed and then soaked irn

kerosene at a reduced pressure of 26" of mercury in an

-26-~



autoclave. They wore them welghed suspended inm kero-
oene and saturated.

The bulk specific gravity and apparent porosity
vere determined se before.

3ulk Speoific Grovity = ‘eirht
T'Eﬁgﬁf"itﬁfé?\-—%i Sugpended

GDe (Te OT Kerosene

spparent Porosity = Veight Suturated - vWelght
) pFTL T TeI;_;EE .giuspenm

These results are glven in Tables 7 to0 X

Inolusive and are repressnted on Graphs P to ¥V inclusive.

The relation of apparent porosity to the wuter con-
tent of the mix 15 given in Tables /7 to x// and
18 represented or Graph K.

Samples on which the modilus of rupture wus deter-
mined were alao made. These oonsisted of brick madd by
filling a 2 inch mold box with cley and applyling a
Dressure of 2000 1lbs. After the mressure application,
these pieces varied in thicimess from 1" $o 1-3/4",
tnis varliction belng due principally to the water content
of the difforent mixes. These pleces were brokem or a
Riehle Universal Machine of 50,000 1lba. capacity. The
spen between the brackets was 8 inches and the brackets
had roundsd edges o allow slippege on the undersids of
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Total AVE.

20.40

sadee
PYYYY
.!-.‘l‘.
IIXX
aoooq
aeepe
[ EX NN
LE R NN ]

App.Parcsity 32,20

81,67
88,78

19,34
16,92
18,79
18/18
17.68

El,0%8
BB.£Y
B0, 54
2120
20,00
19,18

18,36

18,90

.ll;.l
15,88
21,17
20,882
18,67
10,08
10.30

21,38

Blh&l
RABY
20,98
al.62
19,88
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the brialk. _‘l‘ne prossare applicetion was at a rote of
+08 inches per mirute of verticle thrust. Two deter~
minations were mnde of each mix and the average of the
two taken a3 the result. These rasults ure given in
Tables /3-/8 and shown grephically in Graph O.

DISCUGSICH OF RESLLES

In the building brick mixes, the 100! Cholienham
mix with 8> water gave the most conoistent poxv elty
varying less than 1 over the entire block. The lover
wuter contents geve widely verying results in both ocases,
as 414 the nigher contents.

The 757 Mssouri Flint end 25,5 Chelterham mlx with
87 woter gave the best results cmong the fire driak
mixes.

In general 1t can be satd that the mixes with
8 and 97 water content gave the best results in all
cages, while the higher water contents gave more varla-
tiongc..

Lol sture contents of 7 4o 8% have glven the best
regults on both ocases. As this is the amount used by
practically all the mamufacturers, 1t bears out the
proof of the oommercial practice.

In the building brick mixes, the 1003 St. Louls
Surface alay gave .s much higher porosity in all euses
then 41d the Cheltenham olay., This 1s no doubt dus %o
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the greater amount of colloldnl muterial prosent in
the 3t. Louls eloy. A1l the firc brick mixos had
porosities rancing between 18 and 23> with the excep-
tion of the 75 Miscourd Flint and 255 Cheltenhan,
which had a higher ramge, it being from 26 to 305 5o
it seems that the flre briak mixes are paysically more
olike than are tie bullding brickz dlays. As these mlxes
are composed of more than one clay, it is possible thsat
the proportios of cech ingredient tend to agqualize the
other and so give an average figuve for ull the mixesz.
Thus it 1s showmn that porosity 1s not affected so much
byﬂwamount of the ingrediemtsc of ench mix as are
othor physieal properties.

The maximum limit for water contents was 10 to
127 at whioh point the clays tended to flow thyru the
vents of the die. In only one oase, that of the 757
Missourd Flint and 257 Cheltenham mix was 1t possible
to get a blook with 145 water, and then 1t was a poor
gpeciman.

In takinz te average porosities of each mix and
plosting 1t ageinot the smount of moisture, 1t is sean
thot the 753 Missouri Flint and 26% Cheltenhem gave the
best rosults, verying less than 15 over the entire
moisture range, With the exoeption of the St. Louls
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Surface Slay bateh, all the othcr mixos showed an inp~
crease in porosity with an incrcase 1n woter content.
From this it may be assumed that the lubrieation of the
arains 1s not the essemtial fastor in the dsstribution
of pressure, other things deing equal,

The final tcsts mande on these mixes was the modulus
of rupture tests an 1" brick. Thic dimension varied with
the water oontents and with the mixes, but was within
close approximations of 1", This test showed the bonmding
power of the various mixes with the building brick mixes
having the areatesct, though ome fire bdrick mix was within
thease values.

In the case of the St. Louis Surfaecs Clay block, the
modnlus rose to a maximum at 8% water content and then
dropped off rather rapidly, while the other building briek
mix, 100% Choltenham, decreased graduslly from 5% to the
maxiwam oontent of 128, Its 4,441 m0dnlus wes higher
then that of the St. Louis Surfaoe Cley but after 6%
water content, the lnttor was slways the greater.

Among the fire brick mixss, the 85,77 Cheltemham
end 14.3% St. Louls Surfeos Clay gave the highest modnlus
Yut these varied greatly with the water contents. In
thls oass, the strength yose rapidly at 6%, remained
feivly congtant to 9% and then dropped decidedly at 10%,
when it was impossible to get a sample for a 124 mix due
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to the tendency of the clay to flow thyu the die. The
925 Horth Missouri Flint and 83 gros mix cave the best
results having fairly even strenzth thruout the cntire
vgater contant range, showing a gredunl inercase with.
increanse in water content.

Thig investisation bears out the faot thot the
most praoctical wator content for dry press at 2000 lbs,
per sq. in. preasure is 7 to 87, which is the one
used in prootioce. In moet cases, when 1075 wator oontent
18 reached, the oclay tends to flow in the die ard is
unfit for dry prece work, The higher water content did
not tend to add to the bonding strength of the mixes and
in somo caeses decreased this stremgth. Therefore, it
geems that the water content 18 not a prims faotor in
the dictribution of pressure, as the range 18 small and
the results negnti;u.

ROTE

This Giscussion was mads very bdrief, dus to the
limited time in which to finish this report. All the
data obtained in the investigations are given, however,
and together with ths graphs, it is possidle to odbtain
conoclusions relatively fast.
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