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PRESSURE TRANSIISSION AND GREEN STRENGTH OF CLAYS
AS AFFECTED BY TIME OF AGEING

Introduction

Perfect dry pressing could only be attained if
the mix possessed the properties of water in so far
as pressure transmission is concerned. There are
many factors, however, which fend to interfere with
the transmixxzion of pressure in the clay block, such
as,- Differences in grain size, friction between the
grains, entrapped air, dragging of the clay -on ﬁhe
sides of the mould box and many other minor causes.

In an effort to solve some of the problems that
are of vital interest to the Dry Press iﬁdustry, the
Committee on Dry Press Process of the National Brick
lIgnufacturers Association has carried on extensive
research at the Missouri School of lines and letallur-
gy, Rolla, llo.

It was foundl that better pressure transmission
could be obtained if the clay grains were ccmpara-
tively‘large, and that any great amount of fines tends
to restrict the natural flow of the grains under
pressure.

1. The Effect of Various Factors on Pressure Trans-
mission in Dry Pressing. C. M. Dodd.



Anything that can be done to more thoroughly
lubricate the grains and cut down friction on the
sides of the mould box is a material aid in dry
pressinge.

From a consideration of the foregoing work,
it was thought that perhaps ageing the tempered dry
press mix would aid pressure transmission. The
effect of ageing on clay is to aliow the tempering

water to slake the grains somewhst and to give time.

for tlie adsoroved water toc be abscried and scften the

grains. Furthermore, it was thought that the more
thorough distribution of water would beneficially
affect the lubrication of the clay grains.

By the same line of reasoning, 1t was thought
that ageing would have a beneficial £ffect on the
green strength of the brick. The water would have
time to be evenly distributed through cut the mass
and the plasticity would be fully developed.

It was the purpose,vtherefore, to determine
the effect of ageing on dry pressed ware, 0y form-
ing blocks, and brick aﬁter varying periods of age-
ing and testing them for uniformity of pressure

transmission and green strength.
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Materials Used.

It would hardly be within the scope of this work
to determine the effect of ageing on every commercial
dry press mix. Therefore, twoc clays were selected
which would probably show the effects in an exaggerat-
ed manner. First, Ozark, a Missouri plastic fire
clay was used to illustrate the properties of a plas-
tic clay mix and second, Empire, a Ilissouri semi-
flint clay, was used to illustrate the effect of age-

ing on seni-flint and flint clay mixes.

Grinding and Screening.
Both clays were plant ground, in a dry pan,
throcugh an 8 meshvscreen and shipped to Rolla in
sacks where they were used without any other treat-

ment other than tempering.

Screen Analyses.

A répresentative sample from each clay was ob-
tained by quartering 200 grams frcm 200 pounds of the
clay. The quartered samples were placed in a Tyler
Rotap Machine for twenty minutes, and the amcunts
retained on the various screens weighed to the near-
est one hundredth of a gram. The results of the

Screen Analyses are given in Table No. I.



Tempering.

It has been found in previcus investigations2
that the limits of pefcent water ¢f plasticity are
very narrow for good pressure transmission. The
optimum moisture content for fire clay is between
seven and nine percent. However, it was thcought
that a higher percentage of moisture. would make
the effect ¢f ageing more pronounced. Therefore,
the moisture content of the clay mix was adjusted
to ten percent.

The tempering was done in 25 pound batches in
a 8mall kneading macliine. The dry clay was poured
into the machine and with the machine running,
enough water was added to bring the total mcisture
content up to ten percent. The tempered clay was

mixed for five minutes to insure thorough moisture

distriovution.

2. Transmission of Pressure as Affected by loisture

Content of Clay Mix. G. A. Page and F. F. Netzebvand.

4.



Schedule of Forming.

Sihce it was probable that the most important
effects of ageing would become apparent within a few
days, the schedule of forming was so arranged as to
completely cover any tendency or trend during the

first week. The schedule for forming was as follows:

Not aged.

After 1 day.

After 2 days.

After 4 days.

After 8 days.

After 14 days.

And from then on, at twoc week inter-

vals until twelve blocks had been formed.

Forming.

The forming was done on a hydraulic dry press
made by the Hydraulic Press Manufacturing Co. of
t. Gilead, Ohio. The specifications of the press
are as follows: |

Maximum total pressure-- 135 tons, 6000 lbs.per
square inch.

Mould box-- 20" x 9" x 4%".
Lower ram travel-- 22 inches.

Mold box travel-- 14".

Se



The pressure exerted on the cclumn ¢f clay at alil
timee during the compression is indicated by a gage

pioaD and the

-

in the line vetween the electric plunger

]

covipresticn cylinder of the dry press. It has bveen

¢

Tound tizat the most advantagecus pressure to angly in
dry pressing 1s from 2000 to 3000 lbs. zer sqg. in.?

However, in order to exaggerate tlie effect of
ageing, a prescure of 500 lbs. per £g. in. wzs used.

The time of application ¢f pressure has veen
gshown to be of 1little importance.4 However, four the
sake of uniforuaity, two seconds application weas used
inn all cases.

As to the actual forming of the blocks, the low-
er ram was depressed two incheg and the nould filled
with clay. After making sure that the clay was even-
ly distributed in tﬁe mould, it was remocved and weighed.
This weight was three and one-aalf pounds, and this
a:nount of clay was used in each layer o¢f all subsequent
blocks. -

After each layer wes put in the would, a sheet of
paper towel dusted with potters flint was laid on top

o separate it from the next layer.

t,
3. Pressure Transmission in Dry Pressing as aflected

.
w

by the Degree of Pressure. G. A. Page and F. F.
Netzeband.
4. Pressure Transmission in Clays as Affected by time

_of Pressure Application. R. E. Lee.



The lower ram was then depressed two more inches
and the same procedure repested until eight layers were

Nace.

Method of Determining Pressure Transnission.

Several methods of ascertaining the transmissicn
of pressuré to the various parts of the wliek have
been proposed, but most are unsatisfactory because of
mechnanical difficulties. The iletiiod adopted by the
Committee on Dry Press Prcocess is basea on the con-
tention that the bulk dencity of a clay ody ic¢ in-
Cicative of the presgsure to which it has been suv-
mitted. In other wcrds, if & certain layer ic very
dense it has been comprecsed ncre than a layer of
low density. Cince the agparant porosity is inversly
proportional tc the bulk density, and since apparant
vorosity is comparatively easy to détermine:, tnis
property has been chosen tc indicate the degree of
pressure transmission through cut the block..

The following formula was used:

Wt. Saturated - Wt. Dry.

Apperaltit POTQBLEF =« o mmm s m oo i ok o o s ot o o o
Vit. Saturated - Wt. Suspended

7.



llarking and Breaking.
Immediately after forming, the blocks were .erked
z¢ eech leyer could be divided into test sieces as

shcewn in the following diagram.

= ---F-F-F-F- }.-E-.

These test pieces were twc and one qguarter inchnes
square, and were each gilven & distinguishing mark with
cobalt ink. Two pieces from cpposite corners of each
layer were tested and the other twe pleces saved for
a check if this were necessary.

The leyers of the volock could be easily separated
vecause of the low vending power of the fliint dusted
paper towels. The test pieces were broken off by
marking with a knife along the line to be broken and

striking the layer over a knife edge.

Drying.
The test pieces were air dried for at least two

days, then they were dried thoroughly at 230°CF,



Drying. Con't.

Upon remcvai from the dricr they viere placed in
& degsicatcr te cccl, then wei hed dry. After the
ary weight wes obtained, they were placed in a ovucket
centaining kerosene wnich was in turn lowered into
an auvtoclave. Thaey were scaked in the kercsene un-
der a vacuum of 26" of mercury for two hours, then
removed ancd kept submerged in the kercsene until

the soaked and suspended welghts could be cbtained.

Test Procedure for Green <trength.

At the sane time tnat each block was nace, three
ctondard sized brick were ..ade. These brick were
9" i 43" x a_proxi.ately 2%", and were dried the
came ac the pressure tragnes:iicsion teet vieces. (n
being remcved from the drier, the test brick were
breken on a Rheile Cross Breaking machine, anc the
ilodulug of Rupture calculated, from the following
foruvla.

SPL
M, R. -~ m===z=
2bd
where, P -- Total breaking force in pounds.
L -- Distance between supports.
b -- Breadth.
d -- Depth.

The results of this test are given in Table lNo.



Table No. 1

SCREEN ANALYSES OF THE DRY PANNED CLAYS.

TOTAL

Tyler Standard Ozark. Empire.
Sieve
On 8 1.01 1.01
Thru 8 on 10 9,62 : 11.32
Thru 10 on 14 11.39 12.67"
Thru 14 on 20 9.88 10.32
Thru 20 on 28 12.16 12.84
Thru 28 on 35 9.62 9.82
Thru 35 on 48 9.62 9.07
Thru 48 on 65 7.09 6.55
Thru 65 on 100 8.61 7.56
Thru 100 on 150 6.84 5.79
‘Thru 150 on 200 2.28 | 2.01
Thru 200 11.90 11.15
100.02 100.11



Table No.

2.

CZARK CLAY

VERTICAL VARIATION IN APPARENT PCROSITY FCR

VARIATION IN TIME OF AGEING

“Time of " LAYER
Ageing ) 3 4 5 6 7 8
0 22.30 22.28 22.29 22.00 21.90 21.69 21.56 21.49
1 1 21.48 21.41 21.22 21.76 21.81 20.77 21.20 21.32
2 22.04 21.42 22.05 21.31 21.34 21.59 21.33 21.83
4 22.70 22.76 22.87 22.3522.95 23.00 23.74 23.25
8 23,13 23.03 22.86 22.82 22.55 22.57 22.71 23.04
1 22.88 23.65 24.08 24.63 24.60 24.08 23.04 22.83
83 23,07 23.17 23.17 22.61 22.23 22.87
48 23.52 23.39 23.27 23.08 23.75 23.57 22.63 23.02
63 ©3.73 24.08 24.07 23.21 22.97 23.40 24.31 23.79
77 26.00 24;58 25.74 24.14 23.40 23.68 23.77 23.54
o1 29,92 23.30 22.68 22.80 23.16 22.70 22.77 22.00
105 22.88 22.85 23.32 22.28 23.01 23.45 23.06 23.29

g o



VERTICAIL VARIATICN IN APPARENT FPORCLITY FCR

Table No. 3

ELTPIRE CILAY

VARIATICON IN TILE OF AGEING.

Time of LAYER
Areing 1 2 & 4 5 6 7 8
0 21.23 21.97 21.48 21.45 22.08 21.39 21.29 21.59
1 21.51 22.46 21.78 21.50 21.53 21.44 21.61 21.58
2 21.78 21.40 21.95 21.31 21.31 21.26 21.50 21.25
4. 22.08 22.27 22.25 21.88 21.97 22.31 22.12 21.85
8 20.88 21.65 21.65 21.81 21.55 21.34 20.94 20.51
13 50.48 21.37 20.27 21.37 20.76 20.90 20.37 20.70
29 21.36 21.77 21.44 21.30 20.95 20.64 20.88 20.82
44 ©51.39 21.35 20.79 21.15 20.85 21.09 £1.15 21.06
59 29.20 £2.87 21.93 21.37 22.32 22.12 21.99 21.21
73 591.9% 21.54 22.30 22.03 21.91 22.50 21.38 20.98
87 ©91.63 21.59 21.19 22.11 21.54 21.06 21.63 22.41
101 ©21.40 21.75 21.25 21.23 21.96 22.044@@1.55 21.80

12.
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Table No. 4
VARIATION IN PERCENT APPARENT PCRCSITY
WITHIN THE BLCCXK

OZARK ENPIRE
Time of Percent of Time of Percent of
Ageing Porosity Aceing Porosity
0 .81 0 .85
1 1.04 1 1.02
2 .74 2 1.1%
‘4 1.39 4 .46
8 .58 8 1.30
17 1.80 15 1.30
33 .94 29 1.13
48 1.12 44 .60
63 1.34 59 1.66
77 2.34 73 1.52
91 1.30 8"7 1.35

105 1.17 101 .81



Table No. 5.
GREEN STRENGTH OF CLAYS AS AFTHCTED

BY AGEING
- O0ZARK ELPIRE
Time of lodulus of Time of ~ dodulus of
Aeing Rupture Ageing Rupture
0 125.3 0 89.3
1 131.6 i ! 97.3
2 152.4 2 114.6
4 _ 166.2 4 108.4
8 152.93 8 109.4
17 154.7 13 111.6
33 167.8 29 108.2
48 162.3 44 108.9
63 151.3 59 105.6
Al 164.3 73 99.7
o1 170.3 &7 112.2

105 166.95 101 105.95
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Discussion of Data.

If the apparent porosity of atest plece varied
more than one percent from that of the opposite cor-
ner in the same layer, the apparent porosities of the
reserve test pieces were obtained. The averages of
the corners were then obtained and plotted as ordin-
ates against the layers as abscissae, the layers being
numbered 1-8 from top fo bottom respectively.

Each curve was labled with the time of ageing,
so the effect of ageing Qn each clay is shown on the
one curve sheet.

The variation in poroeity within each block was
obtained by merely‘sﬁbtractingﬁthe lowest apparent
porosity from the highest. This data is given in
Table No. 4. To represent this data graphically,
Curves No. 1 and 2 were plotted with variation in
apparent porosity as ordinates and time of ageing
as abscissae. Similarly, Curves Yo. 3 and 4 were
plotted to illustrate the effect of ageing on the
green strenéth of the brick. ‘

Table No. 2 and Plot No. 1 show the data obtained
on Ozark Clay containing 10% mgistura, ground thru

8 mesh, and formed under 500 1bs. per sq. in. preasure.

The @urVe of the block uudergezng no agezng is
the meat parfest of any of the curves ahewn@ It i%
very naarly a stra1ght lmne from thg t@y to the h@t—
'temqu tﬁe ‘block, with a higher den%lty at the hattmmg

19.
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Because of an inherent feature of the hydraulic
press used? that of the lower ram moving with the top
stationary, it is natural for the bottom of the block
to be cimpressed more than the top. However, the
variation. should be uniform from top to bottom of the
block.

The curve for the next block, that of clay aged
one day, was a little more erratic. The porcsity was
very nearly the same at the top and the bottom, but
there w;s a difference of avout one percent between
the fifth and sixth layers. The curves for two, four,
and eight days ageing were all rather erratic, but
there seems to be no relation between them. It may
be observed that the average apparent porosity is
lower for both the second and third blocks than it
was at the start of the test. After ageing four days
the average apparent porosity became greater than
at the start and at no time during the run did it
fall back to the original average.

This observation is of no value in itselfl ex-
cept that the increase in porosity might be of some
help in explaining the extreme variation in pressgre

transmission in some of the remaining blocks.



Block No. 6, 17 days ageing, was the first to
show extreme variation in pressure transmission.

The shape of the curve indicates that the blcck was
dense at both tocp and bottom but soft in the middle.
Blocks No. 9 and 10 were also poor examples of press-
are transmission. No. 9, 63 days ageing, was dense
at the top and bottom with scft layers next to the
ends and a dense center. No. 10, 77 days, ageing was
very soft in the seccnd layer from the top.

Strangely encugh, =rick No. 11,.91 days ageing,
exhivited good pressure transmission, but the next
No. 12, 105 days ageing was erratic and inexplicably
more dense at the top than at the bottom.

Curve No. 1. illustrates the relation between
the variation in percent apparent porosity and time
éf ageing. This curve shows taat in general, the
variation increases with ageing. The lowest varia-
tion occurred after eight days and the greatest Qar-
iation was after seventy seven days azeing.

It might be said that although ageing does not
beneficially affect pressure transmission, eight to

ten days-ageing does not materially harm the Uzark

clay mix.

21.
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Table No. 3 and Plot No. 2 show the results ob-
tained on Empire clay containing 10% moisture, screened
through 8 mesh, and fcrmed under a pressure of 500 lbs.
per sq. in. At first glance, it can be seen that
there is _Less variation in pressure transmission in
the Empire clay than in the Ozark Clay.

Unlike Ozark clay, the Empire mix evidenced im-
provement in pressure transmission after f.ur days
ageing. With no ageing, it was fcund that the blcck
tended to ve scft in the center and this condition
centinued during the first two days ageing. The
block for fcur days ageing was good but after eight
deys, the variation was comparatively high. This
block apparently had a soft center but was dense at
bcth top and bcttom. After thirteen days ageing,
the total variation was the same as for eight days,
but the curve was much more erratic. Twenty nine days
ageing produced a fairly smooth curve frem top to
bottom of the block. Forty four days ageing produced
a block with very little variation in perosity,
However, since it was both precedea and followed by
blocks exhibiting fairly poor pressure transmission,
it should not be concluded that clay should be aged

for this period. The last three blocks were all

rather erratic.



Curve No. 2 shows that fcur days ageing produces the
least variation in apparent porosity. From a study of
this curve, it might be said that ageing for more than
4 - 5 days is detrimental to pressure transmission.

Curve Nc. 3 illustrates the effect of ageing on
t.e green strength of Ozark clay brick. The rise in
strength during the first four days is very marked,
and from then on, the strength fluctuates thr.ugh a
range of twenty pounds per square inch, modulus of
rupture.

Curve Nc. 4 shows the effect of ageing on Hmpire
clay as regards green strength. Again, the green
strength shoved decided improvement aiter agceing
only three days. Czark Slcck No. 9 and Lmpire Block
No. 10 were both comparatively weak. This discrepancy
may be attributed to the fact that these test orick
were allowed to absorb moisture from the air after
drying. The rest of the brick were brocken immediately
after they cocled enough to be handled.

The results of the Modulus of Rupture tests would
"have been more reliable if more test specimens could
have been used. However, lack of facilities fcr stor-

ing the aged clay prevented the making of more than

three brick at each period.

23.



Conclusions.

The Ozark clay appeared to be better suited to
pressure transmission before ageing than afterwards.
This may be attributed to several causes.

First, -- Good pressure transmission depends on
the unrestriced flow of grains through cut the mass.
Befcre ageing, the clsy grains were fairly hard and
the recent adcition of tempering water had not had
en opportunity to socak into the grains. The mouisture
was merely adsorbed on the surfaces cof the grains.
This adscrbed meoisture acted as a lubricant, which
lcwered the resistance to flow ¢f ‘he grains. As
the moisture scaked into the grains, the whcle uass
vpecame more scft and instead (f tending to transmit
the pressure through out the mass, the grains seemed
to abscrb the energy in beciming defcrued.

Second, -- Another factor that perhaps had scme-
thing to do with tne prevention of pressure trans-
mission is the fact th' t the clays swelled and became
more open textured after ageing. Tuis increased
pore space apparently tendec tc oprsose the transmission
of pressure. Wwiien pressure was applied, the tendency
ceemed to be for the grains to move together and close

the pores instead of transmitting the pressure to the

other grains.

24.
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Third, -- The last item is the fact that the
addition of water causes the clay to slake down into
finer grains. That fine grains are objectionable
has veen shown by previous work, so this is probably
tne reason vhy the pressure transmission was un-
favorably affected by ageing.

The apparent porosity of the Empire blocks
was not affected as much by ageing as the Ozark.
This was to be expected vecause the semp-flint clay
is not as easily slaked and softened as the more
plastic Ozark clay.

The plastic Ozark clay appeared better withcut
ageing, while 3-4 days aceing seemed to help the
semi-flint Empire clay. This fact lends strength to
the theory that the only benefit pressure transmission
derives from ageing is the softening of the surface
of "the grains by the tempering water. The plastic
Ozark clay grains immediately absorbed enough water
to make their surfaces slick, while the Zmpire clay
being less plastic required several days to beccme
as completely lubricated. In both clays, when the
water scaked through the grains, they vecame soft,

and good pressure transmission was hindered.



AKbeping in mind the wvarious peculicrities of
the clays as shown by this resezsrch work, ageing for
ircm 2-4 days i r Ozark and 3-5 days fcr Hmpire c.ay
wlght oe recormend.d. This takes intc considerastion
the advantage gained fru@ the increased strength
due to ageing. A high green strength is a most

desirable feature in the dry press process.

Summary
The findings cof this research work may be oriefly
summarized as follows:

1. Ozark clay reguires no ageing but ageing
Empire clay for 3-5 days is beneficial.

2. The green strength of both Ozark and Empire
clay is increased oy 3-4 days ageing.

3. Therefcre, 2-4 days ageing fcr Ozark and

=5 days ageing for Empire is reccrmended.

Recommendations for Further Research.

More conclusive résults could in all prcbabiiity
be obtained if the procedure used in this research work
were varied in several instences, viz-

l. The mocisture content siiould ve adjusted to
8% instead of 10%. Ten percent moisture made the clay
too wet. It was difficult to insure uniform distribu-

tion of clay grains in the mould box of the dry press.

26.



2. The number of test brick fcr the green
strength determination should be increased tc at
least six. ‘

5. In preparing the clays for storage, the
entire amcunt cf clay used should ve tempered and
mixed thiroughly in a mixing box. Then it should
be divided into twelve egual parts and placed in
ceparate, sealed ccntainers and hot.disturbed until
used. This would insure uniformity ¢f test condi-

tions. N
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