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INTRODUCTION

The following paper will take a look at the brick and mortar
found at Liberty Hall.

Over the last three years a great deal of both

have been accumulated.

Part of our project therefore was to catalogue

all the brick and mortar collected according to its operation, location,
layer number, small finds number and whether or not it had been burnt.
From our data a computer program was set up categorizing all our mate
rial, under David Moore's supervision.

Besides our time in the lab we

each investigated a topic, either brick or mortar.

As well chemical

analysis was attempted on both substances.
we spent twenty-three hours in the lab weighing the b rick and
mortar and recording it on a ledger.
typing up the computer cards.

We didn't keep track of our own hours

persuing our individual subjects.
lot and learned a lot.

Another six hours were spent

In the end we feel we accomplished a

The spirit of the Dig never left us, and this

made the whole project even more worthwhile.

J.G.H. and R.w.s.

BRICK

The purpose of this part of the paper is to make some general
observations about the various types of brick found on the Liberty Hall
site.

Of central importance to this paper is the possibility that the

bricks used in the construction of the steward's house and other buildings
were manufactured on the site rather than imported from some other loca
tion.

Of course it is hard to do more than speculate on this considering

the relative paucity of remaining brick material on the site.

However,

by analyzing the composition of the brick it is hoped that it will give
a clearer indication of the type(s) of clay used for the bricks and from
where it was dug.

CLAYS

It is necessary to first consider the physical properties of
clay, because the type of clay used will obviously have a great influence
on the size, color, texture and overall quality of the brick.
main components of clay are silica, alumina and iron oxides.

l

The three
Clays can

be further subsidivided into two classes:
1)

Those clays containing a high percent of carbonate of lime.

2)

Those clays containing only a small percent of carbonate of

lime.

111 Building Stones and Clays", Eckel, p. 218.
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Brick made from the first clay type has a chalky yellowish color
whereas brick made from the second clay type fires to a brown or deep
reddish color.

2

It seems apparent that the clay used at Liberty Hall was

of the latter type because the color of the bricks found there range from
a tannish orange to a deep reddish brown.
The eventual color of the fired clay is dependant on two other
important factors.

The first and most important is the amount of iron

oxide present in the clay.

The more iron oxides present the deeper the

reddish brown of the brick. 3

However this color indication will not be

apparent until after the clay has been fired.
The second factor is the heat at which the clay was fired.

The

longer and more intense the heat that the clay is exposed to, the darker
the reddish color of the clay will be.

CHARACTERISTICS OF LIBERTY HALL BRICK

The next aspect to be considered here will be the actual physical
characteristics of the finished brick.
The dimensions of one of these bricks while lying on one of its
widest faces are approximately

7~

x

3~

x 2 3/4 inches.

weight of a complete brick is 2 kilograms.

The approximate

Since the excavations at the

site have not, to date, turned up a complete brick the samples used for

211 Audels Masons and Builders Guide", Book 1, Frank Graham (Audel

and Company, 1965), p. 6.
311 Masonry Structures", Spalding, Hyde and Robinson, p. 91.
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detennining these measurements were half sections of bricks found on the
site.

These were compared to the bricks on the small house adjacent to

the site, and found to have similar dimensions and color.

It was assumed

that the former length of these half bricks found on the site was similar
to those located in the house.

The reason for this is that it has been

suggested that the brick used in the construction of the steward's house
was later salvaged and used in the construction of Professor Merchant's
house.

Indications of the physical properties such as size, color and

surface texture of the bricks found on the site as compared to that used
in the house clearly supports this idea.

TYPES OF BRICK

Several various types of brick have been located on the site so
far.

The main source of variation however, is color.

As was stated be

fore, the color of the brick that has been found varies from a tannish
orange to a reddish brown.

This color variation can be accounted for by

the varying amount of heat each brick was exposed to due to its location
in the kiln during the firing process. 4

Those bricks closer to the heat

source would be harder and of a darker color than those further away.
Thus the classification of brick types can be narrowed down by excluding
color variations except in obvious instances.
One important variation in these bricks appears to be the quality

411

Plain and Fancy Brickwork",
Company, 1924, p. 5.

w.s.

Lowndes, International Textbook
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and amount of tempering material added to the clay before it was moulded.
This tempering material when added, acted as a cohesive agent for the
brick and also stretched the amount of clay needed for making bricks.
This material ranges anywhere from fine quartz sand to coarser gravelly
material.
Another variation in brick type is the occurance of glazed brick.
This type of brick didn't seem to be very abundant at the site.
amount of glaze also seemed to vary fran brick to brick.
a very glossy grayish black finish to it.

The

One sample had

The majority of the other sarn

ples however maintained a semiglossy black finish.

This may be the result

of impurities in the clay which rise to the surface of the brick when it's
fired.
brick.

This material is called "scum" and is usually indication of a bad
5
A final variation in the brick types are bricks that were exposed

to fire.

These bricks were not encountered very often.

They are charac

terized by a dull black or gray surface that is very crumbly to the touch.
This may have been brick that was located in a fireplace or chimney be
cause the brick does indicate an extensive exposure to fire.
All in all the amount of variation in the brick samples appears to
be very little as compared to the nonnal samples.

TESTING THE BRICK

A couple of tests were done in the lab with the clay and brick

511 Audels Masons and Builders Guide", Book 1, Frank Graham (Audel

and Company, 1965), p. 9.
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materials to get further insight into the origin and characteristics o f
the brick.
The first of these was to soak various samples of brick in a di
luted solution of hydrochloric acid (IK:L) •
solution the brick crumbled into lumps.

When they were removed from

The hydrochloric acid tends to

break down the silicates present in the brick.

The fact that the brick

broke apart so easily indicated that a great deal of silica-rich tempering
was added to the clay before it was fired, to strengthen the brick.
Another test was to fire samples of clay from the site for dif
ferent periods of time to see how the colors differentiated from bricks
found at the site.

Before firing,the dried clay had a yellow ocher color,

but after heating two sample over an intense flame; one for five minutes
and one for ten minutes, the clay became much darker than its original
color.

Both samples matched up perfectly with the color of the bricks at

the site.

The variation in color due to different heat exposure was simi

lar to that observed on the brick samples.

This seems to give a good

indication that the brick used at Liberty Hall was manufactured right on
the site.

CONCLUSION

It is hoped that the information presented in this paper, although
far fran complete, may provide a basis for further study into this aspect
of the Liberty Hall site.

The information gleaned so far seems to give

a good indication that the bricks used at Liberty Hall Academy were manu
factured at or near the site from the local clay and were probably salvaged
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later on for the construction of the small house adjacent to the site.
Considering the financial condition of the school it wouldn't have been
economically feasable to do it any other way.

However there still re

mains much to be studied before this can be proven.

R.W.S.

-s-

Portland cement came along and then its importance ceased mainly because
of the abundance of the natural and Portland cements which lessened the
cost considerably.
As stated before the chemical composition of the quicklime plays
an important role in determining the rate of hydration (slaking) for
some quicklime.

This chemical composition of the quicklime will also

determine the plasticity (workability) of the quicklime as well as its
sand carrying capacity which will then effect the overall yield of the
mortar produced.
lime:

There are baiscally four different categories for quick

high calcium content, regular calcium content, regular magnesian

content and high magnesian content.

The following table measures the

degree of quality of the quicklime (in its putty state) according to its
chemical composition.

(This table does not include the "inert siliceous

materials" which would be added to the quicklime to make the mortar.)
Characteristics of Slaked Lime 7
Class
Calcium
High calcium
Magnesian
High Magnesian

Plasticity
Fair
Fair
Good
Excellent

Sand Carrying
ca;eacity
Excellent
Excellent
Good
Fair

Yield
Good
Excellent
Good
Fair

Even though its plasticity grading is only fair a quicklime with
a high degree of calcium will yield the best mortar in terms of structural
quality and economics.

It was mentioned earlier that the addition of extra

materials helps reduce the cost of the mortar.

As well it helps to reduce

the shrinkage of the quicklime in its putty state which in the long run
will prevent the mortar from excessive cracking.

7 Encyclopedia Britannica-Vol. 15-Mortar
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The following diagram gives a simple SWtlillary of mortar construe
tion:
Limestone

(Heated to

90~c-I<>ses CQ2l

Forms Quicklime (CaO)

I

Hyarrea ume ___<o_e_t_e_rm_i,..n_e_s_t_ype___
__
H_a_r_a_u_1-ib ume
of cement)

['1\"dd Inert siliceous material!

!
\Add rterl
Conunon Mortar
After studying mortar in general I wanted to examine the mortar
found at Liberty Hall in particular.

With the help of a geology major

(Roger Durham) I was able to get a fairly accurate analysis.

The majority

of the moartar gathered has been from the steward's house location.

In the

mortar from that area we found crushed sandstone particles as well as clwnps
of lime.

The lime content had a high degree of calcium. (To test for cal

cium we used hydrochloric acid.

After the acid is applied to the substance

being tested, the substance will either fizzle or remain dormant.
degree of fizzling indicates a high calcium content.)

A high

Because of the large

supply of limestone in the area it can be safely assumed that the ScotchIrish used it.

Furthermore in 1796, James Parker (an Englishman) patented

a hard-burned lime called Roman cement. 8

Roman cement is basically a

8 Encyclopedia Britannica-Vol. 3-Cement
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natural cement because it won't crumble when wet but instead will only
break down under grinding conditions.

I believe Roman cement, sand and

water was used to make up the mortar at Liberty Hall.
places crushed stone was used in place of sand.

Also in some

The mortar found in

2601 proved to have the same chemical qualities as the mortar found
elsewhere on the site.

Finally, it should be noted that Roman cement is

very strong and will hold up under a certain amount of stress for some
time as evident by the walls still standing.
In the future I feel that the importance of collecting mortar
for research be lessen.

Up to now the only vaz:ying factor has been the

use of crushed stone instead of sand as the additive material.

J.G.H.
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The thi r·d part of this paper consists of the results of our
joint lab work on brick and mortar.

The lab work was comprised of

weighing and classifying all of the brick and mortar found during the
first two year's work at Liberty Hall.

Each sample was classified in

the following order:
1)

Operation and location

2)

Layer

3)

Sample type (brick or mortar)

4)

Weight of sample

5)

Find number

This information was recorded on computer cards and fed into
the machine.

The computer organized the information in terms of oper

ation and location.

we had to compute the rest ourselves in terms of

the total weight of brick or mortar found in each layer.
We were unable to compute all this information in time but it
is hoped that it will provide a basis for further pursuit of this sub
ject.

Ron Spain & Jim Houston
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MORTAR

This part of the paper will concern itself with mortar in general
and specifically the mortar found at the Liberty Hall excavation site.
During the last three years a great deal of mortar has been excavated.
This isn't to surprising because both the Hall and the Stewards house are
stone and brick structures respectively and mortar was the material used
to hold together the units of each edifice.
Mortar may be defined as " • • • a mixture of inert siliceous ma
terial with cement which after being prepared into a plastic state with
water has the property of hardening into a stonelike mass." 1

A more

simple definition would be • • • "a mixture of cement and sand, or
screenings, or similar material and water which has the capacity for
hardening into a rock-like mass. 112

While the latter definition simplifies

things some it's the former definition that will be accepted and explained
here.
In referring to "inert siliceous materials" the definitions is in
cluding crushed stone, crushed brick, burned shale as well as sand.
definitions above also included the use of cement.

The

Cement plays a very

important role in detennining the strength and watertightness of the mortar.
This will be discussed in more detail later.

However the point I want to

make here is to distinguish between cement and concrete.

1Encyclopedia Britannica-Vol. 15-Mortar-p. 654.
2Materials of Engineering Construction, p. 86.

Cement is used
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in the proauction of mortar but concrete is made up of mortar and gravel.
Concrete is usually more bulky than mortar because its particles are usu
ally larger eg. more than two inches.

Finally when mixed properly the

mortar ingredients should mix with water in such a way that would guarantee
a mortar yield high in plasticity.

This is important because a mortar

yiela high in plasticity will flow better when applied to the units ie
brick, stone of a structure as well as make the work of the mason easier.
As was mentioned earlier cement plays the most important role in
the mortar mixture.

The quality of the cement will determine just how

effective the mortar will be.

It determines just how dense the mortar will

be which directly relates itself to the strength of the mortar as well as

its weather-resistant characteristics.

There are basically three factors

t hat are taken into consideration when picking a cement.

They are, one:

the availability of supply; two: the size of the structure and three: the
location of the struct ure.

The availability of supply concerns itself

with having enough ingredients for the cement ie limestone.

Because cement

is the most expensive part of the mortar the ideal situation is to have a
large supply of cement ing materials right on hand.
in more detail later on.

This will be discussed

The size of the s t ructure is important because

the cement one uses for a smoke house will not be of the same quality as
the c ement used in the mortar that will hold together a three story school
house.

Finally the location of the s tructure is important for weathering

considerations.
There are basically five different kinds of cements.

They are:

Pozzolan cement; slag cement; natural cement; Masonry cement; and Portland
c ement.

Pozzolan cement is produced from natural (ie. purnicite, tuff) or
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artificial (ie. fly-ash) pozzolamic materials.

Pozzolan cement has a low

degree of strength quality and is therefore usually mixed with another
cement.

Slag cement is basically a type of pozzolan cement.

however is limited to covering walls as a type of plaster.
quite a bit in that context because it doesn't stain.
produced from clayey limestone.

It's used

Natural cement is

It is not used in buildings that will

endure or need a great deal of strength.
also poor.

Its use

Its weathering properties are

Masonry cement is made from a combination of other cements

(ie. Portland cement and a hydrated lime mixture; or Portland cement and
slag cement).

This usually increases the mortars ability to withstand a

great deal of weight as well as resist freezing and other weathering for
ces.

Portland cement will make the best mortar because it • • • "is an

artificial mixture of ground lime rock, or equivalent, and clayey material
in very definite and carefully controlled proportion.
mixing and control insures uniformity of ingredients." 3

This artificial
It's the uniform

ity of the ingredients that makes the cement so valuable and because of
the use of some artificial materials the overall cost is reduced.
While there are many different types of cements the main ingre
dient for all the cements is limestone.
ingredient in limestone.
mortar.

The mineral calcite is the main

Calcite is very important in the production of

When limestone is heated to 900• centigrade it loses its' carbon

dioxide (C02) content and turns into quicklime.

Then the quicklime

" • • • when mixed with water forms calcium hydrate (slaked lime), swells,
gives off much heat, and hardens or, as commonly tenned, "sets". 4 Common

3
4

rbid., p. 76.
Dana's Manual of Mineralogy, p. 321.
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mortar is formed when quicklime, sand and water are mixed together.
While quicklime is the main ingredient in cement it too has a
chemical breakdown.

Hydrated lime (or slaked lime) and hydraulic lime

are the two types of lime found in quicklime.

As stated above hydrated

lime is lime that has been treated with water.

"It would seem as if

hydrated lime and ordinary slaked quicklime should be exact¥ alike, since
they are chemically the same product but the fact is that mortars made
from hydrated limes are much stronger than those made from the putty pro
duced by slaking lime."

s

However even though the mortar produced by hy

drated lime is very strong it is also very hard to work with because of
its low degree of plasticity.

In tenns of shipping because hydrated lime

doesn't decay it's safer to ship where with quicklime, because of its
heat and expansion characteristics on contact with water, it proves to be
a greater threat to a ships safety.

Finally the rate of hydration can

vary from one type of limestone to another.
dependent on three things:

The rate of hydration is

the physical condition of the quicklime (size

of particles and granular qualities); the chemical composition; and the
calcining temperature (the temperature necessary to burn off the co 2 ).
Hydraulic lime on the other hand "is formed by the burning of
impure limestone containing considerable silica and alumina. 116

Its main

feature is that it will not only slake but it will set and harden under
water.

This of course makes it ideal for buildings that will have part

of their frame underwater.

5 1bid., p. 69.

6

Ibid., p. 70.

Hydraulic lime was used quite a bit until

