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ABSTRACT- The use of shale sn the production of bricks 15 now getting high mouncntain
all constructuion research institutes as a replacement ol the Delra clays. [t is woll hoown that
many types ol shales, when molded and burned under controlled conditions, can produce good
and comparative bricks.

A research project was initiated an Mansoura University jointley with Abouw-Tartour
phesphate project to study and evaluate the shale marerials availabte in Dlwadi-Llgedied as
raw materials for bricks manufacture., Sixteen dilferent shales were sampled from  three
areas : Abou-Tartour, Eldeikhla and Elkharga.

This study is presenting the laboratory evaluation of these sixrecn shale  sampies
and the potential of their use in Dricks production. The geclogical, chemical, physical and
minerulopical properties of all samples were delermined as well as the plastuc claracterisucs
of water mixed specimens, Foliowing this, specially molded specimens were tested 10 delermine
thetwr strength and volume change before and alter controlied burning.

The results of the study have revealed a very high potential of many shales lound
in Elwadi Elgadied lor use in the bricks industry. High strenguhy, nnnshrimbking and anaisture
resistant bricks can be produced using these malerials. A lacrory of (0 nullionr wmies annual
production can be intriated 1o supply the area with bricks for at least onc hundred years.

INTRODUCTION

Bricks constitute an important compeonenent in the construcuaon of buildinps i Egyor.
Specially in the Egyptian villages where one or two storey buildings are provadhug, e need
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for a strong and light weight brick is warranted for constructing bearing wall type slructures.
Qur ambitious 5- year plans together with the rule reieased by the people council in 19453
nrohibiling 1he use of any clay in the Nile delta region for brick production, has [orced many
interested authorities to investigate other alternatives.

Shale is one, well known, alternative that when molded and burned under controlled
conditions will produce good and comparative bricks and other pcoducts that are needed In
the field of construction. A group of geologists in the Abou-Tartour phosphate project has
performed a field study to investigate the presence ol shale in three dilfferent arcas, Abou-
Tartour, Eidakhla and E|-Kharga. Sixieen different shale materiais were sampled and evaluaied
in laboratory to deterrmine their physical, chemical, rhealogical and sirength properties. This
study i5 presenting the laboratory amalysis performed to investigate Lhe possibility ol using
these shales in brick manufacturing and the properties ol brick specimens laboratorily made
Irom each type ol these shales.

A PRELIMINARY GEOLOGICAL STUDY OF SAMPLE SHALES

A geolopical survey was made in Elwadi Elgedid governerate to search for the presence
of shale {1). It was [lound that large amounts of shale deposits were available in El-Kharga,
Eldakhla and some other villages. Thegeological composition of shales in  these arcas was
delermined to be as follows :

i~ Upper Noubian sand stone shale
2~ Yarisated shale

3- Eldakhta shale

4- Qld lakes shale.

Table | presents estimares ol the minimum ameunts of shales that can be found in
each of the sixteen samples sources.

Table I: Estimates ol Shales Arnounts,

Sample Area Layer Volume
Region No. Location m? thickness () e
j Abou - Tartour 108 1.0 10"
s {Service station)
Q
2 2 Abou - Tartour 2.5 x 10° 2.0 25 10"
ma .
- (Electric tower]
; 3 Abou - Tartour hox I06 20.0 9 x IU('
8 {North tunnei}
< 4 5
3 Abou - Tartour 10 20.0 2510
{(Mahdy square)
6 6
3 El - Maghraby (Y 3.0 LR
6 E! - Ziat 6 x 108 1.0 6 x 10°
7 Balat 2 x 10° 5.0 1o’
K 8 Asmant 5 % 107 1.0 5% 10°
=
E 9 El - Ouina (1) 5 x 10% 3.0 1.5 x 10°
, 10 El - Owna (2) 5 x 10° 3.0 1.5 x 10°
o " WEST Elkosir 6 x 10° 4.0 2.4 x 107
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12 Trwany mountain {x l{]5 4.0 Gox | 05
3
- 13 East of Elkharga 2.3 x 10° 1.0 2.5 x 10
a fown
=4 6 6
= Is Aslout Highway I x 10 I | x 10
x 15 Elkharga- s S
u Abou - Tartour 2.5 x 10 1.0 7.0 x 10
{ 16-18 Km }
16 Paris - Elkharga | % 10° 3.0 3% 10°
7 Km.

Typical gealogic crass-sections showing the layered position of some selceted shales
are given in figure {l). Table | shows that an absolule minimun amounts of shales of [{orty
four million cubic meters can be drawn [rom Ejdakhla, Three miilions cubic meters [rom
Elkharga and more than two millions cublc meter from Abou-Tartour. These estimates were
censidered encouraging [or satis{ying the construction needs of Elwadi Eigedid as a develop-
ing area.

CHEMICAL, PHYSICAL AND MINEROLOGICAL PROPERTILS
Chemical and Physical Properties:

Chemical anmalysis was performed in the laboratory of the Egyptian Autherity for
Geological survey and mining Projects. The results of the chemical analysis for each ol the
sixteen samples are given in Table M. Seiected physical properties such as colour, hardness,
speciflic gravity and natural moisture content were also determined. Table 11l summarizes
these properties for the sixteen shale samples.

Tabie Il : Chemical Components of Sampled Shales.

Cmponent Welght %

Sample
Na. 5i02 P\L;_,O3 Fe203 MgQ CaQ L.O.L M%
! 59.17 14.06 4.93 I, &5 4.55 13.03 3.77
2 55.82 14.58 5.35 (.55 .76 13.35 4.50
i 37.36 9.38 11.67 6£.10 7.33 21.95 7.82
i 48.98 11.78 6.88 4.40 5.32 16.00 6.9
3 59.65 20.05 6.15 0.95 0.35 9.28 2.67
6 2146 15.77 6.23 [.45 3.92 16.25 5.69
7 52.99 15.53 8.55 3.00 1.12 12.30 7.12
8 59.03 3.22 .45 1.83 6.36 12.35 1.1
2 51.56 14.92 6.79 3.60 0.70 15,52 8.64%
1D 39.66 L4.25 3.83 2.40 0.21 14,40 6.87
t! 52.02 15.25 6.22 1.95 157 (.74 6.10
12 46.87 26,13 4.48 1.65 049 19.25 7.86
13 50.09 1i.6% H.438 .60 8.19 14,32 159
3] 35,46 15.49 5.99 2.70 10.8¢ 2148 6.21
L5 55.18 21.52 4.23 0.95 0.49 13.43 4.19
16 493,24 10.6% 16.06 1.83 0.49 13.01 5.43
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Figure (1): Typical Geolugienl Crous Sertivies ol Seloebod
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STRENGTH PROPERTIES BEFORE AND AFTER BURNING

The purpose of this section of study was 1o test the strength properties ol spechnens
made [rom shale and water molded in special cylindrical molds. 3pecimens prepartion was
designed to simuiate the production process of bricks in field and to get data relative
10 the strength porential during and alter burning.

Specimens Preparation and Evaluation

i~ Mixing :

Shale samples were oven dried to constant weight at a lemperature ol 105°C
before hey were cooled to room temperature. Each ol the sixteen samples were mixed
with water to have a motsture content at the plasuc lLmit, Table [V, and mixed using a
mechanical blender far at least 10 munutes or tifl uniform distribution  of water is reached.

2- Molding :

For each shale type ten cylindircal speciinens, l.3-In diameter by 2.75 - hight,
were molded using a special static compactor under a pressure of 4 Kg/cmi. Specimens
were then extruded (rom molds and leit on the Jab table [or sucessive evaluation.

3~ Curing -

All specimesn, |60 specumens on the basis of {0 for each of the sixtecon. shales,
were air curet for four days . Hall of the ten specimens, 5 specimens for rach shale,
were specarated for unconfined compression testing while the rest were prepared lor burting
foilowing a special process.

§- Burning :

After air curing, the specimnens prepared for burnirg are placed in an oven that
1s set al room temperature. The temperature in the oven is then raised gradually at a rate
of 2°C per minute until a temperature of &00°C is reached. The oven lemperature is then
raised gradually at a rate ol 6°C per mumute till it reaches 950¢C and 15 kepr constant
for a period of 12 hours. Speciinens are then cooled in the oven ata pradual rate of - 2°C
per munute till they reach room temperature. Figure {31), show a schematic representation
of the burmingand cooling process.

3- Testing :

Although other parameters might sound important, this research preogram concentra-
ted on measuring lwo paramelers, they are ; the percent shrinkage and the unconfined
compressive resisiance.

a} Percent shrinkage: the percent reduction in specimen volume due o buruing was
determined according 1o the following expression :
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LA
PS = ---- s x 100
b

where P5 = Percent shrinkage

Vb = Yolume of molded specimen belore burning

Va = Yolume of molded specimen afier burning.

b} Unconlined compression lesting: the compressive resistance ol all cylindrical specunens
were determined using the uncontined cowpression testing machine. Ten specimens lor each
shale type were tested in which {ive of the specimens were tested before burning and the
resi were tested after burning .

The results of the shrinkage and compression testing are given in Table ¥.

950° CONSTANT
o .
& [— <
: S o
e < b
[~ b Y,

6 o
= .
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Figure (3) Burning Approach oi Molded Shale Specimens. TIMC IN HOURS

Tabie ¥: Percent Shrinkage and Unconlined Compression Testing Results.

Sample Percent Unconlined Compression (qu) Kg/cm?
Number  Shrinkage Before Burning Alter Burning

Abou-Tartour Region

1 (.7 26.0 (AN
2 0.8 17.0 6.0
3 1.0 24.0 59.0
4 2.0 17.5 19.0
Ei-Dakhlah Region
5 0.7 27.75 121.0
[ 0.0 22.57 31.D
7 10.0 19.75 5%.0
g 1.0 18.75 60.73
9 0.0 32.00 23.0
1D - -- -
I .= 23.00 456.0
El-Khargah Region
12 4.0 16.13 31.22
13 3.0 26.00 46.00
14 - - -
15 2.0 17.00 57.00

16 - -

-
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STRENGTH PROPERTIES BEFORE AND AFTER BURNING

The purpose of this section of swdy was 10 tesl the strength properiwes of spocunens
made from shale and waler molded in special cylindrica! molds. Specimens prepartion was
designed to simulate the production process of bricks in [ield and o get daty relative
to the strength petential during and alter burning.

Specimens Preparation and Evaluation

1- Mixing :

Shale samples were oven dried to constant weight at  a temperatwre of [03°C
before they were cooled to coom temperature. Each of the sixteen samples were mixed
with warter 1© have a moisture content at the plasuc limir, Table (V, and nuxed using a
mechanical blender for at least |0 minutes or till uniform distribution  of water is reached.

2- Molding :

For each shale type ten cylindircal specirnens, [.5-in diamerer by Z75 - in hight,
were molded using a special static compactor under a pressure of 4 Kg/cm?®. Specunens
were then extruded from molds and left on the lab table [or sucessive evaluation.

3- Cuning :

All specimesn, |60 specimens on the basis of 10 for each of the sixtcen. shaies,
were air curet for four days . Hall of the ten specimens, 5 specimens {m rach shale,
were specarated {or unconflined compression testing while the rest were preparcd [or buriing
Iollowing a special process.

4- Burning :

After air curing, the speciinens prepared for burnirg are placed n an oven that
is set ar room temperature. The temperature in the oven is then raised gradually at a rate
of 2°C per minute until a temperature of 600°C is reached. The oven terpperature is then
raised gradually at a rate of 6°C per minute till it reaches 930“C and 15 kept constant
for a period of 12 hours. Specimens are then cooled in the oven ata gradual rate of - 2°C
per minute nil they reach room temperature. Figure (3), show a schematic representation
ol theburningand cooling process.

5- Testing :

Although other parameters might sound important, this research program concentra-
ted on measoring two parameters, they are ; the percent shrinkage and the uncanlined
compressive resisiance.

a) Percent shrinkage: the percent reduction in specimen volume duc to burning was
determined according 1o the Iollowing expression :




where

PS
b

¥
a

[T
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Percent shrinkage
Yolurme ol molded specimen before burning

VYolume of molded specimen after burning.

b} Unconlined compression tesiing: the compressive resistance ol all cylindricai specimens

were determined using the unconfined coinpression testing machine. Ten speciinens for each

shale Lype were tested in which [ive of the specimens were tesied before burning and the
resi were tested alter burming .

The results of the shrinkage and compression testing are given in Table Y.

950°

600°

TEMPERATURE

o4

CONSTANT

5
@‘

19

L)

l—-—s—»lr ]

e 12— 38— .|

Figure (3} Burning Approach of Molded Shale Specimens. TIME IN HOURS

Table ¥: Percent Shrinkage and Unconlined Compression Testing Results,

Sampie
Mumber

Percent
Shrinkage

Unconlined Compression (qu) Kg/cm?

Before Buruing

Alter Burning

Abcu-Tariour Region

l 1.7
2 0.8
3 3.0
4 2.0
El-Dakhiah Region
5 0.7
& 0.0
7 10.0
3 {.0
9 0.0
10 .-
1l --
El-Khargah Region
i2 4.0
13 0
14 -
15 2.0

16

27,75
22,57
19.75
13.75
32.00

23.00
16.13
26,00

17.00

1080
56.0
59.0
19.0

121.0
31.0
53.0
§0.75

3s5.0

46.0
31.22
46.00
57.00
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CONCLUSSION

Dased on both the [icld study and laboratory testing the [ollowing coticlusion can
be drawn :
I- The lab results has revealed the high potential of a respectable number of
shales in Elwadi Elgedid for use in bricks production.

2- The amounts ol shale maierials that have proven high potential [or bricks
production in any of the three regions; Abou-Tartour, El-Dakhla and El-Kharge, are enough
for a lactory producing a minimum of 10 million bricks per year for one hundered years.

3- Based on the avalability of basic facilities for constructing & brick industry,
such as ; energy resources, water resources and location relative to Lransportation lacilities,
the Abou-Tartour shale has proven the highest porential followed by El-Dakhala and
El-Kharga.

4- Bricks made from Elwadi Elgedid shales have proven high compression resistance.
All samples except 4, 10, 11, |4 and |6 have a compression strengrh greater than that
allowed in the ‘codes of practice (b).
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