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Kurdistan Region, Iraq.

Abstract

This study established to investigate the feasibility of using many types of local raw materials in
Kurdistan for brick manufacture. In this work fourteen types of clay were selected from different localities
in the region The plasticity values of raw materials are indicate the direct relation io mineralogical
composition. The samples, which contain high perecent of smectite and illite, have high to moderate
plasticity; on the other hand the samples with high quartz content show low plasticity. The grain size
analysis indicates the suitability of using raw materials from some locdlities in the siudied area for
manufacturing the perforate bricks, and others for roofing tiles and some others Jor thin wall product.
Semi-dry method of forming eighty-four tiles under load 78kN/mm® were adapted and fired at 830, 950
and 1050 °C. Four characterisiics of the prepared tiles which are; linear shrinkage, water absorption,
bulk density and compressive strength are determined and Sound that some of these raw materials are
suitable for manufacturing the solid and perforate bricks.

Kewords: Perforate bricks, roofing tiles, briguettes, and efflorescence.
Introduction application methods and restriction on the
lays have traditionally been used for use of glaze raw materials. They
/manufacturing bricks and other concluded that the changing be made in
ceramic building materials. Many recent composition as well as the suspension of
studies were carried out in this direction, ceramic glazes. Al-Hazaa and Tammer [4]
Gindy and Al -Rawi [1] used the Gaara evaluated the kaolinite clay from Amij
clays for manufacturing engineering Formation (M.jurassic), silica sand from
bricks, floor tiles, acid —resistant tiles and ~Rutba Formation(Cenomanian) and glass
sewer pipes . The various characteristics pieces from Rumady factory for
of the end product show that they are manufacturing of ceramic unglazed acid
compatible  with  the international resistance tile. The result shows that some
specifications. Dondi and others [2] used of tiles which are fired at temperature
seventy  five clays belonging to 1200°C are suitable for this purpose.
Quaternary  alluvial  deposits  for Merza [5] evaluated some clay deposits
production of Italian heavy-clay industry. from the upper part of Gercus Formation

The results show that roofing tiles and (M.Eocene) , NE Irag, for brick
paving bricks are produced through manufacture. The various characteristics

complex bodies which are mainly of the end product show that some of the
constitueted of non carbonatic clay, while samples that are fired at 900°C, 1000°C
carbonate-free clay is never employed for and 1100°C are wuseful in brick
the hollow products. Barson and Ferro [3] manufacture. Recently, Merza[6] used the
studied the process change in the ceramic recent deposits ,silty clay around the
industries over the past ten years. The Aliawa village , south of Sulaimani city
change are mainly due to shorter firing for production of glazed ceramic tiles
clays, new glaze and decoration
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through mixing recent deposits, Sirwan
river deposits and groge. She found that
some of the raw materials are suitable for
manufacturing ceramic tiles for covering
the walls of kitchens, public building
balaconies and baths, The research
programme concerning the raw materials
from different localities in Kurdistan.
Fourteen samples were collected which
are representing the clays from Gercus,
Sarmord, Tanjero, Kolosh, Qulqula, Red
Bed Series, Fatha and Injana Formations.
The locations of studied samples are
shown in figure 1.

In order to point out the different
parameters, which are conditioning the
behavior of the raw materials and their
suitability for ceramic industry, especially
brick industry, many tests are made on the
collected raw materials such as plastic
properties and grain size distribution.
Qualitative mineralogical investigations
were carried out by means of X-ray
diffraction (with Cu ka radiation) on
random powder samples. Quantitative
mineral composition was then calculated
through rational computing method [7].

Geological Descriptions

The raw materials were collected from
different formations and localities in
Kurdistan (Fig. 1). The geological
descriptions are listed in table 1. Many
references are used for age determinations
as well as for detailed descriptions such as
(8, 91.

Methodology

Eighty-four rectangular sample briquettes
measuring 80 x 40 x 10 mm. were formed
from the collected raw materials after
crushing and grinding the samples by
mortar and pestle to grain size below
0.18mm. by using semi-dry pressing
78kN/mm’ and about 20% moisture
content. The samples are fired in kiln at
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temperatures of 850, 950 and 1050°C
(rising temperature in 50 °C and soaking
time 1 hour).

Physical and mechanical properties of
tested tiles namely linear shrinkage [10],
porosity, water absorption and bulk
density [11], compressive strength [12]
and efflorescence [13] are established.

Results And Discussions

The X-ray diffractograms show that the
samples are consist of clay minerals,
quartz, calcite, dolomite, plagioclase, talc
and hematite. As far as the clay minerals
are concerned, smectite, illite,
palygorscite and chlorite are prevalent,
while kaolinite seem to be present only in
trace ( Fig.2).

Rational mineralogical data confirm the
quantitative indication deduced from the
diffractograms, quartz 3.3-45%, calcite 3-
71%, dolomite 3-27%, plagioclase -
0.9%, talc 0-10.3%, hematite 1.25-6 %,
illite 0-70%, smectite 0-59%, kaolinite0-
5%, palygorskite 0-4% and chlorite0-39%
(Table 2).

The results of particle size analyses based
on [14] were grouped into three fractions(
< 2um, 2-20 pm and >20 pm)(Table 3) for
plotting on the Winkler diagram for
evaluating the suitability for different
ceramic products [15] (Fig. 3). It can be
concluded that the samples 2. 4, 7, 10 and
13 used to manufacture perforate bricks,
the samples 5, 9, 11 and 12 are used to
manufacture roofing tiles and samples 3
and 14 could be used for manufacturing
thin wall products.

The plasticity values (Table 4) are directly
related to the mineralogical composition
[16, 17]. Based on the classification of
Budnikov[18] which is depending on
plastisity index, the sample nc.7 is super
plastic, samples 13 and 14 are poorly
plastic and the rest of samples are
moderately plastic.
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Table 1. Geological description of the studied raw materials (studied samples) from youngest to

oldest..

S.Na.

Formation

Description of the samples

Age

Locality

White soil

Composed of white , friable lime-rich
soil, Its thickness ranged from 3 to 3.5m.
The mineralogical analysis indicate to
caleite as essential mineral.

Quaternary

Sulaimani, Chwarta,
Seramerg.

{ Injana

The lithology is mostly composed of red
or grey coloured silty maristone,
claystone and siltstone, which have
thicknesses ranged from I to 2m. The
essential mineral is illite , while smeetite,
kaolin, and chlorite are less common.

Late Miocene

Kirkuk, Kalar

Fatha

Characterized by red beds of clastics
which are composed of reddish
mudstone and siltstone. The thickness
about 1 to 1.5m. The essential clay
mineral is illite, while smectite, kaoline,
and chlorite are present as traces,

Middle Miocene

Sulaimani, Takya.

1,10, 12

Gercus

Composed of red and purple shale,
mudstone, sandy and gritty marl, The
thickniess of red mudstone beds are
ranged between 1 to 2m, The essential
clay mineral of these sampies is illite,
while smectite, chlorite and palygorskite
are less common.

Eocene

S.Nol Duhok near the
dam. S.No.10 , Haibat
Suitan Mountain.

S.Nol12 Sulaimani,
Qaradagh(Baranan
mountain),

Lower part of Red
bed Series

Composed of dark red and ferrogineous-
silicious silty shale with beds of bluish
grey siltsone, The thickness is 3.5m. The
essential elay mineral is smectite while
chlorite is less common,

Paleocene-Early Eocene

Sulaimaui, Chwarta, near
Tagaran village.

Kolosh

Composed of brown shale which has
ihickness ranged from 1 fo 2m. The
essential minerals are chlorite and calcite
while illite is common and kaolin with
quartz are less common.

Paleocene-Eocene

Sulaimani, Zirguez
village

11,13

Middle part of Red
bed Series

Composed of purple and dark reddish

siltstoneand mudstone and shale. The

thicknesses renged from 2 to 3m. The

common clay minerals of s.no.11 are

smectite and chiorite, while for s.0n0.,13
are illite and chlorite.

Paleocene

Sulaimani, S.No.11,
Maukaba area.
S.No13, Kanarwe village.

Tanjero

Composed of clayey siltstone which has
thickness about 50cm te 75¢m. The
essential minerals are chlorite and

calcite, while illite, kaolin and quartz are

less common,

L.Campanian -
Mastrichfian

Sulaimani, Dokan

Guiquia

Composed of dark reddish ferrcginous-
silicious shale and mudstone. The
thickness is about 80cm to Im. The
gommon minerals are quartz and
smectite while calcite, hematite and illite
are less common.

M.Cretaceous

Sulaimani, Kanarwe
village.

6,8

Sarmord

They are consist of marls and clayey
limestone, the colour is varied between
white to grev. Thickness ranged from
S0em to 75cm, The essential mineral is

calcite, the common clay minerai of

5.n0.6 is illite while for s.no.8 is smectite,

Albian

Sulaimani, Piramagroon,
Zewe gorge.
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Fig? « Condhoued.

e

Table 2. Mineralogical composition percentage of the studied samples.
r«, : Clay minerals o

Whole composition

—
e
BN

Q [Ca  iDbo | Phg ilite  Smectite  |Kaol Pal
T 5 = - o - 70 4 s 3| 4
7 15 3 - : - - 70 1 5 « 3
3 3.3 - 27 - - 1.25 59 - 9
4 6 35 - . [ 5 5 39
5 s | 7 : : - = | B 18 i : 39
6 5 38 : - - 17 - 3 - 37
7 5 n - - 19 7 i S
=
8 13 55 . : - - 4 23 2 - -
9 20 4 o - - 65 3 2 - 6
10 4 3 5 : p 3 & : 5
11 171 - - 103 3 - 493 - : 26.3
%) 11 8 3 : : 2 61 q 3 3
13 It p ~ 08 : . 45 : : - 356
13 35 3 : - - 3 5 38 - 5 ;
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Table 3. The particle size distribution

for the studied samples(%).

BN, [2im% [2205m% | =20
) ‘ & 2 bj‘}!m ?‘LJ
1 60 25 i5
7} 30 | 50 20
3 28 60 12
4 35 53 10
3 52 43 5
6 62 34 4
7 | 32 48 20
8 70 20 10
9 49 33 18
10 42 36 22
11 46 33 21
12 54 40 6
13 37 58 5
14 15 78 7

limits and Rieke index for the studied samples.

Table 4. The results of Aiterberg

. .’r;_l‘;lasticit“’ *Rigké~lr‘1&€ﬁl
t . yindex | L f
» |

ko

o [

2 28.57
3 14.17 9.52
4 7.81 11.18
5 12 15
6 7.465 10.5
7 25.33 10
8 9.85 13.4
9 8.56 5.2
10 16.75 7.34
11 1524 13.67
12 12.04 5,36
13 6.33 6.1
14 5 6

In general, a Rieke index less than 10 is
desirable for ceramic industries [19].
Hence the samples 3, 9, 10, 12, 13 and 14
may be suitable for this purpose.

The results of linear shrinkage, apparent
porosity, water absorption, bulk density
and compressive strength are shown in
tables 5, 6, 7, 8 and 9. Figures 3, 4, 5, 6
and 7 are show the results as diagrams.
The samples 1, 2, 3,4, 6,7, 10, 11 and 12
under went linear shrinkage at
temperatures 950 and 1050 °C (Fig.4).
This is directly related to water of
plastisity and particle size. It increases as
the water of plastisity increases, and the
paertricle size decrease[3, 5, 19]. The
linear shrinkage values (Table 3) for
samples 5 and 8 were not recorded
because sample 5 broke at temperature
1050 °C and sample 8 broke at

39

temperature 950 and 1050 °C .This is due
to high content of calcium carbonate
which is begin to decompoced at
temperature850°C that increase the cracks
and cause
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breaking of these samples at temperatures
950 and 1050 °C [16]. While samples 9
and 14 melted at temperature 1050 °C.
This is due to high percent of flux material
content such as FeO, MgO, Ca0O, Na20,
K20,.. etc[20, 21]. Minerals illite,
smectite, chlorite and hematite are sources
of these materials(table 2).

According to Rhoades[22] the linear
shrinkage less than 8% may be used in
ceramic industries, Hence all fired
samples at temperature 950 °C, except
samples 8 and 13 may be used for this
purpose.

In general, above the temperature 850 °C
the water absorption capacity decreased,
and the porosity diminshed(Tables 6,
7.Figers 5,6). The bulk density with
compressive strength increased
abruptly(Tables 8 and 9 , Figures 7 and
8)for all fired samples, except sample &
which is broke and sample 7 and 10 are
increased. This is owing to vertification
and decomposition of minerals content of
raw materials and the crystallization of
new silicate minerals

filling the pores presented between the
particles or creat during the drying and
firing of tiles[2, 5, 21].

According to [23] for the effloresence test
of fired briquettes at temperature 830 °C,
the samples may be classified as follows;
samples 2, 4, 8, 9, 11, 12, 13 and 14 are
heavy efflorescence (more than 50% of
the area covered by deposits and salt). The
samples 1, 7 and 10 are moderately
efflorescence (10-50% of the area covered
by salt), while samples 3, 6 and 13 are
slightly efflorescence because less than
10% of the surface area covered by salt. In
general for all fired samples that are
remained at temperatures 950 and 10350
°C, the effloresence test shows the
decreasing of covered area by deposits
and salt. So the samples with heavy
effloresence change to moderate and those
with moderate change to slightly
efflorescence. This is related to escaping
of volatiles such as SO3, Cl,..etc during
the increasing of firing tempreature and
lowering the percentage of salt content in
raw materials[2, 16].

Table 5. The results of linear shrinkage % of fired tiles at temperatures 850,

950 and 1050 °C.
$.No. Linear shrinkage % S. No. Linear shrinkage %

850 °C 950 °C 1050 °C 850 °C 950 °C 1050 °C
1 2.92 4.65 17.36 & 0.39 - -
2 2.12 4.32 7.82 9 1.54 1.55 *
3 4.1 4.50 5.12 10 2.12 2.50 2.80
4 1.89 1.62 17:17 L1 0.86 1.80 1.63
S 1.84 0.88 - 12 1.64 2.00 7.33
6 3.19 3.25 4.00 13 10.50 9.7 8.75
7 8.51 7.90 9.00 14 1.37 0.35 ¥

Note : - Broken tiles * Melted tiles.

Table 6. The results of apparent porosity % for fired tiles at temperatures

850, 950 and 1056 °C.

S.No. Apparent porosity % S. No. Apparent porosity %
850 °C 950 °C 1050 °C 850 °C 950°C 1050 °C

1 38.50 42.80 36.30 8 45.31 -

2 50.90 40.10 35.40 9 27.11 27.27 *

3 36.17 35.92 30.91 10 30.90 34.50 37.50
4 42.62 50.90 13.00 11 3333 31.25 30.00
5 40.90 3712 - 12 42.11 47.36 36.36
6 36.36 34.54 33.33 13 27.20 37.00 36.95
7 33.33 47.68 46.30 14 27.86 38.59 *

Note : - Broken tiles * Melted tiles.

40



(JZS)Journal of Zankoy Sutaimani,dec, 2003, 8¢1) Part A
A i (DA S ¥ 00 Sl il izl 03500 o 5

Table 7. The results of water absorption % of fired tiles at temperatures 850,
950 and 1050 °C.

S.No. Water absorption % S. Water absorption %
850°C |950°C |1050°C | No. 830°C | 950 °C | 1050
C

1 49.00 | 54.00 33.30 8 | 5800 -

2z 59.50 | 40.30 32.70 9 21,35 20.00 #

3 34.00 31.00 30.10 10 25.00 28.50 30.00
4 40.00 52.00 6.55 11 28.57 28.57 26.00
5

6

7

40.90 35.40 - 12 42,11 46.15 20.51
33.33 33.92 25.00 13 29.50 | 28.70 28.33
25.00 4560 | 4830 14 2428  33.84 *
Note : - Broken tiles * Melted tiles.

i

Table 8. The results of bulk density (gm/em’) for fired tiles at temperatures 850,
950 and 1650 °C.

S.No. | Bulk density (gm/cmB) /s, Bulk density (zm/cm”)
850°C | 950°C | 1050°C | No. 850 °C | 950 °C 1650
( °C
1 1.02 1.05 1.09 8 1.23 - -
2 | 159 1.60 1.66 9 _ 1,27 1.36 *
3 1.06 .10 | 1.19 10 1.80 1.42 .25 |
4 1.07 1.03 1.57 11 1,17 1.29 1.32
5 1.41 1.53 - i2 1.00 1.03 1.77
L6 1:10 1.02 1.33 13 1.10 1.25 1.30
| 7 1.03 | 1.00 1.04 14 | 1.15 [.14 4

Note : - Broken tiles * Meltea tiles.

Table 9. The results of compressive strength (N/mm? ) for fired tiles at
temperatures 850, 950 and 1050 °C.

| S.No. Compressive strength S. [ Compressive strength
| (N/mm?) No. (N/mm? )
850°C | 950°C | 1050 °C 850°C | 950 °C | 1050
| , o0
1 | 733 3.91 2097 | 8 | 5.44 - -
2 | 367 14.2 1314 | 9 3829 | 76.30 #
3 3.26 8.92 15.87 10 0.05 10.70 | 16.23
4 | 868 | 1312 | 11208 | 11 4.98 24.54 | 26.66
5 2043 | 9.82 - 12 12.80 33.78 | 57.14
6 26.66 | 34.18 55.55 13 1512 | 2094 | 57.14
7 22.72 | 23.67 13.26 14 33.31 3827 | %

Note : - Broken tiles * Melted tiles.
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Conclusions

From this study the following points can
be concluded:

1. According to the results of particle size
analyses and plotting on the Winkler
diagram, samples 2, 4, 7, 10 and 13 may
be used for manufacturing perforated
bricks, the samples 5, 9, 11 and 12 are
suitable for manufacture roofing tiles and
the samples 3 and 14 could be used for
manufacturing thin wall products.

2. The plasticity values show that sample
no. 7 is super plastic, samplesl3 and 14
are poorly plastic while the other samples
are moderatly plastic. The Rieke index
indicates that samples 3, 9, 10, 12, 13 and
14 are suitable for ceramic industries.

3. X-ray diffractograms show that the
samples are consist of clay minerals (i.e.
smectite, illite, palygorskite, kaolinite and
chlorite) and non-clay minerals;

quartz, calcite, dolomite, plagioclase, talc
and hematite.

4. The linear shrinkage test shows that all
samples fired at 950 °C, except 8 and 13
may be used for ceramic industries.

5. Above temperature 850 °C the water
absorption  capacity  decreased, the
porosity diminished and the density
increased in all samples, except samples 7,
8 and 10. According to [24] the accepted
percent of water absorption  ranges
between 1 to 37 %, hence all fired
samples at temperature 1050 °C, except
samples 5, 7, 8, 9 and 14 could be suitable
for manufacturing clay building bricks.
6.According to [25] the sample no.9 that
is fired at 950 °C may be used for
manufacturing of solid bricks which are
used in loaded bearing wall not subjected

References

to humidity and change in weather( class
B, compressive strength range between
11-16N/mm? and water absorption 20-
26%), while the samples 10, 11 and 13
may be used for manufacturing of
perforated or hollow bricks in partition
and not subjected to humidity (class C,
compressive strength range between 7-
1 1N/mm? and water absorption 26-29% ).

7. The efflorescence test indicates
presenting of three groups of bricks;
heavy moderate and slightly
efflorescence.

8. The samples containing high CaCO3
(i.e. samples 5 and 8) and high SiO2
(sample no. 14) preferred to be fired at
low firing temperature before extensive
decomposition of CaCO3 and SiO2, which
occurred at about 950 °C.

9-In general, reffering to all properties
after firing it can be concluded that the
most  suitable samples for brick
manufacture are samples 9, 10, 11 and 13
and the best firing temperature is 950°C.
These samples are returned to Fatha,
Gercus and Red beds Formations.

Acknowledgments

We are grateful to the department of
building , College of Engineering,
University of Sulaimani, for permitting
the using of instrument and devices at
their laboratories. We thank Dr.Kamal A.
Rasheed for his constructive discussions.
Thanks are due to the Hand Work Center
in Sulaimani, for permitting using its kiln.
We furthermore would like to extent our
thanks to Mr. Qader Mirkhan, who helped
us with firing the ceramic tiles.

[1] Gindy, L. and Al-Rawi, S., Manufacture of engineering brick and acid resistant tiles and
pipes from local raw materials, Baghdad, Building Research Journal, , 1987, 5,2.

43



(JZS)Journal of Zankoy Sulaimani,dec, 2005, 8(1) Part A(30-45)
(£0-F )Y A iy (NA Sy ¥+ 20 o5 ipllS” Slotler 550 /U557

[2] Dondi, M., Fabbri,B. and Vincenzi, S., Raw materials for the heavy —clay industry in
Emilia-Romagna and Marche(centeral-N Italy), , Geological Carpathica Clays, 1992, 2,
Bratislova, 83-90.

[3] Barson, T. and Corp, F., Ceramic glazes today, International Ceramic Journal, 1998, X1V, .3,
1-9.

[4] Al-Hazaa, S. and Tammer, M., Production of ceramic unglazed acid resistance tiles from
Iragi raw materials(Abstract), the 15th Iraqi Geological Cogress, Baghdad, 2002.

[5] Merza, T.A.Assessment of some clay from Gercus Formation, M. Eocene, for brick
manufacture, Sulaimani area, NE Iraq, , Journal Zankoi Sulaimani, 2002,5,1,57-67.

[6] Merza, T.A., The possibility of production of glazed ceramic tiles from the Recent deposits,
Sulaimani region, NE Iraq, KAJ Kurdistan Academicians Journal, 2004, 3(D), ,23-32.

[7]Fabbri, B, Fiori, C., Krajewski, A., Valmori, R. and Tenalia, A., Comparison between
traditional mineralogical and computerized rational analysis of ceramic raw materials,
Journal Phsique, 1986, 47, CL.57-CI1 62.

[8] Bellen, R.C., Dunnigton, H.V., Wetzel, R. and Morton, D.M., Lexique stratigraphique
international, 1959,.111, Asie. Fasc.10a, Iraq, Paris, 333p.

[9] Buday, T., The regional Geology of Iraq, Stratigraphy and paleogeography, 1980, edited by
Kassab, 1.1, and Jassim, S.Z., Dar Al-Kutub Pub. House, University of Mosul, 445p.

[10] ASTM, C356-87,el standard test method for linear shrinkage of preformed high-
temperature thermal insulation subjected to soaking heat, 1992.

[11] ASTM, C373-88, standard test method for water absorption, bulk density, apparent
porosity and apparent specific gravity of white ware products, 1999.

[12] ASTM, D5102, Standard test method for unconfined sompressive strength of compacted
soil-lime mixtures, 1996.

[13] ISO,No.24, Standard methods for physical and chemical tests and sampling of building
bricks,1969.

[14] ASTM, E100, Standard specification for ASTM hydrometer , 1995,

[15] Winkler , H.G.F., 1954, Problem der Frostbestandigket von Dach-Ziegel. Ber.
Dtsch.Keram., Ges. 1954, 36, 327-332.

[16] Bill, F., Dondi, M. , Fabbri, B. and Morandi, N., Carbonate clays for the production of
porous ceramic tiles by fast single firing, 1992, Geological Carpathica, Series clays, 2,
Bratislava, 91-95.

[17] Moulluid, Y., Sun-baked stabilized soil blocks for building, M. Sc., thesis, University of
Sallahadeen, 2000, Unpublished, Erbil, 135p.

[18] Budnikov, P.P., The technology of ceramic and refractories, 1964, Massachusetts Institute
of Technology, Cambridge, Massachusetts, 647p.

[19] Grim, R.E., AppAlied clay mineralogy, 20, 1962, Mc Graw Hill Book Co. Int., New York,
422p.

[20] Fiori, C. Fabbri, B., Donati, G. and Venturi, 1., Mineralogical composition of the clay
bodies used in the Italian tile industry, Applied Clay Science, 1989, 4, 461-473.

[21] Gonzalez, 1., Leon, M. and Galan, E., Assessment of the ceramic uses of clays from
southern Spain from compositional drying and forming data, 1992, Geological Carpathica
Series Clays, 2, Brantislava, 97-100.

[22] Rhodes, D., clay and Glazes for the potter, 1973, revised edition, Krause Publ. lolan,
Wisconsion, A&C Black, London, 330p.

[23] B.S. 3921, British Standard Specification for Clay Bricks, 1985.

[24] NBS, Bull., No.1, HMSO, Standard Specification for clay building bricks, 1988.

[25] ISQ No.25, Standard Specification of Iraq for minimum units of compressive strength and
the maximum percent of water absorption of clay building bricks, 1988A.

4



(JZ5)Journal of Zankoy Sulaimani,dec, 2005, 8(1) Part A
A S (DA Ve 0 0§l I il 550 B3

Bk oAy 62951 9 0051 | U I &1 B S gy
Oeteone (3 oo @adld 9 e shao | 4
@‘J‘:’?ﬁ Nmé«‘;‘s s‘."‘é) Al rw""".yg"’ 5}'&4& yMB G‘*’&r}s ' @;ﬁé" (’é“

3 bl SLOKS Gdiye, 238 (10 4y apa LSS lilinn; )€ d L S 4 e sl latie satiss add
a0l b L sdh S0 g e obd 330 € IS ol a4 il Shls daslS goh
S gulipns yo - 0 g S pld sl sl ol ¢ G sy S g € cwdues Saiedl g s
eslptaly o esl ple B i (Seiedly sasie 0ogls SNt 5 EuliKew day Bt sl ¢ puiedes
s ST st G 35,168 O Guidedlyes 1S gulpd
S odd e shn e B oL © OG0 2liltes € cuass GEIes e bG SuSs,Ks
SBLEVA il 535 4f syl 3l TG Jlsauliade Glgsa pd . WK (3B , L3I Sl A 1 haled
¥ H/[
bulk density , water absorption ,Linear shrinkage usy ;K €l 4 Labiad Gdpey il

. o 0 - —
o S VI A Ll U PPN POL PRI I T A P TI

PSS T et Ses GG J dinida 4 speS a0 laalandd al saulS gb;_f.compressive strength

S R Laegiea (oS G Ada

Bad (ol Jhadi g ol | datondt At ¥ 31adl (e Bagldalt deblive
Odebd| ot 130 dame @i g g (e ke | Al
Bl ;s waldi | Adlackid Baaley |, pelad| S | o7 plpund| s

pPSIESY
doliad llaadls e Usas dad Go GlwsyS Lo Llaall Lot sladl e e St La,l Land & dwiall ada 3
Labll Colaall L0 2Ol dua L BSadl olgall e sE Do Sigell shg! Lpalll spua aud el L3l
Asiaie Lpud ol 2ol€ 35,000 Lasll £l bl dhagie JF &dle Dpul @13 (eo¥l ) coli€a)
Luwlia giles 5 silall Gaolall Lelial Suua pila pay il B Lo piladdl Lauyss sebl pilall asall Judasl
5 poloasslSVA Lis cad LI caild Gl pe B sSedl Gl deliad Guulin Sid! 5 BN Galb Lelial
LS aalt LOLG Lol g ua o IS S Goad 0 g3 - %a Ve0r 3% A0 5 % A0 Balias B)ba olays cal sidia

Ol B cugbl Ll sVl Loyliall 5 Laaalt LB 4 Ll Golatel Lstalf Lol gl shl Laliill Lyialt Ll Jie

N
Cooiiall Gl delial Hal puid y ool 3 plloll Lolial Luulin § 5S35 1 gall 034 (o pusd
Receivedon 21/5/2003 .Accepted 29/9/ 2004. ATl A [WSlddadt g 3 Feet 0T & (udeg

45



