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ABSTRACT

This study implies a characterization and comparison between the historical
limestone and gypsum stones of Al-Namrud or (Calah) monument which
located in the north of Iragq 37 km to the eastern south of Mosul city (eastern
bank of the Tigris river) and those (fresh) extracted from Al-Mur hill which suppose
to be its quarry (according to the historicity and archeology references). The aim of
this study is the conviction of the veracity of these references depending on a number
of complementary engineering techniques. These tests include physicochemica and
mineralogical properties of fresh and historical stones , textural arrangement of
particles (porosity and pore size distribution) by mercury porosimetry tests, water
transfer properties by water retention curve test; bulk density at dry state by
hydrostatic weighing method have been executed . Also a comparison between the
fresh and historical stones has been carried out by X-Ray Diffraction (XRD) and
Thermo Gravimetric Analysis (TGA). Results shows for the historical stone higher
porosity and different pore size distribution, water transfer properties in comparison to
the fresh stone .Also, a high match in the compositions of stone materials of both
historical and fresh one reflect the rightness of the historicity and archeology
references and their consideration of being Al-Mur hill the quarry of Al-Namrud
monument.
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INTRODUCTION

n the north of Irag, beginning in the second millennium B.C., the Assyrian Empire

developed great cities such as Nineveh, Korsabad, and Calah (Al- Namrud). The

walls of Al-Namrud, located 37 km to the eastern south of Mosul city, were built
with the clayey brick which provide a good isolation, then covered with a plates of
green gypsum stones, while the ground was covered with a plates of limestone, also
the outer major fence was built with limestone. The quarries of the stone e ements
(gypsum stone and limestone) which used in the construction of the monument were
extracted from Eski-Mosul areain a place named localy by Al-Mur hill [4].

This work is a part of a research program aimed to make sure that Al-Mur hill
location which located in Eski-Mosul area is the stone quarry of Al_Namrud
monument (as the historicity and archeology references mentioned).This verification
was come through an engineering complementary techniques: Water Retention Curve
(WRC), mercury intrusion porosimetry, and X-ray diffraction (XRD) and
Thermogravimetric (TGA) anaysis limit the amount and type of the stone materials.

There are many monument |ocations spread in different partsin Irag , among them
are the most important historical monuments from tourist point of view are the
following [7]:-

Samarra, Babylon, Hatra, Agargof, Al- Namrud, Ashur, Al-Madaen, Al-Akhezer
castle, Ninevah , kish and Ur.

In Mosul city, more than 2000 historical locations( in both types Islamic and
Assyrian) are located within the administrative boundary of the city [8]. These
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historical cities are congtructed from materials collected from quarries located in
different distance of the monument [9], but the majority of these quarries are
extinction due to city growth especialy the Islamic locations .The monuments which
their quarries are known until now are the Assyrian monuments [4], since these
monuments were submitted to many conservation processes since the fortieth of the
last century by the Iragi Official of Museum and Heritage [8].

EXPERINMENTAL PROGRAM
Characterization methods

A multi-scale characterization was conducted on the studied samples (historical

and fresh) in order to identify stone properties.

Mineralogical characterization: XRD and TGA

X-ray diffraction patterns were obtained on powders of stone using Philips Apparatus
with the K line of copper (4;; = 1.5406 A) with 20 from 1.5° to 60°. In order to
compare the obtained patterns, the main quartz reflection is used to scale the X-ray
patterns intensities for all tested samples. In TGA test, the mass loss of a given sample
is recorded under controlled temperature ramp. The apparatus used is a Setaram TG-
DTG 92-16 electrobalance operating within the 20-1000°C range, with a heating rate
of 100°C per hour and under argon atmosphere.

Porosity and poresize distribution tests

Bulk dry density was determined by hydrostatic weighing method which is based
on the Archimede’s principle on a sample saturated and submerged in a wetting fluid
aswater [1].

The mercury intruson method was performed by applying pressure (up to 210
MPa) and monitoring continuously the intruded volume of mercury in the pores of the
tested sample. The radii of pores were estimated using Young-Laplace equation.
Theoretically, pores with a diameter between 350 A m and 4 nm can be investigated
with the apparatus used: a Poresizer 9320 porosimeter. Limestone and gypsum stone
samples of about 1 cm® were dried at 105 °C and 70 °C for 24 hours and then tested.
Water Retention Curve (WRC)

The Water Retention Curve (WRC) defines the ahility of the stone samplesto store
and/or release water .Commonly used together with the water content to estimate soil
suction .This curve describes the relation between the percentage of moisture content,
degree of saturation, percentages of relative humidity and at some times the
volumetric water content of the stone and the matric potential (matric suction) under
equilibrium conditions [6, 3, 5].

The WRC consists of three parts; each part is limited with a specified range of
matric suction and these parts are:
Salt Solutions: Thistechnique is used to study the water retention curve in the range of
suction 2.7 MPa.

Osmotic Solution Method: This technique is used to study the water retention curve
in the range of suction values between 0.1 MPaand 1.5 MPa.
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Tensometric Plates: This technique is used to study the water retention curve in the
range of suction values between 0.001 to 0.01 MPa.

RESULTSAND ANALYSIS
Characterization of the historic and fresh stone samples

Figure (1) shows the mercury intrusion porosimetry curves of the tested fresh and
historic limestone stones. Total pore volume is higher in the historical stone than in the
fresh limestone. Also, pore size distribution is shifting towards higher pore diameter in
the historical stone. Table 1 detail the main parameters obtained from mercury
porosimetry and from hydrostatic density method. The porosity determined by
mercury porosimetry is 60% higher in the historical (34%) to that in the fresh stone
(21%). Pore spaces having diameter more than 6 Am represent about two third of total
pores in the historical (altered) sample while these pores represent initialy (in the fresh
stone) about one quarter of the total pores. Moreover, the average pore diameter is
more than doubled; the bulk and the skeletal densities are decreased in the atered
stone in comparison to the fresh stone. Moreover, porosities measured by mercury
tests are lower to that measured by hydrostatic density method, 38% and 26% for the
historical and fresh stone respectively. Finally, bulk density and skeletal density are
lower in the historica than in the fresh stone. Mercury can't invade the small pores
(<10 nm) and can’t account the largest pores (>300 Am); i.e. this technique does not
take into account all the pore volume and thus the measured porosity is lower than the
real porosity.

Depending on the porosity classification [2] the fresh gypsum stone could be
classified as sufficiently impervious while the historical gypsum stone was classified
as a low porous to porous materia. Also a difference in the porosity values has been
noticed between the hydrostatic and mercury intruson methods Table (2), this is
attributed to the same reason mentioned in the case of fresh and historic limestone.
Through the pore size distribution of both fresh and historical gypsum stones in Figure
(2), two zones of pores are observed, the first zone is ranged from 6 pm to 200 pm
where the amount of pores of the historical gypsum stones increased from the fresh
one by 0.00116 mL/g, while the second zone is ranged from 3 pm to approximately
0.02 pm where the amount of the pores increased from the fresh gypsum stone by an
amount of 0.03851 mL/g.

Figure (3a) shows the Water Retention Curve (WRC) of both fresh and historic
limestone. The difference in the pore size distribution and porosity of both fresh and
historical limestone reflect the difference in the ability for water retention.

In the zone of suction values (>2 MPa), the amount of the meso-micro pores for the
fresh limestone was more than the historical one, also the capillary pressure (ability) to
retain water inside the meso-micro pores for fresh limestone was approximately more,
but in the zone (<2 MPa) the amount of the macro pores for historical limestone are
more than the fresh one, thus a more amount of the water will easily fill the pore of the
historical limestone. In the case of gypsum stones, Figure (3b), the WRC of the

3604



Eng. & Tech. Journal, Vol.31.Part ¥ A Comparative Study between the Historical
Stones of Al-Namrud Monument in Iraq and
the Fresh Stones Extracted from its Quarry
Using TGA and XRD Analysis

historical gypsum stone is above the fresh one; which reflects the high ability of the
historical stone to retain the water inside its pores. This come through the high amount
of the meso-micro pores which produce an ability to retain water inside the pores in
the zone (more than 2 MPa), and this ability increases with the increase in the amount
of the macro poresin the zone (less than 2 MPa) as compared with the fresh stone
Comparison between the fresh and historical stones

Figure (4) shows the X Ray Diffraction analysis (XRD) of both fresh and historic
limestone. XRD analyses shows that the mgjor mineralogical compositions are
Calcite (CaCO3), silica (SI02) in the form of quartz. Figure (5) shows the Thermo
Gravimetric Analysis (TGA) of both fresh and historic limestone, the calcium
carbonate was about 90% and 94% in the historical and fresh stones respectively.
These two stones are practically pure limestone with some clay and siliceous
impurities.

CONCLUSIONS

Characterization results shows a modification in the porosity properties and water
retention ability for the historical stones as compared with the fresh one due to the
degradation agents which the historic stones may submit to it the field within the Al-
Namrud monument structure. In spite of these modification the stone materias
remains the same as shown by the results of XRD and TGA anaysis, where these
analysis exhibit great match in the mineralogical component and their amounts but
with a dlight difference and some impurities due to the weathering agents in the field.
Thus, this comparison between the fresh and historic stones using XRD and TGA
techniques confirm what the historicity and archeology references mentioned about the
quarry of Al-Namrud monument is Al-Mur hill in Eski-Mosul area.
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Table (1) Properties of the fresh and historic limestone.

Historic Fresh
limestone limestone

Bulk density( gimem”) 1.71 2.04
Skeletaldensity(gm/cm’) 2.58 2.66
Porosity by hydrostatic 38 26
method(%s)
Porosity by mercury 34 21
mtrusion(%o)
% of pores having=6um 65 25
% of pores having=6um 35 75
Average Pore diameter( jun) 0.73 0.28

Table (2) Properties of the fresh and historic Gypsum stone.

Historic Fresh
Gypsum Gypsum
stone stone
Bulk density(gmem’) 2.13 Z2.25
Skeletaldensity(gm/cm’) 2.35 2.28
Porosity by hydrostatic 10.5 1.6
method(%s)
Porosity by mercury 9.5 1.2
intrusion(%a)
% of pores having=6um 13 100
% of pores having<6um 87 0
Average Pore diameter(um) 4.4 012
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Figure (4) XRD of (a) fresh limestone. (b) historic limestone.
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Figure (5) TGA of (a) fresh limestone. (b) historic limestone.
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Figure (6) XRD of (a) fresh gypsum stone.
(b) Historic gypsum stone.
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