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Degradation of Limestone Buildings in Jordan:
Working Effects and Conservation Problems

"A Critical Study According to International Codes of Practice"

Mohammad A. El-Gohary

Abstract: This paper diagnoses scientifically the physical and chemical deterioration of some
Jordanian monumental buildings as a result of using wrong conservation techniques and improper
treatment materials. According to the scientific guidelines and international charters, conservation
and treatment works followed in two of the most important archaeological sites in Jordan (“Aglun
citadel and Jerash City”) had been evaluated for assessing their validity and stability over the time.
To achieve this objective, some of the scientific techniques and technical methods were followed
such as evaluating the visual appearance changes by some special lenses, or magnifying glasses,
and a Sony digital camera, defining some physical properties of ancient and modern samples of
mortars and reinforced concrete through different scientific procedures; studying the micro-abrasion
resistance of the samples by using Micro Tip I sand plasting instrument, defining the chemical and
mineralogical composition by XRD technique, and studying the morphological features by SEM.
Finally, the results proved that both sites are suffering severe forms of deterioration due to several
factors and mechanisms such as increasing dampness of stone units and other building materials;
surface crack patterns and pitting features; sulfation or salt-crustation and crystallization; breaking
rocks surfaces down into smaller pieces, and corrosion of reinforcing steel bars.

1- Introduction times through using some traditional materials
that were essentially based on the application
of some natural components (Rodrigues and
Charola, 1996) such as wax, oil, tallow and
synthetic resins (De Witte, 1982). In addition,
replacing some new materials as stone blocks,
plaster layers or new mortars leads later to
many deterioration aspects, especially with
critical degrees of water saturation (Wessman,

Historic buildings and stone monuments form
an important part of our cultural heritage, and
are affected by many deterioration mechanisms
(O'Brien, et al., 1995), that can be caused by
several factors (Camuffo, 1995), either external
(Hammecker, 1995) or internal (Rodrigues,
2001). Also, it is well known that one of the

major problems facing stone conservation
work is the treatment of highly disintegrated
sculptures, when the deterioration reaches an
advanced state, and the sculpture suffers decay
of the matrix resulting in the deterioration of the
surface layers and the loss of the carved detail
(Hanna, 1984). Moreover, we can see that the
quality of building materials and their protection
against these different causes of deterioration
had been taken into consideration since ancient

Issue No. 16 July 2007
ISSN: 1319-8947 (pp.7-24)

1997), through the chemical reaction of
replaced materials with original stone materials
over time (Bucea and Sirivivatnanon, 2003),
which requires some scientific work known
as preservation and restoration interventions.
Correct  preservation,
strengthening of historical buildings and
monuments require the development of special
techniques for decay diagnosis and safety
assessment in terms of suitable intervention

restoration and
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(Righini, 2002). So, modern interventions, based
on interdisciplinary scientific and empirical
research and knowledge (Hammer, 1995),
have been established through some scientific
committees such as ICCROM, ICOMS, etc.,
depending essentially on some scientific tools
called conservation and restoration procedures
or codes of practice. The principal goals of
these procedures aim to preserve the nature
and condition of objects, to rectify or restore
the different effects of poor manufacture,
use and decay, and to prevent or minimize
any future deterioration. However, any act of
conservation should follow the codes of practice
of professional conservation associations to
achieve the authenticity and integrity of the
conservation steps, and should clearly identify
both added materials and original objects (Pini,
et. al., 2000). (Drakaki, et. al., 2004).

From this point of view, we can argue
that applying and developing conservation
techniques demand not only a high degree of
manual skill but also knowledge of material
science, familiarity with earlier technology
combined with an aesthetic sense (Koh, 2006).
Thus, ICOM has presented a scientific document
entitled ‘the conservator-restorer: a definition
of the profession’” which underlines the fact
that recognition and respect of the nature of
individual objects are fundamental values in any
conservation work (ICOM, 1984). Furthermore,
these works should be made in accordance with
UNESCQ’s operational guidelines and other
international charters, which stipulate that the
aim of modern restoration works is to reveal the
original state within the limits of still existing
material (International charters, 1964, 1979,
1984, 1987, 1994, 2002, 2004).

The goal of this study is to provide an
overview of the causes for stone decay due to
improper conservation work, mainly "unstable
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materials and wrong applications" —which is
the case at several Jordanian monumental sites
— and to show different temporal and spatial
distribution of deterioration products found on
the surface of these monuments.

1-1 Preservation State at Jordanian Sites

It is well known that all conservation works
and interventions should be characterized by
some scientific procedures whether in materials
used or techniques applied (EHS, 2006). Also,
the treatment materials should be characterized
by several criteria such as lightness in
substance and content (D'Avino, 1995), real
stability, penetration to a sufficient depth
(JMA, 2002), ability to improve the different
physical, mechanical properties and chemical
characteristics of treated surfaces (Brus and
Kotlit, 1996), unchanging the visual appearance
of these surfaces, and finally unsealing them
or preventing future consolidation (Manaresi,
et al., 1984). In addition, a new weathering
resistant binder of mineralic nature should
be formed (Ling, et al.,, 1993a). All criteria
mentioned above should be carried out with
largely improved methods and techniques.

In spite of the application of various
approaches to maintain, repair and protect
several archaeological sites in Jordan according
to these procedures, there are many serious
problems in these interventions which are
essentially due to wusing some improper
materials and wrong techniques that finally lead
to variable phenomena of weathering.

To investigate these problems, two of
the most important archaeological sites in
Jordan "Ajlun Citadel and Jerash City" were
selected after several scientific visits and field
observations mainly because of several values
that the sites reflected especially their aesthetic
identity, political and educational significance.
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The two sites lend themselves to a detailed
examination and analysis to evaluate their
restoration states according to the International
Code of Practice. Through some scientific
visits to these sites and evaluation of several
technical reports of excavations, environmental
situation and conservation works either
published (Maria Cristina, 1986), (Rogan,
1988) (Abd Allah and Yahya, 1988), (Saffarini,
1989), (Abdel-Jalil 1989), (Al Kodah, 1993),
(Palumbo, G, 1994) (Rizzi, and Volta, 1995) or
un-published, many deterioration appearances
have been noticed at many places in both sites,
essentially due to the aggressive factors and
mechanisms of deterioration resulting from
using improper treatment materials and wrong
application techniques, which can be explained
as follows:

1-2 Improper Treatment Materials

Several types of improper treatment materials
have been used such as some types of organic
consolidants like calcium oxalate (Fassina,
2000); and the use of different types of mortars
such as gypsum Gray Portland cement (Ostrasz,
1991). (Ostrasz, 1997), organic soot particles as
a surface retouching and concrete reinforced by
none galvanizing steel (Zayadine, 1985)

1-2-1 Gray portland cement

Gray Portland cement "GPC" used in the
conservation works is a fine powder that was
created in 1824 (NERC, 2005). It consists
mainly of a mixture of hydraulic cement
materials comprising primarily calcium
silicates, aluminates and aluminoferrites derived
from 30 raw materials that can be divided into
four distinct categories: calcareous, siliceous,
argillaceous, and ferruginous (Tennis, 1999).
Also, it is very hard, strong and manufactured
by calcining standard quantities of calcareous
and clay materials at a very high temperature
(Plenderleith, 1986). This material is used in
conservation works in many archaeological
sites in Jordan such as Petra, Desert castles,
Kharrana Cara van sari, Amman citadel, Ajlun
and Jerash. In the two present cases, it was
used for conserving and strengthening some
deteriorated parts "for renders or repointing"
without abiding by a code of ethics or a code of
practice which finally led to the creation of some
aggressive stress, internal strain and presence
of several harmful features and deterioration

products as shown in Fig. 1 a, b.
1-2-2 Surface retouching

In the past, restoration works were performed

Fig. 1 a, b: Shows deterioration appearances resulting from the effects of using Gray Portland cement
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Fig. 2a, b: Shows deterioration appearances resulting from the effects of Surface Retouching

by artists of the same discipline through their
efforts to improve the aesthetic appearance of
the monument using some limited materials
such as beeswax, paraffin wax, flour paste and
powder pigmented materials, etc. (Oddy, A.,
1992), or to adjust the color of repair materials
to match the stone surfaces (Ma, 1995) such
as iron oxide "red color" or iron hydroxide
"yellow color". All of these procedures were
often done through some restorers' touches
and changes without considering the original
intention of the artist's work or experimentally
testing these materials that mostly lead to
further deterioration of the artifact on the long
run (Kabbani, R., 1997).

In the sites examined in this study, some

unsuitable organic pigments are used as
retouching during the restoration work for
hiding the original features of restoration
material "mortar and surface plaster" to give
them the same visual appearances and external
features; these materials such as botanical smut
lead to create some acidic pits and facilitate
chemical reaction and later surface erosion as is
shown in fig. 2a, b.

1-2-3 Reinforced concrete

Reinforced concrete is composed essentially
of black cement, gravels and none-galvanizing
steel, and it may be used in some specific and rare
circumstances of restoration works for minimizing
the depletion of natural resources (ECCO, 1996),

Fig. 3 a, b: Shows deterioration appearances resulting from the effects of using Reinforced Concrete
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Fig. 4 a, b: Shows deterioration appearances resulting from the effects of using Wrong Techniques

but this may be suitable in dry areas. On the other
hand, most concrete deterioration forms can be
attributed to water penetration where concrete
absorbs moisture until it becomes saturated
and prevents water from gathering on surfaces
(Mailvaganam and Litvan, 1997). From this point
of view, it could be seen that moisture not only
fosters the deterioration mechanisms and promotes
chemical reactions, but also carries dissolved
chemicals that can have further reaction with the
steel, lime and other components in the concrete.
It also plays a major role in concrete deterioration
through freeze/thaw cycling. In addition, corrosion
of steel reinforcement eventually leads to spalling
of concrete and propagation of original surface
damages as shown in fig. 3 a, b.

1-3 Wrong Techniques Used

It is well known that our cultural heritage is
suffering from some forms of destruction due
essentially to several wrong applications and
techniques. In our field, we can quantify two
destruction types: "destruction through negative
governmental role and destruction through
using unsuitable application methods".

1-3-1 Destruction through negative
governmental role

This type of destruction is mostly owing to

Issue No. 16 July 2007

some wrong political or administrative roles and
inadequate decisions that face all conservation
policies. Although the conservation techniques
used for archaeological artifacts are complex
and specialized operations, administrative roles
can lead to some problems such as lack of
funding, closing of laboratories, downsizing of
employees and shortage in specialized training
(Evans, 2003). Moreover, the conservation
process has been marginalized in many
cases or, at least, done without following any
international legislations or policies.

1-3-2 Destruction through improper
application techniques

This second type of destruction is due to the use
of some protective and strengthening materials
through unsuitable application techniques
without any experimental tests. Before being
used, these materials and techniques should be
tested and proven in a laboratory for a period
of at least one year, and if positive results were
obtained, we can use them (Agnew and Demas,
2002) as shown in fig. 4 a, b.

Finally, after the analysis of all previous
data, the evaluation of all conservation works
and the scientific evaluation of the surrounding
environmental situation in the study areas,
we can make some conclusions as shown

11
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Site Name Ajlun castle Jerash city
Site Code "Jadis no" 2219035 2318002
Location About 76 km North West of Amman | About 50 km North of Amman
Date of Construction Islamic period Late Bronz to Islamic periods
Surrounding Environment Cultivated and Populated Populated
1950 "A" * 11925 "A, D" k¥
1992 "E" ¥ 11962 "B, C" woE
Conservation and Scientific 1993 "A, B, D" * 1973,4,5"A, B" *
Remarks and Evaluation according 1998 "A, B" * 1976 - 1977 "E" ek
to Codes of Practice
2001 - 2002 "A" *#* 11982 - 1984 "E" woE
2003 "A" ¥ 11990 - 1992 "E" ok
2004 "A" ** 11993 -2005 "E" ok
2005 "E" ** 12006 "E" ok

Table 1: Shows the resulted materials after some conservation works in Ajlun Castle and Jerash City

A= Cleaning and salt removal "Simple"
D= Reconstruction and replacement "Heavy"
*= Commendable works

in table 1. Those conclusions were verified
against the International Codes of Practice and
Conservation Guidelines

2- Experimental Studies Used for Evaluating
Conservation Work

In this part of the study, investigated samples
were divided into two essential parts and can be
described as follows:

1 part, concerning field observations that
were done on some surface crust layers and
underlying stone materials which were scraped
off separately from different zones to assess and
evaluate the process of decay and deterioration
states resulting from different improper
materials and wrong application methods
during the previous conservation work. All of
these samples were submitted to some field
observations that were done by a critical eye and
magnifying glasses to organize and evaluate the
validity of previous conservation work in both
sites through defining visual appearances.

2 part,
measurements that were done on some samples

concerning some laboratory
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B= Consolidation "pre and pro" C=Fixation and Stabilization "Moderate"
E= All categories "Completely restoration works"
**= Not Commendable works

of new mortars composed according to the
same components and percentages made by the
Department of Antiquities of Jordan toevaluate their
external appearances and some physio-mechanical
properties - "density, porosity, water content, water
uptake and micro-abrasion resistance".

2-1 Visual Appearance Changes

It could be said that most of the stone
treatments used as protection materials or water
repellents cause serious changes in the color
and external features of the treated stone. These
changes are intensified as if the stone surface
were wetted by any sources of water (Riecken
and Schwamborn, 1995) Also, they may hide all
artistic surface features and lead to the creation
of some stresses by salts crystallization action
and hydration pressures (Huovinen, et al.,
1998) which play an important role in complete
disintegration of the stone monuments and
may cause cracking and spalling forms. In the
present study, following ASTM D1729 (1999),
some of these changes that represent some
differences in the external appearances of all
treated surfaces and vary between Green, Gray,
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Fig. 5: Shows different colored surfaces resulting from improper materials used in conservation works

Black, White and Brown colors according to
the kind and nature of conservation materials

used, are observed - Fig. 5.
2-2 Morphological Features by SEM

SEM examinations of some samples collected
from treated surfaces that were done according
to NORMAL 8/81 proved that there are several
deterioration forms resulting from the uses of
improper materials in conservation work, which

can be categorized as follows:

* Accumulating some dust particles and small
aggregates derived from GPC and GRC such
as Quartz, Kaolinite and Montmorillonite,
Fig. 6a.

e Presence of some internal strains, cracks
and spalling features resulting from internal
stress through using None-Galvanizing Steel,
Fig. 6b.

* Hiding some treated surfaces by some non-
porous treatment materials that lead to the
creation of some micro cracks and the falling

Physical properties Jordanian Lime stone Portland cement Reinforced Conc.
Gray White Gray White
Density gm/cm3 2.407 1.7960 1.9780 1.8130 2.0670
Porosity % 5.434 21.605 18.953 21.779 19.426
Water up take % 2.258 12.026 9.5800 12.007 9.3960
Water content % 0.381 1.6970 0.7710 1.5500 0.5760

Table 2: Shows Physical properties of the materials used in conservation works in Ajlun Castle and Jerash City

Fig. 6: SEM micrographs showing the different symptoms of deterioration resulted from aggressive effects of Gray

Portland Cement and None-Galvanizing Steel

Issue No. 16 July 2007
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Investigated Samples Weight Lost Depth Lost
gm
Before After % mm %

Limestone 141.71 141.22 0.35 .028 0.652

Gray Portland Cement 93.130 89.820 3.55 5.81 14.61
Reinforced Concrete 90.280 88.620 1.84 4.04 10.38

White Portland Cement 112.83 112.70 0.12 0.60 1.403
Reinforced Concrete 117.92 117.80 0.12 0.43 1.010

Table 3: Shows micro-abrasion resistance of the materials "GPC and GRC" used in conservation works in Ajlun

Castle and Jerash City

R———
-‘:‘ ' '
f—

GPC

Limestone sample

"
|
I

WERC

GRC WPC

Fig. 7: Shows micro-abrasion resistance of the materials used in conservation works in Ajlun Castle and Jerash City

down of some fragments of these surfaces -
Fig. 6c.

e Growing of some salt crusts on the stone
surfaces as Gypsum, Halite, Niter and Soda
niter, creating some deterioration features
like cracks and surface fracture - Fig. 6d.

2-3 Defining Physical Properties

Some important techniques were used for
defining physical properties of materials to
evaluate the different kinds of conservation
materials, the alterability and different patterns
of stone degradation such as Density and
Porosity (Pérez, et al., 1995), in addition to
Water Uptake (Ling, et al., 1993b) and Water
Content (Binda, et al., 1996). In the present
study, these properties were defined for studying
some relations between them especially
emigration of some particles or salt components
of conservation materials used. All final results

are presented in table 2.
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2-4 Micro-abrasion Resistance

This parameter is one of the important indicators
that point to the strength of the bond between
the particles of stone (Kumar and ginell 1995).
It can be interpreted in terms of hardness and
is considered one of the famous methods used
to evaluate all relative effectiveness of the
treatment (Phillips, 1982) (Nishiura, 1995). It is
also used to define the materials' resistance by
sand plasting technique with different abrasive
materials "either in kind or diameter". In this
part, different samples of Stone, Portland cement
mortar and Concrete "gray and white" were
exposed to mechanical abrasion by sand plasting
instrument model Micro Tip I according to the
next specific schedule that depended essentially
on some scientific varieties as follows:

* Time of exposure is 105 seconds, Abrasive
powder is sand particles no 500 micron

¢ Nozzle diameter is 1.07 mm
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Conservation materials and techniques used
Surface Crusts Composition % | Portland Cement Rﬁ;;:glr; & RCe:)I;fcirethd TI;?II: Irl(i)(;)lfés
Ajlun Jerash Ajlun Jerash Ajlun Jerash Ajlun Jerash
Essential Calcite 3.12 23.66 - 67.62 86.52 61.90 30.65 69.52
Components Dolomite [ 11.84 2.44 - 10 - _ _ }
Gypsum 49.22 30.98 68.50 - - 4.76 33.47 13.33
Quartz - 12.92 - 22.38 - 21.70 14.92 17.14
Kaolinite 12.50 4.63 - - - - 12.10 -
Montmorillonite 6.23 341 - - - - - -
2z Orthclease 7.78 - - - - - - -
£ [ Halite - - 5.51 - - - - ]
% Nepheline hydrate II syn. 2.80 1.22 - - - - - -
§o Andalusite 2.50 .98 - - - - - -
'g Cholorite syn - - - - - - 8.87 -
= | Goethite ; - ] - 1348 | 11.64 ] -
= Glaucophane syn 4.36 1.95 - - - - - -
Niter - - 11.81 - - - - -
Soda Niter - - 14.17 - - - - -
Carbonate hydroxyl abatite - 15.12 - - - - - -
Huntite - 2.68 - - - - - -

Table 4: Shows: qualitative and semi-quantitative materials resulted after some conservation works both in Ajlun

Castle and Jerash City

* Distance between sample and nozzle is 100mm

e Pressure is 2 bar, all results listed in table 3
and Fig. 7

2-5 Mineralogical Investigations

Mineralogical analysis methods can be used
in the study of archaeological artifacts (Parkes,
1986), especially for materials that are deceptively
similar to each other in appearance. Chemical
tests are of course a necessity for the purpose
of differentiation (Caley, 1948). Also, they are
usually employed to determine the materials from
which an object is made, and often to identify
trace elements that may give a clue to the origins
and date of the object (Ciantar and Mallia, 2003).
Additionally, these methods of analysis allow us
to determine different chemical and mineralogical
profiles both of fresh and affected samples.

Issue No. 16 July 2007

The XRD technique was used to identify
the crystalline materials as a qualitative and
semi-quantitative technique for studying some
samples collected from some restored and
treated zones in the present study areas. All
results are listed in table 4

3- Discussion

The detailed investigations have led to
various considerations and can be summarized
in the following points:

3-1 Deterioration Processes

Several deterioration processes and related
problems were observed in our case study;
these were resulting essentially from aggressive
mechanisms due to Portland cement and

concrete negative effects. Those processes

15
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and their different mechanisms created some
deterioration forms that can be attributed to
both chemical and physical actions such as:

e Increasing the dampness of stone units and
other building materials particularly ancient
mortars because of the low porosity index
of Portland cement, which prevents water
evaporation in the internal pores of stone,
then accelerates their damage cycles.

* Surface crack patterns and pitting features
resulting from the aggressive Alkali Silicate
reactions (Thaulow and Jakobsen, 1997) that
take place in aggregate particles between
alkaline pore solution of the cement paste
and silica (Ferraris, et al., 1997).

 Sulfation or salt crustation and crystallization
that may be formed by Sulphate attack
which occur when concrete is in contact
with sulphate containing water or pollutants
ambient in the air that lead to form gypsum
crusts (El-Gohary, 2007).

* Breaking rocks surfaces down into smaller
pieces and fragments that essentially result
from degradation processes that had been
created through physical actions which
lead to the break of the stone surfaces down
(Roy, and Jiang, 1997). Also, these actions
may lead to the leaching of calcium ion
and may increase the porosity index of the
surface layers, then affecting the durability
of building components "mortar, concrete
and most of stone surfaces" (Delagrave,
et al.,, 1997). Again, the chloride induced
corrosion of reinforcing steel is a very
common deterioration cause of reinforced
concrete structures, where it enters concrete
mainly via diffusion through the concrete

16 Issue No. 16 July 2007
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pore solution (Streicher and Alexander,
1997), and finally leads to the creation of

some aggressive stress and internal strains
3-2 Visual Appearance Changes

Itis well known that direct visual examination
is frequently sufficient for identifying the
general type of materials used for stone artifacts
(Tite, 1972). From the examination and data
presented above, it could be argued that the
different color appearances in the external
treated surface are due essentially to different
kinds of conservation materials that were
used and their reactions with environmental
components in the surrounding area. The
presence of these colors is due to different

deterioration mechanisms as follows:

Green color mostly appears on the stone
surfaces treated by some consolidant materials
without any experimental studies that lead to
the growth of some species of microorganisms
as Algae and Bacteria. Gray color appears as
a direct result of using gray Portland cement
as a joining mortar or re-pointing filler
material between stone blocks. Black color
is essentially due to the use of some families
of surface organic consolidants and water
repellents such as calcium oxalate mixed with
dust particles which compose heterogeneous
materials affected rapidly by sulphation
processes which then lead to the darkening
and blackening symptoms of treated surfaces
as discussed earlier (see: Alessandrini, et
al., 2000; Fassina, V., 2000). White color
appears on the surfaces treated with some
cement materials as gypsum, lime mortars
and white Portland cement using Sweileh

sand characterized by different colors. Finally,
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Brown color appears as a result of using some
organic consolidants such as Casein, Shellac
and PVA that have a good ability for absorbing
air moisture and reacting with other materials
in surrounding environment; the process leads
to new surface crusts through photochemical
reactions.

3-3 SEM Observations

Having analyzed SEM figures of the present
samples that represent the surfaces treated by
several improper treatmentmaterials particularly
Portland cement, surface retouching, organic
consolidants and reinforced concrete, we can see
that there are highly disintegration effects and
several decaying forms that resulted essentially
fromaggressive deterioration mechanisms either
chemically or physically; in particular, wetting
and drying cycles. Furthermore, crystallization
pressures created by aggressive deterioration
mechanisms resulted from salt crystallization
action and rusting of steel bars in reinforcement
concrete.

3-4 Defining Physical Properties

After evaluating the resulting data in table 2,
it could be said that there are some differences
between physical properties of conservation
materials and those characterized the limestone
as an essential building material. It could be seen
that there are recognized differences between
Density index of mortar and concrete samples
(gray or white) on the one hand, and limestone
samples, on the other. This means that the desired
compatibility between mortars and stone walls
will be lost and its workability will be insufficient.
This leads to additional deterioration mechanisms
and forms in the future according to dominated
internal forces due to volume expansion between

Issue No. 16 July 2007

them as argued in a similar case by Kovacs
(2000). Also, the noticeable differences between
the porosity index in all mortar samples and
Limestone will lead to irregular distribution
of water sources and water content dominant
in the study areas, which then creates other
problems of salt crystallization (Binda, et al.,
1997) and hydration cycles particularly in the
presence of some salt sources as hydro soluble
sulfates which can be carried from water in wet
masonry through capillary rising resulting from
foundations or through wind transportation in
marine environments (Corinaldesi, et al., 2003),
in addition to continuous surface dampness.
Thus, this phenomenon leads to the creation of
some deterioration forms of mortar layers and
decomposition of the concrete which essentially
depends on some varieties such as porosity of the
cement paste, acid concentration, solubility of
calcium and fluid transport through the concrete
(Constantiner and Diamond, 1997). This leads
also to the corrosion of steel bars in reinforced
concrete structures (Bucea, etal.,2005) especially
in the presence of the same differences in both
Water Uptake and Water Content.

Thus, we can see that the dampness is acommon
problem that causes destruction of ancient walls
and the collapsing of the cement chemical
structure and decreasing the concrete durability
(Mao and Kagi, 1995). All these problems result
in different decay products both inside and
outside the building stones which are considered
important topics of stone weathering mechanisms
as discussed earlier by Holzwarth (1996).

3-5 Micro-abrasion Resistance

After measuring the micro-abrasionresistance

of different samples to define the compatibility
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Fig. 8: Shows the differences of micro-abrasion resistance between limestone mortar and concrete samples (a) in

Weight lost and (b) in Depth lost
between them, we conclude that:

 All

according to the kind of the cement materials,

samples were affected gradually

where white samples, mortar and concrete,
are characterized by a higher resistance than

gray ones.

* Allsamples, mortar and concrete, had a minor
micro-abrasion resistance in comparison
with Limestone samples as shown in Fig.
8a.

e All resulting holes created by this test
vary: they increased in mortar samples and
decreased in concrete ones due to the role of
steel reinforcement beams as shown in Fig.
(8 -b).

e The resistance degree decreased after
scratching the external surface of the samples,
owing essentially to the smoothing degree of
external surface and low superficial porosity
index in comparison to the internal core of
the samples.

Although the tested samples of mortar and
concrete were characterized by low hardness
index compared to Limestone samples, they had
some unsuitable and un-commendable physical

properties, particularly those concerning water
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and moisture behavior such as porosity, water

absorption and water content.
3-6 XRD Investigations

Scientific analysis of XRD data confirmed
that the investigated samples were divided
into 4 categories according to their degree of

alterability as follows:

I category represents, Limestone, as the
essential components of building material
which includes Calcite and Dolomite with very

occasional crystals of Quartz.

2™ category includes all salty hard crusts
such as Gypsum, Halite, Niter and Soda niter.
From a scientific point of view, we can decide
that the presence of these amounts of salts is
essentially due to the use of Portland cement
as a repairing mortar which causes sever
deterioration mechanisms and forms affecting
historic structure materials because of their
inherent physical and mechanical properties
and soluble salt content as demonstrated before
(Arnold & Zehnder, 1989) in similar cases. It can
also be argued that the gypsum and halite crusts
result essentially from dissolution mechanisms
through chemical weathering in the presence of

some complex alternative cycles of drying and
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wetting (El-Gohary, 2006; Franz and Storey,
2000). On the other hand, the presence of other
species of salts was essentially due to some
agricultural activities in surrounding areas
which used some organic fertilizers like Niter
and Soda niter (El-Gohary, 2000).

3 category contains all dusting materials
and accumulation particles such as Kaolinite,
Montmorillonite and Chlorite; all of these
materials resulted from different mechanisms
of deterioration whether physical or chemical.
Again, pigmented materials such as Goethite,
which mostly resulted from the main
components of mortar and additive materials
used as retouching for improving the final
appearance of the surfaces, all of them led to
the creation of some colored surfaces according
to their components that range between red,
brown, yellow, black and gray (Goffer, 1980).

4™ category contains some strange minerals
such as Nepheline hydrate IIsyn, Andalusite
and Glaucophanesyn that may be essentially
due to natural occurrence within Sweileh sand
particle used in Jordanian mortar composition,
or through hydrothermal decomposition of
Amphiboles. Moreover Carbonate hydroxyl
apatite and Huntite present essential components
in Jordanian mortar Portland cement.

From an analytical point of view, it could be
said that the main reasons behind the presence
of these several kinds of weathering products
on the stone surfaces were the wide gap
between expansion and contraction index of all
components resulting from stone and different
conservation materials especially Portland Gray
cement and Reinforced Concrete according
to the degree of dominant air temperature and
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other deterioration factors. Furthermore, we
can see that the use of pure Portland cement as
a mortar displays harsh workability, inadequate
water retentivity, an undesirable low water and
vapor transmission rate, excessive compressive
strength and deformability. Thus, its use should
be avoided for historic masonry (Suter, et
al., 2001) because of dangerous internal and
external stress, strains and crystallization
pressure created through attacking by sulfate
diffusivity (Tixier and M.ASCE, 2003).

Recommendations

After assessing and evaluating all problems
affecting our two sites resulting from aggressive
effects of wrong techniques and improper
materials, some scientific recommendations
should be followed to remove different
deterioration forms. These recommendations
can be used as part of an initial conservation plan
that should be adopted. The recommendations
are:

1. Applying different steps of mechanical
cleaning by brushes, caters air blowers
and other electric instruments, then using
different chemical cleaning methods by
suitable materials such as some clay poultices
“Attapulgite or Sepiolite” or paper pulp
poultices for cleaning the sensitive surfaces
of Limestone under conservation.

2. Using a mixture of white Portland cement
and Lime mortars because the interaction
between the two binders means getting good
properties of final mortar product, where
Lime contributes to the mortar's workability
and retentivity while the Portland cement
controls the mortar's strength gain and final
compressive strength.
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. New methods should be developed to evaluate
the efficiency of the treatment materials that
are used in stone conservation particularly
porous building materials such as stone,
mortar and plaster.

. Greater care should be given to mortar choice;
its components should be well chosen and

characterized by finest quality, free of salt, clay,

|| 4

.
Auumﬁu

loam, soil particles or any other impurities to
avoid weakness or discoloring that may lead
to some problems on the long run.

. Finally, all conservation steps and materials

must be tested and proven in different
scientific laboratories and should be done
in accordance with recognized international
charters and codes of practice.

Mohammad El-Gohary: Department of Archaeology & Anthropology, Yarmouk University,
Irbid, Jordan. m_1968_algohary @yahoo.com
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