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Fig. 1 Major Deposits of Saudi Granite
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Abstract. Saudi Arabia possesses a wide range of high quality granites of distinctive colors and textures.  Generally, the use of granite panels as wall-cladding is less favorable, because of its dark colors and visible grains.  However, many problems have arisen due to the radioactive properties of the material and their hazardous effect in addition to the inferior design detailing practices.  These issues are discussed focusing on the material properties and hazards, availability and quarrying, adaptability to local environment and the design detailing practices.

Introduction

Saudi Arabia is very rich in natural resources, not only oil, but the country also possesses a wide range of high quality granites and other dimension stones.  Saudi granites are prized and commercially viable because of the size of the quarries, which gives consistency to production, and because of the wide range of the distinctive colors and textures available.

[image: image6.jpg]Fig. 2 Selection of Saudi Granite



According to Berkoz et al [1], the common use of natural stone in Saudi Arabia prevails in mountain areas of western and south western regions for walls and foundations.  It is not exactly dated for the use of ornamental dimension stone in buildings.  However, the Saudi building industry has witnessed a fast growth in the seventies of the last century.  By that time also the major growth in the ornamental stone industry took place in the 1970s and 80s, mainly as a result of the Directorate General of Mineral Resources (DGMR) initiatives and promotions.  By 1987, the ornamental stone industry was so well established that the promotion provided by the DGMR stone testing and dressing plants was no longer necessary, and the facility was leased to the private sector [2].   

Until recently, the use of granite dimension stone is limited to floor tiling, stair treads and kitchen counter tops.  The use  of granite as wall-cladding material is not preferred in private villas, but it is so far used in public buildings.  This may be attributed to the hard nature of the stone, its darker colors and the visible interlocking crystalline texture, which is discernable with the naked eye.  In my opinion people prefer soft, uniform smooth texture and light color material.  These properties are found in marble, especially the intensively used carrara type.

The main advantages of granite are: its high durability, resistance to acids and pollution, and its high thermal capacity which enables a considerable degree of control of the internal thermal conditions.  On the other hand, the main disadvantage of granite is the presence of uraninite –a chief ore of uranium – as a primary constituent of the rock material.  Radon – a toxic radioactive gas – emerges when rocks like granite containing uranium breakdown mechanically. Radon gas is very dangerous to human health because it causes lung cancer.  In addition, there are some other problems which have arised as a result of the inferior design detailing practices.  These issues affecting the use of granite dimension stone as exterior wall-cladding in Riyadh  are discussed in this paper focusing on the following:

1)
The materials properties

2)
Availability, quarrying and dressing

3)
Adaptability to the local environment, and hazardous effect.

4)
Design detailing and application practices

The Materials Properties

Granites are igneous rocks composed dominantly of quartz, feldspar, biotite, mica muscovite and hornblende, as well as accessory minerals such as magnetite, pyrite and chalcopyrite.  They have visible interlocking crystalline texture, which is usually discernible with the naked eye.  Their material are resistant to scratching.  These qualities produce very hard stones, which are strong, durable and hard wearing.

There are several widely accepted classifications of igneous rock, but in general these are based on two principal factors: a) texture and b) mineralogical composition. Because there is a fairly great variety of igneous rocks, in both chemical and mineralogical makeup, indefinite boundaries exist within the various ranges of composition. According to Nockolds et al. [3], the ideal classification of igneous rocks would be a genetic one, and tentative steps in this direction are now being made.  The most important of these has been the recognition of igneous rock series whose members may range in composition from mafic (or ultramafic) to felsic, but all of which have certain features in common.  Such series can be grouped into the following categories:

1.   Tholeiitic igneous rock series, which are relatively rich in iron.

2. Cacl-alkali igneous rock series, which are relatively poor in iron throughout and are generally richer in alumina than the rock of tholeiitic series.

3. Alkali igneous rock series, are very variable in character, some showing a rather feeble absolute enrichment in iron in intermediate members, others not. However, all are characterized by higher contents of alkalies for a given silica percentage than tholeiitic or calc-alkali series.

In the sense of dimension stones the generic term granite is generally applied to entire spectrum of fine, medium or coarse grained, entirely crystalline intrusive igneous rocks. Igneous rocks are said to be coarse grained if the average grain size of their constituents is greater than 5mm; medium grained if the grain size lies between 5mm to 1mm; fine grained if the grain size is between 1mm to 0.05mm; and very fine grained if the grain size is less than 0.05mm.  On this basis, ‘plutonic’ rocks are those of medium to coarse grain, ‘hypabyssal’ rocks are fine grained and ‘volcanic’ rocks are very fine grained to glassy.  

In commercial terms, the name ‘granite’ is applied to a wide range of igneous rocks extending from true granite through diorite, monzonite and syenite, to gabbro and anorthosite.  Generally, true granites are composed essentially of the two feldspars and quartz plus mica or hornblende. As for the ratios of materials, the average granite contains about 50% orthoclase, about 20% plagioclase, more than  20% quartz and   3-15% biotite.  These values may range significantly without transgressing the boundaries of granite [4].

Gabbros which form the other end of the igneous rocks spectrum are comprised of pyroxene, hornblende and plagioclase but little or no quartz [5]. The gabbros are coarse or medium grained igneous rocks.  Gabbros, on the average, contain about 50% plagioclase (calac), about 30% augite, and 10% olivine.  Magnetite, ilmenite, iron and copper sulfides are usually present in very small amounts [4].  However, gabbro group is a variable one and these percentages are not constant.

Granites are plutonic rocks, coarse grained, and the colors of granite dimensions stone vary depending on the mineralogy.  True granites may be red, pink, brown or cream in color, while true gabbros are generally black.  Stones intermediate between the two are often various shades of gray and sometimes green.

Granites are acid resistant and their performance in testing with both hydrochloric acid (17 NHCL) and sulphuric acid (10NH2 S04) is very good.  The acid resistance test is important because it indicates how the stone will perform both in interior and exterior environments.  This is for two main reasons [6]:

a) Smoke and exhaust fumes from burned hydrocarbons contain remarkable quantities of sulphuric acid, which can be corrosive to stone material used for exterior work.

b) Acids, even weak ones contained in foodstuff like milk, fruit juice etc., may corrode the polished stone surfaces.

Table 1 summarizes some of the physical properties of the Saudi granite and compares them to the popularly used Italian 'Granito Rosa Bavenu'. The quality of granites is best shown by polishing, though all finishes, such as honed or flame-cut finishes, are suitable.  The finished granite products have high resistance to weathering and less affected by air pollution and frost action.

Recently, the Ministry of Petroleum and Mineral Resources [7], set a systematic inventory of all known or newly discovered occurrences of industrial minerals in Saudi Arabia.  This inventory has been presented in the Atlas of Industrial Minerals, which describes the geology and resource potential of 31 mineral commodities.  A special catalog of Saudi Arabian Stone was published by the Deputy Ministry of Mineral Resources [6], to promote the domestic product of the natural stone and to aid in their selection and application.

Availability, Quarrying and Dressing

Availability

Saudi Arabia has abundant resources of igneous rock suitable for the production of high-quality ornamental stone.  It is mostly found in the areas of Najran, Ranyah, Southern Ar Rass, Ad Dawadimi, Jeddah – At Tai’f and Yanbu’ al Bahr – Al Madinah districts [4].  All these igneous rocks are from the Proterozoic Arabian Shield.  The Proterozoic Arabian Shield, covers more than 30% of the area of the country i.e., about 650000’ km2, Fig. 1.

Almost all colors and textures of granite rocks required by the market are available, including some that are probably unique to the Kingdom, such as the brown granite of Bir Askar, the green granite of Jabal Kawr, the red brown granite of Al Qazaz and the brown anothosite of Wadi Kamal [8]. Figure 2 shows the colors of some selected Saudi granite. 

According to official reports, the expansion of the domestic industry of ornamental stones could take place given the high quality of indigenous stone and the favorable economic factors. Table 2 summarizes some of the granite resources developed by the Ministry of Petroleum and Mineral Resources [7].
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[image: image8.jpg]Fig. 4:  Lack of coordination between fagade dimension and classing panels.





[image: image9.jpg]Fig. 5: Damaged granite panel, an indication of no-back filling or wide gap
between ground wall and veneer.





Table 2.     Some of granite resources at different areas of Saudi Arabia developed by MPMR

	Area
	Rock type
	No. of

locations
	Total resources (Mm3)
	Ornamental stone resources (Mm3)*
	%

	Al Madinah
	Granite
	12
	60
	33
	55%

	Al Qunfudah
	Granite
	11
	96
	45
	46.8%

	Jabel Ibrahim
	Granite
	12
	60
	35
	58.3%

	
	Gabbro
	1
	1
	0.6
	

	NE. Makkah
	Granite
	2
	3
	1.5
	60%

	Rabigh
	Granite
	3
	6.5
	4
	61.5%

	Yanbu
	Granite
	15
	84
	50
	59.5%


*  Mm3 :  Million cubic meters.

Quarrying

Quarrying of granite is hard work and requires  large financing investment, in addition to skilled and experienced work force.  Furthermore, quarrying requires expensive machinery and a lot of capital for prospecting and development.  In this respect, Saudi Arabia has both the potential material and the capital needed for quarrying and fabrication of granite and other industrial minerals.

The quarrying process consists of cutting granite blocks out of different levels of strata in such a manner as to accommodate the movement of equipment and people and ensure the safety of the workers.  Quarries should take the advantage of natural cracks or faults, earlier flamed channel or drilled lines to facilitate the fracture of the block from strata.  The size of granite blocks extracted will vary depending on the type of material and joint, or fracture and spacing [9].

To cut a piece of granite of size 15 x 4.5 x 8m, first vertical holes are drilled 4.5m deep in  the  back and  8m  long, horizontal  holes  at the bottom extending a width of  15m.  Then a chemical, “Bristar”, is poured into the holes.  This chemical expands quickly inside the holes and helps split the blocks from the solid mass of the stone.  A piece of  the size mentioned above is  then cut into smaller blocks of size 3x1.5x1.5m.

The final size of the blocks will vary depending on the uniformity and soundness of the deposit. Each area of quarry produces stone with slightly different tonal variations, so careful color matching is essential when selecting materials for any project.  

Dressing

In the granite dressing plants, the smaller blocks measuring 3.0m x 1.5 m x 1.5m, brought from the quarries are sliced by gang saws into slabs of varying thicknesses.  The slabs are given a surface finish, trimmed and cut into smaller sizes according to the required job.

Granites slabs and panels are usually produced in standard range of sizes and thicknesses.  Floor tiles are produced in sizes of 30cm x 30cm, 40cm x 40cm and 30cm x 60cm, all with thicknesses of 2cm.  Wall-facing panels are cut into thicknesses varying between 3 and 4cm, and sizes ranging from 30cm x 60cm to 120cm x 120cm, and sometimes 150cm x 150cm.  However, bigger panels may be supplied as required by the project designer.

Granites surface finish may be rough or smooth.  The depth of color in Saudi granite is strong, so finishes such as flaming will not cause the stone to lose many colors.  Polished, hounded, sand blasted and flamed finish are all applied to granite [8, 10].  Each type of finish gives different tonal quality to the stone.  Because of these tonal variations, selection of granite should never be made on the basis of one sample alone.

Smooth finishes tend to accentuate the color and veining of the stone, but is more expensive to produce because of the time and manpower involved.  On the other hand, sand blasting produces a rough matt finish.  Selected areas can be masked before sand blasting to create contrasting polished design on the surface.  As for the flamed finish it creates rough textured non-slip surface which is suitable for non-slip flooring, or special decorative finish.  Figure 3 shows the qualities of surface finish produced by the different techniques.

Adaptability to the Local Environment

Pollution

The environment in Saudi Arabia is generally hostile to buildings.  High concentration of salts, especially chlorides and sulfates present in soil and water [11, 12]; and in the local materials (aggregate and sand) tends to attack and degrade concrete [13, 14], and building stones.

High levels of concentration of carbon monoxide (10-02ppm), sulfur dioxide (15-30 ppb) and hydrogen sulfide (0.02ppm) are present in the atmosphere [15].  In addition, sulfates and nitrates were found in the dustfall in Riyadh, at low levels of 0.03 and 0.09 tons/km2 per month respectively.  Lead particles were also found at higher levels between 4.0-9.0 mmg/m2 which exceed that 1.5 mmg/m2 in the EEC [16].

The natural and artificial pollutants relevant to stone decay are: carbon dioxide, nitrogen oxide, ammonia, hydrogen fluroide, hydrogen chloride, hydrogen sulphide, particulate matter and sulpher dioxide.  However, sulphur dioxide is the most important 


[image: image10.jpg]Fig. 6: Broken cladding panel at unprotected column base.




pollutant in stone decay [17]. Sulfur dioxide (SO
[image: image1.wmf]2

 ) may be carried in the atmosphere a considerable distance from the source.  If combined with water sulfurous acid is formed, and with water and oxygen in the air (during rainy season), sulfuric acid is formed.

Cracks in stone can give rise to serious deterioration, because they provide points of entry for acids and other attacking substances.  Such cracks may result from excessive use of pneumatic tools and explosive in quarries, or from careless handling or cutting of the stone.  They may also result from temperature and moisture movements unless adequate expansion joints are provided in the construction.  Excess water is the key factor in most cases of deterioration of walls or wall materials.  When water gets into a wall, the natural tendency is to look for holes in the outside face of the wall-cladding.  The forces contributing to water penetration are capillary action, gravity, and momentum of rain drops and air pressure difference.  Therefore, one of the major requirements of external cladding of buildings is to prevent the ingress of water under all climatic conditions. [18, 19].

According to MPMR users' manual [7] granite is known to be less affected by air pollution than other types of stones.  However, windblown sand does considerable damage to stone work surface finishes.  In regions of Saudi Arabia prone to wind and sand storms; only hard, abrasion-resistant stone such as granites is suitable for exterior surfaces.

Climate of Riyadh

The climate of Riyadh is characterized by extreme variations of temperature, (ranging between 43oC in summer and 8oC in winter).  The diurnal range exceeds 20oC and because of clear skies the level of radiation is very high.  Relative humidity is very low with an average ranging between 14% in summer and 50% in winter.  Wind speed is usually low, around 5 knots, but there are occasional sandstorms of high speed exceeding 80 knots in summer.  The average rainfall is very low (monthly mean 8mm), but sometimes reaches 124mm, and the whole of one month’s rain may fall in one day [20].

The effect of temperature on the materials and components depends on the temperature range, its sustained times in each level and the rate of cycling.  Solar heating causes high ambient temperatures sustained for long duration.  This leads to development of very high surface temperature in exposed building components.  Consequently, a temperature gradient is built up across the thickness of the building façade.  This gradient can cause significant differential movements between the cladding face and the structural background.  The extent of the movement depends upon the thermal characteristics of the components material involved, i.e. thermal conductivity, heat capacity, coefficient of thermal expansion and insulating effect [21].  Table 3 below shows that granite has higher density, conductivity and heat capacity than that of concrete, brick and limestone.

A construction material of high thermal capacity, like granite, enables a considerable degree of control of internal thermal conditions in regions with high diurnal range and intense solar radiation [22] such as Riyadh climate.   

Hazardous effect

Materials extraction and product manufacture are critical to natural environment and health.  The impact on the natural environment includes ecological deterioration due to extraction of raw material, pollution from manufacturing process, transportation effects and energy inputs into materials which affects CO
[image: image2.wmf]2

 production and other gases.  Health issues range from how materials are extracted to the effect on manufacturing 


Table 3. Thermal properties of  granite and some selected building materials (Cowan and Smith 1983)
	
	Thermal
	
	Specific heat
	Heat capacity
	Diffusivity
	

	
	Conductivity
	Density
	per unit mass
	per unit volume
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	Material 
	(W/mK)
	(Kg/m3)
	(J/kgK)
	MJ/m3 K)
	(mm2/S)
	

	Copper
	386
	8900
	390
	3.48
	110
	1340

	Steel
	43
	7800
	470
	3.67
	12
	158

	Granite
	2.80
	2650
	900
	2.39
	1.17
	6.7

	Limestone
	1.50
	2200
	860
	1.89
	0.79
	2.83

	Concrete
	1.20
	2100
	900
	1.89
	0.63
	2.86

	Brick
	0.80
	1800
	840
	1.51
	0.52
	1.21

	Sand
	0.40
	1500
	800
	1.20
	0.33
	0.48

	Gypsum plaster
	0.10
	1300
	840
	1.09
	0.092
	1.109

	Water
	0.60
	1000
	4180
	4.18
	0.144
	2.51

	Timber (pine)
	0.14
	650
	2300
	1.50
	0.093
	0.210

	Fiber insulating board
	0.048
	380
	1500
	0.57
	0.084
	0.027

	Glass or mineral wool
	0.039
	80
	700
	0.14
	0.279
	0.005


workers producing materials and to the internal environment that result from materials selected.  

Materials of high radioactivity should obviously be avoided, because of health hazard, [23]. Construction materials are sources of airborne radioactivity and of external radiation from the decay series of uranium. According to Klein and Hurlbut [24], uraninite occurs as a primary constituent of granitic rocks and pegmatites.  Uraninite is the chief ore of uranium.  Radon emerges when rocks, like granite, containing uranium breakdown mechanically and chemically to form soil.  Radon 222 is a toxic radioactive gas, like carbon monoxide, is given by uranium 238, which is commonly occurs in rocks and soil [25]. 

Measurements of radon contents of some construction materials reveal that the Saudi and foreign granite tiles were the main source of radon exhalation among the measured samples.  The radon exhalation rate varied from 0.3 to 0.9 Bqm-2 h-1 with a mean of 0.7 Bqm-2 h-1 [26, 27].  The implication of such a study is seen in the use of granite tiles in the inside spaces.  According to Al-Jarallah [28],  the level of radon depends on the type of granites and the rate of ventilation within the space.  The level of randon concentration will increase if internal spaces are not used regularly or continuously ventilated.  Moreover, ventilation alone will not be effective under severe temperatures, i.e. extremely hot or cold.  However, the risk of using granite tiles in external wall-cladding may be less because of the high level of air movement around external surfaces.

Design Detailing and Applications
Granite is usually used in flooring, paneling, veneer column facing, stair treads and flage stone on landscape applications.  Wall facings require careful design with emphasis on consistency of color, texture and pattern.  Special care should be taken in designing stone façade for very large surfaces and tall buildings.  The User Manual of Saudi Arabian Ornamental Stone, [29] sets a number of guidelines for the application of stone veneers to the exterior walls.  The most important ones are summarized in the following:

- Number of different panel sizes should be kept to a minimum.

- No panel should weigh more than 75 kg, unless special hoisting equipment is to be used.

-  Use non-corroding anchors.

- Coat the exterior surface by wax or synthetic resin for protection against atmospheric effects.

[image: image11.jpg]Fig. 7: No integration between exterior wall design and structural features.



The author adds that, since granite is a hard stone and needs careful dimensioning and special cutting devices, it is advisable to coordinate the total dimensions of the façade, with the dimensions of the granite cladding panels both vertically and horizontally.  Fig.4 shows how the façade will look as a result of lack of coordination of dimension between the façade dimension and cladding panels. This is important aesthetically as well as economically since it minimizes wasteful use of material, save energy and time.  The use of proper fixing techniques is essential if the natural stonework is to remain in place and undamaged for any length of time.  A tolerance of  ± 3/8 in (9mm) from nominal dimensions is generally required [30].  DMMR [6] recommended that an expansion joint should be provided at intervals of 3.0m vertically and 6.0m horizontally. Open joints may be provided if the supporting structure and anchors are protected from the adverse effect of humidity and windblown rain.

Veneer slabs used for external cladding are cut to thicknesses varying between 3 cm to 4 cm.  These thin stone cladding panels must be able to withstand wind pressure, gravity, dynamic and seismic loading; in addition to climate forces as well as to the chemical assault of acid rain and movement of building.  Figure 5 shows damaged granite cladding panel due to external forces.  Reasons are attributed to lack of back filling between the panels and background wall or wide gap between cladding panel and background wall.  Also, Fig. 6 represents broken panels at unprotected column base. A special skirting should be designed to prevent damage of stone panel at the base of walls or columns.

Fixing Techniques

[image: image12.jpg]


Fixing methods for exterior wall components are influenced to varying degrees by the building structure and the fixing techniques used.  Many times the designers fail to comprehend the full integration of the exterior wall design with the structural features of the building [31]. Figure 7 shows  that  there is  no full  integration between the cladding 
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panels and the main structural system of the building. There are two methods used to fix cladding panels. These are:

1. The dry or mechanical method, using non-corrosive metal anchors.  Stainless steel is recommended by the users' manual [29], because it is more durable than other materials.  However, zinc-plated steel has an excellent bearing capacity but vulnerable to high humidity and corrosive marine air, both of which are prevalent in parts of Saudi Arabia.  In Riyadh, zinc-plated steel anchors are used because of the dryness of weather and cheaper than the stainless steel anchors.  The supporting walls are coated with water insulating materials,  i.e. using bitumen, while the joints between the cladding panels and the supporting wall and those between the panels are left open, Fig.8.


Anchors are used to bear the weight of panels of stonework facing and retain them in their upright position.  Those used to bear the weight must be of sufficient strength.  While those used for retaining stone in position must be sufficiently strong to resist wind pressure or suction, and to absorb slight movements due to thermal expansion/contraction or settling of the building [30].

According to the Journal of Architecture Incorporating Architectural Technology [32], anchor support may be divided into two main categories:

· The first category: anchors inserted into kerfs or slot cut into the edges of each stone panel.

· The second category: anchors inserted in holes drilled into the side or rear of the panels.

The journal added that a hole is generally preferred over a slot for rods, because mechanical stresses in the stone are distributed better around a hole than around a slot.  It also referred to ASTM recommendation that the anchor diameter should not exceed ¼th of the stone thickness; and that the anchors should be located in the center third of the stone thickness, Fig.9.

2. The wet fixing method is using mortar.  It is recommended when using this technique to be aware of the length of time between the mortar application and the fixing of panel.  Because if the tiler does not make the necessary adjustment according to the prevailing atmospheric conditions, then the panel may be fixed on skinned-over or dry mortar.  If this happens, the façade will not perform well and the panels may fall down.  Also, enough amount of mortar should be applied to provide at least 80% area of contact between the panel and its background [21].  Then panels should be pressed firmly in position. This may be of great importance considering the hot and dry climate of Riyadh in addition to the problems of workmanship.  Then joints should be filled with grout, of the same color as that of the stone.

Present Day Use in Saudi Arabia

Until recently, granites are used mainly in floor and stairs finishing.  The use of granite as wall-facing materials is limited to public building, i.e.  departmental stores and office blocks. 

As part of the field investigation carried out in July 1997 (Idris [33]) to study the marble veneering in Riyadh, data about granite were also collected.  Those data were concerning the size of panels, cost and application.  It was observed that granite is less favorable material than marble in residential buildings.  Its domestic use is limited to floor and stairs finishing, kitchen counter tops and some artistic objects.  This may be attributed to factors relating to personal taste, fashion or maintainability.

According to Sadalla and Sheets [34], the choice of building material may depend on its social meaning as well as its functional utility.  They added that self-presentational theory specifically predicts that materials used in the construction of dwellings will convey information about the identity, social status and lifestyle of the homeowner.

Whatever the validity of this prediction is, there are still other techno-economic factors which have to be considered.  These factors may be summarized in the following:


1. Most of the granites have darker colors, with visible grains of different colors.  People show preference towards light color materials and uniform smooth texture.  This is found in marble – as stated by most designers, suppliers and clients – than in granite.

2. Granites are tough and hard stones to cut and shape on site. Most of the contractors involved in the construction of residential buildings have limited resources and machinery, and employ less skilled labor.

3. Although the initial cost per m2 of granite is similar to that of marble, there is a great demand for marble.  This has led to the availability of marble in the market, and eventually this will help in the repair and replacement of damaged panels when needed.

Findings also reveal that the cost of granite depends on the type, color, size and thickness of panel as well as the quantity required.  Light color granites are lower in cost than darker color granites.  Prices per m2 for standard size panel – of stone only – range from 80 SR to 250 SR.  The cost of installation, including cost of labor and fixtures ranges from 30 SR to 50 SR per m2 for small and medium size project.  The cost may increase to 70 SR for more complicated work and high-rise buildings, which use more fixing devices and thicker panels.

Granite is a very hard and heavy stone, hence needs special fixing devices.  Dry or mechanical methods, using non-corrosive metal anchors are used in fixing granite stone-facing panels to the building structure. Stainless steel anchoring devices are recommended by the MPMR Users’ Manual [29], because it is more durable.  Zinc-plated steel anchors have excellent bearing capacity, but it is vulnerable to high humidity and corrosive air, both of which are prevalent in the Eastern Gulf Coast and the Western Coast of the Red Sea of Saudi Arabia.  However, the zinc-plated steel anchors are used in the central region, where Riyadh is situated, because of its dry weather and lower cost. Usually eight anchors of different sizes and shapes are used to support the granite cladding panel – two pieces at each side.  

Discussion

Developers and experts working in the granite industry [9; 10; 18; 35], advise designers who wish to use granite as wall-cladding materials to consult building material agents, and even visit quarries and dressing plants to check the availability and quality of granite.

If the requirement for a uniform color is very important, then it is recommended to check with many quarries for the guarantee of such uniformity within reasonable diversity.  However, stone loses part of its charm if no natural color variation is allowed.

It is advisable before making final decision on the material to investigate the following: country of origin, place of quarry, age of quarry, average size of block, and the quality of equipment used in the quarry.

It is recommend that sufficient time for delivery should be allowed for.  This means that the selection of materials will be wider if the delivery time is lengthened. Moreover, the cost of granite can be reduced by allowing variation in panel size, texture and color.

Detailing methods for exterior wall components are influenced to varying degrees by the structural design of the building.  For instance, high rise building structures transfer movement to the building facade.  Therefore, special attention should be given to the choice of anchors and fixing techniques.  The MPMR Users' Manual [7], recommended that exterior wall facing with slabs up to 0.6 m2  in surface area should be attached to the supporting structure by means of cramp-pin anchorage. Special anchors are needed for slab sizes exceeding 0.6m2 .  Large and heavy panels should be supported independently with no panel resting directly on the stone beneath.

The size of joints between panels is a critical design element and has to take into account all the anticipated inter-story different movement as well as the expansion and contraction of the exterior facing material.

Avoid embedding water supply, plumbing or rain water pipes in between the layers of stone cladding and main wall of the building, because water from leaking pipes can cause damage and deterioration of cladding materials and their fixing support.  Moreover, sulpher dioxide in the atmosphere and the dustfall may combine with leaking water and the oxygen in the air forming sulphuric acid, which can be corrosive to the stone material and the anchors supporting the cladding panels.

Conclusions

Saudi Arabia has very large deposits of high quality granites of distinctive colors and textures. Generally, granites are very hard and durable stones, and have good resistance to scratching and wearing; as well as to chemical and acidic air pollution than other stones.  Their density thermal conductivity and heat capacity are higher than concrete and brick.  Such thermal properties enable a considerable degree of control of internal conditions.  These thermal properties are important especially in areas like Riyadh, with high diurnal range and intensive solar radiations.

On the other hand, tests have revealed that granite is the sole source of radon – a toxic radioactive gas generated from materials like granite containing uranium.  Eventually this should warn designers to limit the use of granite tiles internally, particularly if those spaces do not receive enough continuous ventilation.  Moreover, ventilation alone will not be effective under severe temperatures, i.e. extremely hot or cold.  However, the risk of using granite dimension stone as external cladding panels is less serious, because of the high rates of air movement around these external spaces.

The cost of granite cladding panels depends on the type of stone, its color, size, thickness and fixing techniques.  Generally, light color granites are usually less expensive than dark color ones.  On the whole the total cost of granite cladding panels is almost similar to that of marble veneering, and yet people prefer marble veneering for reasons other than cost.  These reasons may be attributed to factors related to personal taste, fashion and maintainability. Also, granites are tough and hard stone to cut and shape on site, and most of contractors involved in the construction of private villas and small buildings have limited resources and machinery.  

Recommendations

If granite dimension stones are to be used in external wall-cladding, it is recommended that designers should take into consideration the following aspects:

· full integration between façade design and building structure.

· make the proper coordination between panels size, façade dimension and the area of openings and their location.

· careful design of  façade with emphasis on consistency of color, texture and panel sizes with reasonable variations.

· use of proper fixing devices and installation techniques.

· use skirting to protect cladding panels at wall and column bases.

· make the proper gap between cladding panel and background wall, or use infill to avoid dangers of  mechanical damage.

· avoid the use of granite tiles in internal spaces, because of the dangers of their radioactive properties and their hazardous effect to health.  
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العوامل المؤثرة على استخدام الجرانيت في تكسية الجدران الخارجية – الرياض

محمود محمد إدريس

 قسم العمارة وعلوم البناء

كلية العمارة والتخطيط ، جامعة الملك سعود ،

الرياض ، المملكة العربية السعودية

(قدم للنشر في 26/1/1423هـ ؛ قبل للنشر في 21/2/1424هـ )

ملخص البحث. تملك المملكة العربية السعودية رصيداً ضخما من حجر الجرانيت عالي الجودة المتنوع المادة والألوان والنسج والملمس . وعموماًًً لا يفضل الناس استخدام وحدات الجرانيت في تكسية المباني خاصة المساكن وذلك لألوانه الداكنة وتعرقاته الظاهرة. وقد ظهرت بعض المشكلات عند استخدام الجرانيت خاصة تلك المتعلقة بخواصة الاشعاعية والمخاطر النابعة منها بالإضافة إلى بعض التصميمات التفصيلية غيرالملائمة. وسوف تناقش الورقة هذه المسائل مع التركيز على خواص المادة وملائمتها للبيئة وبعض النماذج للتفصيل غير الملائمة عند استخدام وحدات الجرانيت لتكسية الواجهات . 
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Fig. 1. Major deposits of Saudi granite.
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Fig. 2. Selection of Saudi granite.
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Fig. 3. Granite finish using various techniques.
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Fig. 4. Lack of coordination between façade dimension and classing panels.
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Fig. 5. Damaged granite panel, an indicaiton of no-back filling or wide gap between ground wall and veneer.
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Fig. 6. Broken cladding panel at unprotected column base.
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Fig. 7. No integration betweeen exterior wall design and structural features.
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Fig. 8. Fixing detail of 4 cm thick granite panel.
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Fig. 9. Anchor supports of veneer stone (ref. # 22).
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