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Abstract.
In plain regions of our country, specially areas having hot-dry summers, generally two types of treatments viz Lime Concrete Terracing or Mud Phuska with Brick Tiles are being used  on common flat pakka roofs for thermal comfort. Although these treatments provide thermal comfort to some extent in day time in summers but due to large mass and thick layers of the treatments, indoor heat is hardly removed through the roof upto late evening hours. Besides the higher cost of the treatments, due to the above mentioned disadvantages, occupants or users do not feel sufficient thermal comfort in hot dry areas.  On the other side the application of cost effective thin layer of white glazed china clay tile pieces provides better thermal comfort. The benefits and effectiveness of the application of white glazed china clay tile pieces, its comparison with mud phuska and lime concrete terracing and laying system  have been described shortly in the paper. 
This treatment may be applied on old roofs having lime concrete layer or simple rendering with mortar as well as on new roofs.  More than one lakh square feet area of terraces have been covered with this system by many govt. and Pvt. Organizations and individuals. Some practical implementations which have been made in and around Roorkee and metropolitan cities have also been briefed in the paper. Feed back studies   about treatment on various buildings , show its energy saving efficacy and good thermal comfort performance.  
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1. Introduction  
We are aware, most of the heat enters buildings through roofs, as these are exposed to sun through out the day. Many attempts have been made to reduce the ingress of heat by various methods like, by increasing thickness of roofs and providing different types of insulation layers for minimizing the ingress of heat. 
2. Heat insulation to roofs by using principles of heat-reflection and low heat conduction  

Many problems are associated with common conventional heat insulation cum water resisting materials and treatments like degradation of traditional roof surfaces and their finish, leakage through cracks developed in the applied treatment’s layers due to the weathering actions i.e. mainly by constant heating and cooling of roofs / thermal movements, attack of U.V. radiations and rains etc. The existing traditional heat insulating materials commonly used in most of plain areas of our country are very bulky and heavy i.e. upto 250 kg/sqm., resulting in increase of considerable dead loads on buildings which in turn requires additional concrete (15 to 20%) , reinforcement (20 to 30%) and heavier or more durable foundation. Too much load on roof also causes for creation of extra momentum during the earthquake.
 If we apply the simple white washing treatment on roofs which is a common practice to reflect incident heat, then of course heat to the roof is reflected to some extent but there are many practical difficulties in maintaining it over roof surfaces. Also existing roofs can be seen to be highly absorptive to incident heat due to their reddish/grayish or algae blackish colour surface. Such roofs besides causing discomfort to the occupants by additional heat gains , affect also the human efficiency and productivity. It also adds up to the cooling loads on conditioned buildings to affect the overall cost of air conditioning.
In view of the fact that roof receives the greatest proportion of incident heat during day and also looses the greatest amount of stored heat during night, but the thick layers of treatment act as insulating layers and do not allow heat to escape at night. The above problem is solved by the thin and more conductive, heat reflective  treatment using a kind of waste and cheaper- easily available material. By its application in proper suggested way user can draw optimum benefits to meet the various actual functional requirements of roofs in tropics. 

4. Suggestive approach  
In place of heavy lime-concrete and mud phuska with clay tiles and white washing treatment, a light weight concrete (1500-1800 kg/ Cum) of cement and cinder or brick aggregate could be employed in lean mix in 4c.m. (average) thickness preferably in alternate square or rectangular panels (not more than 1.5 sqm.in area). After just laying the concrete a layer of white glossy/glazed china broken tile pieces is laid with 1:2 cement-sand mortar (1cement : 2 fine sand). Such thin layer of light weight medium type of inorganic insulating  material, 
 (i)  Reduces appreciable dead loads on roofs

 (ii) Increases Heat - Flow through roofs         
An easy application procedure has been developed by Central Building Research Institute, Roorkee.  By following the same a gang of two masons and two beldars may apply the treatment on 5 Sq.m. area of the roof in one day work.     
Table (2) shows the relative thermal performance of conventional vs described treatment. Apparently the roof surface and ceiling temperatures could be reduced by 16.5 degree C and 12.5 degree C respectively with the said treatment on 10.0 cm R.C.C. panel. When similar roofs of two identical full size test room (11.4 cm RCC and 23 cm solid brick walls) i.e. one treated and the other was kept untreated, the difference in roofs, ceiling and indoor air temperatures could be reduced by 18 degree C, 13 degree C and 4 degree C respectively under the same hot weather periods. The enhanced difference is due to the enclosure effect. 

Therefore the thermal performance of this treatment is remarkable. Apart from the thermal comfort ,  the said treatment could provide a glossy/ glazed white , smooth and weather resistant, durable rock type, toping surface to roofs, which has been found to work as the first line of defense from the adverse effects of sun’s radiation and rains. Relative difference in dead-loads and life expectancy is described in table (1).

Some examples of its applications are
1. Solar Energy Centre building at Gawal – Pahari under MNES New Delhi 

2. Modi Continental Tyre Factory, Modipuram, UP

3. CBRI Director’s Bungalow in CBRI Colony 

4. CDIL ( Air- Conditioned Building at New Delhi)

5. Mughal Shereton Hotel ( A five star hotel at Agra) 

6. Knowledge Resource Centre ,Welhem Boys School, Dehradun

7. Terrace of four storeyed  lift building at CBRI premises 

8. Roof of a store having L-Panel roofing system at CBRI

9. Terrace of Management Department, IIT, Roorkee    

10. ONGC Staff quarter at Ankleshwar, Gujarat
Table 1. Relative difference in dead-loads and life expectancy
	Sl. No. 
	Specification of heat-insulating treatment over 10 cm RCC
	Total thickness (cms)
	Bulk Density

(Kg/Cum)
	Dead loads on buildings (kg/Sq.m
	Estimated cost* per sqm Rs.
	Life Expectancy in years

	1.
	10 cm lime concrete
	20.0
	2400
	240
	520/-
	10 to 15  

	2.
	10 cm mud phuska with 5.0cm brick tiles
	25.0
	1900
	285
	460/-
	5 to 10 

	3.


	0.4 cm glazed china ceramic tile pieces embedded in 1.0 cm thick cement mortar
	11.5
	2200


	30
	340/-


	20 or more

	4.
	0.4 cm glazed china ceramic tile pieces embedded in 1.0 cm thick cement mortar over a layer of 4cm thick (average) light weight lean concrete
	15.5
	1400
	60
	520/-
	20 or more

	5
	0.4 cm glazed china ceramic tile pieces embedded in 1.0 cm thick cement mortar over a layer of 30 mm thick (average) ferro cement lair
	14.5
	2200
	60
	540/-
	20 or more

	
	    
	
	
	
	
	


Table (2) shows the result of relative heat reflection of conventional vs. newly designed heat reflective PANELS (60cmx60cm) specially designed thermal chambers to study PANEL effect under highly controlled conditions (uniformity in materials, mix, supervision , workman ship in the construction of panels) and under periodic heat flow condition on a hot clear, sunny & calm day under actual field conditions.
 Thermal performance of different roof sections in unconditioned building with same construction materials and similar conditions have been shown in Table (3). It has been observed that thermal performance of roof with a layer of white glazed china ceramic tile pieces is most appreciable and acceptable.                                 

Table 2. Relative heat reflection from various roof surfaces
	Sl. No. 
	 Roof  Specifications 
	Measured Max. Surface Temps. on a hot summer  day (degree C)

	
	
	Exposed roof
	 Ceiling

	1.
	10.0 cm RCC
	58.0
	52.7

	2.
	10.0 cm lime-conc. over 10 cm RCC 
	53.0
	38.8

	3.
	0.4 cm white glazed china ceramic tile pieces on 10.0 cm RCC
	41.5
	40.2

	4.
	0.4 cm white glazed china ceramic tile pieces on a layer of 4cm thick (average) light weight concrete over 10.0 cm RCC
	43.6
	38.4


Table 3. Thermal performance of different roof sections
	Basic Element 
	Treatment
	U-Value Kcal/m2 hr oC

	10 cm RCC 
	Tar felt
	3.143

	“
	Average 9.0cm lime conc.+ white wash
	2.221

	“
	5cm brick tile + 10cm mud phuska.+ white wash
	1.695

	“
	Glazed china ceramic tile pieces embedded in 1.0 cm thick cement mortar over a layer of 4cm thick (average) light weight lean concrete
	1.500


5. Benefits

Application of tile pieces requires utmost precautions by skilled persons so as to become an integral part of roof construction. 

Some benefits are as
· Lime-concrete and mud phuska cum / brick tile treatment can be replaced by simple lightweight white china mosaic treatment so as to work as heat-reflective insulation and water-proofing of roofs in general.

· Large savings of materials and energy in the construction of unconditioned and conditioned buildings.

· Gaining substantial thermal comfort indoors both during day and night hours in ordinary - unconditioned buildings.

· Reduction in dead and heat loads on buildings leading to the construction of cost effective thermally efficient design of buildings. 

· Good-life expectancy and strong/durable roofs to cause zero maintenance cost and no inconvenience to the occupants.

· Resistant to algae growth.

· Provides optimum design specifications of roofs to meet all the functional aspects of roof within the minimum possible roof thickness.  

· Persistent neatness of roof for aesthetic considerations

· The roof remains fully useable

· Higher reflection of solar heat compared to other white coatings 

·  Saving in steel and concrete may be achieved due to reduced dead load on roof  

· Old roofs having deteriorated lime concrete surface or other rendered surface can be improved and life is increased to some extent with out enhancing too much dead weight over the poor roof to be treated.

· Provides new life with new values to old RBC /RCC leaky roofs having deteriorated exposed surface along with foot traffic resistance and impact loading characteristics with out enhancing too much dead weight over the poor roof to be treated.

· Roof surface temperature range is appreciably minimized to reduce thermal movements in roof surface.     

· Provides good water resistance

6. Application procedure in brief 
6.1 On newly constructed RCC / RBC roof slabs
Employment of glazed china tile pieces of 3 sq cm and above in their minimum and equal thickness (3mm) demands certain precautions so that the treatment really forms an integral part of  the roof. In order to avoid accumulation of water on roofs which causes erosion of cement matrix between joints of tile pieces, roofs should be provided with proper slope/ gradient as per Indian Standards / CPWD specifications. For surface preparation it is necessary to do its tucking before brushing (with hard brush) to remove dust etc. Tile pieces should be dipped into water for minimum two hours so that when embedded into mortar on roof , may not suck-up water from the mortar to make it dry.  About 1 cm thick layer of cement mortar of 1:2 ratio (1cement:  2 fine sand) is laid in small patches (say about 50x50cm which is within the easy approach of mason) . An integral water proofing compound should also be mixed in proper appropriate quantity in cement mortar. Thereafter the tile pieces be laid on the mortar layer just by putting it very near to its final embedding position on the laid cement mortar and then slipped it over to its right position. Finally there should be minimum distance between the tile pieces. After embedding the tiles in bed mortar- these are pressed uniformly and gently with wooden strips so as to keep the surface in uniform level. Later concentrated cement slurry in water is poured over the embedded tile portion. This slurry is filled into the spaces between the tile pieces and in this way all the tile pieces are perfectly bonded with each other at the surface. For removing the surplus slurry- a mixture of 1:2 dry cement-sand is spread over the treated part which is finally wiped-off with a piece of cloth. Curing of the joints is done by sprinkling the water upto minimum seven days. For continuously  wetting the surface it is advisable to first spread the fine sand over the surface in thin layer and then cover the surface by wet empty gunny bags. After proper curing when gunny bags and sand is removed and the surface is cleaned, a ROCK type ceramic glossy white inherited roof surface is obtained.     
6.2 On existing lime-concrete or old rendered surface
 For laying the glazed tile pieces on existing lime concrete surface – Firstly the top thin layer of lime- concrete is scrapped off . After removing all dust and brooming and washing the surface, concentrated cement slurry ( at least 5 kg per 10 sqm.) is spread over the surface and then 25 mm thick 1:2:4 cement concrete (1 cement: 2 coarse sand and 4 stone aggregate – 10 mm and down guage) is laid approximately in alternate squared panels having area not more than 1.5 sqm. in perfect leveling. The top of concrete panels is kept rough to receive further treatment. Now, the tile pieces are employed in the same manner as described earlier.
 The tile pieces are also laid at the bottom of gola existing all along the parapets upto a minimum depth of 1 cm inside. It is preferable that the laying of tile pieces is extended on parapet walls upto a height of nearly 15 cm. In case the existing slopes on lime concrete is less than the value given in IS Code , this must be increased  / corrected with the provision of appropriate thickness of cement concrete laid in panels.    

7. Results
Author itself has acted as instrumental in get applying the said treatment on thousands sq.ft. roof area of several residential and office buildings in and out side Roorkee. According to feed back collected, all treated surfaces have been working satisfactorily even after fifteen years or so. The treated surfaces were found water resistant apart from their heat reflective quality. 

8. Conclusion 
The mentioned approach has been observed to provide a low-cost, energy & material efficient, almost maintenance free design of roofs also leading to improved indoor thermal comfort and water proofing qualities. Finally an optimum design of roof, with minimum possible materials could be constructed as per the said approach to meet the various functional requirements of roofs in practice, which may be recommended for hot-dry regions as well as in high rain fall areas also.      
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