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ABSTRACT 

Traditional method of concrete ceiling used in Iraq is composed of covering the steel reinforced 

concrete roofs with a thin layer of asphalt covered by 7-15cm river sand, as a minimum, and then covered 

with concrete slabs 80x80x5 cm which are both, heavy materials and highly conductive causing severe 

problems of cost, cooling and heating tasks. In this research work a sustainable construction materials 

were studied to replace those conductive and unsustainable materials. A layer of putty clay with straw is 

used as a mortar on the asphalt coated concrete roof surface and then covered with tiles made of burned 

sandy clay. Pre-pressed Burnt Sandy Clay Tiles (PBSCT) were developed, produced and tested by the 

researchers. Used raw materials for slab manufacturing were withdrawn from Al-Anbar western desert. 

Chemical and physical analysis reviled that the best selected samples were from A'amj & Al-Husayniat 

quarries. Test results showed that higher silicon content, lower magnesium, potassium and sodium 

compounds leads to better slabs specifications. Higher compressive strength was obtained with higher 

burning temperatures as results showed 3.7 (M Pa) was the maximum reading for A'amj & Al-Husayniat 

clays with burning temperature of 1320 oC. Breakdown test shows that the max result was 1.43 (M Pa) at 

the same temperature.  
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1. INTRODUCTION 

 

rowing concerns about global warming 
and a decrease in natural resources have 

led to numerous research papers on developing 

innovative ways to produce green and 
sustainable building materials (World Green 

Building Council). Using environmentally 
friendly alternative materials to replace pre-cast 
concrete building blocks is a new way to meet 

emerging needs. The main challenge in this 
research is to use alternative materials than the 
materials used to finish or cover the concrete 

surfaces, which are widely used in Iraq. 
Sustainable construction is sometimes called 

sustainable design or green building (Green 
Building and Sustainable Design, 2018). Green 
building methods allow saving energy and thus 

becoming more environmentally friendly by 
reducing CO2 emissions. Therefore, the main 

purposes of green buildings are to use energy 

efficiently, to ensure that the construction is 
healthy for the residents. In green buildings, 
local materials are usually used in addition to 

this technology helps reduce transportation costs 
for these materials (Rahul V. Ralegaonkar, 

2016). 
The traditional method of roofs tiling in Iraq 

is to cover the steel-reinforced concrete ceiling 

with heavy and highly thermal conductive 
materials (figures 1 and 2). This causes the need 
for increased foundations costs and high energy 

consumption for cooling and heating in summer 
and winter, especially in the opposite extremes 
of the Iraqi summer and winter. Calculation, in 

the following sections, shows that, by using 
traditional materials, higher rate of heat transfer 
through traditional roofs tiling were achieved.
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Fig. (1): Traditional method of concrete roofs tiling in Iraq (Adel H. Nawar, 2011) 

          

Fig. (2): Asphalt Coating and Traditional Concrete Slabs Tiling (Al-Anbar / Iraq) 

 
Burnt clay bricks have been used since 

ancient times and are made in various ways in 
most countries of the world. The main 
advantages of clay bricks are that they are light, 

heat and sound insulating and can be shaped in 
different shapes and sizes. The traditional clay 
bricks in Iraq are, simply, made from pure clay 

dough either by molding or by extrusion method. 
After drying the produced shapes, they are burnt 
with closed furnaces with temperatures ranging 

between 750 – 900 oC. Among the Iraqi clay 
brick types is the so-called (Farshi brick), which 
carries the same specifications as building 

bricks, except the dimensions, usually (25 * 25 * 

5) centimeters. This type of bricks used in the 
past time as tiling materials for interior surfaces 
and exposed roofs and many other uses such as 

wall building and decorations as shown in Figure 
3 (A’aed Jassam, “Bricks Industry in Iraq”, 
January 2014). This type of tiling bricks, which 

has the same characteristics of normal Iraqi clay 
bricks, is no more in use for tiling because of 
many inconvenient specifications such as low 

durability, high erosion, high water absorption, 
sulfur content and low breakdown strength (Alaa 
A. Shakir, Ali Ahmed Mohammed, 2013).

 

      
Fig. (3): Traditional clay bricks (Farshi) used for exposed tiling and other building purposes 
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In this research work, alternative materials 

have been developed to save energy and lower 
cost of construction. Lightweight tiles with 
lower thermal conductivity were manufactured 

and used, which helps to reduce loads and 
increase heat insulation of ceilings. The tiles 
used in this study were produced by the method 

of dry compression and high temperature 
burning, for the first time in Iraq. Two types of 

used clays, were withdrawn from quarries in the 
western region (Aamj and Husayniyat), which 
are recommended and characterized by (General 

Organization for Geological Survey and 
Investigation of Metal, Ministry of Industry, 
Iraq) that these materials are containing high 

percentage of silicates and very low percentages 

of harmful magnesium oxides. The presence of 
silicate in the clay helps, after burning at high 
temperatures, on the acquisition of tiles 

producing hardness and high compressive 
strength due the created ceramic shell surfaces. 

The mixture of wheat straw with clay was 

used, in this research work, as a mortar to 
stabilize and fix the produced clay tiles on the 

concrete surface after coating with asphalt or 
water-proof sheets as shown in figure 4. By 
using this method of roofing it results a 

lightweight surface, high insulation of heat and 
noise, with minimal cost compared with the 
typical method as shown in Table 1.

  

 
Fig. (4): Proposed Sustainable Method of Concrete Roofs Tiling (Adel H. Nawar, 2011) 

 

2. ENERGY SAVING CALCULATIONS 
 

A comparison between the traditional method 
and the sustainable method of surface coating 
shown in Table (1), which includes the details of 

the layers from which the packaging is used for 
both methods. The table also contains the 
coefficient of thermal conductivity of each 

material, which was taken from literature due to 
the lack of measuring instruments, where it was 
used to calculate the amount of heat that can be 

transmitted through the roof with different 
temperatures. In the summer period the 
temperature outside the room is assumed  

between 40-45 degrees Celsius while the room is 
cooled by air conditioners so that the 

temperature inside does not exceed 20-23 
degrees Celsius and thus the heat will be 
transferred from the outside to the inside and on 

this basis the calculations were done. As for the 
winter, the process will be reverse. The 
temperature outside the room may be dropped 

down to 0 ° C and inside the room will be heated 
up to 23-30 ° C. Calculations were performed by 

using the following equations and basic thermal 
conductivity principles (R. Taylor, Tools and 

Basic Information for Engineering and Design of 
Technical Applications, Engineering ToolBox 
and Neutrium) 

Heat transfer through a surface like a wall or 
ceiling can be calculated as: 
𝑞 = 𝑈 𝐴 𝑑𝑇……………….  (1) 

Where: q = heat transfer (W (J/s)),  

            U = overall heat transfer coefficient 
(W/(m2K)), 
            A = wall area (m2) 

            dT = (t1 - t2)  = temperature difference 
over wall (oC),  

The overall heat transfer coefficient for a 

multi-layered wall or ceiling, Figure 5, with fluid 
flow on each side of the wall can be calculated 
as: 
1

𝑈𝐴⁄ =
1

ℎ𝑐𝑖𝐴𝑖
+ ∑(

𝑆𝑛

𝑘𝑛𝐴𝑛
) +

1

ℎ𝑐𝑜𝐴𝑜
………….  (2) 

Where: U = the overall heat transfer 

coefficient (W/ (m2 K)), 
             kn = thermal conductivity of material in 
layer n,  (W/(m K)),  
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             hc i,o = inside or outside wall individual 

fluid convection heat 

transfer coefficient (W/(m2 K)), 

             sn = thickness of layer n, (m)
  

  
Fig. (5): Heat transfer through single or multi-layer wall or ceiling   

 

A plane wall with equal area (assumed 
1m2) in all layers - can be simplified to: 

1
𝑈⁄ =

1

ℎ𝑐𝑖
+ ∑(

𝑆𝑛

𝑘𝑛
) +

1

ℎ𝑐𝑜
………………..  (3) 

Conductivity is a property that may vary with 

temperature. Table (1) shows the approximate 
average coefficient of thermal conductivity of 
materials used in this study were taken from 

(Neutrium and Engineering ToolBox) for the 
simplicity and rough estimation. 

The convection heat transfer coefficient (h) 

depends on type of fluid - if its air, gas or liquid, 
flow properties like velocity and other flow and 
temperature dependent properties. Convective 

heat transfer coefficient for air is = 10 to 100 
W/m2K. Table (1) shows the calculated heat 
transfer rate q (kcal/ (h m2 oC)) through each 

layer and the total q through the combinations 
for compared. 

Table (1) and Figure (6) shows the vast 
differences between the traditional method and 
the sustainable method in terms of overall heat 

transfer reduction (U), calculated heat transfer 
rate (q) and thermal conductivity (k) added to 

the decreased construction costs. This supports 
the need to continue and expand the use of 
sustainable construction materials and to conduct 

further research on the subject of this research. 
Traditionally, price was the primary 

consideration when comparing alternative 

construction materials or materials intended for 
the same purpose. However, the building's total 
price represents only manufacturing and 

transportation costs, not social or environmental 
costs. The modern concept of choosing 
environmentally sustainable building materials is 

the way engineers and architects begin to 
integrate the principles of sustainable design into 

buildings. This means choosing materials to 
achieve lower social and environmental costs 
(Peter O. Akadiri, Ezekiel A. Chinyio, and Paul 

O. Olomolaiye, 2012)

 
Table (1): Comparison between Traditional and Sustainable Methods of Concrete Roofs Tilling 

 

Method of 

Encapsulation  

 

Layers Contents 

of Encapsulation 

Density 

 (ρ)   

 

(kg/m3) 

Thermal  

Conductivity 

(k)  

 

W/(m K)* 

Over All 

Heat 

Transfer 

Coefficient 

(U) 

(W/(m2K) 

Calculated 

Heat 

Transfer 

Rate (q)  

(W (J/s) 

Estimated 

Weight 

 

(kg/ m2) 

Estimated  

Cost      

 

 ($/m2)** 

 

 

 

Traditional 

Asphalt coating 

layer (0.2-0.4 cm) 

1100 0.75  

 

 

5.86 

 

 

 

146.5 

3.3 3 

Stabilization River 

Sand (10-20 cm) 

1550 4 232.5 4 

Concrete Slabs                 

(5*80*80 cm) 

2200 1.7 110 12 

 Total 345.8 19 
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Sustainable 

Asphalt coating 

layer (0.2-0.4 cm) 

1100 0.75  

 

 

1.0744 

 

 

 

26.87 

3.3 3 

Clay-Straw Mix 

Mortar  (4-10 cm) 

660 0.18 46.2 2 

Backed Sandy 

Slabs  (3*40*40 

cm) 

790 0.15 23.7 4 

 Total 73.2 10 

 Reduction Rate (%) 81.67% 81.65% 78.83% 47.37% 

* Neutrium and Engineering ToolBox, Tools and Basic Information for Engineering and Design of Technical 

Applications, **Estimated according to local cost of Iraqi markets at April, 2020  

 

       

Figure 6. Comparison between Traditional and Sustainable Methods of Concrete Roofs Encapsulation 

 

3. EXPERIMENTAL WORK AND 

DISCUSSION 

3.1. Manufactured Lightweight Slabs 

Characteristics 
Lightweight clay bricks have been in use for 

a long time and there is a lot of research and 

studies on this topic (Neslihan Dalkılıçn, June 
2017, and others). What is new in this research is 
that the clay is compressed, after being mixed 

with a small percentage of water (3-5%), with a 
pressure ranging between 180-250 bars or (18-

25 MPa) inside a mold of (40×40×3cm) 
dimensions. While the clay contains organic 
impurities (Table 2), when burning at high 

temperatures the organic materials contents 
helps to form gas bubbles inside the textures of 
the tiles causing lightweight structure. Silicon 

and aluminum oxides contents in the used 
samples might help, with high temperatures, to 
increase the hardness of the bubble walls which 

results in increased compressive and breakdown 
strength of the produced tiles. In other words, 
ceramic and aluminum texture could be the main 

factor of compressive and breakdown strength 
enhancement. The same method has been used 
to produce the Lightweight Expanded Clay 

Aggregates (LECA) which has a wide range uses 
in the sustainable construction industry (Xavier 

Kestemont Argex (XK), Nov. 2012, and Salah F. 
A. Sharif, 2018). 
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                   Before Burn                                         After Burn                             Specimen shows the texture  

 

Fig. (7): Roofing Slabs before and after burning 
 

3.2.  Slabs Manufacturing procedure  
Slabs were manufactured in the laboratories 

of Al-Anbar University, in a lab scale, and 

compressed in a local tiles factory and backed in 
the Lab furnaces of Ramadi Ceramic Industry. 

Production steps were as follows: 
1. Two types of clay samples were selected, as 
in Table (2), which shows their chemical 

properties and the composition of each species. 
A’amj & Al-Husayniat samples showed better 
chemical characteristics that they contain lower 

MgO, CaO, and Fe2O3 contents and higher silica 
percent. Tests were conducted in the laboratories 
of “General Organization for Geological Survey 

and Investigation of Metal / Ministry of 
Industry” that they have the authority and the 
capability to do such tests, which are not 

available in university laboratories. 

2. The other added materials were: 

 2-3% water for hydration. 

 Silica sand (0-2.5mm grain size), for the 

purpose of reducing cracking during drying and 
mechanical compression moreover to strengthen 

the formed ceramic texture after burning. 
3. Samples were left in the laboratory 

atmosphere for the initial natural drying, before 
burning. 
4. The samples were burned in the lab vertical 

kiln with the indicated temperatures (900, 1000, 
1100, 1200, 1230 °C). These temperatures are 
used to burn the ceramics, made of the same clay 

or other types, in Ramady Ceramic Industry. 
5. Lightweight slabs were cooled and 
transported to the University labs for tests and 

investigations.

 
Table (2): Chemical properties of Clays from: Iraqi western desert (General Organization for 

Geological Survey and Investigation of Metal / Ministry of Industry, Report (839/1976) “Locations 
and geological data sources”) 

Chemical Properties (%)  

 

Type and 

Location of 

Clays 

 

SiO2  Al2O3 TiO2  Fe2O3  CaO MgO K2O Na2O L.O.I. 

(Organic 

Impurities) 

Total 

Soluble 

Salts 

51.20 30.24 0.91 4.13 0.81 0.14 0.73 0.89 10.12 1.49 A'amj & Al-

Husayniat 

44.76 10.62  4.6 15.61 5.58 1.36 2.35 13.71  Al-Duar & 

Al-Abyed 

 

3.3. Lab Tests Results and Analysis 
Compressive strength, breakdown strength 

and water absorption of samples were 
investigated in the University laboratories 
according to (IS 1077, 1992 “Common Burnt 

Clay Building, Bricks – Specification”, May 
2008). Table 3 shows the compressive strength 
tests of four mixes samples using two types of 

raw materials withdrawn from Al-Anbar western 
desert. Results indicate that higher compressive 

strength was obtained with Red Clay A'amj & 
Al-Husayniat samples with higher temperature 
(1223oC). Higher percent’s of Al2O3 and SiO2 in 

the raw materials with high temperature could be 
behind the increased compressive strength of 
samples 1 and 4.  
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Mechanism of increased compressive 

strength with increased burning temp, as shown 
in Figure 8, can be related to the creation of 
ceramic shells and outer surfaces as it is clear in 

the specimen section of Figure 7. Breakdown 
strength shown in Table (4) indicates that higher 
reading was obtained with sample (S.1) which 

consists of: red clay (80%) and glass sand (20%) 

with high temp. This may confirm the role of 

increasing silicon content in the texture to 
increase both compressive and breakdown 
strength with increased burning temp. Results 

showed accepted compressive strength and break 
down strength of clay tiles compared with the 
standard clay tiles ((IS 1077, 1992).

 

Table (3): Compressive strength of samples after burning (M pa) (Mega Pascal)  

 

 

 

Burning Temperature 

oC 

Clay Type, Location* 

& Sample Dimensions (mm) 

S.1-Red Clay 

A'amj & Al-

Husayniat 

 

400 x 400 x 30 

S.2-Red Clay 

A'amj & Al-

Husayniat 

400 x 400 x 30 

S.3-White Clay 

Al-Duar & Al-Abyed  

 

400 x 400 x 25 

S.4-Red Clay 

A'amj & Al-

Husayniat 

400 x 400 x 25 

900 0.68 0.62 0.40 0.4 

1000 0.91 0.84 0.89 0.81 

1100 1.77 1.60 2.68 2.08 

1180 -- -- 4.10 -- 

1200 3.34 3.08 -- 3.26 

1230 3.51 3.30 Invalid (Melt) 3.70 

*The mixture design of Samples S.1, S.2, S.3, and S.4 are as follows:  

 (S.1) consist of: red clay (80%), glass sand (20%), 

 (S.2) consist of: red clay (90%), glass sand (10%), 

 (S.3) consist of: white clay (100%), glass sand (0 %), 

 (S.4) consist of: red clay (100%), glass sand (0%) 

 Water was added to all mixes in about 5% of the whole contents. 

 

Table (4): Breakdown strength of samples after burning (M Pa)  

 

 

Burning 

Temperature 

oC 

Clay Type, Location* 

& Sample Dimensions (mm) 

S.1-Red Clay 

A'amj & Al-

Husayniat 

400 x 400 x 30 

S.2-Red Clay 

A'amj & Al-

Husayniat 

 

400 x 400 x 30 

S.3-Wight Clay 

Al-Duar & Al-Abyed  

 

400 x 400 x 25 

S.4-Red Clay 

A'amj & Al-

Husayniat 

 

400 x 400 x 25 

900 0.40 0.40 0.40 0.43 

1000 0.90 0.89 0.85 0.91 

1100 1.18 1.07 1.09 1.09 

1180 -- -- 1.38 -- 

1200 1.40 1.26 -- 1.22 

1230 1.43 1.31 -- 1.33 

 
Water absorption test for the produced clay 

burned tiles showed, as it is shown in Figure 8-C 

and Table 5, that water absorption (%) were 
increasing with increased burning temp who is 
mostly related to the higher number of voids 

created in the tiles structure due the emitted 
biogases with higher burning temperature. 
Comparing with (ISS 1077, 1992) and (Alaa A. 

Shakir, Ali Ahmed Mohammed, 2013) water 
consumption rates shown in Table 5 is 

comparatively is accepted. 
It is found that, by random experimental tests 

on many samples, that water not pass through 

tiles, which could be due to the ceramic surfaces 
of tiles.
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Table (5): Water absorption of samples after burning (%)  

 

 

Burning 

Temperature 

oC 

 

Clay Type, Location,  & Sample Dimensions (mm) 

S.1-Red Clay 

A'amj & Al-

Husayniat 

400 x 400 x 30 

S.2-Red Clay 

A'amj & Al-

Husayniat 

400 x 400 x 30 

S.3-Wight Clay 

Al-Duar & Al-

Abyed  

 

400 x 400 x 25 

S.4-Red Clay 

A'amj & Al-

Husayniat 

 

400 x 400 x 25 

900 10.20 9.69 10.05 10.77 

1000 10.30 10.40 10.70 11.45 

1100 11.21 11.21 11.81 12.34 

1180 -- -- 12.86 -- 

1200 11.94 11.90 -- 13.09 

1230 12.20 12.10 -- 13.40 
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Fig. (8): Effects of Burning Temp on the Compressive strength, Breakdown strength and Water absorption 

 

 

4. CONCLUSION 
 

Through this study and its results, it can be 

concluded that: 
 
1- The traditional method of covering concrete 

surfaces in Iraq is not sustainable due to the use 
of construction materials that are not sustainable 
due to the high weight and the thermal 

conductivity factor of these materials, which 
results in depletion of resources, energy and high 
costs, and these calls for finding sustainable 

alternative methods. 
2- The materials that were chosen in this 
research are all sustainable and available in 

nature, using part of them without any treatment 
(which is asphalt, clay, and straw) and the other 
section was used with simple treatment (which is 

the clay tiles after pressing and burning with 
simplified ovens). 

3- The results showed that high differences and 
reduction rates in thermal insulation and weight, 
which result in reduced energy used in 

construction loads, material transfer and building 
air conditioning (cooling and heating), which 
helps reduce greenhouse gas emissions. 

4- Chemical and physical analysis revealed that 
the best selected samples of raw materials were 
from A'amj & Al-Husayniat quarries in the 

western desert. 
5- Test results showed that higher silicon content 
in the selected raw materials, lower magnesium, 

and potassium and sodium compounds leads to 
better slabs specifications in high burning 
temperatures. 

6- The results of the tests indicate the 
acceptability of the manufactured materials 

when compared to similar unsustainable 
materials and the required structural 
specifications. 

7- There is no doubt that the research needs 
further study and examinations to improve the 
quality of the product that was invented in this 

research and to choose other sustainable 
construction materials as opposed to the 
traditional materials used to cover the concrete 

surfaces. 
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