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Abstract - The methods of earth building materials are commonly classed in eco construction processes. In these objectives 

the earth materials have to demonstrate ecological qualities both in their production and building techniques but also on 

their thermal and hydric balances. The building techniques of earth material have been largely discussed and normalized. 

The material cohesion is assumed by the clay mineral matrix often added of some percents of lime or cement. Mechanical 

resistances are due to the clay matrix cohesion which acts as cement between the sand grains and compactness of the clay 

sand assemblage which reduces the volume of micro porosity by decreasing the micro pore sizes. 
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1. INTRODUCTION 

A brick is a block or a single unit of a Clay bearing soil, sand and lime or concrete material, fire hardened or air dried used in 

masonry construction. Light weight bricks are made from expanded clay aggregate. Fired brick are the most numerous types and 

are laid in courses and numerous patterns known as bonds collectively known as brickwork and may be laid in various kinds of 

mortar to hold the bricks together to make a durable structure. Brick are produced in numerous classes, types, materials, and sizes 

which vary with region and time period and are produced in bulk quantities. Two most basic categories of brick are fired and non 

fired brick [1]. 

The clay matrix cohesion is governed by the initial water clay ratio and compaction pressure applied during the earth material 

building [2,3]. The compactness of the material is also dependant of the textural continuity from the clayey to sandy components. 

All these parameters act on the fabrics of mineral particles and sand grains and as a consequence on the associated distribution of 

micro to meso porosity. The heat transfers mainly depend on the frequency of grain contacts, size of pores and air water ratio 

infilling the porosity. The moisture transfers mainly depend on the connectivity associated to the meso to micro porosity 

distribution and especially on the micro porosity of the clay matrix in clay dominant materials. 

This work concerns the measurements of thermal conductivity in a clay dominant material composed of Compacted Earth Brick 

using the transient hot wire (THW) technique. This hot wire method has been developed for measurements in electro conducting 

liquid [14-15] and in highly corrosive liquids [4-5]. Actually the use of the transient hot wire method is extended to granular 

materials [6-7] in solid geomaterials [8,9] and in soils by pedologists [10-11]. The texture moisture and thermal conductivity 

relationship have been studied firstly on a model material composed of glass bead assemblages to demonstrate the role of porosity 

and saturation index. 

Secondly the thermal conductivities were measured on a compact earth brick mainly composed of clay material. In order to 

validate the THW method in this very thin divided material 

 

2. OPTIMAL DIMENSIONS, CHARACTERISTICS & STRENGTH 

Loose Bricks 

For efficient handling and laying bricks must be small enough and light enough to be picked up by the bricklayer using one hand. 

Bricks are usually laid flat and as a result the effective limit on the width of a brick is set by the distance which can conveniently 

be spanned between the thumb and fingers of one hand normally about four inches or 100 mm. In most cases the length of a brick 

is about twice its width about nine inches or slightly more [12]. This allows bricks to be laid bonded in a structure which increases 

stability and strength. The wall is built using alternating courses of stretchers, bricks laid long ways, and headers, bricks laid 

crossways. The headers tie the wall together over its width. In fact this wall is built in a variation of English bond called English 

cross bond where the successive layers of stretchers are displaced horizontally from each other by half a brick length. In true 

English bond the perpendicular lines of the stretcher courses are in line with each other. 

 

3. THE MANUFACTURING PROCESS OF BRICKS 

Different steps are there in Manufacturing of Bricks. These are defined below. 

Winning 

Heavy earth moving devices such as bulldozers, scrapers and mechanical shovels are used to extract the clay and shales. 

Crushing and blending 

After being transported from the pit by truck or endless conveyor the materials are stockpiled to enable blending of the various 

types of clay. 
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The clays are fed separately by hopper or conveyor to the primary crushers. These reduce the particle size down to 3 to 5 mm or 

less. The mixing of clays follows, to impart the desired proper ties, such as color and strength. 

Grinding 

Conveyors carry the mixed clay away for secondary crushing, which is usually done by means of a pan mill. The pan mill has two 

heavy steel wheels on an axle that is connected to a central     vertical spindle around which they rotate, crushing the clay against 

the base of the pan. The base is per forted to allow the crushed material to fall through. This process, when done with dry clay, 

shatters the brittle par tickles into smaller pieces. When the pan mill is used with wet clay, the plastic material is squeezed through 

the perforations and then falls between high-speed rollers which complete the grinding process. 

Screening dry processing 

Before being shaped, the clay is screened and oversize pieces are returned to the pan mill for fur their crushing. 

Shaping 

Bricks are hand formed, pressed or extruded into their final shape. The method used to shape the bricks affects their final 

appearance and texture, and sets certain limitations on the handling methods employed during manufacture. 

Extruded bricks  

Clay with 18-25% water content is forced by an auger into a horizontal cone shaped tube that tapers down to the die. Two 

compaction stages are commonly incorporated, with a vacuum chamber between them to remove any air in the clay that would 

reduce the strength of the end product. 

The extruded clay column is cut into brick sized pieces by an arrangement of wires. Extruded bricks, although often smooth, may 

be mechanically patterned or textured. Most bricks of this type have anything from 3-12 perforations that, by increasing the 

surface area, reduce the required drying, firing, and cooling times. Any internal stresses are relieved by the perforations and 

prevent distortion of the bricks during firing. 

Drying of bricks 

In the brick making process, the clay is refined and water is added in order to mould the brick. Before the bricks can be fired, they 

must be dried properly, the moisture content has to be reduced to 8% of volume for the clamp kiln. 

There is adequate sun for the drying operation and most clamp kiln brick makers make full use of this free source of energy by 

placing the bricks on open hack lines. This operation has the disadvantage that it may make the process time consuming, 

especially in the rainy season. 

To reduce the drying cycle, brick makers have introduced some mechanical means of drying. The two most common methods are 

tunnel or chamber driers. The heat for the drying is produced in a supplementary coal heater or recycled off the kiln and the 

heated air is fed into the driers. These methods work as follows: 

 

• Tunnel driers: The bricks are produced and then off set on flat rail trolleys or kiln cars. The cars are pushed through the tunnel. 

This operation can take up to 40 to 50 hours, from green to dry. 

• Chamber driers: Patented chamber driers are large rooms where bricks are packed onto pallets. The chambers may have a 

capacity of 50000 to 60000 bricks. Hot air is fed into the chamber. Drying time is between 30 and 45 hours much quicker than the 

14 to 21 days needed for solar drying. 

Firing 

Bricks are fired at temperatures between 1000° and 1200°C, depending on the clay Light colored clays usually require higher 

firing temperatures than dark colored ones. Of the many known types of ceramic kilns, four types were used  

Fires are lit in fireboxes along the sides and the hot gases fire up to the curved roof, down through the bricks and from there to the 

chimney stack. Fires are fuelled by coal, gas or oil. When the desired temperature has been reached, the temperature is maintained 

for a specific period and the fires are then allowed to die. The kiln cools down, the fired bricks are removed and another batch of 

green bricks is placed in the kiln for firing. 

Delivery  

In pack systems, sign ode strapped packs of 500 bricks are arranged in a suitable stack and bound together by bands in different 

countries. 

The packs are lifted by forklift or crane truck. Handling on site may be by hoist or brick barrows 

 

4. METHOD OF MEASURING THERMAL CONDUCTIVITY BY TRANSIENT HOT WIRE METHOD 
The transient hot wire (THW) technique is widely used for measurements of the thermal conductivity of most fluids and some 

attempts have also been carried out for simultaneous measurements of the thermal-diffusivity with the same hot wire. [13] This 

technique was also tried to determine thermal properties of soils by the mean of probes which can be considered as wire with 

some assumptions. The purpose of this experiment is to validate the thermal conductivity measurement by the THW technique in 

geomaterials composed of compacted sand and clay mineral that can be used for earth construction also called Compacted Earth 

Brick. The thermal transfer behaviors are mainly governed by the texture and moisture of the geomaterials  

The heat transfers were measured in assemblages of glass beads of different diameters and in sand and clay matrix compacted 

material called as compact brick. The data temperature versus time were recording using a Ta or Ni wire of 0.125 mm diameter 

insert in the glass bead assemblages or in the compacted brick during its manufacturing. The heat transfers are induced by 

constant heating using 100 mA and 300 mA currents. The current generator has to be very precise. It is a Keithley 2400 precision 

of 10- 6A. The nano voltmeter used is a Keithley 2182 precision of 10-10V. The experiments are driven by a microcomputer 

equipped with GPIB connections and Lab view Software. Seven glass bead media have been tested. They were characterized by 

bead diameters of: 0.50-0.75, 0.75-1.0, 1.0-1.4, 1.7-2.1, 2.5-3, 2.8-3.4 and 3.9-4.4 mm. The Compacted Earth Brick is made by 

mechanical compression of earth plus sand mixture added of 5% lime. In weight percentage the composition of the compacted 
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brick is 62% earth, 28% sand, 5% lime and 5% water. The mineralogy of sand is quartz dominant feldspars plus accessory Fe 

oxides. The mineralogy of clayey fraction is Illite, Kaolinite and Smectite. 

All the 7 glass beads media have been tested in air dry state. To underline the effect of saturation the 2.8-3.4 mm glass bead 

medium has been tested with water and acetone saturation. The thermal conductivity was measured in the compacted brick from 

initial 17% in weight of water content to 3% of residual water content after 110 days of air drying shown in Figure1. The 17% of 

water content corresponds to a saturation index of 90%. The 3%  

Correspond to a saturation index of 15%.The measurements were made daily during the first sixty days and with larger steps 2-3 

days after. The heat transfers measurements are represented in T °C versus ln(t) diagram represented in Figures 2 and.3  .Each 

recorded T/ ln(t) curve presents two successive steps of temperature increasing characterized by a1 and a2 slopes which are used 

to calculate two associated heat conductivities 1 and 2. 

 
Fig- 1 Water content of the earth brick during the 110 days of air drying period. 

 

5. RESULTS FROM EXPERIMENT 

For the glass bead materials all the DT / ln (t) curves show the same features  

For t < 1s, DT increases quickly. 

For t > 1s, DT increases slowly. 

These two domains are characterized by two a1 and a2 slopes respectively. In the short time domain where t < 1s  the a1 increases 

with the increasing of bead diameters. Actually the a1 slope is dependant of the density of beads contact with the wire.  

On the contrary for the successive tests performed on the different material the a2 slope is nearly constant independently of the 

bead sizes. According to the very low a2 evolutions, the a2 is nearly constant and independent of the pore size for a constant 

porosity (about 0.2 W/mK). 

 

 
Fig. 2 Evolution of the slopes (a1, a2) of the DT / ln(t) curves for the successive glass bead size materials 0.50-0.75, 0.75-1.0, 1.0-

1.4, 1.7-2.1, 2.5-3, 2.8-3.4 and 3.9-4.4 mm. measurements with a 300 mA current. 

 

file:///E:/Planet%20Publication/IJEDR/Volume%203/Vol%203%20Issue%202/Published_Paper_V3_I2/www.ijedr.org


© 2015 IJEDR | Volume 3, Issue 4 | ISSN: 2321-9939 

IJEDR1504057 International Journal of Engineering Development and Research (www.ijedr.org) 372 

 

 
Fig. 3 Evolution the DT / ln (t) curves for 2.8-3.4 mm glass beads in dry air state, acetone and water saturated states. The Shift 

down of the DT / ln (t) curves  due to the saturation accord with the decreasing thermal conductivities of the air =0.025 W/mK, 

acetone = 0.19 W/mK and pure water = 0.6 W/mK. 

 

The air, water substitution implies great decrease of the a1 slope on the DT / ln(t) curves and consequently a great decrease of a1 

shown in Figure 3.  

 
Fig.4 Evolution of the DT/ln(t) curves recorded on the compacted brick with time for 60 days. 

 

The shift of the curves from the abscissa to the top of the diagram is due to the desiccation of the clay material. The consequence 

is the drastic evolution of the a1 slope. 

For the compacted earth brick, the DT / ln(t) curves show similar features - 

For t < 1s, DT increases quickly. 

For t > 1s, DT increases slowly. 

For this material only one brick was tested, thus only one texture was tested. The evolution of the thermal conductivity is only 

dependant of the evolution of the brick water content. In these conditions the evolutions of a1 and a2 during the drying period 

characterize the decrease of moisture. 

The first DT / ln (t) curves recorded during the first week show quite flat patterns. On the contrary the curves recorded at the end 

of the drying period of 110 days shown clearly the two different a1 and a2 slopes shown in Figure 4. The first curves were 

recorded for saturation index near 20% and the last measurement series were performed for saturation index of 90%. The 

evolution of DT / ln (t) curve patterns and slopes a1 and a2 have consequences on the calculated a1 an a2 shown in Figure 5, 

weak a2 evolution with time but drastic decease of a1 with the saturation index decrease in the material. 
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Fig. 5 Evolution of a1 and a2 thermal conductivity with time 

This above figure is according to the drastic a1 increase the a1 values decrease from 0.9 to 0.2 M/mK during the 20 first days. The 

a2 show high dispersive values for a mean value quite constant with time. 

The microstructure of the compacted brick was observed on scanning electronic microscope. The clay matrix is very compact. All 

the porosity is constituted of micro porosity disseminated between the clay particles and almost all the micropores have sizes 

lower than 20 μm shown in Figure 6. Nevertheless the dT / ln (t) curves show similar pattern evolutions between saturated and 

unsaturated states than glass bead ones. 

 

 
Fig-.6 Micro photography of the microstructure of the compacted brick 

 

The sand grain is isolated inside the compacted clay matrix. The micro cracks are consequences of the sampling of the milimetric 

block from the brick. The clay matrix appears very compact and homogeneous. 
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