Title: Mechanised and Improved Construction Technology for the Gypsum Stabilized Earthen (Adobe) Construction Material

Earthen buildings are not frequently preferred and favour of users in nowadays bacause of the reason that they couldn't keep abreast to the contemporary building construction systems. However, the indoor climatic conditions of earthen buildings are quite well and in quality. Traditional or gypsum stabilised adobe as a material supplies adequate conservation and heat insulation in consideration of its high thermal capacity in all kinds of climates. Satisfactory amount of usage of the adobe as a construction material due to the necessity to conservation of cultural heritages, will create energy saving buildings at all. Besides these, it will be very beneficial in the way to design a healty and natural environment. In conjuction with contemporary construction systems, improved construction materials,  advanced management systems and total quality, arise in aesthetics, solidity, economy and increase in functional quality are observated. Although, increase of market share of adobe buildings will elicit the advanced construction technologies to be used more frequently (188-189-190).

Adobe buildings are the oldest building types of earth since 9000 years as it is known. Since the early history period up to nowadays, human-beings needed to build a shelter for themselves to keep their presence and sustain their generations. In order to succed this, they used natural materials around such as stone, earth, wood etc. (191)
The main reason that the adobe buildings are not used and not built in improved buildings is that the adobe buildings couldn’t correspond the users’ expectations. In another words, the adobe buildings couldn't keep abreast to the contemporary building construction systems. That’s the account of that usage of earth material depends on more man-power than usual and needs more time to work with.
The reasons of becoming researches about adobe prevelant can be explained as follows:
a) From the reason that adobe buildings are compatible to life standards and ability to be equilibrated with nature
b) From the reason that adobe materials give the most rational solution to the energy saving problem and pollution
c) From the reason that the contemporary technology can easily improve and develope the faults of adobe buildings 
According to the result of researches about improving the properties of adobe material, it was seen that gypsum, lime and fibre wastes stabilized the physical and mechanical properties of adobe.
The gypsum which is added into adobe paste improved the properties of adobe paste and allow more time to be able to work with adobe. This is a big advantage for labour to create high quality product.
Applying the Total Quality Management to adobe building organization aim to decrease the costs of production and increase the quality product, efficiency and benefits. Besides all these, it supplies so many advantages such as the satisfaction of users, improve the quality of environment, competition and market share power with efficiency. 
Properties of Traditilonal Adobe Material
Adobe is a material which a hardpan (clayed soil) mixed and molded with enough amount of water and hay, other fibres such as reed, herbs, hemp fibers, pine leaves, tree arms, excelsiors etc. and then replaced in moulds to be given a shape under sun (192-193-194). Adobe which is used for a building construction material, is a compound of different materials as a concrete. As the sand in clay is a inner skeleton of mixture, it creates cohesion so clay becomes a binder. The amount of clay in mixture is very important. Less or more than enough amount of clay compose important problems (195). Researches about adobe prove that the mechanical properties of clay is similar to concrete and these properties are considerably related with the occupancy-cavity rates. Beside all these, the calibration of appropriate garanulometry of particles which compose the ground is also very important for the quality of adobe (196-197).
There are infinity variants in the composition of grounds but they usually consist of granules which are sprinkled between sand and gravels and clay. Clay includes very tiny granules which their capacity to absorb water is very high. Water cause increase in volume and mass of clay by seperating granules from each other. Grounds include in great amount of clay which its mass an d volume varies very much in being dry and wet status (198-199-200).
The properties of grounds’ properties and the ratios recommended by different reasearhers are given below (192):
1. French Army’s Construction Department: 40% clay, 30% gravels, 30% sand in adobe
2. In U.S.A, Researher About Adobe: 75%-80% Sand (thin-thick), 20%-25% clay and silt, humus and organic materials should not be exist in adobe.
3. Turkish Standards: 40% of the ground soil should be examined from 0.063 mm sift and there should not be gravel inside bigger than 3 cm.
When the clay included material which is shaped with water is left to drying, it looses water from its structure so a shrinking can be observed in its mass. The water inside the structure is kept inthe spaces between granules.
The water inside the structure of adobe can be classified in 3 different phases;
1- Cappilary Water: This is the water which is lost from structure of adobe during drying phase
2- Pore Water: This is the water remain after loss of capillary water

3- Absorbed Water: This type of water exists in solid form inside the structure depending on the type and quality of clay. It is not possible to remove this water from the structure under normal climatic conditions. This is possible in temperature of 105 celsius degrees 
xx- The Physical Properties of Traditional Adobe
The base material of the adobe is clay, and it bonds the all kinds material as a paste. If the adobe is well-prepared and dried homogeniously, then it is compact enough to be used as a load bearing wall in buildings. It is easily dampen because of the reason that it has a porous structure. Because it’s thermal capacity is very high, it elicits a good bio-climatic conditions at indoor sides. Besides, its mass is quite heavy and because of this, its sound installation cappacity is also high enough to be used in buildings. When the adobe is dampen, its heat insulating capacity decreases while its sound insulating capacity increases. If it approaches to plastic consistency, then the building collapses. 
xxxx- The Plasticity and Contraction Properties of Traditional Adobe

The deformation of material without an elastic return and any refraction and cracking is called plasticity. (205-206). The content of water during the change of clay from viscosity to plastic phase is called “plastic limit” and the content of water during the phase change of clay from semi-solid to solid is called “shrinkage limit”. 
The increase in strength of adobe which is moulded in plastic phase occurs while the vapourisation of water inside the mixture. In well qualified adobe mixture, on condition of other properties to be remian firmed, change in volume should be less. If this property is not included in clay, this situation can be developed by stabilization (205).
xxxx- The Mechanical Properties of Traditional Adobe Material
The behaviour of an adobe material under vertical and horizontal loads is called “mechanical properties” of adobe. The compression strength is also one of the mechanical property of an adobe as described below.
The Compression Strength

The adobe used in buildings as a construction material should have a compression strength more than a specific limit. Because of that an adobe consist of from the mixture of different materials mixed at different ratios, the compression strength of adobe will depend on the properties of these materials. 
In single or double floor buildings, the compression values will not be so high even the roof is made from compacted soil if the spaces compensated are not so big. That’s why necessity of adobe against compression strength should not have to be considerably in big value.
xxxx- The Strength of Adobe Material Against Climatic Conditions
Strength of an adobe material against climatic conditions represents the strength of this material against raining, wind and great changes at thermal conditions. This property of adobe effects the lifetime of adobe so it is very important for adobe material (205). In order to increase the strength of adobe material and stabilize it, fibrious materials, gravel, bitumen, cement, lime and other binders should be added inside the mixture. It is a known process to plaster, paint or whitewash the surface of adobe to keep it from climatic conditions. Application of one or more methods mentioned above will increase the strength of adobe materials against climatic conditions.
xxxx- The Workability Properties of Traditional Adobe Material
Whether all the processes are done before leaving adobe to drying, in other words to supply the workability for adobe material, the quality of adobe will be higher in result. The subjects which are very important and have to be taken into account are to be carefull against stress, camber and crack. The descriptions of all will be given below.
· Stress: The tensile stresses occurs in adobe mass at drying phase. The non-homogenous dryings of adobe, differentiations at inner mass and variations at water content of mixture are the reasons of stress of adobe material. 
· Cambering: The changes in the shape of adobe while drying is described as cambering.
· Cracking: The adobe can deform without cracking when it is in plastic stage. There can be 2 different types of cracks while drying of adobe materials. One of them is very thin cracks over surface and it is the reason of the differentiation of inner materials and surface materials of adobe. Another reason of surface cracks may be the improper granulometry of different materials inside the mixture. Big cracks can be a reason of production mistakes, from the smoothness of surface which adobe bricks are replaced on, mistakes during moulding and non-homogenous drying of adobe
Drying and Keeping Techniques of Adobe

Adobe should be kept from direct sunrise and wind after moulding. In adobe production process, drying should be rather slowly so adobe doesn’t crack easily. In the beginning of drying stage, if the evaporation is fast, then the surface cracks will be seen because of the over -drying and broiling of adobe. It is very important for the adobe to dry ratherly slow. In order to elicit slow drying, it is beneficial to warm the surface of adobe to prevent cracking and broiling, in the beginning of drying stage if the evaporation is more than enough. The amount of water in the mixture effect the workability of adobe very much.
xxxx- Construction Technology of Traditional Adobe Buildings
The buildings which their foundations and if exists foundation walls are stone and walls are made from raw clay soil are called Adobe Buildings (207)
In adobe building production stage, the energy types used clasiffied in 2 ways as “production energy” and “transportation energy”.
Table 1: The amount of energy needed for different materials to produce a 20 cm thick and 1 m2 area wall (189)
	Types of Constrruction Materials
	Energy Used (Kcal)

	Solid Brick
	1.406x105

	Perforated Brick
	1.210x105

	Reinfonced Concrete Wall
	1.018x105

	
	%10 Cement added
	0.390x105

	Adobe
	%10 Gypsum added
	0.0047x105

	
	Pure
	Sunlight


Adobe buildings were preferred and attractive since long time ago because of the properties such as strength, being easily serviceable and being endured again insects (188). The m ain reason to be preferred widely is economy. Because it can easiliy be found and easily transportable and its labour is cheap and easy, adobe is an economic material for construction.

The climatic conditons of production area also effects the quality and production of adobe because adobe is a material which a hardpan (clayed soil) mixed and molded with enough amount of water and hay, other fibres such as reed, herbs, hemp fibers, pine leaves, tree arms, excelsiors etc. and then replaced in moulds to be given a shape under sun. The production of adobe is suitable in all weathers except cold winter, rainy weather and cool weathers. Also very hot and sunny days are not suitable for adobe production because these kinds of weathers causes more evaporation of water inside the mixture. However, the most suitable weather for adobe production is end of spring and beginning of summer. The soil can be mixed easily in these seasons cause the soil absorbed enough amount of water from rainfalls.
Table 2: An Investigation in Anatolia for the technology of Adobe construction (190).
	Season to be chosen
	End of Spring – Beginning of summer

	Soil to be chosen
	Elde sıkılarak şekillendirilen toprak hamuru, yaklaşık 1.00 mt. Yükseklikten yere bırakılınca dağılmamalı, sadece şekil değiştirmelidir.

	Agent Material
	Herbal treatments (fibrious, tree leaves), stone type treatment (gravel)

	Excavating
	The suitable soil types is found, it is removed and quarry is opened

	Sieving
	Granules which have dimension larger than 2 cm and foreign substances are sieved..

	Preparation of adobe mortar 
	Pits are opened, the soil is moistened and tread until it reaches to plastic consistency. Agent materials are added..

	Easoning of Adobe mortar
	Mortar of adobe is seasoned and agent materials is seasoned together with agent materials for being  katkı maddesi ile 1-2 gün mayalanması için dinlendirilir.

	Moulding
	Harç, ahşap kalıplara dökülür.  Manuel aletlerle yerleştirme yapılır.fermentated.

	Drying
	Adobe is kept away from rain and sunlights, moulds are dryed in wind and shaded area.

	Keeping
	If the adobe will not be used at once, then they can be taken under cover in order to be dryied.

	Transporting
	Wheelbarrow or tractor can bu used according to the distance to site.


xxxx- Traditional Adobe Production Site

In site of traditional adobe production site, the adobe production is performed in 3 stages; preparing the adobe mud (mixture, paste), to embody (shape) the adobe and to dry the embodied adobe.

1. Preparation of Adobe Mud (mixture, paste): The designated amount of water, clay and other agent materials are mixed together and the mixture is let a rest for 1 day. The day after, the mixture will be ready to be mould (208).
2. Emboding (shaping) the Adobe: The mixture in suitable consistency is usually moulded in timber moulds. The mixture should be compacted inside the mould in order to prevent the space occupation in mould. Removing the adobe needs care while taking the moulds from same force and height. It will be usefull to shake mould to seperate it from adobe.
3. drying the Adobe: Adobe is a material which is strengthen by loosing water (vapouring) in outdoor without a chemical reaction in its structure. The movement of water in its structure depends on the water content in mixture and dimension of capillar tubes in its structure (198). 
xxxx- The Disadvantages of Adobe Material
The adobe material has disadvantages besides its advantages. Some of them are written below:
· Adobe can ‘t be produced in rainy weathers,

· The construction of building depends on climatic conditions,

· The surfaces of adobe are usually plasterd with mud. When the mud dries, it produces dust on surface,

· The structure of soil buildings are very accurate against water and humid. The preventioo should be taken against this threat,

· The soil buildings needssimple maintenances continously (196).
xxxx- The Properties of  Deveoped Adobe Material

The basic materila for the adobe is soil. Some of the mechanical properties can be stabilized by adding some agent materials. Sometimes, it is not possible to find a suitable soil for adobe from nature. In this situation, without increasing the cost, some agent materials are added into the structure of soil to develop its mechanical properties. Some of the methods for improving the mechanical properties of soil are given below;

1. Mechanic Stabilization (suitable granulometry): In this method, the strength against compression can be increased by calibrating the dimensions of granulometry and decreasing the space ration in the structure of mixture.
2. Stabilization as a Result of letting Mixture a Rest and Reaction in its Structure: Sometimes it may be posssible to stabilize the soil in its structure. When the soil which include iron in its structure is mixed with organic soil and let a rest in humidity condition, as a result of chemical reactions of the acid in vegetable soil, will increase the binding ability of soil.
3. Stabilization by Adding Agent Materials to Soil 
· Cement Addition: Adding cement in soil increase the strength againt compression but also increase the cost too.

· Lime Addition: Adding lime into the soil efects the result pozitively when the adobe is used as a wall construction material.

· Bitumen Addition: When a bitumen is added into the soil in specific quantity, both the strength and water insulation capacity of soil increases.

· Gypsum Addition: The researches on gypsum added soil prove that the properties of soil to be used for wall construction have a enough capacity to be a material for wall construction. The surfaces are smooth and easily cleanable. Gypsum addition decrease the accuracy of material against water in great amount and also initialize the dispersion of material inside the water (208).
· Addition of some Industrial Wastes: There are binder materials inside the industrial wastes. For example, the materials added into soil which include cellulose in their structures, they increase strength and resistance of soil.

· Addition of Fibres and Vegetal Wastes: Hat, grass, reeds’ wastes, timber fibres and wood shavings’ addition increases the  strength of soil. Addition of hay helps the homogenous drying of adobe so that it prevents the cracks in adobe.
xxxxxxx- Mechanical and Physical Properties of Developed (Gypsum Added) ADobe

The researches show that there are big differences and improvements in developed (gypsum added) adobe. The workability of adobe developed so that more times can be spend on adobe to work it as a result of stabilization with gypsum. This event supplies more time to work on an adobe so that better results can b e obtained.
Table -3. Mechanical and Physical Properties of Developed (Gypsum added) Adobe (190)
	Unit Weight
	1.6-1.7 kg./lt.

	Compression Strenth
	2.0-4.0 N/mm2

	Shearing Force
	0.9-1.3 N/mm2

	Shrinkage Crack
	%1.0-1.5


Some of the important properties of developed (gypsum added) material are given below:
· The stabilization of gypsum (soil’s properties) abbreviate the construction duration.

· Constructing the outdoor walls in 45 cm thickness constitute as thermal property.

· The indoor load bearing walls are 30 cm thick.

· The ratio of wall spans is 25%.

· The foundation walls and tie beams are constructed from reinforced concrete.
Table 4: Some Properties  of Developed (Gypsum added) Adobe Related with Thermal Energy and Water (190)

	Capacity to absorb water
	Very low

	To be exposed to water for a long time (except direct rain water)
	No erosion

	Thermal trannsfer value
	0.4-0.5 kcal/mhC

	Specific calory
	1.0 kJ/kgK


xxx- Technology of Construction of Developed (gypsum added) Adobe

One of the reasearches in this subject is to use gypsum to develope and improve the properties of soil. Because of the reason that gypsum stabilizes the properties of soil in short time, it abbreviates the construction period. This gives chance to make an adobe production independent from climatic conditions. The aim of mechanised construction technology by using a soil which its properties are stabilized with addition of gypsum is to improve the local mass production at social housing (211).
Table 5: The Effect of Water Content on Workability Property of Developed (gypsum added) Adobe (190)
	Water Content
	Workability

	%18-%29
	It is beaten

	%20-%22
	Works as adobe block

	%24 ve daha fazlası
	Subsides (precipitates)


The compatibility of the soil as an adobe can be guessed from its colour. Then some tests can be done to confirm the usability of that soil. The soil should not be diffuse when it is compressed in palm and should not be broken into tiny pieces when left from 1 m height. Another way of choosing a suitable soil typr is to prepare sample of adobe blocks and drying them in open open air away from water. If the adobe blocks are produced from suitable soil mixture, they dont give wide and dangerous cracks (211).
Table 6: The Ratios of Materials in Mixture of Developed (gypsum added) Adobe (190)

	Material
	Weight

	Soil + Clay (%10) + Silt + Sand + Gravel (7cm)
	100 kg

	Water
	20 kg

	Gypsum
	10 kg

	Lime
	2 kg


xxxx- The Developed (gypsum added) Adobe Site
There are some processe which should be monitored. They are given below.

Preparation of Soil
The researches done before conveyed that the granules which have dimension bigger than 2 cm, decreases the strength of adobe. However, it is not needed to sieve the soil which is stabilized with 10% gypsum ratio. The result of experiments done in laboratories show that samples which were produced with big dimension agregate has 2 N/mm2 compression strength. All the sieving processes cancelled after discovering that granules in 6 cm dimensions can easily be used in site.
Preparation of Soil
According to the results of experiments and test, the mixture of gypsum added adobe is reduced to simple terms. The costs of labour and also production period with other costs all decreased. In order to supply a easy labour, the amount of material will be used in site, determined as 50 kg (approximately 1 wheelbarrow).
The lime is added to delay the set of gypsum. The lime is added to water before gypsum and prevented the set of gypsum to start immediately. Because the set time of gypsum extended, the working period on adobe augmented. The ratios and the scales are converted into simplified units which the labour will understand easier.
Table 7: The simplified raitos and scales in gypsum added adobe (190)
	50 kg. soil
	1 full of wheelbarrow (0.06 m3)

	5 kg. gypsum
	4 full of shovels

	1 kg lime
	2 normal shovels

	Max. 2 kg. water
	To dampen the soil

	17 kg. water
	2 gtypes of cups were used in order to simplify the work. (cup for 9 or 8 kg).  So that lime and gypsum estimated with these ratios


Moulding and Emboding (Giving shape)

While the concrete mixer mixes the mixture, 2 labour started to build the mould in place of wall. It is usefull to clean and oil the moulds to obtain a smooth surface. The mixture is carried with whellbarrows and replaced into mould. In every 20 cm unbeaten thickness, the mixture is compacted. The set of gypsum starts very soon in a mouldwhen the lime is not added into mixture to delat gypsum’s set.
Curing- Letting a Rest- Storaging- Transporting

In different countries, while traditional adobe production process, the period between mixing, moulding and building production, curing, letting a rest, storaging and transprting take the most time. Specially curing and storaging needs wide spaces in site.
Wall Building (Erecting) System
The wall building (erecting) with soil and lime takes too much time in massive constructions for adobe wall productions. This phase increase both construction time and cost in production. If the surface of built wall is not homogenous, this composes different abrasion surfaces and plaster defects can be seen depending on this event. Specially the walls which were built with industrial and rational moulds and beaten regularly, give smooth plaster surfaces. This gives chance to make plaster in same thickness all over the surface so the lifetime of plaster lengthen.
Wall Casting System
In the phase of mixture preparation phase, four different methods were tried to find the most suitable mixture type. Besides, in oder to prevent to cracking while carring mixtures in the mould to the site, 5 different techniques were improved.
1. 30-35 cm spaces left in every 1.00 m casted wall and it was let a rest during one day to finish its shrinkage. The next day, all the spaces (gaps) were filled with an adobe
2. During one day period, for rational usage of mould modules, 3.00-4.00 m long moulds were used and big walls casted up to floor height. The day after, they continued casting wall from same point. Before starting to cast, the contact surfaces were dampened to enable more simple joining. However, this method was discarded because unwanted shrinkage space obtained and stepped wall built after destroying the previous wall.
3. It was obviously seen that the most rationel method for building adobe walls is to cast the walls continously in moulds up to same level and then compacting them perfectly. All the shrinkage cracks were prevented by replacing galvanized reinforcemented grids in every 60 cm height.
4. In the regions along horizontally which vertical construction joints will compose, the walls finished as steps. In this type of application, no shrinkage cracks were seen in walls which were casted in differetnt times. In this process, for easier usage of compactor, the step wideness shouldn’t be less than 50 cm.
5. The other method tried as an alternative to stepped wall was casting a sloped wall but it was meaningless cause the compactor was breaking the wall instead of compacting.
Table 8: The Processes of Construction Technology of Developed (gypsum added) Adobe (190)

	Concrete mixer + soil + 2 kg water
	2 mins. it was mixed in concrete mixer

	Wheelbarrow + 18 kg. water + 2 kg. lime + 10 kg. gypsum
	2 mins, it was mixed with hand

	The mixture in wheelbarrow depleted into concrete mixer
	3 mins, it was mixed

	Then the mixture was depleted into wheelbarrow again and used in wall construction by beating
	Not more than 15 mins.


The construction phase of developed (gypsum added) can be classified as below:
1. Foundation Tie Beams: Rope pier was set up according to the foundation plan of the project. Then a pit with dimensions 70 cm depth and 45 cm wideness was dig with excavator. A moulds for beams prepared and reinforcements replaced in a pit and 12 m3 of concrete was casted and foundation construction completed.
2. Slab Filling and Compacting: After the casting of foundation beams, natural grade under the slab was compacted with a compactor and then 5 cm thick chipping (gravel) layer was spread under the slab
3. Slab Concrete: 7.5 m3  and 10 cm thick concrete was casted over chipping  (gravel) layer.
4. Water Insulation: After foundation beams’ concrete and slab concrete’s setings finished, then 2 base coatand 50 cm wide BTN Elastosol was daubted to all the surfaces of walls.
5. Earthquake Beam (Lintle): In research site, galvanized reinforcement grid with 2.5X8 cm spaces were used in adobe walls which will help to the adobe walls to be more resistant against earthquake. Reinforcement grids were replaced inside the walls with 2.40 m height. These reinforcement grids were replaced every 60 cm and at 3 different level of the wall to take the diagonal loads. They were replaced continously as 30 cm at 40 wide outdoor walls and 20 cm at 30 cm wide indoor walls.
6. Lintle Over Walls: The buildings height reached up to 2.40 m including all the door and window openings. A reinforced concrete lintles replaced all over the building at this level.
7. The Upper-Level (Top) Slab: The studs needed replaced to the spaces after the lintles were replaced. 12 cm height beams were mounted on these studs. After the replacement of floor blocks replaced between these beams, then 11 m3 concrete was casted over 16 cm height from floor lower level. This was the last process for up level slab.

Table 9: The Used Material Weight Raitos used in Developed (gypsum added) Adobe Construction Technology and the Pratic Scales Used in Site (190)
	Ingredients
	Weight Ratios (%)
	Pratic Scales

	Soil
	100
	2 wheelbarrows

	Gypsum
	10
	4 shovels

	Lime
	2
	1 shovel

	Water
	18-20
	1 bucket


Researches done in the site of gypsum added adobe construction ,the results can be summarized as given belowe:

· The gravels in 5-7 cm diameter were used so that there was no need to sieve the soil. This is an advantage for labour cost and area needed for site.
· The scales are converted to more simple units.

· The adobe wastes removed from concrete mixer should not be used in mixtures and have to be carried away from the site.
· Using the industriel moulds made moulding phase more rational.
· Homogenous wall surfaces were optained for plaster by using mechanical compactors in shaping stage.

· The stepped walls were constructed for the castings in differen times to prevent shrinkages.

· For independent adobe building, four or 5 labour is enough for all stages. Bacause most of the processes can be done at the same time, more labour effects the site negatively.

xxxx- The Principles of Total Quality Management and Its Principles in Adobe Construction

The Total Quality Management applied in adobe building construction can’t be succesfull without the support of organization. The rules and principles which should be applied for the success of Total Quality Management are given below:

1. To Increase the Total Quality Management as an Decisive Strategy: In adobe production method, distribution of products and improvements in servicing are basic politics. All the projects which come true should have an interest to build more secure and qualified system
2. To Heed the Expectations of Users: It should be the main aim to correspond the expectations of users.
3. To Make Right Worjk in Right Way and At Right Time: In every phase of adobe production, all the processes should be done ,n r,ght way and right time.
4. The Following the Chosen Method: The method chosen for adobe production should be understood completely. The way which will raise the quality of project done is to choose a method which its accuracy is proved.
5. To Benefit from Data Processing Engineering and Equipments: To be able to success a new adobe building project, the data processing engineering should be used.
6. To Use Planning Techniques in data Processing Engineering which Their Accuracy Have been Proved: In order to make a plan which will succeed the adobe building production, the type of the project should be determined. Experience is very important for the planning of adobe building.
7. Authorization of Employee During Development Stage: All the employee in adobe building production should be a part of development stage.
8. Education: In order to take maximum efficiency from employees, they have to be well educated.
9. Method Developing in Quality Measurement: Measuring gives chance to see and control the position off all working group. It determines the cost of corresponding the expectations of users.
10. Usage of the Suaitable and Dainty Inspection Techniques: Methodogical tests are complicated and needs repeats but it is very important to apply it for obtainingh well qulified adobe buildings.

In order to get the best results from all these applications, their results shold be observed, proved and reported regularly.
xxx- The Phases of Total Quality Manegement in Adobe Building Production

Total Quality Management in adobe building production is a term which organize the system to catch the raises in quality. Total Quality Management is not a program but it is a method which operate the business. The seven phases of Total Quality Management in building production can be expressed as below:
1. Vision and Values: Policy and philosophy is an comprehensive expression of quality definiton and two properties those the orgaziations which apply Total Quality Management have. Another property of that organization is strategic quality planning. Strategic planning prepares the organization to reach their aims with suitable strategies. In adobe buildig production, the general aims for management are to join the education with existing employee and manpower.
2. Stability and Participation: all the employee of the organization should participate all the processes which aims to produce high quality adobe buildings. Managers should observe and orient the employees and also share the results iof decreases and increases in quality productions. The continously improvement and new suggestions which will raise the production quality are the responsibilities of managers.
3. Quality Measurement

All the dimensiones of quality should carefully be measured and defined for improvement. The indoor and outdoor users’ expectations determine the system of measurements. These measurements also define the risks of organization.
4. Continous Development
All the efforts shown to obtain better results from adobe building construction and deterrmined aims, elicits the continous improvement. The organizations which apply Total Quality Management in their constitutions have to show continous developments for growing up.
5. Improvement of Employees’ Skills
All the employees in organization sholud participate and take part in activities which aim to raise quality of adobe buildings. Besides, they have to be educated about the philosophy and techniques of Total Quality Management.
6. Technology and Systems

Information sytem is one of the systems which sholud be applied in adobe building construction organization. It is usefull to collect and evaluate the datas and results. Other system for these organizations is the communication system which declare the employees from results and reports. The data transfer is a necessity for the employees to keep working properly. Social-technique system is renewed design of production and man-power as a total performance. Efficiency and quality in adobe building can be maximized with social-technique system.
7. Awards
In order to catch the determined aims, the skills and methods of employees should be improved. Rewarding program effects the motivation of employees positively. Besides its success depends on;
· To participation of all employees,
· Standarts and aims,
· Employees’ effciency and control of quality index,

· Incentiveness of continous improvement,
· Individual and crew performance,

xxx- The Total Quality Management Organization in Adobe Building Production

All the employees and managers should completely do their assignments in Total Quality Management Organization in order to be succesfull enough. These are the factors which affects the success of Total Quality Management Organization:
Management’s Commitment and Leaders
The constitution of the Total Quality Management in adobe building production depends on leaders properties. Leaders in these organization should be open minded, open to all kinds of developments and have to have conceptions about quality. They all have to orient and courage the employees, have to take decisions and observe the results.
The Reresentations (Roles) of Top Management

In adobe building production organizations, top management who has a authorization to take all kinds of decisions, should take all kinds of stratejik and politic decisions and forward these to all employees. Top management should improve a new management style and apply this in all organizations. The alternations(changes) should be started with top management and suitable ambiance should be created for middle managements to be able to give qualified decisions. All the departments should comminicate easily to share all the decisions, datas and reports. The top managers in adobe building production should support Total Quality Management by doing these as given below:
· To accept the financial investments in adobe building production for Total Quality Management,
· To know that Total Quality Management in adobe building will take long time and according to this they should spare time for Total Quality Management,
· To participate in education and learn the Total Quality Management in adobe buildimgs,
· To get a consultancy support

· To show their support against Total Quality Management in adobe buildings in production organization,
· To take part in national or local associations,
· To orient the quality department in adobe building construction,

· To determine the quality policy and develope the vision in adobe building production,

· To take the defiance into account and produce more alternatives,

· To build up the awarding system

Leadership is a necessity Total Quality Management in adobe building production and should be the preferential process for the top management.
The Represantations (Roles) of Other Managers
In adobe building production phase, all the decisions are taken by middle management. The 4 main elements of high qualified production are motivation, education, equipment and materials and all these are directed by middle management. They supply the communication between the top management and all employees and they are the leaders of projects which aim to modify all mistakes in production proceses.
Participation of All Employees

Participation off all employees to all processes in adobe building construction is one of the principle of Total Quality Management. All the problems in organization should be solved as crew and the responsibilities should be shared among crew. Bacause teamwork is very important in Total Quality Management.
Continous Improvement

One of the condition to elicit quality in adobe building construction is to obtain the continous improvement. In adobe building production, continous improvement can be obtained with complete participation of employees in organization. Decelaration after reaching the determined aims prevent the continous improvement.
Flawless (Free of Error) Program

This program is applied to fix all the process mistakes in production phases. Motivation and taking precautions are the basics of this program. The employees should be motivated for decreasing their mistakes. In order to decrease the systematic faults which can be controlled is the principle of taking precaution. For more efficient flawless program, the employees should observe their works on the production. The aim of this program is to determine the faults and prevent the repetation of same mistakes. Besides, it also aims to make processes free of error in first attempt. 
Education
Education in adobe building construction begins with the education of top managers about the principles of Total Quality Management, quality improvement, needs and treatment. Education have to be programmed. Education in adobe production and programs prepared for employees have to aim to improve the skill of employees, to satisfy their individual aims, giving the fundementals of subject and make them understand their additions to adobe building productions. Besides all, this educaiton program should treat the communication between all management levels.
Users’ Satisfaction

In order to create the total users’ satisfaction and elicit well qualified improvement for adobe building production organization, it should be possible to correspond all the expectations off all users’ about quality, cost and delivery quality.

xxx- Cost of Total Quality Management in Adobe Building Construction

Quality is the priority for the adobe building production organizations to keep their presence. The other aim such as decreasing the cost of production. When the first aim, quality comes true, other aims will come true respectively. 

Total Quality Management cost in adobe building construction can be defined as the cost of all processes which are necessary to be applied for this management system. The cost of Total Quality Management in adobe building productions consist of few sub-factors such as;

1. Payments Done for New Established Adobe Building Production Organization: This is the cost for the estblishment of new organization for adobe building construction. This cost includes the employment and educations of employees, seminars and education booklets for employees. The establishments of quality circles and quality groups are included in this cost.
2. Payments for Existing Adobe Building Production Organization: This is the cost including the payments for existing employees’ education, seminars, meetings, booklets etc. Also the payments done for establishing and appliying continous improvement and flawless programs.
3. The Effects of Obtained Good-Bad Results on Adobe Building Construction in Total Quality Management Costs: This cost include all the negative or positive effects of payments done for obtaining quality in adobe building construction. If the applications give psitive result, this will decrease the cost of adobe building construction in Total Quality Management. The result whatever it is will reflect to the users 
4. Total Quality Control Costs in Adobe Building Production: Total Quality Management is a system which directs Total Quality Control so all the sub-systems, all the costs done for total Quality Conrtol will effect the cost of Total Quality Management. This cost also include measurement, valuation and processes for prevention of external or internal faults. The increase in cost of any factors defined above, will increase the cost of Total Quality Management too.
5. The Establishing and Improving the Cost System Which will Make Analyze of Adobe Building Production’s Costs: Total Quality Management is a system that aims to build economic but high quality adobe buildings for users’ so that costs are very important for Total Quality Management in adobe building production. The factors which will decrease the cost of Total Quality Management and will help to the establishing of system are given below:
· Quality cost system in adobe building construction aims the usage of quality costs for internal aims instead of using it for external aims.
· The quality cost systems give datas such as fault ratios, organizational successes for adobe building construction.
· Quality cost system is designed specially for every adobe construction system.

· The measurement of quality costs in adobe building production includes the accounting datas.
· Quality costs in adobe building production give possibility to compare the quality composing and improving programs and their results. This system guides to some equipments to take decisions according to these results. These equipments are:
1. Quality Costs in adobe Building Production is an indicator.
2. Quality costs  in adobe building production is an equipment for quality process analyzing.

3. Quality costs in adobe building production is a budgeting equipment.

4. Quality costs in adobe building production is an approximation equipment.
If the quality cost system is designed as a management organ, then improved quality, high efficiency and better cost management system will come true. Whether all the collected datas are evaluated carefully, one of the most important principle of Total Quality Management which is “decreases in costs” will come true.
As it is mentioned before, there are some functions to be corresponded. The production tehnologies effect not the conditions of execution of functions but form of functions. In another words, buildings work functionally in any case of their production tehnologies. They may be produced bu traditionally or with high technologies, their functions doesn’t change. These fucctions are given below:
Strength in Adobe Buildings

Adobe builldings should resist to both vertical and horizontal loads forces on them. Whether the comparison is made, then gypsum added (developed) adobe buildings have longer life than the traditional adobe buildings. Gypsum added adobe buildings are more strength against loads then the traditional adobe  buildings. This is the reason of stabilized adobe with gypsum and lime added in its structure. The addition of lime and gypsum added into adobe will help the adobe buildings to increase thier marketing ratios in near future.
Aesthetics in Adobe Buildings

Whether the durability of produced adobe buildings is not enough, then their outlook may be destroyed in a short time. This situation will not be good for their aesthetics. In adobe buildings, if the visional quality is not good enough, then this will cause loss of ascendance among users. However, the cdeveloped (gypsum added) adobe buildings damages very less during their lifetime. Their accordance to environment and their natural materials are some advantages of adobe buildings in terms of aesthetic. 
Economy in Adobe Buildings
The ecomomy of adobe buildings is related with the requirements need to be paid during their pre-production stage, production stage and usage stage. One of the biggest advantage for adobe buildings costs’ when compared with other constructions types is their basic constructing material. Soil is basic material for adobe buildings and it can easily be found. In usage stage, its capasity to thermal insulation make them economic in energy saving. They don’t need big and expensive cares after production so this is another advantage for adobe buildings to be economic. Another factors which make adobe buildings economic are their basic materials, low costs in labour and no special necessity to storage area for materials. All these are sum of the advantages which will increase the marketing share og adobe buildings because of their low costs.
Functions in Adobe Buildings
Buildings have to execute the needs and vital criters of users in best conditions. This is a reqirement for quality. The vital criters mentined above are thermal, humidity, sound insulations and strength. The optimum indoor temperature  should be between 18-220 C. Adobe buildings have high thermal insulation capasities so they can easily elicit these conditions. The optimum indoor humidity ratio is 50% and optimum indoor sound impetus is accepted between 35-45 dB. Adobe buildings all execute these conditions and besides all, they are strenght agaist fire in particular period. The application of Total Quality Management in adobe buildings give the results mentioned below:
Increse in Quality of Product and Service
Total Quality Management is a managing system which expose and abrogate the faults of processes so it submits qualified products and services to users’. In adobe buildings, processes can be restored in a short time by Total Quality Managment system and production processes correspond all the expectations of all users’.
Decreases in Costs
An effective application of Total Quality Management in adobe building production will increase the quality of products. Besides this, the costs will decrease and as a result of this, the marketing share of adobe buildings will raise.
Increase in Profits

Quality is the most important factor which effects the profitability. Return on investment and quality of products are usually strongly related with each other. When compared the high quality adobe buildings with low quality adobe buildings, it can easily be seen that high quality buildings are more profitable. The increase of profitability in adobe buildings with the efficient application of total Quality Management can be seen in 2 way. One of them is the increase of profitability with the decreases in costs, the other one is the increasing sells.
Increase in Productivity
In adobe building productions, the productivity can be increased with the quality performances. Application of total Quality Management in adobe building production will modernize and restore all the processes so the sources of organization will be able to produce more buildings. This means increse in productivity.
Increase in Efficiency

Total Quality Management elicits the processes to be done correctly from first time. This is called organizational efficiency. Total Quality Management is the best managment system to supply efficiency in adobe building production. Bacause the substracture was built up before. The effects of Total Quality Management on organizational efficiency in adobe buildings can be described as given below:
· Collaboration between workteams and units. It enables the different workteams’ efficiency entegration,
· Elicits increase in communication by using common language,
· Indicates every processes’ best application and improvement way,

· Encourage the employees to contribution so increase the working satisfaction of employees. This will decrease the employees to be out of job.
· Total Quality Management in adobe building production improve the relations between employees and managers. This is very important for any organization.
· In adobe building production organizations, it determinates the  priorties so employees motivate better on this priorities.
Comptetition and Increasing in Market Share
Total Quality Management is not only a process which aims the perfect but in industries which have strong competition aims continous success as well. As a result of Total Quality Management, developed adobe building productions are marketed with their processes and all the users were satisfied at the end. As a result of this, the market share of adobe buildings grows up day to day and the strength against competition raises.

External Users’ Satisfaction

Organizations can’t have profit, market share, investments, return on investments (ROI) without users and customers. The aims of Total Quality Management are to gain customers, satisfy the users so to establish a strong relationship between the organization and customers, design more functional products, answer the complaints of customers and decreasing the costs from unsatisfaction of the customers.
Environmental Quality Concept

Quality is very important for creation of value and enviromental entirety is a value which should be kept. Total Quality Management is the best managment system which takes the environmental entirety into account. Environment is related with adobe buildings too.
As a result, bacause the adobe material is very respectfull to environment, it is warm material and natural material, a great amount of development will be supplied in adobe building productiopn by Total Quality Management. Whether these developments can completly be understood, adobe buildings will be one of the demanded house types all over the world.
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