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Abstract

This paper considers the historical development and theoretical framework of local building materials (referred to in the study as Indigenous Building Materials IBM). Building materials constitute the single largest input in construction and so have a great influence on the total cost of any construction product. The high cost of construction has led to a call for means of incorporating these IBMs and so the need to consider the problems/limitations faced by users of the materials and the potential benefits to be derived. A questionnaire survey of construction industry professionals was undertaken. One hundred and sixty five questionnaires were distributed, 110 were returned out of which 106 (representing 96% of the returned questionnaires) were used in the analysis. The potential benefits to be derived from using IBMs include provision of affordable housing and reduced cost of constructions. Limitation in design forms, inadequate supply of some of the materials in usable forms and structural problems due to lack of knowledge about, and standards for IBMs were the most limiting problems of the use of the materials. The potential benefits associated with the use of indigenous building materials for building construction are yet to be fully explored; therefore it is recommended that outputs of previous research efforts be incorporated in efforts aimed at studying indigenous building materials  in order to understand failings and innate characteristics IBMs with a view to offering solutions to some of the problems outlined in this report.
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1.0
Introduction

The construction industry is very vital to the socio-economic development of a nation. In many countries, the yardstick for the measurement of national progress is hinged on the degree of contributions of the construction industry to the nation’s economic, social and political advancement. Okigbo (1982) and Mogbo (2001) described the building and construction sector in Nigeria as being ‘important’ and ‘crucial’ to her economy. Abiola (2000) identified building materials as one of the principal factors affecting the effective performance of the Nigerian construction industry. The building materials sector is a major contributor to the construction industry because materials constitute the single largest input in construction often accounting for about half of the total cost of most or any construction products (Fellows et al 1983; Sanusi 1993; Mogbo, 1999; Kern, 2004; Okereke, 2003) 
In some United Nations reports (UNCHS, 1985; UNCHS, 1992; UNCHS, 1992), the building materials sector was split into three production groups: Modern or conventional building materials which are materials based on modern conventional production methods like concrete, steel and glass; traditional are those materials that have been in local production from ancient times using small-scale rudimentary technologies, e.g. laterite, gravel, thatch, straw, stabilised mud, Azara and raphia palm; and innovative materials which are materials developed through research efforts aimed at providing alternatives to import-based materials e.g. fibre-based concrete, ferro-cement products etc.
However, despite the general popularity of both the modern and innovative building materials in the market, there exist calls for the return to traditional materials, referred to in this study as indigenous building materials (IBM). Amongst the reasons advanced for these calls are high cost of both the modern and innovative building materials and their inadequate supply in the market (UNCHS, 1990; Lilly and Wai, 2001). Furthermore, the need to revert to IBM is also traceable to prevalent dictates of some neo-global concepts vis-à-vis sustainability, and the use of biodegradable and renewable materials (Mahgoub, 1997; Adams, 2000; Mourshed et al, 2000; Peakstoprairies, 2005). This has led to the creation of global political agendas and researches on the potential for wide application of IBM.

In Nigeria for example, the establishment of the Center for Earth Construction Technology (CECTech) by the National Commission for Museums and Monuments and the French Embassy in Lagos are efforts toward promoting the use of earth technology as a partial or complete substitute for blockwork, flooring etc (Lamort, 1993). The Raw Materials Institute and the Directorate for Food, Roads and Rural Infrastructure (DFRRI) was also set up by government to encourage the utilisation of IBM in the construction of buildings. DFRRI was the first to initiate the use of local raw materials in the construction of roofing sheets in Nigeria. This paper therefore presents the results of a study on the appraisal of IBM recently conducted in Nigeria, with a threefold objective: identifying the underlying theoretical considerations of IBM, determining perceptions on benefits of, and factors that inhibit the use of IBM in Nigeria.
2.0
Theoretical Considerations
Historic overview of Institutional Framework of IBM in Nigeria
Research activities in building materials started in Nigeria during the colonial era under the platform of the West African Building Research Institute (WABRI) which was an institution for collaborative research in the then British West African colonies of the Gambia, Sierra Leone, Ghana and Nigeria but this arrangement came to an end in 1962. Nigeria remained without an organised institute until July 24, 1975 when the Federal Government approved the establishment of a National Construction, Building and Road Research Institute (NCBRRI) under the control of the Federal Ministry of Works and Housing. In June 1976, the National Science and Technology Development Agency (NSTDA) was set up as a central body to administer and control all Federal Government research institutes.  NCBRRI was taken over and in its place the Nigerian Building and Road Research Institute (NBRRI) was established on April 1, 1978. With the creation of a separate ministry of science and technology to replace NSTDA, the NBRRI came under the Federal Ministry of Science and Technology in October 1979.  Cardinal to the establishment of NBRRI is the conduct of integrated applied researches on: construction materials, processes and structural designs, to increase utilisation efficiency, increase effectiveness and the development of design criteria specifications and codes of practices, respectively (Okereke, 2003).
The NBRRI maintains strong link with the Standard Organisation of Nigeria (SON) in all its activities for the purpose of establishing new standards and updating old ones in line with research findings (Okereke, 2003). However due to the absence of comprehensive standards for building materials in Nigeria, the British Standards (BS) and the American Society for the Testing of Materials (ASTM) standards are commonly used. The standards that exist are for modern building materials such as cement, concrete products, processed timber composites etc.  There are none for typical local materials such as lime, soil blocks, timber pieces and fired-clay products (UNCHS and CSC, 1990a). One of the disadvantages of lack of standards is that it can lead to very high production cost making indigenous materials non-competitive with import-based materials. Also where standards exist for import-based materials, they are the only ones featuring in building regulations and tender documents making them automatic choice in construction (Spence and Cook, 1983; Wingate, 1992; Nyenke, 2004). However if standards are formulated for indigenous building materials, they can be incorporated in building and design specifications, and feature prominently in tender documents for a multitude of construction projects.

2.1
Sources and Processing of available resources as Building Materials
There are many locally available resources which can be exploited including small-scale raw material deposits, agricultural products and residues, industrial wastes, low-cost and renewable sources of energy, unskilled and semi-skilled labour, and established technologies which can readily be applied to the local production of low cost materials. Stulz and Mukerji (1988) and Okereke (2003) identified sources of materials on which indigenous building materials rely and categorised them into three broad classes: naturally occurring raw material deposits; agricultural products and residues; and products of manufacturing process. Table 1 show some states in Nigeria where these materials predominate. The properties, applications and deficiencies of these materials are documented in literature (see Spence and Cook, 1983; UNCHS, 1985; Stulz and Mukerji, 1988; Kogbe, 1989; Ike and Martin, 1993; Pemida and Wilson-Iteke, 1993; and Bala and Zubairu, 1993).
Table 1 Availability of Raw Materials in Nigeria
	Type of Material
	States predominately found

	Granite
	Plateau, Ondo, Ado Ekiti, Bauchi, Abia and Ebonyi

	Limestone
	Anambra, Cross Rivers, Benue, Imo, and Bendel

	Marble
	Kwara, Bendel, Benue, Plateau and Kaduna

	Laterite
	All States

	Clay
	Cross Rivers, Ondo, Oyo, Sokoto, Gombe, Kano, Niger, Imo and Anambra.

	Natural fibre
	All States

	Bamboo
	Eastern Nigeria

	Timber
	Eastern and Western Nigeria


(Source: Kogbe, 1989; Okereke 2003)
For material production to be commercially viable, the technology involved must be tested, proved and widely known at the local level. In addition, if these technologies, which have low import input and could be operated and maintained with available skills, are developed, then the bottlenecks of prohibitive costs and irregular supply can be overcome over time (UNCHS, 1985; UNCHS and CSC, 1990b; Bala and Zubairu, 1993). However, a major limitation of technology is the inability of governments and institutions to translate successful research findings in appropriate technology to commercial scale operation. Turner (1977) observed that government activities in housing hamper the use of local resources where they continue to build and manage houses, which have repeated the same mistakes by setting material standards, and building codes, which are ill suited and far too expensive for the poor majority.  For example, in Nigeria, the use of block making machine developed by the Nigerian Building and Road Research Institute is yet to be popularised.
2.2
Problems & limitations in use of IBM
Quality of Output

Generally, the quality of output of any productive process is a function of the technology adopted and the availability of national or international accepted standards. Even though standards are identified to be the basic framework for promoting quality production, there are hardly any available for indigenous building materials (UNCHS, 1985).  This lack or unavailability of standards means that the output of the productive process will not have a basis for standardisation and acceptance.

Demand for Indigenous Material

Another factor that limits the adoption of indigenous building material is the wide-scale low demand for these products (UNCHS, 1985).  The lack of patronage of the indigenous products then implies that the market will not be viable. In 1976, the Federal Government of Nigeria established seven clay brick factories and though these plants were designed with an installed capacity of 1.5 million bricks annually, as at the year 2002, they were on the average running at 15 to 25 percent capacity due to low patronage (Sanusi, 1993; Okereke, 2003). This is largely due to consumer bias and the general feeling that indigenous products are of low quality.
Inappropriate Use of Indigenous Building Materials in Construction
The use of indigenous building materials in some instances is unpopular due to wrong application in construction.  The result is that the material would be abandoned not because it is unfit for use but because there was a lack of skilled workmanship. Sanusi (1993) identified four problems of using indigenous building materials as follows: that the full range of what constitutes indigenous building material is not known; the lack of basis for cost comparison between IBM and the conventional materials; technical limitation with the use of these materials; and legal problems where these materials are not considered useable by planning authorities and when used are considered as temporary structures. Mahgoub (1997) objects to the return of indigenous building materials in modern buildings for two reasons. First, he opined that these materials cannot satisfy the new needs of building forms and functions and secondly, it is not possible to provide enough materials to satisfy demand. Cather (2001) however observed that better understanding of the failings of these materials and their innate characteristics, overcoming their shortcomings and ways to use them with confidence, can be gained, by applying new knowledge and techniques.
3.0
Research Methodology

3.1
Research approach

This paper investigates IBM in the Nigerian construction industry by conducting a questionnaire survey. The questionnaire was designed to elicit responses in four key areas. These areas include level of awareness of IBM as well as innovative development in the industry; availability of IBM and the level of benefits derivable from their use in building construction; reasons for discrimination against IBM; and lastly, common problems encountered in the use of these materials and the potential benefits derivable from using them. 
3.2
Sampling and Data collection

The potential survey population in this study primarily includes all professionals in the building industry, however, surveys operate on the basis of statistical sampling considering that only rarely are full population survey possible (Osuala, 1987; Fellows and Liu, 1997). The sampling procedure employed in this study was the simple random sampling and the questionnaires were self-administered. One hundred and sixty five (165) questionnaires were distributed, 110 were returned out of which 106 were used in the analysis. 
3.3
Profile of Respondents

The respondents were from Abuja (40), Kaduna (26) and Zaria (22) representing a cumulative 83.02% of the total responses. A total 29.25% of respondents were engaged in private consulting firms while 36.79% were in public sector employment. The remaining 33.96% were self-employed, in educational/research institution and organised private sector. The respondents having educational qualifications of Bachelor of Science/Engineering and Master of Science represented 41.51% and 29.24% of the responses respectively and at least 75% of the respondents had over five years of work experience. The distribution of respondents by profession is given in Table 2. 
Table 5.1
Distribution of First Stage respondents’ survey by profession

	s/no
	Profession
	No of Respondents
	Percentage

	i.
	Architects
	29
	27%

	ii.
	Builders
	23
	22%

	iii.
	Quantity Surveyors
	24
	23%

	iv.
	Engineers
	26
	25%

	v.
	Others
	4
	4%

	
	Total
	106
	100%


3.4
Measure

Majority of the data solicited during the survey are either nominal or ordinal data with the former converted to ordinal for the purpose of data analysis. This is in line with De Vaus’s (1999) suggestion that to arrive at aggregated statistics, for instance the mean of the sample, ordinal data are more apt and easier to adopt in computations than nominal data. Nominal data sourced were mainly on information about the respondents such as profession and type of organisation. All the questions asked were close-ended having various numbers of possible responses as well as provision for other responses not included in the options. The provision of the ‘other (please specify)’ option was included to reduce rigidity which may artificially constrain the responses (Fellows and Liu, 1997). The use of close ended responses of (yes) or (no) was restricted and ranges of possible judgments were open to the respondent by the use of a three, four or a five point Likert scale. For example, where respondents are requested to indicate the level of availability of IBM, the following qualifications were used; ‘abundantly available’ rated as 4 points, ‘widely available’ 3 points, ‘moderately available’ 2 points, and ‘not available’ 1 point.

4.0
Results and Discussions

4.1
Responsibility for specifying IBM in the Industry

The architects and engineers are the first port of call for materials selection in building construction. Builders and quantity surveyors sometime assume the role of specifier by virtue of their role as, professional advisers to the contractor on construction matters, and producer of the bills of quantities respectively. Relative to this, respondents were asked to indicate those responsible for specifying materials. Seventy percent of them indicated that the architect is solely responsible while 13%, 11% and 7% are of the opinion that the builders, engineers, and quantity surveyors are responsible, respectively. Further, respondents were asked to state if those responsible for specifying material actually carry out their duties. By cross-tabulation, 77% of those who said the architect is responsible believe that they perform their duties while 92% of those who choose the builder believe that they do not perform their duties. This finding is in line with Rosen (1974) assertion on architects traditionally being the specifiers of materials in the building industry.
4.2
Level of benefits of Indigenous building materials

Some of the potential benefits identified from by the respondents include:
i. Providing affordable housing

ii. Reducing cost of constructions

iii. Provision of employment opportunity

iv. Meeting increasing demand for housing stock

v. Use of environment friendly resource

vi. Energy conserving alternative

Other benefits highlighted by the respondents include:
a) The development and propagation of indigenous technological ingenuity and skills of the local people.

b) Enlarging and promoting the economic strengths of people and the country at large.
c) Provides a source of study and research for both present and future generations.  

4.3
Reasons for Discrimination in the use of indigenous building materials

Several possible reasons were identified from literature for the persistent discrimination in the use of indigenous building materials and these include: doubtful durability and life span of the IBMs; low aesthetic value; poor social acceptability by general public; non-commercial status and lack of standards. The results of the survey indicated that: doubtful durability and lifespan accounted for a cumulative majority (70%) of respondents. Poor social acceptability and user prejudice account for a cumulative 63% major responses. At least 34% of the respondents identified lack of standards as a reason for discrimination.

4.4
Common problems encountered in the use of indigenous materials

Table 3 Problems Encountered in Use of IBMs

	s/n
	Common problems encountered
	Frequency
	Percent

	1
	Limitation in design forms
	45
	29%

	2
	Inadequate supply 
	30
	19%

	3
	Structural problems
	21
	13%

	4
	Excessive cost implication
	21
	13%

	5
	Non compatibility with other materials
	18
	11%

	6
	Transportation problems
	13
	8%

	7
	Constructability problems
	9
	6%


The perception of the respondents on some of the problems encountered in the use of IBMs was investigated and the results indicate that limitation in design forms, inadequate supply of the materials, cost implications and structural problems appear to be the most common problems. The information that can be deduced here is that these problems do exist and the variableness of projects and locations perhaps may have largely influenced the respondents’ choices. The existence of problems should however not be viewed as a reason to abandon these materials but rather it can be a worthy challenge to accomplish.
5.0
Summary of Findings

Indigenous building materials have potential for being adopted as alternatives to conventional building materials even though it has been found to suffer persistent discrimination. There have been some research into their use, but implementation of the results of such researches has been limited by lack of patronage and social bias. Some of the local resources used in building construction include earth, stone, thatch, clay, lime and pozzolanas.

Some of the reasons found to have contributed to this persistent discrimination include doubtful durability and life span, poor social acceptability, as well as the lack of well established standards for these materials. For those involved in the use of these materials, their choices are often influenced by promotional and creative reasons and the common problems encountered include: lack of trained personnel, poor structural performance of some of these materials and limitations in design forms in the use of indigenous building materials.

The areas of potential benefit of incorporating indigenous building materials in building construction include:
a. Providing affordable housing for the citizenry though, the general bias is that it will only be suitable for low-income cadre of society. 

b. Reducing costs of construction since materials found locally will be used thus eliminating costs associated with manufactured products and transportation.

c. The development and propagation of indigenous technology and the provision of employment. These will invariably contribute to the economic growth of the nation.

d. Provide source of research for both students and professionals of construction disciplines.

6.0
Conclusion
The performance of indigenous building materials over long periods of time, in all climates, and for all structural conditions is still not completely understood, nor worked out. But, they hold a promise of ready availability, low energy costs and simplicity of equipment requirement in the exploitation and utilisation. They also have the potential to enhance a sustainable construction practice. 

Though, there are potential benefits associated with the use of indigenous building materials for building construction, they are yet to be fully explored. Engineers, architects and builders will require retraining to think in terms of these materials; standards and specifications need to be established; pricing and subsidy structures will have to be changed to give encouragement to the production of indigenous materials; most difficult of all, the general public, those who build or decide what is to be built, need to be re-educated to think in terms of building with indigenous materials rather than what has become conventional or fashionable to use 

It is recommended that research findings on the characteristics of IBMs be especially on the failings and innate characteristics of indigenous building materials would place a different light on the future of building construction in general and offer solutions to some of the problems outlined in this paper. Furthermore, initiatives should be taken by co-operatives, non-governmental organisations (NGOs) and government agencies, to promote the awareness on indigenous building materials in order to popularise their use. (For example, the materials can be used in construction of secondary schools, markets etc.)  
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