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ABSTRACT 
Recently nanomaterial has been introduced in construction industry that holds great promise for innovations that can benefit 
mankind. Yet, one must not overlook the wide array of factors involved in managing nanomaterial development, ranging from 
the technical specifications of the material to possible adverse effects in humans. Other opportunities to evaluate benefits and 
risks are inherent in environmental health and safety (EHS) issues related to nanotechnology. The paper presents a multi-
criteria decision-making technique for the selection of nanomaterial for building construction. The criteria set for assessment 
is determined based on occupational health  and environmental safety, economic and Marketability   factors. Criteria weights 
were assigned and the final selection was determined by applying Analytic Hierarchic Process (AHP) method.  
Keywords: Construction material, Nanomaterial, Selection,  Analytical Hierarchy Process (AHP). 

1. INTRODUCTION 
With the building and construction sector contributing significantly to global greenhouse gas emissions, there is great 
demand for resource- and energy-efficient construction materials. The extraordinary chemical and physical properties 
of materials at the nanometer scale enable novel applications. Consequently, manufactured nanomaterials (MNMs) and 
nanocomposites are being considered for various uses in the construction and related infrastructure industries. On the 
other hand one must not overlook the wide array of factors involved in managing nanomaterial development, ranging 
from the technical specifications of the material to possible adverse effects in humans. Other opportunities to evaluate 
benefits and risks are inherent in environmental health and safety (EHS) issues related to nanotechnology.   
The engineers can frequently encounter with the situation to select the optimum option among the alternatives 
available. The optimum choice can be selected by the experienced engineers taking into consideration their judgment 
and intuition. However, decision-making methods can offer to the engineers to support their optimum selection for a 
particular application in the scientific way. The Analytical Hierarchy Process (AHP) is one of the multi attribute 
decision-making (MADM) methods utilizing structured pair-wise comparisons. This paper presents an application of 
the AHP method to the selection of the hypothetical with a hypothetical case study for nanomaterial management. The 
example shows how MCDA application can balance societal benefits against unintended side effects and risks, and how 
it can also bring together multiple lines of evidence to estimate the likely toxicity and risk of nanomaterials given 
limited information on physical and chemical properties [1,2]. 
 
2.  NANOMATERIALS IN CONSTRUCTION 
The various nanometerials used in building construction are [3]:  
Carbon nanotubes : Expected benefits are mechanical durability and crack prevention (in cement); enhanced 
mechanical and thermal properties (in ceramics); real-time structural health monitoring (NEMS/MEMS); and effective 
electron mediation (in solar cells). 
Silicon dioxide nanoparticles (SiO2):Expected benefits are reinforcement in mechanical strength (in concrete); 
coolant, light transmission, and fire resistance (in ceramics); flame proofing and anti-reflection (in windows). 
Titanium dioxide nanoparticles (TiO2): Expected benefits are rapid hydration, increased degree of hydration, and self-
cleaning (in concrete); superhydrophilicity, antifogging, and fouling-resistance (in windows); non-utility electricity 
generation (in solar cells). 
Iron oxide nanoparticles (Fe2O3) : Expected benefits are increased compressive strength and abrasion-resistant in 
concrete. 
Copper nanoparticles : Expected benefits are weldability, corrosion resistance, and formability in steel. 
Silver nanoparticles – Expected benefits are biocidal activity in coatings and paints. 
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3.   POTENTIAL RISKS AND CONCERNS ASSOCIATED WITH NANOMATERIAL 
Although the use of nanoparticles is very recent, it has already raised issues concerning its potential toxicity.  Some 
investigations showed that nanoparticles can cause symptoms like the ones caused by asbestos fibers[4]. Once in the 
environment, manufactured nanomaterials may undergo diverse physical, chemical, and biological transformations that 
change their properties, impact, and fate. Thus, a holistic manufactured nanomaterials life cycle exposure profiling is 
essential to evaluate potential impacts to human and ecosystem health, as well as to mitigate unnecessary risks. Risk 
factors range from occupational exposure of workers during coating, molding, compounding, and incorporation of 
nanomaterials into the finished building materials or components to community exposure during construction, repair, 
renovation, and (mainly) demolition activities. Because of their small particle size, nano particles have the potential to 
negatively affect the respiratory and digestive tracks and the skin or eye surface thus exposes workers to hazards. The 
manufactured nanomaterials, in particular synthesized nanoparticles and carbon nanotubes, may be accidentally or 
incidentally released to the environment at different stages of their life cycle [5].  
Grassian and his co-workers studied the effects related to the inhalation of TiO2 particles with a primary particle size 
between 2 and 5 nm, reporting lung inflammation for a concentration of 8.8 mg/m3[6]. These symptoms have been 
confirmed by many authors [6,7,8,9,10]. Hallock and his co-workers  recommended  that the use of nanoparticles 
should be made with the same care already used in Universities for materials of unknown toxicity, i.e., by using air 
extraction devices to prevent inhalation and gloves to prevent dermal contact[11]. Singh and his team mentioned the 
possibility of DNA damage resulting in later cancer development[12]. It is  believe that the nanotoxicity risk depends 
on the nanoparticles type, concentration volume superficial characteristics. At the end of the lifecycle, there is a risk of 
environmental release from solid nanomaterial wastes as they get disposed of in landfills and incinerators[13]. 
Aerosolization of manufactured nanomaterials, wastewater effluents from manufacturing processes, and construction-
related work, as well as adhesive wear, abrasion, and corrosion of buildings/civil infrastructures could also result in 
manufactured nanomaterials release to the environment[5]. 

 
 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Possible exposure scenarios during the lifecycle of manufactured nanomaterials used in construction[5]. 

 
2. THE ANALYTIC HIERARCHY PROCESS (AHP)  
The Analytic Hierarchy Process (AHP) is a multi-criteria decision-making approach and was introduced by Saaty [ 14]. 
The AHP has attracted the interest of many researchers mainly due to the nice mathematical properties of the method 
and the fact that the required input data are rather easy to obtain. The AHP is a decision support tool which can be used 
to solve complex decision problems. It uses a multi-level hierarchical structure of objectives, criteria, sub-criteria, and 
alternatives. The pertinent data are derived by using a set of pair wise comparisons. These comparisons are used to 
obtain the weights of importance of the decision criteria, and the relative performance measures of the alternatives in 
terms of each individual decision criterion. If the comparisons are not perfectly consistent, then it provides a 
mechanism for improving consistency.The AHP is a multicriteria decision-making method which requires a well 
structured problem, represented as a  hierarchy. Usually, at the top of the hierarchy is the goal; the next level contains 
the criteria and sub-criteria, while alternatives lie at the bottom of the hierarchy. AHP determines the preferences 
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among the set of alternatives by employing pair-wise comparisons of the hierarchy elements at all levels, following the 
rule that, at given hierarchy levels, elements are compared with respect to the elements in the higher level by using the 
importance  scale[15,16] (Table 1). 

Table 1:The fundamental Saaty’s scale for the comparative judgments[14,15,16]. 

 Verbal terms 
1 Equally important 
3 Moderately more important 
5 Strongly more important 
7 Very strongly more important 
9 Extremely more important 
2,3,4,8 Intermediate values 

 

3. CASE STUDY 
Three hypothetical alternative nanomaterials, each with different Occupational health  and environmental safety, 
Economic and  Marketability considerations  were considered. In this example, Nanomaterial #A has the most benefits 
for industry, while Nanomaterial #B and Nanomaterial #C are more environmentally friendly, although the knowledge 
on the potential environmental risks and benefits of these materials is very uncertain. 
The first step in the analysis is the development of the criteria, sub-criteria, and measures by which the overall utility of 
the nanomaterials will be characterized. This step in general requires consultation with decision makers. As an 
example, three broad criteria: (1) Occupational health and environmental safety (2) Economic consideration (3) 
Marketability. These main criteria categories are too broad to be used directly in evaluating nanomaterial preference, 
and sub-criteria within each of these categories are developed. A generalized set of subcriteria in this hypothetical 
example was assigned. Within the Occupational health and environmental safety  category, for instance, one might 
consider occupational exposure-related effects on the persons employed at production unit, public health effects on the 
occupants of the building, , and environmental effects on the disposal of nanowaste. Similarly, sub-criteria may be 
developed for the other two criteria categories – such as economic consideration in manufacturing of the nanomaterials, 
economic consideration in construction & maintenance and cost of disposal of nanowaste after demolition for the third 
criteria under the heading Marketability the sub heading may be considered as popularity among consumer that is 
construction industry, scientific preferences in manufacturing and availability of alternatives. 
The second step is to weight the importance of these criteria and sub-criteria for the decision maker. In many practical 
applications it may be difficult to assign weights directly because of the multitude of criteria and sub-criteria that the 
decision maker may face. This example utilizes the Analytic Hierarchy Process, one of the most widely used tools. In 
AHP, the category weightings are derived from a series of relative judgments in the form of a weightings ratio. The 
original AHP algorithms require assignments of the value on the scale from 1 to 9, while recent AHP adaptation allows 
incorporation of different scales including experimental and measurement values. In this example, we assigned the 
weighting ourselves (for example, at the top of the hierarchy, we weighted social impacts as half as important as 
environmental impacts, Table (2). The independent weights with respect to each criterion are obtained by hierarchic 
composition . 

Table 2. Relative importance weightings, in the ratio form of row element/column element 

Main criteria Occupational health  and 
environmental safety 

Economic 
consideration 

Marketability 

Occupational health  and 
environmental safety 

1 3 7 

Economic consideration 1/3 1 3 
 Marketability 1/7 1/3 1 

 
Table 3a. Relative importance weightings for -sub- criteria 

Sub-Criteria Occupational 
effects  during  
nanomaterial 
production 

Public health 
effect during 
allotted span 

Environmental 
effects of 
nanowaste 

 

Occupational effects  during nanomaterial 
production  

1 1/3 7 0.30 

Public health  effect during allotted span  3 1 7 0.63 
Environmental effects of nanowaste 1/7 1/7 1 0.06 
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Table 3b. Relative importance weightings for embedded sub- criteria 

 Production  Construction and 
maintenance 

Disposal of 
nanowaste 

 

Production  1 2 7 0.58 
Construction and 
maintenance  

½ 1 6 0.35 

Disposal of 
nanowaste 

1/7 1/6 1 0.07 

Table 3c. Relative importance weightings for embedded sub- criteria 

 Public clientele Scientific clientele Alternatives  
Public clientele 1 4 5 0.67 
Scientific clientele ¼ 1 3 0.23 
Alternatives 1/5 1/3 1 0.10 

Table 4. Importance weightings for both main criteria categories and embedded sub- criteria 

Goal: Select best nanomaterial Weighting Sub-weighting 

Health & environmental effects 0.67  
Occupational effects  during nanomaterial  production  0.30 

Public health  effect during allotted span  0.64 
Environmental effects of nanowaste  0.06 
Economic consideration 0.24  
Production  0.58 
Construction and maintenance   0.35 
Disposal of nanowaste  0.07 
Marketability 0.09  
Public clientele  0.67 
Scientific clientele  0.23 
Alternatives  0.10 

 

Table 5. Priority of nano materials based Occupational effects  during nanomaterial production 

 

 

 

 

Table 6. Priority of nano materials based on   Public health  effect during allotted span 

 

 

 

 

Table7. Priority of nano materials based on   Environmental effects of nanowaste 

 

 

 

 

 

 

Occupational effects  during 
nanomaterial production 

Nano A Nano B Nano C Priority 
 

Nano A 1 1/5 6 .23 
Nano B 5 1 7 .71 
Nano C 1/6 1/7 1 06 

Public health  effect during allotted 
span 

Nano A Nano B Nano C Priority 

Nano A 1 5 7 .71 
Nano B 1/5 1 6 .23 
Nano C 1/7 1/4 1 .83 

Environmental effects of 
nanowaste 
 

Nano A 
 

Nano B 
 

Nano C 
 

Priority 
 

Nano A 1 3 7 .66 
Nano B 1/3 1 4 .26 
Nano C 1/7 1/4 1 .08 
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Table 8. Priority of nano materials based on   Production 

 

 

 

 

Table 9. Priority of nano materials based on   Construction and maintenance  

 

 

 

 

Table 10. Priority of nano materials based on   Disposal of nanowaste 

 

 

 

 

Table 11. Priority of nano materials based on   Public clientele 

 

 

 

 

Table 12. Priority of nano materials based on   Scientific clientele 

 

 

 

 

Table 13. Priority of nano materials based on   Alternatives 

 

 

 

 

Table 14. Score breakdown for decision 

Goal: Select best nanomaterial  Nanomaterial #A Nanomaterial 
#B  

Nanomaterial 
#C 

Occupational effects  during nanomaterial 
production 

0.23 0.71 0.06 

Public health  effect during allotted span 0.71 0.23 0.83 

Environmental effects of nanowaste 0.66 0.26 0.08 

Production 0.16 0.66 0.19 

Construction and maintenance 0.63 0.09 0.30 

Disposal of nanowaste 0.33 0.33 0.33 

Production Nano A Nano B Nano C Priority 
Nano A 1 1/5 1 .16 
Nano B 5 1 3 .66 
Nano C 1 1/3 1 .19 

Construction and maintenance  Nano A Nano B Nano C Priority 
Nano A 1 5 3 .63 
Nano B 1/5 1 1/5 .09 
Nano C 1/3 5 1 .30 

Disposal of nanowaste Nano A Nano B Nano C Priority 
 

Nano A 1 1 1 .33 
Nano B 1 1 1 .33 
Nano C 1 1 1 .33 

Public clientele Nano A Nano B Nano C Priority 
 

Nano A 1 1/4 3 .22 
Nano B 4 1 6 .69 
Nano C 1/3 1/6 1 .09 

Scientific clientele Nano A Nano B Nano C Priority 
Nano A 1 4 6 .69 
Nano B 1/4 1 3 .22 
Nano C 1/6 1/3 1 .09 

Alternatives Nano A Nano B Nano C Priority 
Nano A 1 1 5 .46 
Nano B 1 1 5 .46 
Nano C 1/5 1/5 1 .09 
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Public clientele 0.22 0.69 0.09 

Scientific clientele 0.69 0.22 0.09 

Alternatives 0.46 0.46 0.09 
Overall score 0.48 0.41 0.11 

 

4. RESULTS AND DISCUSSIONS 
Based on these relative weightings, AHP derives normalized weightings for the criteria. Sub-criteria and measures can 
be compared and weighted in a pair wise manner similar to that for the main criteria. Once relative weightings have 
been given for each of the sub-criteria, normalized weightings may be calculated for use in scoring different 
alternatives(Table 2,3a,b,c,4,5,6,7,8,9,10,11,12,13). 
The goal of the weighting process is to set absolute weights that reflect as closely as possible the relative ratings input 
by the user. In AHP procedures, weightings are calculated by finding the eigenvector corresponding to the highest 
eigenvalue of the weightings matrix. The next step is to measure relative performance of each nanomaterial on each 
criteria. Again, the decision maker inputs a relative ranking – only now it is an evaluation of the alternative 
nanomaterials for given sub-criteria. Once the decision maker gives inputs for each alternative under each sub-criteria, 
that may use the previously obtained weightings to calculate scores for each main criteria, followed by an overall score 
for each alternative. The highest scoring alternative is, according to the rankings and preferences given by the decision 
maker throughout the analytic hierarchy process, the best nanomaterial for the situation under consideration (Table 14). 
In this example, Nanomaterial #A scores the highest and is thus the preferred alternative.  
5. CONCLUSION 
The selection of nanomaterial,for the construction involves in the consideration of several factors. However, the 
importance of each factor affected the selection of nanomaterial.This paper studies the applications of multi-criteria 
decision analysis to select nonmaterial for the construction industry. The multi-criteria analysis is postulated as a 
powerful tool to aid decision-makers to better select their options in a wide range of construction problems. 
Significantly, the paper reveals that the construction sector has notably evolved when considering conflicting criteria to 
make decisions. Environmental and social aspects are increasingly important and their adequate synergy with economic 
considerations is a cornerstone to succeed in any constructive work or procedure. Unlike the traditional approaches for 
selection of nanomaterial, the AHP method can offer more scientific way to the engineers to cope with that kind of 
decision-making process in construction industry. Also, the AHP method requires less data and reduces the time 
consumed in the decision making process. Besides, this method considers both subjective and objective criteria. 
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