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ABSTRACT. A structured evaluation of the construction industry’s suppliers, considering aspects which
make their quality and credibility evident, can be a strategic tool to manage this specific supply chain. This
study proposes a multi-criteria decision model for suppliers’ selection from the construction industry, as
well as an efficient evaluation procedure for the selected suppliers. The model is based on SMARTER
(Simple Multi-Attribute Rating Technique Exploiting Ranking) method and its main contribution is a new
approach to structure the process of suppliers’ selection, establishing explicit strategic policies on which
the company management system relied to make the suppliers selection. This model was applied to a Civil
Construction Company in Brazil and the main results demonstrate the efficiency of the proposed model.
This study allowed the development of an approach to Construction Industry which was able to provide a
better relationship among its managers, suppliers and partners.

Keywords: construction industry, multi-criteria decision aid, supplier selection.

1 INTRODUCTION

Construction industry managers do not usually develop knowledge about either opportunities or
threats; thus, they can neither identify nor align the internal needs of the company with those of
their customers. As a consequence, when the purchase managers establish a negotiation process
with their suppliers, they usually assign higher importance to the criteria, which are directly
related to the product price and delivery objectives. This behavior was verified by Verma and
Pullman (1998), whose research results indicated that although managers say that quality is the
most important attribute to select a supplier, they actually choose suppliers based largely on the
product price and delivery performance. This limitation of the negotiation process undermines
the achievement of other goals and, paradoxically, affects the profitability of the business.

Wu et al. (2010) and Ho et al. (2010) emphasize in recent research that the supplier selection de-
cision in a supply chain must not depend solely on product price or quality measures. According
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to Dickson (1966) there are several parameters used by companies to qualify their suppliers. The
author suggests that to carry out this task the following performance evaluation criteria should be
considered: quality of input, meeting the deadline for delivery, fulfilling volume of input, com-
petitiveness in terms of the price established by the market and quality in services. Therefore, he
proposed twenty-three criteria for the selection of suppliers.

Schmidt et al. (2001) observed that the supply chain of construction industry at Brazil is con-
sidered obsolete by many analysts from several areas (mainly in engineering and management
sciences). They believe that one reason could be the poor technological development of some
parts of the chain, such as the ones located at the construction site. The authors point out the
increasing of the need for integrating the processes and operations of a construction company
and its suppliers.

Jobim Filho (2002) claims that some characteristics could contribute to the poor integrating and
managing of the supply chain of construction industry at Brazil. Based on this information the
author argues that the construction industry should consider other criteria, beyond costs, to select
and evaluate its suppliers.

— The large number of materials involved in the production process;

— The variety of materials and components which make up the construction industry, each
with their own distinct characteristics;

— The lack of information about all suppliers and customers involved in each supply chain
makes it difficult to integrate and manage multiple key processes between companies;

— The lack of knowledge about customers’ needs and the importance of this information
being gathered and passed along the chain;

— The difficulty in integrating processes, since in the construction industry they are different
from other industries. For instance, they cannot be considered as being similar to a car
manufacturing company.

In this sense, a multi-criteria analysis can be an important tool to support decision related with
suppliers’ selection, in which multiple criteria are being considered. This kind of analysis support
decision-makers in organizing and synthesizing such information in a way which leads them to
feel comfortable and confident about making a decision, guaranteeing that all criteria involved
in the decision process will be properly taken into account (Belton & Stewart, 2002). It has been
widely used to improve management in the supply chain throughout, as can be seen in Weber
et al. (1991), Holt (1998), Degraeve et al. (2000), De Boer ef al. (2001) and Ho et al. (2010).
These authors performed a wide literature review of the application of multi-criteria analysis for
supplier selection. Moreover, De Boer & Van der Wegen (2003) presented an attempt to assess
more effectively the perceived merit of using formal decision tools and approaches for supplier
selection in practice.

In this study, different criteria were considered to evaluate and select suppliers in order to increase
the quality of the integration and management of this specific chain. Then, a model is proposed
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based on multi-criteria analysis to support the decision-making process in selecting and evalu-
ating suppliers for construction industry. The model uses the multi-criteria method SMARTER
(Simple Multi-Attribute Rating Technique, Exploiting Ranking) developed by Edwards & Barron
(1994). The model was applied to a construction company in Brazil.

This paper is structured as follows: Section 2 presents some fundaments of multi-criteria decision
aid and the SMARTER method; Section 3 describes the multi-criteria decision support model for
selecting and evaluating suppliers in construction industry; Section 4 describes an application of
the proposed model; and in Section 5, the conclusions are drawn.

2 MULTI-CRITERIA DECISION AID

In most everyday situations, managers need to take decisions that require the evaluation of several
alternatives according to different criteria, which make the decision environment complex. Multi-
criteria analysis is a powerful framework to support this kind of decision. It consists of untangling
large problems into discrete components; evaluating these components; reintegrating them; and
using the results to construct the decision (Farrell, 1996).

Vincke (1992) and Roy (1996) define a multi-criteria decision problem as being a situation in
which, having defined a set A of actions and a family F of criteria, the decision maker wishes:
to determine a subset of actions considered to be the best with respect to F (choice problem); to
divide A into subsets according to some norms (sorting problem); to rank the actions of A from
the best to worst (ranking problem); to describe actions and their consequences in a formalized
and systematic manner, so that decision-makers can evaluate those actions (description of issue).

The specialists divide the multi-criteria decision support method into three families, whose pur-
pose is to bring the approaches together according to some general features of affinities, namely:
(i) multiple attribute theory; (ii) outranking methods; (iii) interactive methods. Roy (1996) clas-
sifies them as follows: (i) unique synthesis criterion approach, eliminating any incomparability;
(i1) outranking synthesis approach, accepting incomparability; (iii) interactive local judgment
approach, with trial-error interaction.

— Unique synthesis criterion approach: This is also referred to as the American School. It
consists of aggregating the different points-of-view into a unique function which will be
optimized. Examples: MAUT (Multi-Attribute Utility Theory) (Keeney & Raiffa, 1976),
SMART (Simple Multi-Attribute Rating Technique) family (Edwards, 1977; Edwards &
Barron, 1994; Mustajoki et al., 2005; Valois & Almeida, 2009; Gomes et al., 2011) and
AHP (Analytic Hierarchy Process) (Saaty, 1988);

— Outranking synthesis approach: This is also referred to as the European School. It consists
in the development of a relationship called an outranking relationship, which represents the
decision-maker’s preferences, the relationship being explored in order to help the decision-
maker solve his/her problems. Examples: ELECTRE (Elimination and Choice Translating
Algorithm) (Belton & Stewart, 2002; De Boer et al., 1998; Roy, 1996; Vincke, 1992)
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and PROMETHEE (Preference Ranking Organization Method for Enrichment Evaluation)
(Brans & Vincke, 1985; and some applications in Behzadian et al., 2010);

— Interactive local judgment approach: this proposes methods which alternate calculation
steps, giving successive compromising solutions, and dialog steps, leading to an extra
source of information on the decision-maker’s preferences (Climaco et al., 2003; and
Vincke, 1992).

The multi-criteria analysis has been used to support different decisions related with the sup-
ply chain area: Nagurney et al. (2005) used multi-criteria technique to develop a supply chain
network model in which both physical and electronic transactions are allowed and in which sup-
ply side risk as well as demand side risk are included in the formulation; Alencar and Almeida
(2008) proposed a multi-criteria group decision model for suppliers’ selection which is based
on ELECTRE IV and VIP Analysis methods and it is applied in those cases where there is a
great divergence among the decision makers; Kull & Talluri (2008) used it to manage the risk in
supply chains; through AHP multi-criteria method, Ting & Cho (2008) identified suppliers and
then used a multi-objective linear programming (MOLP) model, considering multiple objectives
and constraints, to allocate the optimum order quantities to the suppliers; Cruz (2008) and Cruz
(2009) used multi-criteria analysis to measure the impact of corporate social responsibility in
supply chain management; Using a -fyzzy approach, Ordoobadi (2009) proposed a multi-criteria
model that incorporates decision maker’s subjective assessments; Tuzkaya et al. (2009) evalu-
ated the environment performance of suppliers through a multi-criteria analysis; Kirytopoulos et
al. (2010) proposed a meta-model for supplier evaluation and order quantity allocation, based
on a Multi-Criteria Decision Making (MCDM) method, namely the Analytic Network Process
(ANP) and a multi-objective mathematical programming method (MOMP), the AUGMECON
(Augmented e-constraint Method).

It is worth to notice that the multi-criteria methods can be classified according to the meaning of
criteria weights. When weighting leads to trade-offs amongst criteria, methods are compensatory,
which allows for a disadvantage in some criteria to be compensated by a large advantage in
another criterion. When the weights mean relative importance coefficients only, methods are non
compensatory, and thus avoid trade-offs amongst criteria. Usually, the suppliers of construction
industry do not present a considerable difference in their performance, and the evaluations of
them in relation to a set of criteria are very similar. For this reason, a compensatory method seems
to be very suitable to decision problems in which the alternatives are suppliers of construction
industry. Compensatory multi-criteria methods, such as SMARTER method, have constant of
scale, wy, that represents trade-offs among criteria; however, in the literature about SMARTER,
the term weight is used instead of constant of scale.

The SMARTER is a compensatory method, which is based on the fundamentals of MAUT; how-
ever, the procedure for elicitation of parameters is easier than the elicitation procedure of MAUT.
This method is more suitable for practical application, especially when the decision makers are
ordinary users of this kind of support decision methods. Therefore, one extra advantage of the
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SMARTER s related to the fact that the decision makers find it easy to understand the con-
cepts and parameters inherent in the method, which makes the preference modeling natural and,
consequently, increases the effectiveness of applying the methods.

2.1 SMARTER

The SMARTER is a method proposed by Edwards (1977), whose main goal is to assess the multi-
attribute value of alternatives in a decision-making process and to offer a ranking of alternatives
from best to worst. The multi-attribute value for an alternative a is given by:

K
vi@) =Y wu @k =1,2,....K), (1)

k=1
where K is the number of criteria.

The SMARTER method is divided into nine steps, which includes the first six steps of SMART
method, the seventh step of SMARTS (Simple Multi-Attribute Rating Technique, Swing of
weights) method and one extra step. The seventh step of SMARTS corrects the intellectual error
of SMART, defining a ranking of criteria according to their relative importance (Edwards & Bar-
ron, 1994); and the extra step of SMARTER establishes the weight value of a criterion according
to its respective importance which is based on the swing weights and Rank Order Centroid (ROC)
approach (Edwards & Barron, 1994 and Barron & Barrett, 1996). The analysts should use this
approach to define the values of the weights for each criterion, according to the point-of-view of
the decision makers. At the end, the method provides a ranking of alternatives ordered from the
best to worst in accordance with their respective multi-attribute value. This method also uses the
strategy of heroic approximation, provided by SMART method, in order to define the decision
maker preferences as well as to justify the linear approximation of a single-dimensional value
function and the use of an additive aggregation model.

In multi-criteria decision problems, a decision is dependent on decision-maker’s preference in
all criteria considered. A traditional way to handle this kind of problem involves characterizing
primarily the preferences with a utility function as established in the MAUT. In this sense, the
decisions are made based on utility functions for different criteria. However, Lai et al. (2004) and
Lai et al. (2006) emphasize that it is not trivial to define each utility function for all criteria related
to the problem as established in the MAUT, especially when there are conflict in the preferences
of multiple criteria, i.e., how much an individual is willing to lose in one criterion to win in
another or vice versa. This trade-off will affect the multi-criteria utility that a decision maker
will get when all criteria are being considered jointly in the multi-criteria decision problem.
The preference elicitation process as recommended in the MAUT requires much time and it
may be considered intractable. In SMARTER method the trade-off analysis is easier than in
MAUT, mainly, because the analyst does not consider the uncertainty when determining the
consequences for each alternative (Almeida, 2010) and the trade-off among criteria is established
through a natural procedure (the seventh step of SMARTS method) in which the decision maker
defines a ranking of criteria according to their relative importance and based on swing weights,
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then, the values of weights are established as proposed in the ROC approach. In that perspective,
the SMARTER method, is interested in elaborate a value function.

In the ROC approach proposed by Barron & Barrett (1996) the weights are calculated according
to the following expression:

If wy > wy > ---> wy then,

wi = (14+1/2+1/3+---+1/K)/K

wy = (04+1/2+1/3+---+1/K)/K ®))
w3y = (04+0+1/34+---+1/K)/K

wp = O04---+0+1/K)/K

Usually, if K is the number of criteria, then the weight of the kth criterion is:

K
w = (1/K) Y (1/i) 3)

i=k

During the development of the field application, it was possible to detect that the decision-
maker of the construction company did not have knowledge about multi-criteria decision-aid
approaches; thus, it was important to develop a methodology based on simple and easy to use
and understand procedures, with a theoretical foundation as well. Therefore, the SMARTER
method was chosen to support the evaluating and selecting of suppliers in the supply chain of the
construction industry.

3 THE PROPOSED MODEL

This section presents a multi-criteria model to support decisions related to the selection of sup-
pliers in the construction industry, as well as the procedure for evaluating the supplier who was
selected by the model.

It is important to emphasize that the development of the model was based on a construction com-
pany, as well as on information collected in research about the construction industry. In addition,
interviews were conducted with the manager responsible for the supply chain or purchasing pro-
cess, who provided data for performing the model described below.

The model is divided into four steps: (i) definition of suppliers who will participate in the
selection process; (ii) definition of criteria set; (iii) application of the multi-criteria method
SMARTER; (iv) evaluation of the supplier who was selected (Fig. 1).

3.1 Definition of suppliers

Due to the variety of materials and components, which integrate the supply chain of construction
industries, the analyst and the decision-maker (responsible for the purchasing process in this type
of business) must verify and order the materials to be used in the selecting process. According to
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Figure 1 — Steps and procedures of the multi-criteria decision support model.

Szajubok et al. (2006), in order to determine the level of importance of a stored item, companies
should evaluate several criteria, and not only the criteria associated with costs. These authors
created a model based on ELECTRE TRI to allocate materials into three categories: least impor-
tant materials, most important materials and materials of intermediate importance.
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If the company already has a procedure for classifying the materials to be used in the construc-
tion, then, this procedure must be critically analyzed in order to understand how the company
evaluates the level of importance of materials. However, if the procedure does not consider mul-
tiple criteria during the classification of materials or if the company doesn’t use any procedure,
then the classification proposed by Szajubok et al. (2006) should be used.

The company must create a list of materials to be included in a category of very important
materials. This category will be considered critical and its management will require special
attention. Szajubok et al. (2006) provide an example of a list of materials, which are considered
very important.

The procedure will be applied to select and evaluate suppliers for the materials included in the
critical category. The decision maker (supply chain or purchase management) must provide a list
of these suppliers. There is no restriction about the number of suppliers to be considered by the
model.

3.2 Definition of criteria

The analyst and the decision-maker must propose the criteria that will be considered in the select-
ing process and their respective evaluation scales. Chou & Chang (2008) emphasize that during
the criteria formulation stage, the main task for buying firms is to assess the key competitive
factors in their industry and translate these dimensions into supplier selection criteria with their
respective scales.

In order to support the analyst and decision-maker in the criteria definition phase, the following
papers should be used to define the family of criteria: Amid et al. (2006); Bevilacqua et al.
(2006); Boran et al. (2009); Bottani & Rizzi (2008); Chou & Chang (2008); Dickson (1966);
Dulmin & Mininno (2003); Ng (2008); Ramanathan (2007). These researchers show how the
managers responsible for the purchasing process in different types of business can contribute to
improving the management in their supply chain throughout. The decision maker can create new
criteria according to the need of the business.

To evaluate each supplier according to all criteria considered and to prepare the evaluation matrix,
the decision-maker should follow the steps below. These steps are especially useful for new
suppliers, who have hitherto never participated in the company’s selection of suppliers.

— Visiting the supplier in order to get the necessary information to evaluate him according to
all criteria considered;

— Sending an order to the supplier beforehand, in order to evaluate this supplier according to
all criteria considered;

— Asking a competitor or a client who has already bought something from the supplier about
that experience in order to get the necessary information, which will be useful to evaluate
the supplier;

— Asking the supplier for a self-evaluation according to all criteria considered by the
company.

Pesquisa Operacional, Vol. 32(3), 2012



FERNANDO SCHRAMM and DANIELLE COSTAMORAIS 651

3.3 Application of multi-criteria method

The method SMARTER is applied according to the steps described in Edwards & Barron (1994),
thus producing a ranking of suppliers. The supplier in the highest position should be selected.

3.4 Evaluation of the supplier

This step provides an evaluation of the supplier who was selected by the multi-criteria method.
This evaluation should be conducted after the delivery of the material. This step provides a
continuous evaluation of suppliers and considers all criteria and their respective levels of impor-
tance. Moreover, this increases the competitive advantage of the company and supplier over their
respective markets and improves the quality of the relationship between client and supplier.

This step introduces a mechanism for measuring the supplier’s performance level after supplying
materials. It is important to develop a management procedure for storing the information needed
to evaluate the supplier in this step. The commonly used procedures are:

— Inspection during delivery: a checklist can be used;

Management reports containing information on the location of the construction;

Questionnaires containing questions that enable the supplier’s performance to be mea-
sured. This procedure can be undertaken after the construction has been concluded.

— Interviewing stakeholders who participated directly in the construction.

It is important to note that this information must be stored in the company’s database to be used
as input for a subsequent selection process, especially in situations where the selected supplier
can supply other materials.

This evaluation procedure produces a performance index, which shows the improvement in the
quality of the relationship between the company and its suppliers. A better relationship will
improve the satisfaction of end-of-the-line customers with regard to the products and services
offered.

The evaluation of the selected supplier will be based on a multi-attribute value constructed from
the performance of him/her over the set of criteria considered. This multi-attribute value provides
the information which will be used by the decision maker to decide about perform a new selection
process or continue with the supplier who was selected in the previous selection.

The construction of supplier’s multi-attribute value must be conducted according to the following
rules: the performance of supplier 2(h = 1,2, ...) in each criterion must be put in the “Real
Value” column in Table 1; to calculate the “Normalized Value” column, the analyst and the
decision-maker must verify the value function which is associated with each criterion according
to Edwards & Barron (1994); the multi-attribute value is calculated according to the expression
in “Multi-attribute value” column.
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Table 1 — Performance of selected supplier.

. . Performance in Selected supplier’s performance
Attribute | Weight ) - —
selection Real | Normalized | Multi-attribute
k) ROC
process value value value
Best = x
Ist wq h1 Xn1 x/! wy - x)
/ hl hl
Worst = xj
Best = x
2nd wy h2 Xpo x! wy - x),
’ h2 h2
Worst = x),
Best = xf
h3 ” ”
3rd w3 p X3 Xp3 w3 - X3
Worst = x5
Best = x
hk " 1"
k-th wi p Xhk Xpk W+ Xy
Worst = x
hk
K
Overall score = Z(wk ~x;,/k)
k=1

If the value of the current supplier does not decrease, then a new selection process is not neces-
sary. Otherwise, the decision maker should perform a new selection through the multi-criteria
model.

4 APPLICATION OF THE METHODOLOGY

This section presents a real application, in which the decision support model or methodology
was applied to aid the decision-maker (the person responsible for the purchasing process) of a
construction company in Recife, Pernambuco, Brazil. The proposed methodology was developed
and applied during the construction of a vertical building.

The model supported the procurement manager in taking decisions about selecting and evaluating
suppliers. The way the model was structured made the set of suppliers, what criteria were being
considered and what performance indices were being used during the process clear to him.

Moreover, the model establishes the strategic policies, which guide the stakeholders in the supply
chain. These policies provide an increase in competitiveness, since suppliers know the reasons
why they won or lost an order.

4.1 Defining the suppliers

The decision-maker did not have any procedure for classifying materials. Therefore, a list of
the most important materials, obtained from Szajubok ef al. (2006), was presented to him. The
decision-maker decided to apply the model to materials for which there were at least four suppli-
ers. Table 2 gives the list of the materials and which suppliers were selected and evaluated using
the model. The model was applied to select suppliers of M08 material only. The suppliers are
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Table 2 — List of materials and its respective suppliers.

Materials .
— Suppliers’ code
Code Description
MO8 | Multi-use mortar F01.M08; F02.M08; F03.M08; F04.M08; F05.M08.
M34 | Planks F12.M34; F13.M34; F14.M34; F15.M34; F16.M34.
M36 | Circuit breaker F06.M36; F07.M36; F08.M36; F09.M36.
M37 | Electricity switch-boards | F06.M37; F07.M37; FO8.M37; F10.M37; F11.M37.

represented by a code, described as follows: FXX.MYY: “F” for supplier; and XX for supplier
number; “M” for material; and Y'Y for material number.

4.2 Defining the criteria

In this step, the set of criteria was defined. Firstly, the analyst gave the decision-maker a pre-
viously drawn up list, made after the first meeting in his office. Secondly, the decision-maker
defined what criteria would be considered. He considered all criteria presented by the analyst,
but changed one of them (Quality to Quality Management System — QMS) and included another
(Rejection level). The criteria considered and their respective scales were built and they are
presented in Tables 3 and 4, respectively.

Finally, the analyst defined the matrix of alternatives (suppliers) and criteria. The evaluation of
MO8 material is presented in Table 5.

4.3 Application of the method
Firstly, a visual inspection verified that there are no dominant alternatives.

Then, the relative importance among attributes was obtained. To obtain this relative importance,
the decision-maker was asked the following question, which is based on Edwards & Barron
(1994): Suppose you have an extra alternative whose performance is the worst in all the criteria
considered. You are given the opportunity to improve the performance of this alternative in one
criterion only. Which criterion would you choose first? Which would be the next criterion that
you would choose?

The question was repeated until all criteria had been chosen. Based on the sequence of crite-
ria chosen, the importance ranking of the criteria was defined (Table 6). After that, the one-
dimensional values present in Table 5 were normalized.

In relation to the criteria weights, they were established following the SMARTER multi-criteria
method. This method has a stage for exploring the ranking of the criteria in order to define the
weight of each criterion according to its relative importance (ROC weights), Edwards & Barron
(1994). The ROC weights and the normalized matrix of one-dimensional values were used to
calculate the multi-attribute value for each alternative. The normalized matrix for MO8 material
is presented in Table 7.
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Table 3 — Criteria and their respective descriptions.

1D Criteria Description
Cl1 Quality Management ~ This is measured by the level of supplier performance in
System — QMS relation to the certification of the quality management

system. If the supplier has developed some practices
in their QMS, the construction company can evaluate
them. The following aspects are considered in the eval-
uation: involvement of top management; quality policy;
quality manual; standard operating procedures; quality
records; how customer satisfaction is measured.

C2 Unit price This is based on the monetary value of the material.

C3 Cost reduction plans This evaluates the contribution of improvement projects
that are already being deployed or that will be imple-
mented, which must cause direct impact on the cost of
materials; as a result, suppliers can offer a reduction in
the price of items. The term improvement project is re-
lated to investments in new management or equipment
technologies to reduce costs.

C4 Transport costs This is based on the monetary value with regard to trans-
porting the materials.

C5 Rejection level This is related to the total number of orders for materi-
als returned to suppliers by the company. Due to prob-
lems of dependability of the specific standard of mate-
rials and delivery delays being detected, orders are re-

turned.
C6 Request for This is measured by the relationship between the num-
assistance answered ber of requests for assistance sent to the supplier and the

number effectively answered.

Cc7 Lead time The period of time between placing a purchase order
and receipt of the ordered items.

C8 Time flexibility This is related to the changes the construction company
needs to make in its order system as far as delivery time
is concerned.

C9 Quantity flexibility This is related to the changes the construction company
needs to make in its order system as far as the amount
of items requested is concerned.
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Table 4 — Scales for evaluating each criterion.

1D Evaluation scale

C1  Sum of the number of standard operating procedures, the number of preventative actions and

the number of training events.

C2 RS per unit of material measured.
C3  Percentage of reduction in costs offered by the project.

C4 RS per kilometer transported.

C5  Percentage of rejection.

C6  Percentage of requests for assistance answered.

C7  The average number of days needed to fulfill an order.

C8 The average rate of change in the delivery time which was agreed with the supplier but
needed to be changed by the construction company in the last six months. The suggestion is
to evaluate this criterion based on data from the latest six months.

C9  The average rate of change in the quantity of materials requested by the construction com-
pany in orders already placed. The suggestion is to evaluate this criterion based on data from

the latest six months.

Table 5 — Matrix of alternatives versus criteria.

Criteria of evaluation

Cost Quality Delivery
Alternatives . Cost L. . .
Unity |Transport . |Rejection | Requests Lead| Time | Quantity
. reduction QMS| . o S
price costs lan level |answered time | flexibility | flexibility
p

FO1.MO08 [R$10.95| R$ 1.10 | 2.50% 7.60% 81% 48 5 70% 15%
F02.M08 | R$7.70 | R$ 1.85 | 2.13% | 12.30% 88% 36 7 24% 58%
F03.M08 | R$8.63 | R$ 1.17 | 0.80% 8.70% 53% 47 | 18 68% 65%
F04.M08 | R$7.19 | R$ 1.43 | 2.47% 7.93% 92% 9 10 64% 61%
F05.M08 | R$8.97 | R$1.50 | 2.35% 8.15% 95% 44 8 73% 18%

Table 6 — The importance ranking of the criteria.

. Importance
Criteria .
ranking

QMS 1
Unit price 2
Cost reduction plans 3
Transport costs 4
Rejection level 5
Request for assistance answered 6
Lead time 7
Time flexibility 8
Quantity flexibility 9
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Table 8 presents the ranking of suppliers who participated in selecting M08 material.

Table 8 — Ranking related to suppliers of M08 material.

Ranking of Multi-attribute
suppliers value
Ist F05.M08 0.7685
2nd FO1.M08 0.7626
3rd | F03.M08 0.6313
4th F02.M08 0.6056
5th F04.M08 0.6022

In the table above, it can be seen that the multi-attribute values for F05.M08 and FO1.MO0S8 are
very close, the difference being 0.0059 only. Therefore, as both alternatives have approximately
the same multi-attribute values and consequently the same competitive advantages, the decision-
maker can choose between F05.M08 and FO1.MO08 to supply the Multi-use mortar. However, the
cost of transportation can be used by the decision-maker to decide between both suppliers. For
example, a reduction of 30 cents per kilometer in the cost of transportation by F05.M08 provides
the following final ranking (see Table 9).

Table 9 — Ranking related to suppliers of M08 material (modified).

Ranking of Multi-attribute
suppliers value
Ist F05.M08 0.8128
2nd | FO1.MO8 0.7626
3rd | F03.MO08 0.6313
4th | F02.M08 0.6056
Sth F04.M08 0.6022

Given this result, the decision-maker should choose the alternative F05.MOS, since it has the
best multi-attribute value. A reduction of 30 cents per kilometer in the cost of transportation
by F05.M08 results in increasing the difference between F05.M08 and F01.MO08 from 0.0059 to
0.0502, which corresponds to a difference of approximately 5%. The decision-maker can use
this analysis to negotiate a reduction in the transportation cost with the suppliers.

4.4 Evaluating the selected supplier

The evaluation was not applied to the real situation presented, because measurement of the sup-
plier’s performance can only be conducted after the ending of construction. However, a numerical
application of this step was performed in order to describe how the supplier’s evaluation occurs.
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Firstly, the manager responsible for procurement should compile a spreadsheet with the data
collected during the delivery of the material, as per Table 10.

Table 10 — Exemplification for evaluating the selected supplier’s performance.

Selected supplier’s performance
Multi-
Attribute Weight Performance in Real Normalized b
attribute
(k) ROC selection process value value
value
Best = 48
QMS 0.31433 9 39 0.7692 0.2418
Worst =
o Best=R$ 7.19
Unit price 0.20322 R$ 8.00 0.7846 0.1594
Worst = R$ 10.95
Cost reduction Best =2.5%
0.14766 1.80% 0.5882 0.0869
plans Worst = 0.8%
Best =R$ 1.10
Transport costs 0.11063 R$ 1.20 0.8667 0.0959
Worst = R$ 1.85
. Best = 7.6%
Rejection level 0.08285 7.85% 0.9468 0.0784
Worst = 12.3%
Request for Best = 95%
0.06063 95% 1,0000 0.0606
assistance answered Worst = 53%
. Best=5
Lead time 0.04211 W 3 9.5 0.6538 0.0275
orst =
. o Best = 73%
Time flexibility 0.02623 58% 0.6939 0.0182
Worst = 24%
. e Best = 65%
Quantity flexibility | 0.01235 23% 0.1600 0.0020
Worst = 15%
Overall score = 0.7707

Based on the table above, the decision-maker can decide not to carry out another selection pro-
cess. This decision can be reinforced by the information presented in Table 11. Although the
multi-attribute value for the F05.MOS8 supplier decreased from 0.8128 (in the beginning of the
supply, see Table 9) to 0.7707 (after the supply, when the decision-maker had already collected
the data related to the supply), the new performance shows that they are still in the first position.

At the end of this step, the analyst and the decision-maker should verify if the change in the
performance of the alternatives would provoke a change in the relative importance among the
criteria or the elimination of some criteria which have a small range among the alternatives. In
this case, the criteria weights must be redefined.
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Table 11 — Ranking related to supplier of M08 material.

Ranking of Multi-attribute
suppliers value
Ist F05.M08 0.7707
2nd | FO01.MO8 0.7626
3rd | F03.M08 0.6313
4th F02.M08 0.6056
S5th F04.M08 0.6022

5 CONCLUSIONS

Construction companies know that it is important to improve the quality of the relationships they
have with their suppliers and other partners in the supply chain. However, they do not know how
to improve the performance of their suppliers in relation to the needs of the organization. One
reason is that a lot of companies do not have time available to discuss management techniques,
which can support decisions in this area; another reason is their lack of knowledge about the
existence of such techniques.

This study allowed the development of an approach to the construction industry, which was able
to provide a better relationship among its managers, suppliers and partners, because in addition
to structuring the process of recruitment and selection, it established explicit strategic policies on
which the management system of the company relied to make the selection of suppliers. Also,
the application of the model made it clear to suppliers and other stakeholders what the main
indices considered when evaluating their performance in the construction supply chain were.

Furthermore, it was verified during the study that, to select suppliers, most managers in the con-
struction industry only consider criteria associated with price and quality, not using any formal
method to provide a structured evaluation of the selection process, which is essential to guarantee
an efficient evaluation. In many situations, these evaluations are only based on the intuition and
expertise of the decision-makers.

As a result of the proposed model, it was possible to characterize the selection problem as a
multi-criteria problem and thus to identify the main criteria which should be considered to select
and evaluate suppliers in the construction industry. Also, it was possible to apply the model to
a real situation, showing its adequacy and coherence. Moreover, using the model, the company
reduced the risks associated with decision-making in the issue related to selecting suppliers,
making it possible to eliminate some subjective aspects related to the purchase of their materials.
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