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Abstract. Despite many efforts to prevent accidents at the construction site, there are
still a lot of casualties caused by safety accidents. Work activity of construction may
make a positive or a negative impact on each other for safety, or it is not interactive in
some cases. It is desirable to give priority order to the activities to maximize the effects
of construction requirements at the construction phase. This study uses fuzzy quality
function deployment utilizing the technique to visually derive the relationships between
the activities and the requirements of the customer, company executive, manager, etc.
We formulate the mathematical model for mixed integer programming to solve the prob-
lem of the priority order of the activities and present an illustrative example. By applying
this study to multiple projects, we compare the impact values to see how effective it is
through the requirements.
Keywords: Safety management, Priority, Fuzzy quality function deployment, Construc-
tion work activity

1. Introduction. Construction industries have been taking a series of measures to pre-
vent industrial accidents. Despite their efforts in safety management, there are still more
accidents occurring than in other sectors. Safety management includes facility manage-
ment and work management. The work activity management for effective safety manage-
ment should also be systematically carried out. There may be changes in the schedule of
work activities for safety management, budget commitment to safety management, entire
work schedule, etc. Construction requirements are related to budget, project duration,
personnel management, the facility for safety, contract management, and workplace en-
vironmental management, etc. In the work activity management, it takes account of the
realization of project planning, design and process methods, the workability of implemen-
tation, the feasibility of a safety management plan, the safety management organization,
the ability to perform work, communication and meeting, etc. In the workplace environ-
mental management, we review the traffic safety facilities and traffic plan, control plan
for drainage and land subsidence, anti-damage plans for residents from noise, dust, and
vibration of the construction site. The construction process includes three phases, i.e., the
business planning phase, the preconstruction phase, construction phase. In the business
planning phase, it is generally to make plans on a budget, the construction period, and
the validation of the process. In the preconstruction phase, we review construction pro-
cess methods, process plans, safety plans, and vendor selection plans. In the construction
phase, construction management, quality control, safety management, and construction
compliance management activities are performed. The construction requirements are de-
rived from customers, project managers, safety personnel, and company executive. The
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purpose of this study is to present a method of prioritization on construction activities
using fuzzy-based Quality Function Deployment (QFD), which consequently increases the
satisfaction of requirements.
Fuzzy QFD deals with the impreciseness of customer requirements. We review the

existing studies in Section 2 and discuss the house of quality for safety management in
Section 3 and the application possibility theory for QFD. Linear programming maximizes
(or minimizes) a linear objective function subject to one or more constraints. Mixed-
integer programming adds additional conditions that at least one of the variables can only
take on integer values. Using fuzzy logic-based QFD, we formulate a mathematical model
for mixed integer programming to prioritize construction activities with an illustrative
example in Section 5. By applying this study to multiple projects, we compare the
impact values to see how effective it is through the requirements in Section 6. Section 7
discusses the overall findings of this study and concludes.

2. Related Study. QFD is a structured approach to defining customer needs or require-
ments and translating them into specific plans to produce products to meet those needs.
Akao [1] developed QFD which is a method to help transform the voice of the customer
into engineering characteristics of a product. Quality function deployment was used to
prioritize conflicting needs and provide a tool for making more accurate decisions [2].
Lee and Kusiak [3] studied on prioritizing the application of various design guidelines or
design rules to consider productivity and convenience in the manufacturing process to
meet multiple quality characteristics in the product design. The framework of the QFD
technique was used to design a safety management system to prevent accidents through
a sequential linkage process ranging from required safety, safety characteristics, direct
causes, the underlying causes, and safety management activities [4]. The applicability of
QFD was examined to determine the best marketing strategy and to make a comparison
between the performances of different competitors [5]. QFD was used to find the most
critical needs for the customers of the construction companies [6]. QFD was widely used in
all industries, including product development, service, education, society, culture, health,
safety, etc. [7-10].
A method of analyzing the correlation of work activities, risk events, and results using

QFD techniques was presented to reduce the number of accidents in the construction
industry, where risk analysis and safety management are complicated compared to other
sectors [11]. The approach based on the QFD and fuzzy logic was adopted to improve
construction project development [12]. Although there have been efforts for construction
safety management, it has been used as limited to the development of only simple require-
ments and engineering characteristics. Research on the prioritization of work activities
for construction safety management has not been sufficiently performed.

3. House of Quality for Safety Management. In this study, we transform the voice
of the construction project manager or project contractor into work activity for the con-
struction of a building, bridge, highway, etc. It identifies and classifies customer desires,
identifies the importance of those desires, identifies work activities which may be relevant
to those desires, correlates the two, allows for verification of those correlations, and then
assigns objectives and priorities for the construction requirements. Customer’s or con-
struction work manager’s needs, desires, and a strategy of the company are reflected in
the construction requirements.
Prioritization of construction work activities allows the manager to focus on activities

that have an impact on the requirements. A work activity has diverse relationships
with the requirements; an activity may improve one requirement but may degrade other
requirements.
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3.1. Linguistic variables. The strength of the relationships between a construction
requirement and work activity and the strength of the interaction between the work
activities can be expressed in a linguistic or a crisp variable. Table 1 shows linguistic
variables represented as symbols of positive, negative, etc. and commonly used conversion
values for the symbols in the house of quality. When a work activity is not related to a
construction requirement, i.e., one cannot apply the work activities for the requirement,
the impact of the work activities on the management requirement is not considered.
Hence, the symbol (-) in Figure 1 is used only on the roof of the house of quality.

Table 1. Definition of linguistic variables and coefficient

Symbol Linguistic variable The interval of the coefficient value

• Positive [2.0, 6.0]

◦ Weak positive [0.0, 4.0]

- Not interactive [−2.0, 2.0]

H Weak negative [−4.0, 0.0]

⊗ Negative [−6.0,−4.0]

Figure 1. Modified HOQ for work activity priority order

3.2. Structure of HOQ. To develop the roof of the House of Quality (HOQ), one needs
to define the interactions between any pair of work activities. This paper modifies the
house of quality to establish the qualitative relationships between a variety of construc-
tion requirements and the corresponding work activities. The construction requirements
replace customer attributes and the work activities replace engineering characteristics.
When one work activity is applied before another work activity, the work activity applied
first may make it better or worse to apply the other work activity. The diamond-shaped
cell is bisected by a line on the roof of the house of quality to represent the interaction
outcomes of a pair of work activity as shown in Figure 1. The entry on the left-hand
side of a diamond-shaped cell indicates an affected outcome of work activity j from work
activity i when work activity i is applied prior to work activity j. The entry on the
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right-hand side of the diamond-shaped cell indicates an affected outcome of work activity
i from work activity j when work activity j is applied before work activity i.
The center of HOQ in Figure 1 indicates how activities affect the construction require-

ments, and the left side of the HOQ indicates the requirements. The right side of the
HOQ indicates the relative importance of construction requirements. The interval of
Triangular Fuzzy Number (TFN) of requirement rating value can be obtained as Fig-
ure 1 using the analytic hierarchy process [13]. Construction requirement derived is in
a mutually independent relationship. The relationship between requirements and activi-
ties and interaction between activities vary, which depend on construction condition and
situations.

4. Application of Possibility Theory for QFD. One can analyze the interactions
between a pair of work activities and the impact of the work activities on the management
requirements based on linguistic variables. This study uses possibility theory [14] for
the ‘voice of the customer’, which is intrinsic in natural language. The interval of the
symmetrical TFN indicates that the strength of the relationships between the management
requirement and the work activity and the strength of the interaction between the work
activities. Fuzzy numbers, which can be considered as a possibility distribution [15],
are used to describe the coefficients of a linguistic variable. When work activity i is
applied first and then work activity j, the combined interval of a symmetrical TFN of the
impact on the construction requirements can be represented: Aij = [αij, βij]. A typical
membership function for a symmetrical TFN can be expressed as next:

µAij
(aij) = 1−

2
(∣∣∣aij − βij−αij

2

∣∣∣)
βij − αij

, aij ∈ Aij (1)

By extension, the principle proposed by Zadeh [16], the addition and subtraction op-
erations on TFNs definitely give a TFN. A multiplication operation on TFNs does not
necessarily give a TFN. However, the results of the operation can be reasonably ap-
proximated [17]. The arithmetic interval operations of two symmetrical TFNs can be
expressed:

[αij, βij] · [αpq, βpq]

= [min(αijαpq, αijβpq, βijαpq, βijβpq),max(αijαpq, αijβpq, βijαpq, βijβpq)] (2)

[αij, βij] + [αpq, βpq] = [αij + αpq, βij + βpq] (3)

[αij, βij]− [αpq, βpq] = [αij − βpq, βij − αpq] (4)

where [αij, βij] and [αpq, βpq] are the intervals of the two symmetrical TFNs.
In this study notion is defined as next:
m: the number of construction requirements
n: the number of work activities
Bi: a set of construction requirements corresponding to work activity i
Cij: the interval of the symmetrical TFN of work activity i affecting work activity j

when one considers work activity i before work activity j
Dih: the interval of the symmetrical TFN of the work activity i impacting on construc-

tion requirement h
Rh: the interval of the symmetrical TFN of the construction requirement rating h
xij = 1: if work activity i is applied before work activity j

0: otherwise
yik = 1: if work activity i is ranked kth order

0: otherwise
The list of the construction requirements will contain a wide variety of needs of cus-

tomers and project managers, some of which will be considered to be more critical than
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others. The mean ratings of the construction requirements can be obtained through
the interviewing of experts on construction. In the house of quality, a larger technical
importance rating generally denotes a stronger desire to have the related characteristic
incorporated into a new management plan or strategy. Stronger attention should be given
to a more critical construction requirement. The allowable range for each construction
requirement rating is [0, 1]. The interval of the symmetrical TFN of the construction
requirement rating is then derived from the mean ratings and the predetermined uncer-
tainty value. In this study, the uncertainty value is fixed at ±0.15 for the symmetrical
TFN of the construction requirement rating. For example, let r′h be the mean ratings of
the construction requirement h. The rating range of construction requirement h, Rh is
obtained as [r′h − 0.15, r′h + 0.15].

5. Fuzzy Based Integer Programming Approach. Based on the possibility theory
in the previous section, the work activity priority problem for average TFNs, (αij +βij)/2
can be formulated as the following mixed-integer programming model.

Max
n∑

i=1

n∑
j=1

xij(αij + βij)/2 for ∀i, j (i ̸= j) (5)

Subject to: xij + xji = 1 (6)
n∑

j=1(j ̸=i)

xik ≥ syik for ∀i, for ∀k; s = n− 1, n− 2, . . . , 1 (7)

n∑
k=1

yik = 1 for ∀i (8)

n∑
i=1

yik = 1 for ∀k (9)

xij = 0, 1 for ∀i, j (i ̸= j) (10)

yik = 0, 1 for ∀i, k (11)

The objective function (5) maximizes the impact value in the interval of a symmetrical
TFN on the construction requirements. Constraint (6) ensures a priority order for each
pair of work activities. Constraints (7), (8), (9), and (10) are added to eliminate the
subtour(s) from going back to a node which has been visited, e.g., zero-one variables
xij, xjk, and xki for work activities i, j, and k are selected. Constraint (7) imposes
consistency. Constraint (8) requires that each work activity holds exactly one order rank
number. Constraint (9) imposes that an order rank number is assigned to exactly one
work activity. In constraint (10), xij takes either the value zero or one to ensure that one
activity should have a higher priority than the other in each pair of activity. Constraint
(11) imposes integrality. The formulations (5)-(11) involves 2n2−n variables and 3n2+2n
constraints. Activity priority problems for the major TFNs can be formulated by replacing
the objective function Max

∑n
i=1

∑n
j=1 αijxij.

6. Problem-Solving and Result. Figure 1 shows the interval of the TFNs of construc-
tion requirement rating value and the variables. We apply to the interval of the TFN to the
principle [3] and obtain total impact value on the requirement by applying activity i before
activity j (Aij), i.e., Aij =

∑
h∈Bi RhDih+Cij

∑
h∈Bj RhDjh. If Aij < Aji, we apply activi-

ty j before activity i in performing work activity to maximize the impact of the activity on
the construction requirements. To generate mixed integer programming for the example of
Figure 1 with the coefficient interval of linguistic variable in Table 1, the interval of TFN
for A12 can be calculated as next: A12 =

∑
h∈B1 RhD1h + C12

∑
h∈B2RhDjh = [−40, 84.6]

from
∑

h∈B1RhD1h = [4.4, 20.4], C12

∑
h∈B2RhDjh = [−6,−4][−10.7, 7.4]. Therefore,
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α12 = −40, β12 = 84.6, and (α12 + β12)/2 = 22.30. Similarly, the rest of αij, (αij + βij)/2,
and βij are obtained. By applying the formulations (5)-(11) to the data of an example in
Figure 1, mixed integer programming codes are generated. For the problems generated,
we obtain the solutions for the ranking order of activities for three TFNs in Table 2 by
using LINDO software [14]. The selected variables for major TFNs, y11, y22, y34, y43, and
y55, mean that work activity 1 is ranked 1st, work activity 2 is ranked 2nd, work activity
3 is ranked 4th, work activity 4 is ranked 3rd, and work activity 5 is ranked 5th. The
ranking order of activities for major TFNs is activities 1, 2, 4, 3, and 5, which is the
same as one of the average TFNs. In this case, it is desirable to adopt the order that
corresponds to a majority of the three results. The ranking order of activities in the final
solution means that the process plan for safety among the activities should be considered
with the highest priority, regulation for safety with the next highest priority, and so on.

Table 2. The ranking order of activities

yij selected (yij = 1) Objective function value

Major TFNs y11, y22, y34, y43, y55 718.30
Minor TFNs y12, y23, y31, y44, y55 −146.70
Average TFNs y11, y22, y34, y43, y55 280.95

We take data from six construction projects to demonstrate the validity of this study.
For six projects, we obtained priority orders for the minor, average, and major TFNs,
respectively, and adopted a priority order of average TFNs. In Figure 2, the total im-
pact value of work activities on the construction requirements by this study is compared
with the total impact value by the random order rank. It shows that applying a proper
priority order of activities in the construction phase increases the impact on the overall
requirements. Projects 1, 2, and 3 have a significant overall impact on the budget, human
resources, project duration, etc., about safety. On the other hand, projects 5 and 6 are a
relatively small impact on the requirements.

Figure 2. Comparison of impact values

7. Conclusions. This study presented a method of prioritization on construction activ-
ities using fuzzy-based QFD. It has been demonstrated that determining a proper order
of activities based on priorities increases the impact value on construction requirements.
In the example of a construction project, a process plan for safety contributes to the
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operation and management of personnel, creating a good atmosphere in the workplace,
securing budgets, and setting project duration. The process plan for safety to comply
with limited budgets and deadlines may also be limited in embracing safety regulations.
In such cases, there is a risk that the construction will be carried out in violation of the
rules. If one makes a process plan for safety before the setting of the process method,
the process plan negatively affects the construction process method. On the other hand,
by setting the process method carried out before the process plan, the process method
does not change the process plan. It seems that the process method should be performed
before the activity of the process plan. However, the activity of the process plans a more
significant impact on the overall requirements than the activity of the process method.
Hence, the planning activity should be carried out as a priority over the setting of process
methods.

It is difficult to define the interaction between the work activities and the relationship
between the construction requirements and a work activity since the conditions of the
construction project and the conditions of the construction site are not the same. The
interaction and the relationship in HOQ should be defined depending on the project as
the customer’s voice may be different, and the priority order of activities for safety should
be determined accordingly.

It is time-consuming to generate a mixed integer programming code to use LINDO
software. In the future, we will develop a system that can prioritize more effectively so
that users can easily use it in real time.
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