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An effective strategy aligning costs and quality is pivotal for augmenting project value in the construction industry.
This study develops and applies a model to evaluate the impact of Total Quality Management (TQM) principles on
Egyptian construction projects. Objectives include identifying key TQM principles, quantifying their value, and
validating outcomes through a case study. Methodologically, a TQM evaluation model, utilizing the Relative
Importance Index (RIl) method and validated via Cronbach’s alpha, is formulated. A value formula estimates the
financial impact of top TQM principles compared to construction project life cycle costs. Applied to a 2023 Egyptian
construction project case study, the formula demonstrates cost savings surpassing the required investment.
Specifically, project value improved 2.77 times using the created Value Engineering Business Approach (VEBA)
formula, translating to an estimated 12.8% reduction in total life cycle costs. This research advocates a data-driven
approach to prioritize TQM principles, showcasing positive financial returns for firms and endorsing TQM as an
effective framework for the Egyptian construction sector.

Keywords: life cycle cost analysis, quality evaluation, total quality management, value analysis, value engineering,
value engineering business approach

1 INTRODUCTION

Success is the ultimate goal of every project and the primary goal for project owners. Studies show that cost, scope,
time, quality, and stakeholder satisfaction are the key factors that typically determine a project's success [1]. The
quality goal of a construction project is to fulfill the owner's or user's demands while adhering to the defined scope of
work, within the confines of a cost-effective plan and a rigorous timeline.

Since 2021, the Egyptian construction industry has witnessed a notable deterioration, evidenced by various key ratios
and rates. The sector experienced a decline in new project starts, with the construction start rate reducing by
approximately 15% compared to the previous year. Additionally, there was a marked increase in project delays, with
on-time delivery rates decreasing by 20%. Moreover, the industry saw a surge in material costs, contributing to a
25% spike in overall project expenses. These adverse trends underscore the Egyptian construction market's
challenges, highlighting the need for strategic interventions to improve the industry [2]. Cost, time, quality, and safety
are all important project values. Projects must be effectively led by strategic management strategies and procedures
to succeed. Several studies have debated how to gauge project success from the perspectives of the participating
parties [3].

Intent on contributing by extracting Total Quality Management (TQM) items from the studies, a stratified sample of
different construction professionals received a total of 500 questionnaires. Of these, 300 surveys were duly filled out
and re-submitted. Regression analysis and mean weighted value were used to determine the weight of the TQM
items, utilizing a flexible method that can calculate a percentage for the TQM-weighted items.

Instead of the standard numerator in the VE formula, which is the function (extracted from the Functional Analysis
Systems Technique (FAST) diagram), the output value will be the Value Engineering Business Approach (VEBA) as
an alternative method. Study every project component from the life cycle cost perspective to determine the true cost,
including both construction and actual costs from construction to depreciation. Accordingly, the traditional value
formula V=Function/Cost will be developed into VEBA= TQM Business Aspect/(LCCA/construction cost).

2 LITERATURE REVIEW

Since its inception in the industrial sector, the TQM concept has been explored for application in construction projects.
However, the diverse nature of each project, the variability in the labor force, the multitude of stakeholders involved,
and the impact of various factors such as climatic conditions and legal constraints make implementing this theory in
the construction industry exceptionally challenging [4].

A significant change in the systems utilized in the American construction sector was seen in the 1950s, with the
construction of towers that included both commercial spaces and residential flats. Due to the rapid growth of the
building industry, large quantities of materials were needed to integrate utility distribution linkages. From this point
on, there was a need to develop a method known as Value Engineering to be implemented in the process [5].
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2.1 Total Quality Management TQM

Total Quality Management (TQM) can be defined as a management approach that relies on employee engagement,
is client-centered, and employs effective management techniques. A well-known industry leader who places a high
value on quality understands that merely sustaining the current level of perfection is insufficient in today's competitive
world [6]. Implementing TQM is a strategic goal. Numerous TQM principles have been effectively applied in various
operations. However, the core of TQM lies in individual employee involvement committed to controlling and
enhancing performance quality at every level. Consequently, wherever TQM is implemented, numerous benefits will
be realized [7].

Eight fundamental principles of comprehensive quality management essential for Egypt's construction sector can be
identified. This set of guidelines provides a framework for Egyptian construction businesses to focus their quality
control efforts. These principles include the following, as shown in Figure 1.

TQM Principles

A-Process B-People C- Customer D-Strategic E-Integrated F- Decisions - Blieae H- Continual

Thinking Management Management Thinking System Management Comrg:mcatl Improvement

Fig 1. TQM principles [8]

Process Thinking; is a set of actions that converts inputs from project parties (internal or external) into outputs
delivered to the project [9]. People Management (Commitment); The project members are eager to acquire new
practical and analytical skills. Staff are expected to believe in their capabilities to succeed, receive discipline and
direction, and be given time to learn and develop new abilities logically and gradually [10]. TQM Customer
Management; Customer satisfaction needs to be evaluated in light of performance objectives. Construction project
parameters should be measured and analyzed against the customer's main objectives before the project kicks-off
[11]. Strategic and Systematic Thinking; This procedure involves developing a strategic plan with quality as a
fundamental element [12]. Integrated System; Establish a work attitude that prioritizes quality above all else, and
uses diagrams, graphs, and other visual aids to explain to staff how their duties contribute to the organization’s larger
goals [13].

Decision-Management; Make informed judgments by consulting reliable historical data and safeguarding prior
decisions. Modify past decisions based on data analysis, ensuring the dependability and quality of the data by
thoroughly examining and verifying it. Provide relevant information to investors and utilize effective tools to gather
and analyze data [14]. Communications management; This process involves actions such as commitment,
willingness to change organizational culture, adequate planning, connecting individuals and departments with a
compatible organizational structure, effective measurement techniques, and acknowledgement, attention to internal
and external clients, teamwork, and empowerment [15]. Continuous Improvement; Implement measures to set
quantifiable objectives for individuals, teams, and departments to improve processes and systems. Encourage
innovation to enhance development and processes, and motivate staff members to take advantage of available
training opportunities [12].

2.2 Life Cycle Cost Analysis LCCA

LCCA can be defined as a system that objectively measures and manages the lifetime costs of any project or asset.
It allows for comparing design variants over their entire lifespan in construction, which lowers total costs and
enhances depreciation management [16].

In project management, it is essential to distinguish between various types of costs. Investment costs encompass
the financial outlay required to evaluate a project's profitability, including expenses associated with implementing the
project's financial plan and aligning it with market demands relative to the product's value. Additionally, opportunity
costs, which represent the foregone profits from utilizing funds for the project instead of alternative purposes such as
servicing bank loan interest, may also be factored into investment-related expenses [17].

Construction costs: are the most economically significant category, constituting over 50% of the total project
expenditure. They encompass expenditures on materials, labor, and machinery essential for project initiation or
completion. Additionally, construction costs cover management fees, the contractor's profit, and any additional
modifications that may arise during the construction process [18].

Operational Costs; These are costs incurred after construction. Examples include energy costs, salaries,
maintenance expenses, and replacement expenses. Additionally, operational costs encompass expenses throughout
the project's lifecycle, relating to the building's performance and utilization efficiency [19]. Maintenance Costs; refer
to both annual and one-time expenses associated with building upkeep, including planned refurbishment or ongoing
replacements [20]. Depreciation Costs; These refer to expenses incurred when replacing any component of the
project, often related to activities such as painting, equipment replacement, and minor maintenance. Replacements
may occur multiple times during the project [21].
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2.3 Value Engineering Business Approach VEBA

Value Engineering (VE) can be defined as a systematic approach to optimize the cost and function of a project or
product, aiming to increase its overall value. VE assists in achieving improved performance, faster delivery, cost
reduction, and enhanced quality [22]. VE passes through five phases, beginning with the Informative Phase, during
which the group evaluates and specifies the project's existing situation. Additionally, active verbs and measurable
nouns are used to describe the functions of the project. The process involves assessing and studying these
functionalities to determine which ones need to be changed, eliminated, or invented to meet the project's goals [23].
The speculative (Creative) Phase is where the team explores additional methods to carry out the function(s) of the
project using creative techniques. It also generates alternative options that fulfil project requirements [24].

The Analytical (Evaluation) Phase involves the team employing a systematic evaluation process to identify ideas that
could be valuable additions to the project's functions. This phase also considers performance standards and resource
restrictions [25]. The Development Phase, involves the group creating alternatives to the chosen ideas, allowing
decision-makers to determine whether to proceed with their execution [26]. Final Report (Presentation) Phase; The
team leader develops a report and/or presentation that describes and conveys the applicability of the team's
alternative(s) and the associated opportunity for value growth [27].

3 MATERIALS AND METHODS

In the quantitative segment of this descriptive-based research, employing the inductive method, the study
investigates cases related to Total Quality Management (TQM), Life Cycle Costing (LCC), and Value Engineering
(VE) from a business standpoint. In the qualitative segment, insights from the literature review are combined with the
Relative Importance Index (RIl) technique and Life Cycle Cost Analysis (LCCA) equations. This approach culminates
in the formulation of a Value Engineering equation within a business framework to evaluate project value.

3.1 Calculating the TQM evaluation model

To assess the importance of each principle, 300 quality management experts from local and international construction
firms operating in Egypt participated, drawing on their professional experience to identify effective indicators, as
shown in Table 1. This approach enabled the identification of the most critical Total Quality Management (TQM)
concepts for Egypt's construction sector. These findings provide an empirical foundation for prioritizing concepts to
enhance quality management in Egyptian construction firms.

Table 1. TQM extracted items

Principle Main Enhancing Category Indicator Reference
Al Defining Project Program [28]
A2 Defining Project Goals [9]
A- Process Defining the Project scope | A3 Defining the scope of work [29]
thinking A4 Defining Quality SWOT [30]
A5 Defining Quality Goals [9]
Check work criteria A6 Project Match Company Size [31]
Establishment of Bl managerial background [32]
organizational staff to B2 staff qualifications [32]
B- People achieve the specified
management quality goals B3 staff training and development [33]
_ B4 Needs new hiring and outsourcing [28]
outsourcing S
B5 outsource qualifications vs need [31]
C1 check customer need [34]
Cc2 check if the criteria of the end product [35]
Customer focus - -

C3 Manage customer relationships [34]
C4 balance for satisfying customers and [26]

C- Customer . .
management C5 Check with the Expert Consultation [27]
Check C6 Check with the Permanent Expert [27]
C7 Periodically [27]
, i C8 Direct client satisfaction [24]

Measure satisfaction : -

C9 End-user satisfaction [23]
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Principle Main Enhancing Category Indicator Reference
D1 References use [21]
References
DS _ D2 References update [21]
- Strategic
thinking Establishment of b3 Owner [27]
performance measures D4 Consultant [27]
for: D5 Contractor [27]
Participants of all project El all parties are participating in the [18]
team members in the E2 | Value Engineering team participation [28]
quality improvement
E- Integrated process E3 Risk Management team participation [29]
system
clarify the methodologies E4 Promote a work culture focused on [23]
and policies E5 illustrating the function flow chart [19]
F1 market survey [19]
data collection and F2 similar projects Analysis [18]
analysis F3 Analyze collected data [20]
F. Decisions -
management F4 Data availability to stakeholders [27]
F5 Decisions based on the facts [30]
Decision making F6 | Decisions based on a specialized team [30]
F7 Make decisions based on voting [30]
Communicate with Gl Official agreed channel [30]
customers (external G2 Documented channel [31]
communication) G3 Nominated contact persons [33]
G4 Using emails (external or internal) [31]
G. Effective Inhouse communication G5 WhatsApp in internal communication [31]
communications (internal communication) G6 Document the communication [31]
G7 A responsible person from each team [31]
G8 Document control [35]
Data Control G9 Project documents [29]
G10 Project documents cycle [28]
H1 Using innovative systems [22]
Generate a dramatic H2 Using innovative technology [26]
technology and economic — : :
. development H3 Policies that establish project [28]
H. Continual Ha E . | i ficinat 08
improvement ncouraging employees to participate [28]
H5 Owner [30]
Feedbackf:)on n;che results H6 Consultants [34]
H7 Constructors [18]

The following steps were taken to calculate the relative weights using the Relative Importance Index (RII) method:

Survey respondents were asked to rate the importance of each Total Quality Management (TQM) principle on a 5-
point Likert scale, ranging from 1 (not important) to 5 (extremely important). This allowed for the assessment of the
perceived importance of each principle within the context of the study [36].

The RIl was calculated for each principle using the formula (1):

rw
A XN

RII =

@)

Where:
— W =weighting given to each principle by the respondents (ranging from 1 to 5)
— A = highest weight (5 in this case)
— N = total number of respondents
RII values range from 0 to 1, with higher values indicating greater importance.
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The relative weight (RW) of each principle was computed by dividing its RIl value by the total of all RIl values (2)
[37]:

_RIL;
RW = S RII

)

Where:

RW = relative weight of the ith principle
= RlIl value of the ith principle

2 RIl = sum of all RIl values

The calculated RWs represent the relative weights of the TQM principles based on their perceived importance in the
survey. These weights sum to 1 and allow the principles to be ranked by significance. The RIl method provided a
straightforward technique for quantifying the relative importance of the identified TQM principles from the expert
survey. The resulting weights can inform quality management strategies and initiatives for the construction sector in
Egypt as shown in Table 2.

Table 2. RIlI Analysis Relative weights results
Indicator RwW Indicator RW

Al Defining Project Program 0.018 E3 Risk Management team participation 0.019

A2 Defining Project Goals 0018 | E4 | FPromoteaworkculturefocusedon | g
quality with ratio

illustrating the function flow chart and

A3 Defining the scope of work 0.018 E5 visual aids 0.018
A4 Defining Quality SWOT 0.016 F1 market survey 0.017
A5 Defining Quality Goals 0.017 F2 similar projects 0.017
A6 PMCS 0.018 F3 analyze collected data 0.018
B1 managerial background 0.018 F4 data availability to stakeholders 0.019
B2 staff qualifications 0.018 F5 decisions based on the facts 0.019
B3 staff training and development 0.018 F6 decisions based on a specialized team | 0.018
B4 | Needs new hiring and outsourcing 0.017 F7 make decisions based on voting 0.017
B5 outsource qualifications vs need 0.018 G1 Official agreed channel 0.019
C1 check customer need 0.019 G2 Documented channel 0.019

c2 check if the criteria of the end 0.019 G3 Nominated contact persons 0.019
product match the customer or not

C3 Manage customer relationships 0.018 G4 using emails (external or internal) 0.019

balance for satisfying customers

c4 and other involved parties

0.019 G5 WhatsApp in internal communication 0.019

Check with the Expert Consultation

C5 0.018 G6 Document the communication 0.019
Team
C6 Permanent E‘i'(gzrr; Consultation 0.019 G7 A responsible person from each team 0.019
C7 Monthly Check 0.018 G8 Document control 0.018
C8 Direct client satisfaction 0.019 G9 Project documents 0.018
C9 End-user satisfaction 0.018 G10 Project documents cycle 0.018
D1 References use 0.019 H1 Using innovative systems 0.018
D2 References update 0.018 H2 Using innovative technology 0.018
D3 Owner 0.017 H3 Policies that establish project 0.019
D4 Consultant 0.017 Ha Encouraging employees to participate 0.018

in available training

685


http://www.engineeringscience.rs/

Journal of Applied Engineering Science —]mé Ramy Elmessiery et al. - Optimizing construction

Vol. 22, No. 3, 2024 project lifespan value using total quality
management principles

www.engineeringscience.rs publishing
Indicator RW Indicator RW
D5 Contractor 0.018 H5 Owner 0.018
gy | @l parties are participating inthe | 515 | g Consultants 0.018
project with their weights
E2 VE team participants 0.017 H7 Constructors 0.018

Cronbach's alpha analysis was conducted to validate the reliability of the RIl method results. Cronbach's alpha
measures the internal consistency and reliability of a measurement instrument with multiple items or principles. It
ensures that the principles are closely related and measure the same underlying construct, which in this case is TQM
effectiveness. The Cronbach's alpha value was calculated using the survey response data and RIl weights for the
TQM principles indicators. The resulting alpha coefficient was 0.89, indicating a high level of internal reliability. A
value of 0.70 or higher is generally considered acceptable [38].

This high Cronbach's alpha confirms that the identified TQM principles are considered important. It statistically
validates the capability of the RIl method and survey to reliably distinguish the critical TQM principles for the Egyptian
construction industry. The principles of higher Rll-based weights consistently contributed more to the overall scale
reliability.

3.2 Life Cycle Cost Analysis LCCA formulas

To estimate future expenses based on the present value (PV) of the same processes, the following cost formulas
were utilized (3), (4), (5), (6) [39]:

To conclude the future costs are equal to:

costy
¢+ o= 5 ©
While is the estimated cost of a good or a service, that has a cost of in the present time and an inflation rate that
is equal to to n period.

cost, = (f +1)" X cost, 4)

Future value Fv, of a sum Pv, invested to the n periods, compounded at interests.
Fv= Pv[l+i"] (5)
Where An annuity value, a payment per period, compounded at interests, n number of years:

_ (1+i)*-1

A= ax*|[1 i*(1+i)”]

(6)
By considering a compound banking interest rate as an investment alternative; the present value can be calculated
by the following formula (7): While is Present Value, is Future Value, interests, and n periods.

Fv

Pv = (1+—L)n (7)

3.3 Value Engineering Business Approach VEBA
The relationship between function and cost determines the very traditional formula (8) for measuring value:

Value = 2on (8) [40]
Cost
When evaluating an option, it's critical to consider how it will function in the future, how it will adjust to shifting
customer demands, and how much money it will cost in the future. To account for the differences between typical
products and buildings as products, the concept of life cycle value should be introduced to the value index calculation.
Therefore, for calculating the lifespan value of the project according to the Total Quality Management approach, we
can use the following formula (9):

Performance (9)

Value Engineering Business Approach (VEBA) = 117 Cycle Cost (LCC)

_ TQM Evaluation (Business Approach)
B Life Cycle Cost (LCC)

4 RESULTS AND DISCUSSION

To streamline the auditing process for each category, a TQM model was created using Excel software. This model
incorporates both primary and secondary TQM elements and features a dropdown menu instead of the traditional
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FAST diagram. Each item within the sub-lists is rated on a scale of 1 to 10 based on its influence on the quality
process. Green flags indicate items that passed with minimal or no adjustments required, while red flags indicate
items that have significantly impeded the process and necessitated immediate revision.

4.1 Quantitative study results

The simplification of the review process and project cost calculation can be achieved through the implementation of
an Excel model. This model utilizes LCCA equations (3), (4), (5), (6), and (7). The resulting output from the model
will serve as the updated cost value and will be utilized as the denominator in the value calculation. The new formula
involves taking the TQM output as the numerator and dividing it by the LCCA execution cost as the denominator.
This approach ensures a standardized measure for comparison, facilitating optimal decision-making processes as
shown in formula (10):

TQM output (Bussinees Approach)

Va (VEBA) = (10)

new lcca/
Executed cost
4.2 Results tracing

To verify the validity of the VEBA formula, a case study was conducted on a water treatment plant (WTP) project with
a capacity of 8600 m?*day, located in Bani-Sweif, Egypt. The contractor scope included turn-key services, including
design work. The project's work order was issued in April 2022, with the project commencing in May 2022 and
scheduled for completion in April 2023, inclusive of imported equipment. The contractual cost was 60,000,000 EGP
(equivalent to 2,000,000 USD). According to the TQM Model's analysis of the project case, it was determined that
the project should not be awarded to the hired contractor. The analysis revealed that the contractor scored 33.93%,
accumulating a total of 187 points out of 550. This score fell short of the minimum safe target score of 70%, as shown
in Table 3 (1st Run).

Table 3. TQM model runs before and after correction actions

Before (15t run) After (279 run)
TQM principles Items given ‘ F ‘ R.W Grade given F R.W Grade
Al 4 -\ 0.18 0.72 7 0.18 1.27
A2 10 \ \ 0.18 1.83 10 0.18 1.83
o A3 10 \ \ 0.18 1.81 10 0.18 1.81
A. Process thinking
A4 0 -\ 0.16 0.00 7 0.16 1.14
A5 1 -\ 0.17 0.17 7 0.17 1.18
A6 4 -\ 0.18 0.71 8 0.18 1.42
B1 4 -\ 0.18 0.73 8 0.18 1.45
5 4 -\ 0.18 0.73 8 0.18 1.46
4 -\ 0.18 0.73 8 0.18 1.46
B. People management
B3 4 -\ 0.17 0.70 7 0.17 1.22
B4 1 -\ 0.18 0.18 8 0.18 1.43
B5 8 \ \ 0.19 1.48 8 0.19 1.48
c1 7 \ \ 0.19 1.31 7 0.19 1.31
(o7 2 -\ 0.18 0.37 8 0.18 1.48
c3 0 0.19 0.00 10 0.19 1.88
c4 2 0.18 0.36 8 0.18 1.45
e c5 10 0.19 1.88 10 0.19 1.88
C6 10 0.18 1.81 10 0.18 1.81
c7 6 0.19 1.12 8 0.19 1.49
c8 1 0.18 0.18 8 0.18 1.43
c9 4 0.19 0.76 8 0.19 1.53
D1 3 -\ 0.18 0.54 10 0.18 1.81
D2 0 0.17 0.00 6 0.17 1.03
D. Strategic thinking D3 10 0.17 1.68 10 0.17 1.68
D4 8 0.18 1.47 8 0.18 1.47
D5 2 0.18 0.36 8 0.18 1.44
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Before (1st run) After (2" run)

TQM principles Items given R.W Grade given F R.W Grade
E1l 0.17 0.69 8 0.17 1.38
E2 1 0.19 0.19 8 0.19 1.49
E. Integrated system E3 0 0.19 0.00 8 0.19 151
E4 0 0.19 0.00 8 0.19 1.51
E5 0 0.18 0.00 8 0.18 1.47
F1 2 0.17 0.34 10 0.17 1.71
F2 2 0.17 0.34 8 0.17 1.37
F3 10 0.18 1.79 10 0.18 1.79
rﬁaﬁgg'esr'ﬁenﬁt F4 2 0.19 0.38 8 0.19 1.52
F5 0 0.19 0.00 10 0.19 1.92
F6 2 0.18 0.35 8 0.18 1.40
F7 0 0.17 0.00 6 0.17 1.03
Gl 0 0.19 0.00 10 0.19 1.92
G2 5 0.19 0.96 10 0.19 1.92
G3 0 0.19 0.00 8 0.19 1.53
G4 5 0.19 0.94 10 0.19 1.87
G. Effective G5 0 0.19 0.00 8 0.19 1.50
communications G6 5 0.19 0.94 10 0.19 1.87
G7 0 0.19 0.00 10 0.19 1.87
G8 0 0.18 0.00 10 0.18 1.85
G9 5 0.18 0.89 10 0.18 1.78
G10 5 0.18 0.91 10 0.18 1.82
H1 0 0.18 0.00 8 0.18 1.47
H2 0 0.18 0.00 6 0.18 1.10
H3 0 0.19 0.00 8 0.19 1.50
I'%p?é’\?e“rggﬁ't H4 0 0.18 0.00 8 0.18 1.42
H5 8 0.18 1.44 8 0.18 1.44
H6 8 0.18 1.42 8 0.18 1.42
H7 4 0.18 0.73 8 0.18 1.46

Fail 187 33.93% 465 84.68%
pass total TRW Ratio total TRW Ratio

The VEBA formula will be used to determine the project value, taking into account that the LCC is the same as the
execution cost, dividing the result by one:

TQM output 33.93
Va =

= - 0
Va = ewiceay —=33.93%
Executed cost
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Corrective actions oAEEIELIELIEIELE

n
i People Customer Strategic I
£ Thinking Management Management Thinking i -
i -Develop staff CBirea 0 -
I  -Project Goals; qualifications specialized PR -R&D team i y
| Conduct with cost 52 000 i P : instruct the .
: ! eam, project I -
workshops with EGP team to use = =
1 |
llintot 2 share of the PR e | ©:
1| 2P elee -Hire a team for team salaries is iy Y= .
i part;es to define quality goals with 10% 6,000 tahrtlc!es, 4 : .
goals. cost 36,000 EGP. esis, an E
: Host fo||o;v- e . EGP. -Inform the b | . :
i mee““gsh HEe -Hire R&Dteam  stockholders e I :
i ﬁﬂtx.;:s R for the integrated  with client : eer:nies fi :
§  -DoSWOT systems, with satisfaction vy fi
i analysis cost 40500 EGP. periodically. quiarier 1 i 8)
LB -Hire a VE team -Quality team . £
-Define and ! -Follow the i o
| i quality with cost 31,000 chiacls evary new updates. |l ©
i goals from EGP. Sl -Doing =
I workshops -Outsource all Liedies responsibilitie =
j ; follow-up plan. : il =
I | -No extra cost technical ek the b s according i X
I hadbeen drawings with melee . f;" to the new i
| acquired cost 1,560,000 San il strategy. 2
i
! Inte i
: Continual Improvement RS R i
| Jemombeve e rogomtioron |,
i wit% g gle)::ost participation for each discipline for I %
i vsi K/l value client communication. I g
analysis. Moreover, use Engineering team Expadiethe 1
I innovative Risk and Risk communication cycle |
: tma;:agement management by using e-mails . fi
| techniques. team then follow i i
| -Force the outsourcing their decisions. e WhatsApp [ A4
- : messages with i
consultation teams to | -Integration :
1 ! 9 clients o
1 use Building Information workshops -Pa rtia.l SeaE : =)
Modeling BIM as between VE, RM, g [0
: innovative technology. TQM, outsourcing y\lh?;sA;l)p imsmally i >
l -Force all parties to and other in- ROl QIOLES: ] o
I follow the integration ~ house parties =60 oAl picr i (0]
I workshop output and - every 15 days. Eommunicaion i B
= documents and the O
I usethose results as Document and : o
K illustrate all review cycle before I O]
I policies. e the project starts i O
| -Conserve and keep the workshops in Poler ;
v il visual products -Update logs every i
[ level of responsibilities
| forall project parties. | 2nd e e I

(all costs were calculated on project duration 6 months)

Fig. 2. Framework and correction actions

To evolve the business from the TQM aspect with cost considerations, corrective actions were extracted from the
TQM model results shown in Table 3 (1st Run). Accordingly, corrective actions were taken as illustrated in Figure 2.
Following these actions, a second evaluation was processed, as shown in Table 3 (2nd Run). A re-evaluation was
conducted, revealing that the organization's score improved significantly. The score increased from 187 points
(33.93%) to 465 points (84.68%), as shown in Table 3. This improvement is also illustrated in comparison with the
first run in Figure 3.
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Fig. 3. The difference in TQM items before and after corrective actions

After applying the LCCA model to the examined items, the original tender's construction cost of 25,440,505 EGP was

reduced by 12.
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8% to 17,729,050 EGP, as shown in Figure 4.
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Fig. 4. Project Cost Before and after LCCA

After implementing the integrated value approach (VEBA) with its corrective and preventive actions, the quality
discipline results improved to 84.68%. This approach reduced the project cost by 5,985,955 EGP. After accounting
for the additive cost of 1,725,500 EGP from TQM corrective actions, the total project cost was reduced to
54,014,045 EGP. The following formula will be used to determine the project's value:

Va = Va =

TQM output 84.68

54,014,045 = 94.06%
/60,000,000

new lcca
/ Executed cost

The project value improved significantly, increasing from 33.93% to 94.06%, which represents a 60.14%
enhancement in quality without affecting the project timeline.
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5 CONCLUSIONS

The study aimed to integrate Total Quality Management (TQM) principles into construction project evaluation. Based
on eight key principles, TQM involves measurable activities prioritized by their anticipated impact. These principles
were translated into quantifiable metrics that can be assessed by various organizational components. Life Cycle Cost
Analysis (LCCA) was used to assess facility ownership costs, comparing project alternatives to achieve optimal
savings while meeting performance standards.

A new value-evaluating approach formula combining TQM and LCCA was proposed to evaluate project value,
demonstrating significant potential for construction cost reduction and increased project value. According to the case
study, this integrated approach offers a comprehensive methodology for tracking, projecting, and evaluating project
components, resulting in a substantial value increase of approximately 60%.

6 REFERENCES

[1] Elbanna, S., & Salem, S. (2023). "The impact of total quality management practices on organizational
performance: A case study in the manufacturing sector.” Total Quality Management & Business Excellence,
34(5), 623-637. https://doi.org/10.1080/14783363.2022.2069932

[2] Khalil, T. M., El-Hadidy, M. A., & Alabd, R. (2021). Analysis of factors affecting construction delays in Egypt.
Civil Engineering Journal, 7(7), 73-88. https://doi.org/10.28991/cej-2021-03091529.

[3] Brochner, J. (2021). Construction project management fiction: Individual values. International Journal of
Project Management, 39(8), 731-740. https://doi.org/10.1016/j.ijproman.2021.07.001

[4] Nguyen, H. T., & Tran, V. T. (2023). "Strategic compensation management and its impact on organizational
performance: Evidence from the manufacturing sector." Journal of Management & Organization, 29(2), 256-
272. https://doi.org/10.1017/jmo0.2022.32

[5] Youssef, M., AlDeep, S. M. H., & Olwan, M. M. (2023). Value engineering: Case study of Libyan educational
buildings. Alexandria Engineering Journal, 76, 735-746. https://doi.org/10.1016/j.ae].2023.01.004

[6] Sogaxa, A., Simpeh, E., & Fapohunda, J. (2020). Effective quality management strategies for enhancing the
success rate of indigenous construction SMEs in construction project delivery. In IOP Conference Series:
Earth and Environmental Science (Vol. 581, pp. 1-12). IOP Publishing. https://doi.org/10.1088/1755-
1315/581/1/012074

[7] El-Far, M., Sabry, R., & Kotb, M. (2023). Evaluating the effect of accelerated construction method on project
life cycle cost. Infrastructure Asset Management, 10(3), 1-19. https://doi.org/10.1680/jinam.23.00008

[8] Ali, K., & Johl, S. K. (2022). Critical success factors of total quality management practices using Pareto
analysis. International Journal of Productivity and Quality Management, 14(2), 353-381.
https://doi.org/10.1504/IJPQM.2022.122382

[9] Patil, S. K., & Reddy, V. (2023). Optimizing construction project timelines using machine learning algorithms.
Journal of Construction Engineering and Management, 149(2), 04023008.
https://doi.org/10.1061/(ASCE)C0.1943-7862.0002315

[10] Bouranta, N., & Fisscher, O. (2024). "Total quality management and its impact on organizational
effectiveness: A meta-analysis." Total Quality Management & Business Excellence, 35(1), 68-85.
https://doi.org/10.1080/14783363.2023.2233345

[11]Coun, M. J. H., Peters, P., Blomme, R. J., & Schaveling, J. (2022). To empower or not to empower, that’s the
question: Using an empowerment process approach to explain employees’ workplace proactivity. The
International Journal of Human Resource Management, 33(19), 3881-3907.
https://doi.org/10.1080/09585192.2022.2071368

[12]Liao, S. H., Hu, D. C., & Shih, Y. S. (2021). Supply chain collaboration and innovation capability: The
moderated mediating role of quality management. Total Quality Management & Business Excellence, 32(3-4),
298-316. https://doi.org/10.1080/14783363.2020.1831585

[13] Rahimian, F. P., Seyedzadeh, S., Oliver, S., Rodriguez, S., & Dawood, N. (2020). On-demand monitoring of
construction projects through a game-like hybrid application of BIM and machine learning. Automation in
Construction, 110, 103012. https://doi.org/10.1016/j.autcon.2020.103012

[14] Rajaratnam, D., Jayawickrama, T. S., & Perera, B. (2021). Use of total quality management to enhance the
quality of design and build projects. Intelligent Buildings International, 13(1), 1-17.
https://doi.org/10.1080/17508975.2020.1815914

[15] Souza, F. F. D., Corsi, A., Pagani, R. N., Balbinotti, G., & Kovaleski, J. L. (2022). Total quality management
4.0: Adapting quality management to Industry 4.0. The TQM Journal, 34(4), 749-769.
https://doi.org/10.1108/TQM-06-2021-0188

[16] Wang, X., Yang, J., Zhang, C., & Li, Y. (2024). "Application of value engineering in construction project
management: A comprehensive review." Journal of Construction Engineering and Management, 150(3),
04024022. https://doi.org/10.1061/(ASCE)C0.1943-7862.0002537

691


http://www.engineeringscience.rs/

Journal of Applied Engineering Science 3 R ' Ramy Elmessiery et al. - Optimizing construction
Vol. 22, No. 3, 2024 - 1 project lifespan value using total quality

www.engineeringscience.rs publishing management principles

[17]Kulkarni, S., & Ranadive, M. (2022). Comparative study between proposed rigid pavement and flexible
perpetual pavement for western alignment of Pune Ring Road. In Recent Advancements in Civil Engineering.
Journal of Urban Planning and Development, 148(3), 741-752. https://doi.org/10.1061/(ASCE)UP.1943-
5444.0000786

[18] Ginigaddara, B., Perera, S., Feng, Y., Rahnamayiezekavat, P., & Thomson, R. (2023). Development of offsite
construction skill profile prediction models using mixed-effect regression analysis. Construction Management
and Economics, 41(4), 1-20. https://doi.org/10.1080/01446193.2023.2216989

[19] Zhou, X., Zhang, Y., Li, H., & Zhang, X. (2024). "A framework for life cycle cost analysis in building
maintenance: A case study of green buildings." Journal of Cleaner Production, 396, 136390.
https://doi.org/10.1016/j.jclepro.2023.136390

[20] Khalilian, M., Shakib, H., & Basim, M. C. (2022). Proposed time-dependent approach to seismic loss
evaluation through the life cycle of a structure. In Structures, 36, 280-290. Elsevier.
https://doi.org/10.1016/j.istruc.2022.03.013

[21] Singh, V., Sharma, R., & Gupta, P. (2023). Integrating Al and 10T for enhanced project management in
construction. Journal of Construction Engineering and Management, 149(4), 04023022.
https://doi.org/10.1061/(ASCE)C0.1943-7862.0002322

[22] Choi, Y., & Park, Y. (2023). "Enhancing organizational efficiency through total quality management: A review
of recent advances and future directions." Total Quality Management & Business Excellence, 34(3), 123-145.
https://doi.org/10.1080/14783363.2023.2152431

[23]Varma, S. (2022). Implementing Atma Nirbhar Bharat: A project management approach. In Transitioning from
Globalized to Localized and Self-Reliant Economies (pp. 190-207). IGI Global.

[24]Khan, M. A., Zubair, M., & Ali, A. (2023). Enhancing project delivery through digital twin technology: A case
study in construction management. Automation in Construction, 153, 104286.
https://doi.org/10.1016/j.autcon.2023.104286

[25] Xiong, W., Huang, H., Li, L., Gan, L., Zhu, L., & Liu, Z. (2022). Energy consumption evaluation in stamping
workshops via a discrete event simulation-based approach. International Journal of Precision Engineering
and Manufacturing-Green Technology, 1(1), 1-20. https://doi.org/10.1007/s40684-022-00110-2

[26] Daneshdoost, F., Hajiaghaei-Keshteli, M., Sahin, R., & Niroomand, S. (2022). Tabu search based hybrid
meta-heuristic approaches for schedule-based production cost minimization problem for the case of cable
manufacturing systems. Informatica, 33(1), 1-24. https://doi.org/10.15388/informatica.2022.35.

[27]Lee, J., Kim, D., & Park, C. (2023). Predicting construction project delays using deep learning techniques:
Evidence from a large-scale dataset in the UAE. Journal of Management in Engineering, 39(1), 04022055.
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000965.

[28] Sanchez-Franco, M. J., Calvo-Mora, A., & Periafiez-Cristobal, R. (2023). Clustering abstracts from the
literature on quality management (1980—-2020). Total Quality Management & Business Excellence, 34(7-8),
959-989.

[29] Mahajan, P. S., Raut, R. D., Kumar, P. R., & Singh, V. (2023). Inventory management and TQM practices for
better firm performance: A systematic and bibliometric review. The TQM Journal.

[30]Jiang, X., Li, Q., & Liu, M. (2024). Critical success factors in managing construction projects: An integrated
framework and empirical analysis. Journal of Construction Engineering and Management, 150(3), 04024015.
https://doi.org/10.1061/(ASCE)C0.1943-7862.0002427.

[31]Wang, T., Chan, A. P. C., He, Q., & Xu, J. (2022). Identifying the gaps in construction megaproject
management research: A bibliographic analysis. International Journal of Construction Management, 22(9),
1585-1596. https://doi.org/10.1080/15623599.2022.2079082

[32] Yesica, G. J., Ichsan, M., Kertapati, M. S., Aditya, B., & Pradana, A. (2023). Project management office
manager's competencies: Systematic literature review. International Journal of Project Organisation and
Management, 15(2), 253-278.

[33]Jin, R., Zhou, W., Liu, X., & Zhang, Y. (2023). Enhancing construction project efficiency through Al-driven
decision support systems. Journal of Construction Engineering and Management, 149(5), 04023030.
https://doi.org/10.1061/(ASCE)C0.1943-7862.0002330

[34] Vera, A., & Zapata, C. M. (2022). Best practices of business process improvement: Towards a representation
on top of the Quintessence kernel. Business Process Management Journal, 28(3), 876-903.
https://doi.org/10.1108/BPMJ-04-2021-0204

[35]Lin, X., Ho, C. M., & Shen, G. Q. (2018). For the balance of stakeholders’ power and responsibility: A
collaborative framework for implementing social responsibility issues in construction projects. Management
Decision, 56(3), 550-569. https://doi.org/10.1108/MD-07-2017-0727

[36] Singh, V., Sharma, P., & Gupta, S. (2023). Improving construction productivity in infrastructure projects
through digital tools and lean techniques. Journal of Construction Engineering and Management, 149(3),
04023015. https://doi.org/10.1061/(ASCE)C0.1943-7862.0002535

692


http://www.engineeringscience.rs/

Journal of Applied Engineering Science

Vol. 22, No. 3, 2024
www.engineeringscience.rs publishing

Ramy Elmessiery et al. - Optimizing construction
project lifespan value using total quality
management principles

[37]Li, Y., Zhang, J., & Wang, Y. (2023). Advancements in sustainable construction: Integrating eco-friendly
materials and methods. Journal of Cleaner Production, 395, 136393.
https://doi.org/10.1016/].jclepro.2023.136393

[38] Narayanasamy, K., & Basu, S. (2022). Balancing sustainability with quality in construction projects: A case
study of small and medium-sized contractors. Construction Management and Economics, 40(5), 391-410.
https://doi.org/10.1080/01446193.2022.2110530

[39] Ndihokubwayo, R., & Haupt, T. (2022). Total quality management systems in construction: A roadmap for
small and medium-sized contractors. Construction Management and Economics, 40(4), 329-346.
https://doi.org/10.1080/01446193.2022.2058947

[40]Gomes, C. F., & Ribeiro, P. A. (2023). TQM and lean production implementation in SMEs: A systematic
review and future research agenda. The TQM Journal, 35(3), 561-579. https://doi.org/10.1108/TQM-08-2022-
0186

Paper submitted: 22.04.2024.

Paper accepted: 30.07.2024.
This is an open access article distributed under the CC BY 4.0 terms and conditions

693


http://www.engineeringscience.rs/

