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Abstract

The quality of the design is essential to the success of any project because it serves as the
foundation for the subsequent phases. It is vital for decreasing time delays, controlling the cost of
activities and processes, and ensuring that environmental and safety criteria are met throughout the
project life cycle.

By developing a compliant practical system for managing design quality and defining the most
critical procedures to improve quality implementation, the research aims to increase design phase
quality while also meeting the managerial needs of AEC (architecture, engineering and construction)
firms. To accomplish that, gaps in the current work system were discovered by determining the extent
to which ISO 9001:2015 managerial process requirements were applied to a sample of projects using a
measurement model designed for this purpose. The percentage of these requirements met ranged from
25.00 % to 70.83 %.

According to it, ten primary procedures as well as 54 required processes, forms, and work
instructions are required. The five most critical procedures for enhancing performance by 80 % were
identified using Pareto analysis.

Keywords: Design quality, Managerial Process Functions, Quality Management, ISO 9001
Requirements, ISO 9001 Procedures.

1 Introduction

Countries constantly strive to expand themselves and move the economic wheel forward by
focusing on improving the fundamental areas that support it, one of which is the construction sector.
To achieve the highest possible performance, construction businesses must consistently enhance their
capability in accordance with the requirements of each phase, as well as the enormous developments
occurring around the globe, whether in the scientific or practical sectors [2, 12, 20]. Previously, the
emphasis was on providing high-quality products made from high-quality materials, but with global
progress and development, beside an increase in the complexity of the construction sector due to the
multiplicity and overlap of its processes, This is no longer sufficient to satisfy clients who believe that
reducing project delays and costs is the key goal [11, 18, 26]. As a result, it became critical for these firms
to focus on achieving quality management standards that had previously been successfully implemented
in manufacturing companies, and this is a source of concern and attention for the public and private
construction sectors because it was not easy to implement in construction firms due to the complexity of
processes and the non-repetitive nature of different projects, resulting in a huge waste of time, money,
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and resources [13, 16, 21]. Especially during the design phase of the project, because there is no clear
definition of requirements at each phase of the design, it is difficult to decide what information will be
delivered to each subsequent design phase and take advantage of the information provided in the previous
phase .It is well known that the design stage is important for ensure that economic and environmental
needs are met and that the project is safe. This is because it sets the phase for what comes next, and
poor design deliverables can lead to major project cost overruns and schedule delays [7, 8, 17, 23]. The
lack of continuous design information quality control systems to reflect design changes that occur during
this phase, which impedes immediate thinking and finding appropriate solutions to existing problems as
well as modifying designers’ plans and taking special measures to achieve the required standard, can be
attributed to the design stage’s weakness [7, 23]. Therefore, it is important to focus on the design phase
with all its processes and components to ensure the accurate and correct flow of information to ensure
good implementation in the following phases, In addition to not charging a high price for this quality, it is
based on the capabilities accessible to firms, which differ between developed and developing countries,
as well as the circumstances and crises that are affecting those countries’ economies.

2 Literature Review

Quality is one of the goals of any project, and it is the means by which the other goals of cost
and time are achieved. Low-quality construction work is a common issue in developing countries and
modification or improvement of quality management systems in construction firms is required for the
successful completion of construction projects [24]. In its broadest sense, quality management is defined
as the management of people and processes in order to achieve complete customer satisfaction at all
stages of work. Therefore,it is necessary to integrate it at the managerial levels in order to improve
construction firms’ organizational performance by connecting the principles of total quality management
with the firm’s appropriate internal organizational culture, which is conductive to the successful
implementation of these principles and achieves the desired goals [6, 22]. But a result of the inflation
in construction projects, which became more complex than before, there was an increase in client
aspirations for higher quality standards for the projects in order to meet all requirements and achieve
their goals in terms of cost and time [4, 17]. This is where the design phase plays a key role, the quality
of the design work has a considerable impact on the quality of the project, whether it is good or terrible,
safe or dangerous, economical or wasteful, advantageous or difficult construction conditions, fast or slow
construction progress, and so on. The use of economical, reasonable investment capital is determined
by the design quality [8]. Accordingly, it is essential to include quality management in all aspects of
the construction project’s design process, both managerially and technically, in order to get the best
possible results [19] have concentrated on quality management demands a strong managerial foundation
because it is dependent on collaboration among the numerous stakeholders participating in the project.
Furthermore, because data complexity is a barrier to increasing construction industry quality, it is vital to
concentrate on simplifying it as much as possible and putting it in a clear sequence that can be used in all
of its details throughout the project lifecycle.

Many studies have been done on the topic of quality management in construction firms in
general, but few have focused on the design phase, even though it is an important part of the project. For
example, modeling and simulation have been utilized to improve the quality of the construction industry
in varity ways [9, 10] focused on the quality of construction materials by implementing experimental
and simulation approaches to improve the quality of concrete used in them, such as mass concrete and
geopolymer concrete, based on mechanical properties and elastic modulus after using additives such as
fly ash and furnace slag. The effect of thermal phenomena on the quality of this concrete is also being
investigated. While [28] developed a BIM and an indoor positioning system, an internal positioning
technique has been implemented to determine the match between the target objects on the site and the

36ipHux Haykosux npausb «JJOPOTU I MOCTU» www.dorogimosti.org.ua
ISSN 2524-0994 (Print), ISSN 2786-488X (Online). Dorogi i mosti, 2023. Issue 27 53


http://

EKOHOMIKA. MEHE/IXKMEHT

corresponding elements in the BIM model. Based on that an information system was created to improve
and facilitate collaboration among relevant stakeholders via the web, and Sun et al. created an expert
model for decision-making based on BIM and computer big data mining [25]. However, the design phase
and the company’s organizational management have been studied as sub-phases of one of the system’s
main three phases, and not all details of the design phase have been dealt with. However, because of the
high cost of these technologies and for experts, as well as the need to train the employees to use them,
these models are suitable for high-potential construction firms, and this is not commensurate with the
capabilities of the vast majority of firms in developing countries.

Regarding the studies that specialized in the issue of design quality and considered it their
main focus, the greatest focus of the researchers was on identifying the factors affecting the quality of
the design process in all its components with varying points of view and evaluation degrees, as Do et
al. revealed that the most important factors are Nature’s unexpected effects, also through the design,
the investor and designer have not fully imagined the content of the design task, the design process is
not detailed and thorough, the skill level of the architects and engineers is not commensurate with the
designed work, directly affecting the quality of the work, and inspection work is frequently overlooked
in the design organization [8]. Whereas O’Conner J et al. concluded that focusing on the seven most
problematic design deliverable categories can greatly improve overall building design quality: roof
details, mechanical controls, exterior wall systems, low-voltage systems, installed specialty equipment,
project phasing, and delegated design [17]. All of these issues are technical in nature, and there is no
connection with the managerial side of the process. As a result, in the following study, O’Conner et al.
worked on creating a tool for proactive design quality assessment for construction projects by adding
questions about these factors to Microsoft Excel to make it easier to use, but it was limited to the seven
categories mentioned in the previous study and not all phases of design [18]. While several authors
agreed that the factors influencing design quality should be researched from the per-spectives of all
project participants (owner, designer, contractor, consultant, etc.), and assessed the relevance of these
aspects based on that by using questionnaires and analyzing the findings with SPSS [3, 4, 5, 11 — 15,
19, 20]. The most important factors were found to be laws and organization , the level of management
commitment to them, and quality management standards. Also, the emphasis was on the significance of
the firm’s organizational culture in the effectiveness of the implementation. One of the most significant
barriers to improving quality in the construction industry, in addition to the interrelationship between
project design, quality data, and follow-up reports, and directing client satisfaction to match the work
completed from the early phases through precise clarity of requirements, is the difficulty of satisfying
the client. This was heavily influenced by a lack of good coordination and communication among the
work team members, particularly the design team, which is in charge of communicating with the owner
team from the start of the projects and producing an appropriate plan to determine its requirements.
This is consistent with Khan et al.’s paper [13] who indicated that the priority for quality management
concerns during the design phase is cost; haste and erroneous judgments are the result of unrealistic
client expectations, in addition to a lack of communication and a failure to follow quality management
policies, So it can be said, the hurdles to effective and correct quality management implementation in
construction firms can be classified into three types: Individual-process-technology.

In the other side, it was discovered by researching the cases of construction firms that used the
quality management system that a large part of them did not focus on the return on investment to achieve
the ISO 9001 certificate. resulting from the requirements of cost, time, and client satisfaction, which are
mostly defined by the ability to address questions that arise during the project’s inception and early stages
[11, 19]. Also, one of the most affectung problem is that quality monitoring and control are performed
primarily after the fact rather than as a preventive and continuous improvement of performance, as
the priority assigned to achieving quality appear to be low in comparison to other project objectives
[1]. For example, one of the least important quality management practices in construction projects is
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ensuring rapid communication of design changes to the project team and other relevant parties during
the construction process, which results in numerous controversies and disputes [27]. Although one of
the most important benefits that the implementation of this system achieves and which is often ignored
by firms is employee satisfaction, which is critical to the development of work internally and is reflected
in the firm’s external success, an increase in the percentage of construction projects inside it, increased
efficiency, and a reduction in the waste of its resources [24].

According to that, there is a significant gap in the reality of implementing quality management
in construction firms in general and the design phase in particular, because identifying the root causes
of the problem is insufficient without working on radical solutions to eliminate the negative outcomes
that are represented in the reality of construction projects. Partially resolving these issues is not enough
because there is a significant impact on the deliverables received at the end of each project. Especially
with regards to management difficulties, where there is still a lack of attention, there must be a balance in
enhancing both managerial and technical aspects due to their interdependence.

As a result, the purpose of this article is to develop a compliant quality management system in
accordance with ISO 9001:2015 with simple and clear processes that is practical, easily integrated, and
realistic. That way all employees in the construction firm can understand it and deal with it in the best
way possible, so that quality is gradually improved during the design phase based on the company’s
available resources, and to ensure the provision of data required for the later phases’ adoption of modern
technology.

3 Research Methodology

Work has been done to improve a realistic system for managing the quality of the design phase
in accordance with ISO 9001:2015 requirements, as well as to identify the most significant quality
management procedures required to ease system implementation. For this reason, a case study from
Syria, represented by the General Company for Engineering Studies, Branch of Coastal Area was chosen.
To fulfill the research goal, the methodology illustrated in Figure 1 was applied, using the following
steps to develop the required system:

1. Evaluate the extent to which the managerial process requirements are applied within the firm’s
Engineering Studies Department: analyze the internal system and organizational structure of the firm’s
branch using a measurement model based on the managerial process requirements, identify current
weaknesses and difficulties, provide solutions, and implement the proposed system.

2. Identify the positive and negative factors that affect the implementation of managerial
process requirements: analyze the results of applying the measurement model, as well as observations
and interviews with a group of project work team leaders and engineers, to find weak management and
technical aspects in the work method and how much may be improved.

3. Determine the procedures required to improve each managerial process function: To improve
quality, propose a set of necessary and required procedures that are compatible with the terms of the
specification ISO 9001:2015 and commensurate with the needs of the firm based on current reality.

4. Develop the following components of the ISO 9001:2015 proposed practical system for
quality management throughout the design phase: Develop a quality manual, a procedures manual,
forms, and work instructions to improve the firm’s work in order to obtain the best results with the least
amount of effort and in accordance with the company’s commitment to a quality policy and continuous
improvement. The improved practical system and quality documents are reviewed by a group of study
engineers in the company to make observations and proposals to improve and develop, and using Pareto
analysis, identify the most important and influencing procedures among the proposed group that have
priority implementation, and, as a result, identify the most important factors that negatively affect the
work of the company branch.
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Figure 1 — The proposed methodology for improving the practical quality management system
within ISO9001:2015

4 Proposal for an ISO9001-compliant quality management system for AEC firms:
a Case Study from Syria

4.1 Evaluate the extent to which the managerial process requirements are applied within the
company’s Engineering Studies Department

The case study’s working reality was evaluated by constructing a measuring model based on
the managerial process criteria, which is grouped into several groups and has reached 16 categories,
some of which are displayed in the Table 1. As indicated in table, the groups were then split based on
their association with the four core managerial process functions (planning — organizing — directing
—controlling) that were associated with the Deming cycle for continuous improvement, as shown in
Table 2.

The proposed model was applied to a sample of projects studied by the company branch between
2018 and 2019, with the implementation rate of each management function determined based on the
average rate of implementation of the required groups. which were calculated based on the requirement
implementation rate obtained by the scale that contains the percentage of implementation from 0 to 100
for each requirement and distributed as follows: (0-25) % — (26-50) % — (51-75) % — (76—100) %.
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Table 1
Example of managerial process requirements that affect the design phase’s quality
Group The managerial process requirements for the design phase’s quality
1. Design 1. Plan the design phases, starting with the idea and proceeding through the initial and
planning detailed designs to the design approval.

2. Determine the period needed to complete the design process.

3. Define the design tasks for each specialization involved in the design process.

4 Coordination between different specializations involved in the design process to
avoid conflicts.

5. Adopting modern methods, international specifications, and standards in the design
process.

According to Table 2, the controlling function achieves the lowest implementation percentage,
while the directing function achieves the highest implementation rate; similarly, control design changes
and adjust its documents achieve the lowest implementation rate, while control design outputs achieve
the highest percentage implementation. As a result, while the company branch offers good projects, there
will be a large loss in the time required to accomplish these projects, which may be significantly reduced
by working to improve the company branch’s management reality.

Table 2

The proportion of applying managerial process requirements to complete the design phase in
accordance with the Deming cycle for continuous improvement

Management .,
. Deming’s . . The average rate
function and average Group of associated requirements
. . phase for each group
implementation rate
Design planning 65.00 %
Planning Adjl.lst design’ i?puts 63.00 %
Plan Design feasibility 63.00 %
The duties of the owner 30.00 %
55.25%
Organizational structure and design 43.75 %
preparation teams
Using computer technologies 37.50 %
Organizing DO Project Manager Factor (Team 50.00 %
Leader)
Organizational analysis as a structure 50.00 %
4531 %
Directing Directing and communication 50.00 %
62.5 % Check Design and development review 75.00 %
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The end of Table 2
Management Deming’s . . The average rate
function and average Group of associated requirements
. . phase for each group
implementation rate
Control design outputs 70.83 %
. Control design changes 25.00 %
Controlling Act : -
¢ Adjust design documents 25.00 %
Check design audits 58.33 %
] o
44.12 % PI‘O‘].eCt c‘ost factors 55.60 %
Project time factors 30.00 %
49.5 % Total average 49.50 %

4.2 Determine the procedures required to improve each managerial process function

Based on what was presented, it has become possible to arrive at a set of procedures that are
required to improve and develop the work system by improving each function of the managerial process
by evaluating 50 factors that have been studied to find 32 sub-procedures, as shown in Table 3, which
shows the existence of repetition and overlap in the set of procedures that were proposed to address the
managerial process’s problems. For example, the organizing function must have a method for human
resource management at a time when the directing function, as with the wages and incentives procedure,
requires the same procedure to improve it, and coordination of management collaboration is a shared
function among the first two. As a result, depending on the situation, each collection of identical and
overlapping sub-procedures was consolidated into a single main operation to make the system more
practical and usable (Cause-Effect Analysis). Figure 2 shows that there are nine major procedures.

Table 3
Suggested sub-procedures to address problems with the managerial process functions

A set of proposed procedures to address weak management factors in one of the managerial process
functions during the design phase ( planning function)

. Completion period. improve planning
function

. Defining design tasks for each specialization.

. Coordination between all the specializations involved in the design process.

. Determining performance requirements (customer and quality)

. Design input review.

. Specifying approved specifications and codes

. Site planning during the design phase

. Detailed design planning

O | X[ Q|| n| | W[N] —

. Determining the needs of the owner

10. Coordination communication between the owner and the study company

11. Determining the obligations and duties of both parties according to the
project need
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Every Sub Procedure can deal with one or more of the
studied factors

y

The set of Studied The Proposed set of The Proposed set of
Factors Sub - Procedures Main Procedures
(30) (32 ®

1+

Every main Procedure includes a set of Sub Procedures and
is capable of dealing with all the factors involved

Figure 2 — Based on the criteria investigated and the sub-procedures, determining the method of
access to the relevant procedures, as well as the number of iterations for each primary procedure

Furthermore, as stated in Table 4, each main procedure is linked to the item or items relevant to
it in the standard ISO 9001:2015, which are (context of the organization, leadership, planning, support,
operation, performance evaluation, and improvement). As a consequence, nine main procedures were
obtained, with one last main procedure added for it, which is management review, to control the job and
ensure the implementation of this proposed group as required, and to acquire the best outcomes to improve
the existing reality. As a result, the proposed major procedures must be used for each project that the
organization is working on in order to maximize benefit and improve present reality.

Table 4
Examples of the main proposed procedures and sub-procedures, as well as their relationship
to ISO9001: 2015 items

The sub-
Main Procedure The Main Management proc.edures The number and title
. causing the .
number Procedure Function . of the standard item
suggestion of the
main procedure
GCES-SM P01 Coordination Planning (1) (5) (10) (11) (4) Context of the
of contracting And (21) organization
projects between Organizing

the owner and the
study company

GCES-SM P02 Determining Planning M@ G)G) 9 (5) Leadership
the owner’s (10) (11)

requirements

GCES-SM P03 Coordination of Organizing 2)3) (14 2D (4) Context of the

management for And directing (24) (25) organization

the work team

GCES-SM P10 management Directing (9) performance

review And controlling evaluation

(10) Improvement
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4.3 Develop the following components of the ISO 9001:2015 proposed compliant practical system
for quality management throughout the design phase

4.3.1 The components of the proposed system

The manual and documents (procedures, forms, and work instructions) based on the foregoing and
adhering to the ISO 9001:2015 standards, which are ten basic sets of criteria, were used to develop the
components of the proposed compliant practical quality management system.

As shown in Figure 3, this system was built beginning with the contracting process between the
company and the project owner, so that the proposed procedures were arranged according to the way
and sequence of procedures necessary to complete the design phase from a management and technical
standpoint to be an integrated system, with each procedure being linked to the items related to it contained
in the standard ISO 9001:2015. as well as assigning each procedure to the phase in the Deming cycle of
continuous improvement (P: Plan, D: Do, C: Check, A: Act).

General Company for Engineering Studies — Coastal Area Branch

Department of the Engineering Studies

.............

} iz I ) 5 o 1 ! g
") — | — —_—
Coritrasting brtwsen the i Leadership = Support ot Context of the Organization ! ! Leadership —
owner and the company > Choosing the team work Coordination between the Determine the owner's
to complete the project which responsible for owner and the study compan |  needs according to
study completing the project works for contracting projects A B
[-P according to GCES-SM P05 P | according to GCES-SM P01 l P-]
1
P s el E Support | |
Planning | ! ; Y i
i 3 H S . "
forthe | Control the Archive and Documents related | Context of the Organization | ! Operation |
system ! to apply the System according to ) i
i C_] GCES-SM P08 Coordination between the Starting to Prepar the
i t | Perf Evaluati ! team work members and study and designs for the
MeVemen EHOHMANGE VA Uation distributin of work and tasks 7| project according to
i i i according to GCES-SM P03
Conducting an 3nterna| audit of the system A g _] GCES-SM Po4
according to GCES-SM P09 D_] D
a B
' - : Operation ! Support
I Improvement | Performance Evaluation :
Establishing - - Documentation of
the quality lmprov.e e s:[sterr1 by l.mplementlrlng e L3 | Carry out quality control of corresponding and
policy and 7 corrective actions identified according to sopisied desinwerk. |4 documents related to the
its l A —— according to GCES-SM PO7 O f
objectives ! T : acoording to GCES-SM P06
i Improvement | Performance Evaluation
A D
Management review and improvement of G
[r— the system performance according to
[:\j GCES-SM P10

Figure 3 — Processes chart for the proposed quality management system of the design phase in
accordance with ISO9001: 2015

Therefore, Ten main procedures with 54 processes were suggested so that the collection
of processes required for each procedure is identified in a way that fits the international standard’s
standards. To cover the factors required in each of the standard’s specifications, 50 forms and seven work
instructions were prepared, as indicated in Table 4.

The system includes a series of technical procedures that must be followed inside the company
branch’s engineering studies department, as well as a set of managerial procedures that support and
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complement the system and can be employed entirely in the company branch. The system is constructed
as follows:_

Plan Phase includes determining the work team that will be responsible for completing the
project work in accordance with the Human Resources Management Procedure (GCES-SM P05), as well
as determining the powers between the project owner and the party studying the project in compliance
with the procedure (GCES-SM PO1). Following that, working to assess the project owner’s demands
in following the procedure (GCES-SM P02), and coordination between members of the project’s study
team, as well as the distribution of works and tasks in line with the procedure (GCES-SM PO03), Do
Phase also includes directing the procedure’s preparation of the study and designs for the project
(GCES-SM P04), then documenting correspondence and documents for the project by the procedure
(GCES-SM P06), then in the Check Phase the set of completed design work is performed according
to what is included in the procedure (GCES-SM P07), then the archives and documents related to the
system’s implementation are performed according to the procedure (GCES-SM P08), and the procedure
is then followed by an internal audit of the system (GCES-SM P09). The final phase, Act begins by
improving the system by implementing the corrective procedures identified through the internal audit
procedure (GCES-SM P09), then reviewing management and enhancing the work process by executing
the procedure (GCES-SM P10).

4.3.2 Evaluate the procedures and their processes

After completing the preparation of all the details and documents for this system, the work
team within the company branch (a group of design and study engineers) performed a review and audit
process, adding notes and adjustments that they deemed appropriate and suitable to the existing work
environment to these documents in order to achieve the requested goal by applying it as widely as
possible. Table 5 shows part of these processes and, to make it easier to handle the proposed procedures
and their process components, each of which has been expressed as a data flow diagram that includes the
basic processes found in each procedure with their forms and work instructions, the method for moving
from one process to the other and storing information and documents resulting from it, to be transferred
at the end to the portfolio of files for each project that the company branch completes.

Table 5
Examples of the processes that comprise each of the proposed main procedures, as determined
by the firm’s work team

Procedure PID The main processes Rl tgam
evaluation
GCES-SM 1.0 | Creating the studying team Well applied
POl 2.0 | Forming the Business Follow-up Committee and the Well applied
Coordination project audit team
of contracting | 3.0 | Set a detailed time plan for the project as desired by the Not applied
projects owner of the project
betweenthe | 4.0 | Forming a list of the names of private and public entities Not applied
owner and that will be dealt with during the preparation of the study
ORIy 5.0 | Determine the program of periodic and interim meetings to | Partially applied
company .
be followed during work
6.0 | Agreeing on the formula for change orders expected to be | Partially applied
used by both sides during the study
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4.3.3 Representing system procedures as data flow charts

One of the examples will be presented in a single data flow diagram that represents one of the
proposed main procedures with the greatest impact, which is the quality assurance procedure to complete the
design process depicted in Figure 4, along with the identification of documents relevant to its application.
Whereas the goal of ensuring the quality of the design process’s completion is to put in place the app-
ropriate way and plan to implement the design process as required and adhere to all the requirements
identified at the start of the project to obtain the optimal design by the project owner’s requirements. It also
includes the meetings and activities required by the project team on a technical and managerial level to
ensure that the design work is detailed, accurate, and of high quality in order to achieve the desired result.
And the person in charge of ensuring that this procedure is followed correctly is the team leader for the
project under consideration (project manager).

The data flow diagram of the quality assurance procedure for completing the design phase, with
branch engineers assessing the procedures, and suggested Archives for applying the procedure (related
documents):

QF 04-01: Sample of a detailed plan for the project works.

QF 04-02: Project Functional Program Template.

QF 04-03: Form for preparing the foundations and standards of design for the first phase.

WI 04-01: The basis of the study to be followed for all specializations participating in the project.

WI 04-02: The components of the first architectural study for the second phase.

WI 04-03: The executive study is to be completed during the third phase.

{ 1.0 @

Studies

The owner
Company

2.0
Create a detailed

tasks analy=is plan Prep of the
for each of the Functional program
Phases wath all for the project
details

QP04 (QY 02)-(QF 03)

62

D4

File of quality

0

:
g
f
E
§
:

=5 >
SE g Setting the mitial
" . = (=)

Preparing the R g5 architectural idea
geotechnical study 8 _§. B g5 for the project and
of the site and its g&i E_ defining the main

report lines of the design

(

5.0

process

o

File of guality assurance compiletion

of the design process Procedure

pi-By

Preparing executive
drawings for the
wvarious specialties
with mathematical

.

The Executive Files

@ N

Submut copies of
the executive files,

Project

file

Figure 4 — The flow chart diagram of the design quality assurance process completion procedure
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4.3.4 System validation

The proposed main procedures were adopted and the importance of their implementation was
confirmed through the review and evaluation process carried out by the firm’s engineers, but adjustments
were made to some of the proposed forms and work instructions consistent with their work way and
adding some details about the various phases of the design process resulting from practical experience in
completing the design projects.

4.3.5. Determine implementation priorities to facilitate the use of the system according to the
available resources

Because the firm previously did not operate in accordance with the quality system, procedures, and
standards, and because the implementation of the quality management system requires the firm to expend
various resources in terms of workers, technology, and training, the possibility of a phased implementation
of the proposed system has been determined. So work has been done to define the most procedures that
have an impact on performance so that the company can initially implement this set of procedures, which
can be determined by relying on Pareto Analysis, whose data are listed in table 6, and is based on the
principle that 20 % of the causes lead to 80 % of the results. As a result, by doing 20 % of the work, we
get 80 % of the total public interest. The frequency of the sub-procedures belonging to each of the most
influential main procedures was used to identify them, as shown in Table 6.

Table 6
Frequency of the proposed main procedures
Frequency of sub-
Procedure The main procedure procedures that Cumulative | Cumulated
number p belong to the main Grade Percentage
procedure
GCES-SM P04 Quality assurance completion 12 12 249,
of the design process
GCES-SM P02 Determmlpg the owner’s 7 19 38 9%
requirements
GCES-SM P07 | Quality control of design work 7 26 52 %
GCES-SM P03 Coordination of management 6 1 64 %
for the work team
GCES-SM P05 Human Resources Manage- 6 38 76 %
ment
Coordination of contracting
GCES-SM P01 | projects between the owner and 5 43 86 %
the study company
GCES-SM P06 Design documentation 4 47 94 %
GCES-SM P08 Archives control 2 49 98 %
GCES-SM P09 Audit Procedure 1 50 100 %

According to the results of the Pareto analysis shown in Figure 5, the following five procedures
are the most important for improving the quality of design phase completion by the company branch:

GCES-SM P04 — Quality assurance completion of the design process.

GCES-SM P02 — Determining the owner’s requirements.
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GCES-SM P07 — Quality control of design work.
GCES-SM P03 — Coordination of management for the work team.
GCES-SM P05 — Human Resource Management.

Pareto Chart of the most influential main procedures
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Figure 5 — The Pareto Chart of the most influential main Procedures

Thus, based on the Pareto principle, we can see that the factors that led to the recommendation
of these five main procedures that are most influential due to the repeated non-implementation of their
requirements are the most factors that impede the progress of the company branch and the development
of its level of performance, and by implementing these procedures, it is possible to resolve and eliminate
its negative impact on performance and raise the quality level within the company branch; a single
procedure can contribute to addressing more than one factor in a set of specific factors, such as the
human resource management procedure, which plays an important role in addressing the factors of a lack
of available human resources that impede its distribution to work in an optimal manner, and weakness in
determining the necessary training needs for the elements of the work team and the adoption of random
training, poor coordination and effective communication with external parties dealt with, as well as poor
internal coordination and effective communication between the elements of one working group.

5 Conclusions

Because of its high impact and role in improving and developing the way of carrying out
engineering design through the use of a set of modern and advanced scientific systems and tools, the
topic presented in this research is regarded as one of the most important topics both locally and globally.
Following the completion of this research, a practical system proposal to improve the quality of the
design phase was developed in accordance with ISO9001: 2015. Which was obtained by first assessing
the current reality of the firm branch that represents the case study and then employing a measurement
model based on the managerial process requirements, and then proposing 32 sub-procedures required
to address the existing weaknesses, and similar ones were merged to obtain the ten main necessary
procedures to facilitate the implementation of the proposed system that will contribute to improving and
developing the work method that the company follows, and it included 54 processes. All documents
required to implement these procedures, including 50 forms and 7 work instructions, have been designed.
And, using Pareto Analysis, the most influential procedures on branch performance were determined,
and the factors that have the greatest impact on performance were identified. These procedures are
represented in 5 main procedures: quality assurance completion of the design process, determining the
owner’s requirements, quality control of design work, coordination of management for the work team,
and human resource management.
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As aresult, the proposed ISO 9001-compliant practical system will be one of the main instruments
for managing AEC firms in general, with a focus on these firms in developing countries. as it represents
a road map for improving performance and applying managerial processes in a systematic manner that
meets internationally accepted standards. It could be the first step in a series of integrated management
systems that must be developed in future studies to improve and develop the next stages of the project
life cycle, particularly with regard to implementation and operation processes to ensure the best possible
investment of available resources and achieve the best possible results.
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MPONO3UIIIA II[O10 CUCTEMM YIIPABJITHHS SIKICTIO, CYMICHOI 3 1SO 9001,
JIJISI APXITEKTYPHUX, IHHKEHEPHUX TA BY AIBEJIBHUX KOMITAHIN:
TEMATHUYHE JTOCJIKEHHS HA ITPUKJIAJII CUPII

Anomauisn

SIKicTh TIPOEKTYBAaHHS Ma€ BAKIWBE 3HAUCHHS ISl YCHIXYy OYAb-SIKOTO TPOEKTY, OCKUIBKU
[le CTAaE OCHOBOIO JJIsi HACTYHMHHUX eTamiB. JXHTTEBO BaKIMBUM € CKOPOYCHHS YACOBUX 3aTPUMOK,
KOHTPOJIIO BapPTOCTI AiSTIBHOCTI Ta MPOLECIB, a TAKOXK 3a0e3MeYeHHs BiANOBIAHOCTI KPUTEPIsIM 3aXHUCTY
HaBKOJIMIIHBOI'O CEPEJOBUILA Ta OE3MEKU IPOTATOM YCbOTO KUTTEBOTO LIUKILY IPOEKTY.

Po3po0isiroun BiJNOBIIHY TPaKTUYHY CHCTEMY JUIsS YIPABIIHHS SIKICTIO TPOEKTYBAHHS Ta
BU3HAYAIOYM HAMOIbII KPUTUYHI MPOLEAYPU JJsl MOKpAILEHHS BIPOBAKEHHS SIKOCTI, JAOCIiIKEHHS
CIpSIMOBAaHE Ha MiABMUILICHHS SKOCTI €Tally HPOEKTYBAaHHS, A TAKOX 3a/J0BOJICHHS YNPaBIiHCHKHX
moTped apXiTeKTypHHUX, iHkeHepHHX Ta OyaiBenbHuX (AEC) xommaniil. J{ns gocsrHeHHS mboro Oyio
BUSIBJICHO MPOTAJMHM B TIOTOYHINA POOOUii CUCTEMI HUITXOM BU3HAUEHHS CTYTEHS 3aCTOCYBaHHS BUMOT
ISO 9001:2015 no ynpaBiiHCBKOro Npouecy A0 BUOIPKH MPOEKTIB 3@ JOMIOMOTOI0 MOJIE]i BUMIPIOBAHHS,
pO3pobIeHOi came sl MOCATHEHHS I1i€l MeTH. BiCOTOK BUKOHAHHS IIMX BUMOT CTAHOBHB Bif 25 % 10
70,83 %.

BinnoBigHOo 110 1bOr0 HEOOXiJIHI JECATh NEPBUHHHUX TPOIEIYp, a TakoK 54 HeoOXiJTHUX
mporieciB, ¢opm Ta poOoui iHCTpyKmii. II'iTh HaWBaXIMBIMNX TpOUEAYp JUIS ITiABUIICHHS
npoaykTuBHOCTI Ha 80 % Oynu BU3HAUEHi 3a AormoMororo ananizy Ilapero.

Knwowuoei cnosa: skictb NpoeKTyBaHHs, QYHKIIT yIPaBIiHCHKOTO MPOLECY, YIPaBIiHHS SKICTIO,
sumoru ISO 9001, mponenypu ISO 9001.
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