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ABSTRACT

The purpose of this study is to investigate causes and impacts of design change in public
buildings and Management of Causes and Impacts of Design Changes in Arsi Zone. In this
study data collection tools were questionnaires, case study and group discussion on sample
public building projects. From 64 questionnaires distributed, 58 were responded with
response rate of 90.6%. The data were analyzed by using SPSS software version 25 and the
Relative Importance Index (RII). The results revealed various factors that lead to design
change in public building construction projects, such as; Additions of new works at the
request of the client, Poor coordination and communication between parties, Design Errors,
Willingness to use alternative materials, The desire of the contractor to improve his financial
situation, Inconsistency of the contractual document, Unexpected site conditions and Design
change made by consultants. From the results of RIl analysis the impacts of design change on
overall performance of construction projects, such as Delay of the projects, suspension of the
projects and Increase of project cost. The Selected Current Design Change Management
practice discussed are involvement of experienced technical personnel, involvement of end
users before starting of the construction and ensure sufficient budget for the project also the
Result also shows that the parameters used to develop the design change management
system flowchart such as Proper supervision, involvement of end users at Design Stage,
involving design team in construction process, and developing professional skill of design
team were very important to develop the best design change management system flowchart.
The study address the management of causes and impacts of design change in public building
projects, the researcher creates a management system flowchart as a mitigation measures. The
study concludes that paying a serious attention to the major causes of design change will be
very important to manage the impacts and finally achieve the goals of project. The researcher
recommend that always work to identify major causes of design change and properly manage
the impacts of the design change happened at any time. And the researcher recommends

studying on the wider area and including more construction projects for further study.

Keywords: Design change, Design Change management, Public building projects, Arsi Zone
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CHAPTER ONE

1. INTRODUCTION

1.1. Background of the Study

The nature of construction industry is complex and uncertain because of different firms are
involved from inception stage to commissioning stage. Design is a process of creating the
description of a new facility, usually represented by detailed plans and specifications;
construction planning is a process of identifying activities and resources required to make the
design a physical reality ( Bassa, 2019).

Engineering design changes in reinforced concrete buildings are common in the construction
industry; in many cases, these changes lead to excessive claims and disputes. A design
change is defined as any change in the design or construction of a project after the contract is
awarded and signed. Such changes are related not only to matters in accordance with the

provision of the contract but also changes to the work conditions (Mohamad, 2012).

A design change is a form of change that will deviate the way the work was planned,
budgeted or scheduled. Almost all building projects undergo various degrees of design
changes through the project lifecycle. (Hamzah, 2017) In an integrated system, the planning
for both design and construction can proceed almost simultaneously, examining various
alternatives which are desirable from both viewpoints and thus eliminating the necessity of
extensive revisions under the guise of value engineering. Furthermore, the review of designs
with regard to their constructability can be carried out as the project progresses from planning
to design. According to Ethiopia Construction industry the lion share of design preparation

part goes to consultant firms ( Bassa, 2019).

A design change is defined as any change in the design or construction of a project after the
contract is awarded and signed. Such changes are related not only to matters in accordance
with the provision of the contract but also changes to the work conditions (Abdul-Rahman,
2017).

This research work is required because there is a problem related to design changes happened
at many building constructions projects especially in public building projects. Therefore, after
generalizing of result analysis the contribution of this research will provide the best design

change management frame work for the whole building construction projects in Ethiopia

1



1.2. Statement of the Problem

The comprehensive literature review was intended to aid the reader in Understanding that
some effort has been made in order to investigate cause, effects and design management in
Ethiopian building construction industry, especially in public building projects. Bassa, 2019)
Investigate the causes and impacts of design change in Three Selected Southern Ethiopia
Zones building construction projects. His results also showed that completion schedule delay,
increase in project cost, wastage of materials during rework, productivity degradation and
working extra hours (overtime) to meet deadlines of the project. (Ambachew, 2018) Assess
the design management practices of national consultants focused on building design projects.
According to the results of his research, factors contributing to the inconsistent design
management are unfamiliarity with defining tasks, ineffective managing and improper
evaluation of information flow, inadequate planning, monitoring and controlling for project
design process. His results revealed that consultants™ design controlling process iS not
integrated with the management and evaluation of information throughout the design process
with considering the time constraints. (Beshah, 2015) Assess the causes and cost impact of
change orders on road projects in Ethiopia to identifying and analyze the major categories of

change orders, the consequential cost impacts of the change orders.

(Ali, 2009) Studies the difficulty to manage design change due uncertainties encountered
during project execution phase. But, the problem is till now is existing in the country. For
example, according to Arsi Zone quarter year report in 2020 G.C in Arsi Zone, there were
many projects were facing problem because of their design change like delay, cost increment
of construction projects, project suspension and sometimes result in termination. Besides,
some projects were re awarded which is time taking and costly. Many researchers investigate
causes and impacts of design changes in foreign countries. Therefore, this research is going to
fill the gap by establishing the management system of causes and impacts of design changes
for public building projects to minimize completion schedule delay, increase in project cost,
and wastage of materials during rework, productivity degradation and working extra hours
(overtime) to meet deadlines of the project. So, the Research is done to forward the
management system for causes and impacts of design change of public building projects in

Arsi Zone.



1.3. The Objective of the Study

1.3.1. General Objective

The general objective of this study is investigation of management of causes and impacts of
design changes in construction of public building projects in Arsi Zone to develop

management system.

1.3.2. Specific Objectives

1. To identify the major causes of design changes in public building construction
projects in Arsi Zone
2. To investigate the impacts of design changes in public building projects in Arsi

Zone

3. To evaluate the current Design Change Management practice and Preventive
Measures in Arsi Zone public building projects

4. To develop design change management system for public building projects.

1.4. Research Questions

1. What are the major causes of design changes in public building construction
projects in Arsi Zone?

2. What are the impacts of design changes in public building projects in Arsi Zone?

3. What are current Design Change Management practice and Preventive Measures in
Arsi Zone public building projects?

4. How to develop design change management System?

1.5. Significance of the Study

From literature review to investigate best understanding on management of causes and
impacts of design changes to minimize the problem followed by design change in Arsi Zone
public building projects. The most important tool to reduce the risk of disputes of design
changes is the best management of the whole process from start to end of the project

construction.

1.6. Scope of the Study

The study focused on the 51 randomly selected public building construction projects in Arsi
Zone. The rationale behind this delimitation is that construction of public building projects



those their designs are changed are currently under construction in selected area. In this
study, the available Consulting organizations, local contractors, Regulatory bodies and
Clients were selected, because, they were involved in construction of public building projects
in the selected area.

1.7. Limitations of the Study

This research was limited to showing the causes of design changes and the impact of changes
on public building project performance and management practices from the perspectives of
contractor professionals, client professionals, consultant professionals, and regulatory
professionals working in the Arsi zone. During sample selection, it may ignore some relevant
samples. Due to the current instability of peace in the country, the study focused on public
construction projects in one zone; for this reason, the final findings cannot provide an overall
picture of the causes, and effects of changes on public building project performance and
management practices. But during the preparation of the target group, attention was paid to

the inclusion of the relevant group.

1.8. Organization of the Study

This study is divided into four chapters. Chapter one covers the background of the study, the
problem statement, objective of the study, significance, scope and limitation of the study.
Chapter two gives a detailed literature review that provides the theoretical basis of the study
by comprehensively evaluating what other scholars had already done previously. Chapter
three explained the methodology that was implemented to come up with the findings of the
study. This chapter also explained the research approach and design, population, sampling
and data collection methods used to find out the data needed. Chapter four explained the
results and discussion after analyzing the collected data. At the last the findings were
summarized under conclusion and finally the study gave recommendations based on the

findings.



CHAPTER TWO

2. LITERATURE REVIEW

2.1. Change of Design in Construction

The Design change is defined as any change in the design or construction of a project after
the contract is awarded and signed. (Asmerom, 2021) A change in a construction project is a
deviation from the original plan resulting from unexpected circumstances which can be either
positive or negative. A positive change will save the cost and time of the project and may
even improve the quality or the scope of the work. A negative change will deteriorate project
outcomes. According to ( Bassa, 2019), a design change is a design error, a design omission,
a different site condition or even a scope change. The main reasons for design changes are the
changes in the client’s requirements, inadequate experience of the architects and structural
engineers and conflicts among them and the of the design process by separating out the
design phase from the shop drawing review phase and the construction observation phase
(Bassa, 2019).

The design process is a process that is performed in a series of iterative steps to conceive,
describe and justify increasingly detailed solutions to meet the needs of the client. In
construction projects, a change refers to an alteration or a modification to pre-existing
conditions, assumptions and basic information, or requirements. It includes work, time, cost
and method of performance (Suleiman & Luvara, 2016). Building design is the process of
providing all information necessary for construction of a building that meet its owner’s
requirements and also satisfy public health, welfare, and safety requirements. Building design
may be legally executed only by persons deemed competent to do so by the state in which the
building is to be constructed (Suleiman & Luvara, 2016). Design changes may occur in

architectural, structural, plumbing and drainage, site works or other aspects of construction.

2.2. Definition of Design Change in the Construction Industry

Project change has been defined by several researchers. "Additions, deletions, or other
revision within the general scope of a contract that causes an adjustment to the contract price
or contract time," for instance, was how Ibbs (1994) defined project change. Project change,
according to Revay (2003), is any event that alters the original scope, execution time, work
cost, or quality.” any action, incidence, or condition that makes differences to an original plan
or what the original plan is reasonably based on," according to Lee (2007), is a project

5



change. Other studies (Ibbs and Allen, 1995) provide comparable definitions.2007 (Hanna
and Swanson). It is important not to confuse project change with a project change order,
which is defined as any formal contract modification intended to incorporate a change into
the contract (Schwartzkopf, 1995, Lee, 2007; Anastasopoulos, 2010). Change orders can only
be used to accommodate changes that management has officially acknowledged through a
contract modification. As a result, it's important to remember that approved project changes

include project change orders and that change and change orders are two distinct concepts.

A design change is defined as any change in the design or construction of a project after the
contract is awarded and signed. Such changes are related not only to matters in accordance
with the provision of the contract but also changes to the work conditions (Boon J., Yap, H.
Abdul-Rahman, H. & Wang, C. 2016).

Also he noted that these changes are any additions, omissions or adjustments made to the
original scope of work after a contract is awarded. It may cause an adjustment to the contract
price or contract time, and it occurs regularly on construction projects.

Changes of design in construction can be caused by various sources at different stages of the
work, moreover in this context the focus is during construction stage. The cause of design
change may arise from external or internal factors that may occur during the construction
phases of project. Project changes have obvious impacts on the construction process, not only
on the project’s schedule and cost but also on the project’s performance, e.g., labor efficiency
Several studies on causes of delays and cost overruns in construction projects have

highlighted design changes as major contributing factor (Valentine, 2016).

Design changes occur when changes are made in the project design or requirements. Design
changes are the regular additions, omissions and adjustments to both design and construction
work in a construction project that occurs after the award of contract which affects the
contract provisions and work conditions that make construction dynamic and unstable
(Muhamad M., 2018).

Nearly all projects go through assorted changes from the design stage right through to
construction. These various changes have considerable impacts during the lifecycle of a
project, which may be minor or major according to the result of the change. However, the
impacts are always being underestimated by construction practitioners. Design changes in

construction projects will inevitably lead to cost overrun or schedule delay. Overruns in



project schedule and project cost are key principles for a successful project that adversely

impacted by design changes (Hamzah, 2017).

Changes in construction projects are very common and likely to occur from different sources,
by various causes, at any stage of a project, and may have considerable negative impacts on
items such as costs and schedule delays. A critical change may cause consecutive delays in
project schedule, re-estimation of work statement, and extra demands of equipment,
materials, labor, and overtime. Changes, if not resolved through a formalized change
management process, can become the major source of contract disputes, which is a severe

risk contributing to project failure (Thomas, 2008).

Decisions are made every day in construction processes based on incomplete information,
assumptions and the personal experience of the construction professionals. Project changes
and/or adjustments are inevitable as they are a fact-of-life at all stages of a project’s life
cycle. Managing changes effectively is crucial to the success of a construction project.
Change management in construction requires an integrated solution to discipline and
coordinate the process, for example, documentation, drawing, process, flow, information,
cost, schedule and personnel. The construction industrial needs an effective construction

change management process.

A design change is defined as any change in the design or construction of a project after the
contract is awarded and signed. Such changes are related not only to matters in accordance
with the provision of the contract but also changes to the work conditions (Hamzah, 2017).

The design process is a process that is performed in a series of iterative steps to conceive,
describe and justify increasingly detailed solutions to meet the needs of the client. Even
though these changes are inevitable to occur as explained by Chronicle in his research but the
problem is the frequency and major changes involved that at the end affect the overall

performance of building construction projects (Valentine, 2016).

2.3. Causes of Design Changes in a Construction Project

It is difficult for project managers to manage change because the reasons for it vary widely.
According to Hanna and Swanson (2007), a variety of factors, including design flaws, design
modifications, scope expansions, and unidentified field conditions, can lead to change.
Design errors are a frequent cause of change, according to some researchers who examined

public highway projects in various nations and regions. However, there are numerous other



causes. Take, for instance, Hsieh et al. (2004) asserted that conventional project procurement
methods are more likely to result in change orders due to the fragmentation of design and
construction processes. Their research on Taiwan's metropolitan public works revealed that
planning and design issues account for the majority of change orders. Additionally, the study
suggested a correlation between the reasons for change orders and the type of construction.
Wu, 2005) examined highway construction projects as a means of determining the root cause
of design modifications and discovered that inadequate geologic surveys frequently account
for these modifications. They suggested enhancing site surveys during the feasibility analysis
and planning design stages to prevent project-by-project design variations. Anastasopoulos,
2010) argued that so-called "root causes” like design flaws, unexpected site conditions, and
weather conditions typically result in change orders. They are also linked to several
"intermediate"” factors like the size of the project, its type, the amount of the contract, its
duration, and the level of bidding competition.

According to (Bassa et al., n.d. 2019) the most five common causes of change orders can be
identified as: change of plans by owner, change of project scope by owner (additional-
enhancement), problems on site, errors and omission in design (main element), poor design
and poor working drawing details (secondary element). (Jeffrey, 2016) Highlight that the
causes for delay in construction projects w external causes and internal causes. On the other
he categorized the sources of design changes from clients, consultants and contractors whom
are the primary parties in building construction projects. Internal factors include; Client
related, Design related, Project related and Contractor related. In external-related causes
Project outcome is most impacted by the regulation imposed by the government. Change of
work rules/regulation by the government agencies, neighborhood communities and

coordinating with utility systems.
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FIGURE 2. 1 Conceptual framework of causing factors influencing design changes

(Source: Adapted from (Jeffrey, 2016)
All the participants of a project, such as owners, designers, and contractors, can be the cause

of the changes by requesting any modifications after signing the contracts.

(Muhamad.M., 2018) classified the design changes into seven categories; design
change/improvement, design change/construction, design change/ field, design
change/owner, design change/process, design change/ fabrication, and design change/
unknown. Similarly, (Peansupap & Cheang, 2015) in their research, assert that classification
of changes focuses on the change in construction project that occurs from several originators
such as owner/client, designer, and other parties. They found the most of the important

change issues leading to conflicts about project cost originate mainly from the owner’s side.

(Yana, 2015) investigated several successful projects’ requested changes, analyzing historical

data as case studies and discovered the reasons of change as follow:

Designer’s omission in tender documents;
Coordination defects in tender documents;
Forced upon project from shop drawing coordination;

Employer has changed his requirements; or

o &~ w0 N

New information on existing site conditions.

According to (Thomas, 2008) the major ranked causes of design change as change of plan by
owner, Substitution of materials, change in design by consultant; Errors and omissions in
design, the scope of work for a contractor is not well defined, Conflict between contract
documents, differing site conditions, change of plan by client; The lack of coordination
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between contractor and consultant; The contractor’s financial difficulties, owner’s financial
problems, Workmanship or material is not meeting the specification, Contractor’s desire to
improve his financial situation; The required labor skills are not available, The required
equipment and tools are not available, New government regulations, and Weather conditions.

According to (Thomas, 2008) changes happen due to several predictable and unpredictable
causes. They identified four origin agents for the changes in the construction project,

including:

1. Owner-related

2. Consultant-related
3. Contractor-related
4

External factors related

Owner-related changes

Owner -related changes are the changes due to Additions of new works/ scopes (not part of
original scope), Omission of works/ scopes (reduction on original scopes), Modifications to
the original design (changes within the original scope), Unclear initial design brief (e.g., the
extent of the scopes, requirements, details etc.), Desire to use alternative material/new
technology (may require different details and coordination with suppliers), Desire to use
better specification (e.g., to extend the life of the structure or for better performance etc., may
require different design detail) and Insufficient background of proposed site (e.g., possibility
of underground facilities, previous structures, previous site condition etc. (Mohamad, 2012).
Consultant-related changes

Consultant-related changes are the changes created by the consultants to correct improper
design, to correct inconsistent information in drawings, to correct discrepancy between
contracts, to correct lack of insufficient geotechnical investigation or wrong interpretation of
the findings and to correct insufficient detail of existing site condition (Lokhande, 2015).
Contractor-related changes

Contractor-related changes are the changes created by the contractors to use available
material, to use alternative construction methods to save time, to use alternative construction
methods to save money, to rectify construction mistakes, to improve the quality of works at
site, to improve his financial situation, if the required labor skills are not available, if the
required equipment and tools are not available, to apply the new government regulations, and
Weather conditions (Mohamad, 2012).
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External Factors

According to (Thomas, 2008) External Factors includes; Environmental factors, Third parties
and Political and economic factors. Generally, causes of design change as described by
different authors summarized as client related (change requirement, new technology, value
Engineering, unclear brief), contractor related (request to use available material, alternative
construction methodology), site related (location, underground condition) and design related
(design error, inconsistent site condition, design omission, unpredictable circumstance during

construction, modification to design).

2.4. Type of Design changes in a Construction Project

Change maybe classification in many various habits. Ibbs (1994) demanded that changes
contain necessary change and possible change; advantageous change and damaging change.
Ibbs, (2007) projected that skilled are mainly five types of change, change in project
opportunity, varying location environments, delays, suspensions, and stimulation. Hanna and
Swanson (2007) classification adapt helpful change and important change. A helpful change
on a project is work acted outside the sphere of the contract still whole is acted “under the
contract”. A key change restricts as a breach of trust and is occasionally the result of a

important departure or many tinier changes from the original contract.

Knowing the type of the change is important in determining which change should receive an
action first, and is a way of prioritizing changes in construction projects. According to the
engineering, procurement and construction (EPC) contractor, there are two types of changes
in detailed design: a “design development” initiated by the engineering team, and a “design
change” initiated by the client (Thomas, 2008). (Hunt, 2005) categorized change into three
different types:

1. Actual change: any change to the scope of work directed by the owner of the project;

2. Constructive change: any action and/or inaction directed by the owner that
modifies the design scope, but the owner does not recognize it as a change; and

3. Cardinal change: it will be recognized in the federal sector of the contract.

(Mirshekarlou, 2012), on the other hand, classified changes into whole other four types:

Beneficial or Detrimental Changes: “beneficial” changes are those that improve the quality
of the job, decrease the cost and time, and sometimes the level of complexity in the project

design. In contrast, “detrimental” changes are those that decrease owner benefits. However,
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sometimes one change can be “beneficial” for the owner but be a “detrimental” change for
the contractors, or vice versa. In general, the “beneficial” changes must be supported, and the
“detrimental” changes must be avoided. The timing of the change is the only way to help the
project team to distinguish the “beneficial” change from “detrimental” change. If a change
occurs in the early stage of the project, it might be considered “beneficial.” The same change,
when it occurs closer to the end of the project, might be “detrimental,” since it can face the

project with an additional cost, time, or both (Behsah, 2015).

Required or Elective changes: “required” change is obligatory due to the nature of the
problem and should be evaluated and processed. For instance, matching the design variations
with building codes needs an instant action. On the other hand, “elective” changes are not
compulsory. When the project team has many alternatives for change management, the
change is considered “elective.” These alternatives differ regarding their impacts on the
contract cost and time. In order to select the best “elective” change, a benefit-to-cost (B/C)

ratio scale is applied.

Compensable, Excusable or Non-excusable changes: the project’s owner in response to its
needs or required modifications in the project suggest “Compensable” changes. For example,
design changes by the owner caused by market demand. The consultant proposes
“Excusable” changes in reply to technical problems or possible document errors. For
instance, the implementation of the structure for controlling the landslides is “excusable”
change, which has to be paid to the contractor, and there is no payment for a consultant. The
“Non excusable” changes are entirely the responsibility of the contractor and there would not
be any payment for them. An example of this change would be construction errors that lead

to redoing work or demolition.

Controllable or Uncontrollable changes: “Controllable” changes are those where the source
of their cause is under the control of the contractor, such as labor productivity or material
procurement. The contractor is the only person responsible for “controllable” changes and
cannot ask for extra funds. “Uncontrollable” changes are those where the contractor has no
effective control of them, such as weather conditions, inflation, and unforeseen ground
conditions. This study uses owner-requested actual and elective design changes in order to
aid owners to choose the most beneficial design changes to the project, which have the lowest

impact on project parameters such as cost, time and productivity.
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2.5. Impact of Design Change in a Construction Project

The impact of project changes includes direct impact and cumulative impact The immediate
impact of changes can often be predicted and quantified However, the cumulative impact of
change is difficult to manage Understanding the impact of changes on construction projects
can help develop better change management systems that minimize the negative impact of
project changes. Due to the unique nature of each project and the limited resources of time
and money available for planning, changes are almost inevitable during the course of the
work (Moselhi et al., 1991). Contractors are obligated to comply, but owners typically retain
the nearly unilateral right to change work at any stage of completion (Cooper et al., 2004).
Numerous studies have shown that change can have negative effects and frequently results in
project disruption (Thomas and Raynar, 1997; Jones, 2001). On construction projects,
disruption caused by change is a major cause of the damage (Hanna et al., 2002). According
to Thomas and Raynar, (1997) definition, disruption is any occurrence that is known to hurt
labor productivity. The following definition was provided by AACE (2004): “an action or
event which hinders a party from proceeding with the work or some portion of the work as
planned or as scheduled,” disruptions are defined as "an action or event. “Most of the time,
disruptions are brought on by project change. The absence of materials and information and
the necessity to complete the work outside of sequence is the most significant disruptions.
And among them, it is thought that the most significant disruption brought on by changes is
caused by a lack of materials. The frequency of disruptions increased as more workdays were
added, and the inability to rapidly provide materials, tools, equipment and information
resulted in efficiency losses.1995, Thomas and Napolitan, 1997, Thomas and Raynar).The
construction industry performance measured by three major parameters cost, time and
quality. However, the design change affects the whole process of projects. According to
(Shamsudeen & Biodun, 2016) the design change affects the whole process of projects and
the effects listed below are mostly occurred in Ethiopia Construction industry. increasing of
cost of the project (cost overrun), time overrun (delay of the projects), quality problem,
increases overhead expenses, wastage of materials due to rework and conflicts between the
parties, Productivity degradation due to equipment and material, claim and disputes occur
between client and contractor and the most common effects for those projects that change of
design took place during construction stage were delay of the projects, Project changes have
obvious impacts on the construction process, not only on the project’s schedule and cost but

also on the project’s performance, e.g., labor efficiency Several studies on causes of delays
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and cost overruns in construction projects have highlighted design changes as major
contributing factor (Valentine, 2016)

A change can have impacts on any part of the project and leads to scheduling
conflicts, cost overruns, or both at the same time. It can also affect the quality of work,
labor productivity, cause legal disputes, and in general affect the overall project
performance (Moayeri, 2017).

According (Moayeri, 2017) Changes can have positive or negative impacts on a project,
depending on the level of the change, but mostly it has negative effects. The main idea,
however, is that these impacts should be known before approving and applying any changes
to the project. In current practices, the impact of a change is usually classified as a “direct” or
“indirect” impact. According to (Bassa, 2019) the construction industry performance
measured by three major parameters cost, time and quality. However, the design change
affects the whole process of project and the effects listed below are mostly occurred in
Ethiopia Construction industry. According to (Behsah, 2015) Cost overrun, time overrun,
quality problem, increases overhead expenses, wastage of materials due to rework,
Productivity degradation due to equipment and material, claim and disputes occur between
client and contractor. The most common effects for those projects that change of design took
place during construction stage were delay of the projects, increasing of cost of the project
(cost overrun), abandoning of the project, wastage of materials and conflicts between the
parties.

2.5.1. Delay of the projects

It was found that when there is change of the design during construction, project completion
period increases. This is because, designing of the new changes of design in structural,
services and architectural would require the enough time, approval of the new drawings will
use time as well as appraisal of the new materials will need time. Hence at the end the

project duration will be increased (Bassa, 2019) .

2.5.2. Change in cost of the projects

According to (lliyas, 2016,) when design changes occur during construction stage, there is a
tendency of the cost of the project to change. The injection of more money will be required if
the design changes are complex or increase the project scope. As such, some of the changes
require new items that can be more expensive that first proposed ones; also there are some of

the extra costs that would be resulted due to extension of the time (Asmerom, 2021).
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2.5.3. Wastage of material

Some changes of the design during construction are related to the wastage of materials. This
will happen in circumstances where design changes compel some areas of the already
constructed elements of the building structure to be demolished (lliyas, 2016,).

2.5.4. Conflict between the parties

Conflicts between the Parties Also changes of the design during construction may result into
the conflicts between members of the project. This may happen especially when the design is
at fault and the constructor has proposed changes to facilitate constructability. In such a case
by any circumstance if such changes increase the cost of construction, the client might
wrangle with the consultant for such an incompetent initial design that makes the client incur
extra cost and disturb the budget (lliyas, 2016,). Causes and impacts of design change were
summarized by the following digram.

Design-related Client-related
Change ement
Design errons g; m]m;‘
Inconsistent Wphia. New technology
site conditions
Design omissions —p Value enginecring (cost . '
savings, alternative P Unclear brief
Outdated design maltcrials) )
ew technlony) Omission of scope
e Unpredictable
Modification 1o design Circumstances during
construction Design
> Changes
Govemment policy : Request 1o use
Location =, available
Economic materials
conditions
Alternative
Problems with 4 Underground construction
neighbours conditions methods
External-related Site-related Contractor-related

FIGURE 2.2 Generic Cause of design changes

(Source: Asmerom et al., 2021)
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2.6. Design Change Management Process

The application of knowledge, skills, tools, and methods to project activities to fulfill project
requirements is project management. A crucial and delicate aspect of project management is
change management. From project approval to project launch, a change management system
attempts to manage and control change. A model for proactive change management is the
goal of this study. Therefore, it is essential to examine the current project change
management system and determine the knowledge gap. The review of all change requests
was defined as the process of change management. Accepting or rejecting modifications;
managing modifications to the project management plan, deliverables, organizational process
assets, and project documents; and expressing their state of mind. This system reduces project
risk, which frequently arises from changes made without taking into account the overall
objectives or plans of the project, by allowing documented changes to be considered in an

integrated manner.

According to a 1998 study by Voropajev, change management is a process that encompasses
all internal and external factors that influence project changes.to anticipate potential changes;
to identify changes that have already taken place; to plan effects that prevent problems; to
coordinate of all project-wide changes. Due to the unpredictability of many changes, the
study also emphasized the need for environmental change forecasting methods and
techniques to develop preventive response strategies and tactics. In general, the construction
industry did not place sufficient emphasis on project change management, according to a ClI
research project (Ibbs, 1994). By improving project change management, construction
projects can save a lot of money on their total installed costs. Promoting a balanced change
culture, recognizing change (when it occurs), evaluating change, implementing change, and
continuously improving from lessons learned are the five principles of effective change
management that were identified by the study. A prototype change management system in the
form of flowcharts with suggested change management procedures for each phase was

developed by these guiding principles.

Ibbs et al, (2001) revisited the change management system. They said that anticipating,
recognizing, evaluating, resolving, documenting, and learning from conflicts in ways that
support the project's overall viability is the central idea of any change management system.
Project participants have the ability to promote positive change while minimizing negative

change through the use of the project change management system. "Recognize Change™ is the
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system's second component. Ibbs et al., (2001): emphasized the significance of change
prediction as follows: Members of the team are urged to initiate discussion and identify
potential modifications in accordance with this principle. The team can better manage change
earlier in the project life cycle by identifying changes before they occur. Wu et al, (2005)
demonstrated that change identification is the first step in change management. It includes
identifying project conditions that could lead to a change event and clarifying who is
responsible for the change. A system dynamics model-based change planning and control
tool that focuses on effective change management was introduced by Park and Pena-Mora,
(2003) for construction projects. The dynamic project model's structure and equations, as
well as the feedback procedures triggered by construction change and rework, are all
incorporated into the tools various characteristics and behavior patterns of construction
change. When it comes to the creation of a project change management system, it is
suggested that the model-based approach is efficient. Motawa, 2007) emphasized the
importance of taking into account a wide range of project processes and all internal and
external factors that influence project changes when developing change management
systems. A system dynamics model of the Dynamic Planning and Control Methodology
(DPM) and a fuzzy logic-based change prediction model were presented as part of an
integrated change management system. By analyzing the available information in the early
stages of the project, the fuzzy logic-based change prediction model is used to predict the
likelihood of change occurring. Wu et al, 2005) used statistical analysis in multiple case
studies to figure out what caused a design change and how it affected a highway project in
Taiwan. They discovered that site surveys should be improved during the feasibility analysis
and planning design stages to prevent design changes caused by a lack of geologic surveys.
This highlights the significance of planning and design throughout the construction
engineering life cycle. Additionally, it is discovered that the emphasis placed on geological
concerns when investigating and managing them varies according to engineering properties.
It's usually hard to stop the owner from making changes. However, planning and design
personnel's increased experience with tunnel projects may reduce design changes to some
extent. However, it is generally difficult to control design changes brought on by force

majeure, such as the weather, hazards, or complaints from civilians.

Anastasopoulos et al, (2010) In order to better understand the factors that are associated with
change-order frequency, assess the influence of project type, contract type, project duration,
and project cost on the frequency of change orders, and forecast the expected frequency of
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change orders for future projects, treated the occurrence of change orders as a count variable
and analyzed the frequency of change orders using a variety of count-modeling methods
including the negative binomial, Poisson, zero-inflated negative binomial, and zero-inflated
Poisson. Change orders tend to increase in frequency with project size, as the project size
(contract award amount and contract duration) were found to be significant factors in their
study. The relationship between the length of the contract and the number of change orders is
linear, whereas the relationship between the amount of the contract and the number of change
orders is nonlinear: Change order frequency rises sharply when contract amounts are
increased incrementally for small amounts; however, for a substantial contract, small changes

in change order frequency result from incremental contract amount increases.

Change management is a pure application-oriented issue and requires engineering innovation
to solve the problem (Yana, 2015). Changes in construction cause a serious ethical problems
and disputes. So, change management is a pure application-oriented issue and requires
engineering innovation to solve those problems (Thomas, 2008). Change management seeks
to forecast possible changes; identify changes that have already occurred; plan preventive
measures; and coordinate changes across the entire project. Small reworks with minor
impacts do not need to go through a formal change process. However, changes with
noticeable impacts, either reworks or change orders, all require following a formal process in
change management (Thomas, 2008).

Project changes and/or adjustments are inevitable as they are a fact-of-life at all stages of a
project’s life cycle so managing changes effectively is crucial to the success of a construction
project (Thomas, 2008). According to (Pikas, 2020) Design management has been introduced

to address challenges in construction projects.

Decisions are made every day in construction processes based on incomplete information,
assumptions and the personal experience of the construction professionals. Project changes
and/or adjustments are inevitable as they are a fact-of-life at all stages of a project’s life
cycle. Managing changes effectively is crucial to the success of a construction project
Thomas, 2008). Change management in construction requires an integrated solution to
discipline and coordinate the process, for example, documentation, drawing, process, flow,
information, cost, schedule and personnel (Thomas, 2008). The construction industrial needs

an effective construction change management process. This paper summarizes various
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aspects of the existing construction change management processes and provides a

comprehensive literature review as well as some comments on possible future directions.

2.7. Summary of the literatures

Table 2.1 Condensed Summary of the literature Review

No Issue discussed Authors

(Asmerom, 2021), (Bassa, Reta, Alyew & Tora),

1 | Change of Design in Construction (Suleiman & Luvara, 2019)

(Boon J., Yap, H. Abdul-Rahman, H. & Wang,

Definition of Design Change in the C. 2016), (Valentine, 2016), (Muhamad,

2 | Construction Industry 2018), (Hamzah, 2017), (Thomas, 2008)

(Matusala, 2020), (Jeffrey, 2016), (Muhamad

& Mohammad, 2018), Peansupap and Cheang,
2015), (Aslam, 2019), (Boon J., Yap, H.
Abdul-Rahman, H. & Wang, C. 2016),

Causes of Design Changes in a

Construction Project

3 (Yana, 2015)
(Boon J., Yap, H. Abdul-Rahman, H. & Wang,
Impact of Design Change in a C. 2016), (Valentine, 2016), (Aslam, 2019),
4 | Construction Project (Bassa, 2019), (lliyas, 2016,)
Design Change Management (Neelamkavil, 2008), (Thomas, 2008), (Pikas,
5 | Process 2020)
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2.8. Research Gap

The researcher discovered, after looking through a number of journals and studies on the
management of design change's causes and effects that very few studies on the topic have
been done anywhere in the world or in Africa. However, research on the topic of design
change management is lacking in the Ethiopian context. Feregenet (2019), who demonstrated
that no studies on this topic have been carried out in Ethiopia, lends credence to this idea.
This is the primary research gap that prompted this study. The other research gap in the study
by Matusala (2020) concerned the causes and effects of building design changes in a specific
region of the south and Ethiopian nationalities. Because his research was limited to a single
subject, it is challenging to apply the concept to the context of Ethiopia. As a result, the
researcher was of the opinion that it would be best to conduct the research in a different area.
The methodology used in Feregenet's research was the third research gap. The research topic
demonstrates a relationship between the variables, but the descriptive methodology used does
not demonstrate the relationship. Therefore, the researcher decided to use correlation and
regression to demonstrate the relationship between the dependent and independent variables
in order to investigate the impact of a design change on project performance. The Arsi Zone
context has not been used in this study. Consequently, this study will move one step closer to
managing design change's causes and effects to improve project performance.
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CHAPTER THREE

3. RESEARCH METHODOLOGY

3.1. Introduction

Research is described as the process of gathering, analyzing, and interpreting information to
address questions. For the purposes of this thesis, research is defined as practical
investigation or exploration to discover new facts or to collect old facts by scientific methods
in order to develop an existing theory or apply it to solve real-world problems (Behsah,
2015).

This chapter describes the research methodology and identifies the tools and techniques used
in the systematic data collection process. The methodology describes the practical way of
organizing the entire research project. An action plan should be developed that shows how
the problems will be investigated, what information will be collected by which methods, and

how this information will be analyzed to arrive at conclusions and develop recommendations.

Research projects synthesize and analyze existing theory, ideas, and findings from other
studies in search of an answer to a specific question or to gain new understanding. This
research can be categorized as applied research because the research was started with
practical problems to evaluate the causes and effects of design change and their management
system of public construction projects in Arsi area.

Most researchers have found in their research that questionnaire surveys are best used to
gather the opinions of a large sample of people in a particular industry. The only downside is
that opinions may be biased based on their position in the industry. To counter this perceived
bias, this study uses recorded data from various public building construction projects as the
primary data source.

Once the problem statement has been formulated, it should be clear what data will be needed
to study the problem, as well as what type of analysis will be most appropriate for analyzing
the data. The problem addressed in this study is the causes of design change, the impact of
design change on project performance, an assessment of current design change management

practices in public building projects in the Arsi area, and mitigation measures.
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3.2. Description of Study Area

This study was includes the 26 woredas location of Arsi zone. The central location of this
study area, Asella town was found on a distance of 75 km from Adama town. Since there are
many different public construction projects in the selected zone, the researcher was limited to

Arsi zone. The image below shows a map of the Arsi area.

~Addis Ababa

~E. Wellegal Ha:er

Study area _

W. Wellega ™

E : Harerghe

FIGURE 3.1 Map of the study area

(Source https://www.bing.com/images/search)

3.3. Research Approach and Design

3.3.1. Research Approach

The purpose of this qualitative type of research is to establish design changes management
problem mitigation approaches by developing management system flowchart for the
construction of public building projects. To increase the validity of the research findings, a
pre-survey was conducted before the questionnaire was distributed to experienced
professionals in building construction industry and a case study questions were presented to
experienced professionals working in construction industry and corrected according to their
technical advises. In general this approach consists of a combination of qualitative and

quantitative methods, supported by a literature review.
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3.3.2. Research Design

The design of this study was both explanatory and descriptive. The general objective of the

study was to investigate managements of causes and impacts of design changes on in

construction of public building projects in Arsi Zone and then to develop the management

system flowchart. The previous studies related to this study were collected to achieve the

research objectives. The researcher reviewed the literature on the drivers of causes of design

change, impacts of the design changes on project performance and the management processes

in the construction industry. The methods of data collection used to obtain the data required

for the study: which are literature review, questionnaires, case studies and Group discussion.

The whole process of the study was summarized by the following skeleton diagram.
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FIGURE 3.2 Skeleton process of the research study

(Source: Researcher Own Work)
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3.4. Population, Sample Size, and Sampling Technique

3.4.1. Population

The complete set of cases from which the sample is taken is called the population. Research
samples are taken from public building Projects found in 26 woredas of Arsi Zone in which
the technical stakeholders of those projects were respondent of the questionnaire. The project
stakeholders from which the technical respondents selected from clients, contractors,
regulators, and consultants. There are a significant number of public building projects in Arsi
Zone; a few of public buildings were randomly selected for the study. This will avoid bias
and erroneous conclusions due to uneven population size in the analysis of responses. Clients,
regulators, contractors, and consulting companies working for the selected projects were
important sources of data for this study. As the main objective of this study is to examine the
management of causes and impacts of design change in construction of public building
projects in Arsi Zone, representatives of public building under construction were selected for
this study.

3.4.2. Sample Size

The samples for this study were the selected public building projects of Arsi Zone found in
26 woredas of the area. Based on the received data from Arsi Zone Construction Authority,
the total population of public building projects under construction in Arsi Zone for the year of
2022 was 182 projects. From this it was decided to use a sample of a portion of the
population from the total population, this was worked out by calculating the sample size

using the Yamane (1967) method. This method applies to known or finite population sizes.

N

L e mmemmmemeemmmeeeemeeeeee eqg. 3.1

T 14N(e)2

Where, n = sample size,
N = known population size,
e = error level

e = error level (in this case it is 5% with a confidential interval of 95%)

N 182 182
n= n=-——— =
1+N(e)2 1+182(0.05)2

n o —————————————————
1+182%0.0025

n=12
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Sample Size Correction

For finite population size if the sample size is > 10% of population size then the sample size
need to be corrected. 10% of population size = 182*(10/100) = 18.2.

This implies that 125 > 18.2, Hence, 182 is the finite population, by using the population

correction formula as follows:

Where, ‘N’ is population size and ‘n’ is sample size,
Population size (N) =182
Sample size (n) = 125

_ 125%182
~ (182+125-1)

nc

22,750
"= 306
nc =74

Calculated Sample Size (n) =125
Corrected Sample Size (n¢) = 74
Reduced Sample Size = 125-74 =51

Therefore, the target respondents of the questionnaire were construction professionals who
were working in the 51 randomly selected. The inclusion criterion was that the respondents
should be professionals in the selected public building construction. This includes project
managers, consulting engineers, construction engineers, office engineers, designers, experts,
and professionals of regulatory bodies in the Arsi Zone and Asella Town who were directly
involved in the construction of public building projects.

3.4.3. Sampling

Sampling is important when it is difficult to survey the entire population when there is a
budget deficit and time constraints that prevent the researcher from surveying the entire
population. In this study, taking the entire population is difficult due to the above reasons.

Therefore, the probability sampling method was used. Probability sampling is often
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associated with survey and explanatory research strategies. When conducting a survey, the
researcher must select a random sample of people. This allows for more accurate results for a
larger number of respondents. This shows that random sampling is compatible with the
design of this study. Among the methods of probability sampling, simple random sampling
was used because simple random sampling would give each member of the study population

an equal chance of being selected.

3.5. Data Sources and Data Collection Tools

3.5.1. Source of Data

This study used both primary and secondary data. Primary data were collected first-hand by
the researcher using structured questionnaires distributed for client-side professionals,
contractor-side  professionals, consultant-side professionals, and regulatory body
professionals working on selected 51 construction sites. The secondary data has been

obtained from sources that already exist in various sources.

3.5.2. Data Collection Tools

Data collection is the process of gathering and measuring information about variables of
interest in a prescribed systematic manner that answers research questions, verifies
hypotheses and evaluation of results. The data collection instrument used in the study is
questionnaires and case study.

A. Questionnaires

Questionnaires are written forms consisting of a set of questions that will be used to collect
the data needed from a sample population. Each item in the questionnaire was designed with

the objectives of the study in mind.

The questionnaire was divided into four main parts. Part | is about the factors that cause
design change. Part Il is about the impact of a design change on project performance. Part 11l
is about design change management practices. Part IV is about parameters used to develop
best management system flowchart for design change management process. Respondents
were asked to indicate their opinion of the most influential causal factors using a 5-point
Likert scale. The ratings used are very low = 1, low = 2, medium = 3, high =4, and very high
=5.
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B. Case Study

In this research study, the researcher selected four public building projects that involved
design changes during the construction process. The construction of public buildings, which
started recently in the Arsi area, was chosen. These selected projects are Amigna woreda
administration office building G+3, Arsi zone administration office building G+4, Sude
woreda administration office building G+1 and Shanan Kolu woreda administration office
building of G+1. The purpose of the selected case study was to provide in-depth knowledge
and a better understanding of the factors and dimensions of the research problem. The
methods of data collection in the case study that | used are observation, interview, and review

of documents or records.

C. Focused Group Discussion

A focus group discussion involves discussing a particular topic of interest with people from
similar backgrounds or experiences. It is a type of qualitative research in which people are
questioned about their perceptions, attitudes, convictions, opinions, or ideas. Participants in
focus groups are free to interact with other group members; In contrast to other research
methods, it encourages participants to talk to each other. It usually involves interviewing a
small group of eight to twelve people. A moderator (interviewer) leads a loosely organized
discussion of various interesting topics. For this study the Arsi Zone Urban Development and
Housing Office and Asella Construction Authority, focus groups were held. In each instance,
a group of ten professionals engaged in group discussion. Because technical professionals
were chosen for the group discussion, it was simple to lead the discussion.

Because the indicated technical professional experts and others involved in the construction
industry contributed their skills, knowledge, and exposure through discussion, the researcher
decided to use focused group discussions (FGD) as a data collection tool.

3.6. Complete study of literature

A thorough study of the literature is part of the research process itself, not part of research
preparation. Such a literature review demonstrates that the researcher is well versed in the
research area, shows how previous research supports current research and generates new
research ideas by discovering what others have left behind. The literature reviewed consisted
mainly of textbooks, journals, conference proceedings, theses, and dissertations. A
comprehensive literature review is the most reliable source of information and is the most

cited in scientific reports.
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3.7. Data Analysis Technique

To answer the research questions and objectives, descriptive statistics such as frequencies and
percentages were used to represent the demographic and educational characteristics of the
respondents and rank the most important causes of design change and the effect of a design
change on project performance and compare the degree of RII management practice was
used. Multiple regression analysis was then also conducted to determine the percentage of the
independent variable, i.e. the design change factors, to explain the dependent variable which
is project performance. In this context, data were collected, summarized, and analyzed using

the Statistical Package for Social Scientists (SPSS) version 25.

After identifying from the literature review, a questionnaire was prepared on 38 factors
causing weak design change management, 7 impacts of weak design change management on
project performance, and 11 current design change management practices. Responses to 38
factors causing weak design change management were analyzed using SPSS, and 7 impacts
of weak design change management on project performance and 11 current design change

management practices were ranked according to the Relative Importance Index (RI1) method.

(0 <RII < 1)Where,

RII = Relative Importance Index

Pi =respondent’s rating

Ui = number of respondents placing identical weighting/rating on cause of design change
N =sample size

n = the highest attainable score on cause and effect of design change (i.e. 5 in this case)
3.8. Reliability

The reliability of the data collected was assessed using the Statistical Package for the Social
Sciences (SPSS). A reliability test is performed to check whether each scale item is free of
measurement error. If a questionnaire is examined at different times and among different
population groups and gives the same results, the questionnaire is considered "reliable”. This
means relatively strong reliability value. Commonly used methods when using SPSS to

assess reliability are Cohen's Kappa coefficient for categorical data and Cronbach's alpha for
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continuous data (Likert-type scales). Since data collection was based on a Likert scale,

Cronbach'’s alpha was used to test reliability.

1
K—1
Where:

K is the number of test item
S%y is the sum of item variance

S2x is the variance of total score

3.9. Validity

To increase the validity of this study is a pre-survey was conducted before the questionnaire
was distributed to experienced professionals in buildings construction industry and Case
Study questions were presented and group discussion was held. Experienced professionals
guide which term should be added and which should be deleted. In addition, several data
collection and analysis methods were used to collect and process data, and the data obtained
from the various sources almost supported each other. To check the validity of the content,
first draft questionnaires were distributed to 10 experienced professionals in buildings
construction industry. The questionnaires were then modified based on the comments

received and distributed to the target population.

3.10. Ethical consideration

Ethical considerations were taken into account throughout the process of conducting this
research. The researcher informed all potential participants about the nature and purpose of
the study, and their participation was optional. It has been clarified that their answers to the
questions offered are for academic research purposes only and will never be disclosed to
anyone at all times. When reviewing secondary data from journals, articles, proceedings, and

related sources, each source used was noted for both in-text citation and reference.
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CHAPTER FOUR

4. RESULT AND DISCUSSION

4.1. Introduction

This part of the study deals with the analysis and discussion of the data collected from the
questionnaire and the case study. It includes identifying the root causes of design changes, the
impact of design changes, current practices for managing design changes in the Arsi area, and

mitigating design changes.

The procedure used in the analysis of the results aimed to establish the relative importance of
the various factors responsible for the impact of a design change on public building designs.
The questionnaire allows each respondent to give their answer to all objectives. As a result,
the respondents had to give their responses to the questionnaire according to the
questionnaire prepared for each objective. For each variable, the percentages of respondents’
responses were ranked for analysis. Based on the ranking of the variables by different groups,
it was possible to identify the most important factors that influenced the design change in

public building construction projects in the Arsi zone.

The case study selected part of the construction of four public building projects in the Arsi
zone. This is the G+3 building of the Aminya Woreda Administration Office; the G+4
building of the Arsi zone administration office, G+1 building of the Sude woreda
administration office and G+1 building of the Shanan Kolu woreda administration office
were surveyed according to the research objectives. During the case study, documents such as
status reports for each project were examined both on-site and from collected documentary

files. This helps to understand the reasons for each project's delay due to design changes.

In this chapter, the questionnaire collected from the respondent was analyzed by using SPSS
software of version 25 to find the principal component factors causing design change in
public building projects in Arsi Zone and MS excel sheet and presented by frequencies,
percentages, means, and other descriptive analysis. Under this chapter the researcher used the
graphs and charts to display the findings to support analysis and presented descriptively and

quantitatively under this chapter.
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4.2. Reliability Test

Before the results obtained from the questionnaires received were being analyzed the
researcher insured the uniformity of replies by dividing the questionnaires in this research
and checked for internal consistency by the Cronbach’s Alphas Coefficient. This reliability
test was conducted for the four different sections as indicated on the research objectives. The

results were represented on the table below.

Table 4.1 Cronbach’s Alphas coefficients for reliability

Reliability Statistics
) Cronbach's Number of Internal
Design Changes Parameters )
Alpha Value Items Consistency

Factors Causing Design Changes 0.923 38 Excellent
Impacts of design changes 0.83 7 Good
Current management Practice 0.81 11 Good
Mitigation Factors 0.80 10 Good

Source: SPSS output

The results from the Cronbach Alpha analysis indicate that all the items internal consistency
were good because alpha values of the items were from 0.8 up to 0.923. According to Many
researchers the value of alpha greater than 0.7 implies the instrument is acceptable. So that,
the survey instrument used in this study was reliable and acceptable.

4.3. Questionnaire Response Rate

Detailed questionnaires were developed and distributed to examine the causes and effects of
design changes in public building construction projects in the Arsi area and to assess current
design change management practices. For this purpose, a total of 64 questionnaires were
distributed equally among the specialists of the customer's managers, consulting engineers
and specialists of the regulatory bodies. As a result, 58 questionnaires were returned with
completed answers to each question. The total number of respondents is given in the table
below. The table shows the number of questionnaires distributed to specialists from the client
side, specialists from the consultant side, specialists from the contractor side and specialists

working as a regulatory body in the selected area.
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Table 4.2 Summary of Respondents’ Response Rate

_ Distributed ) )
Professional ) ) Returned Questionnaire | Response
No Questionnaire _
Respondents Rate in (%)
No % (out of 64) No % (out of 58)
1 | Client side 16 25 14 24 87.5
2 | Consultant side 16 25 15 26 93.75
3 | Contractor side 16 25 14 24 87.5
4 | Regulatory body 16 25 15 26 93.75
Total or Average 64 100 58 100 90.63

Source: own survey (2022)

Respondents were divided into four groups: client specialists, consultant specialists,
contractor specialists, and regulatory specialists. The above table shows that 16
questionnaires were distributed for each organization, which means a total of 64
questionnaires. Of the 64 questionnaires, the totally valid responses were 14 for client-side
professionals, 15 for consultant-side professionals, 14 for contractor-side professionals, and
15 for regulatory-side professionals. They were used in the analysis, which amounted to 58
respondents, representing a response rate of 90.6%. According to (Asmerom, n.d.), more than
80 percent of all questions that are answered other than refusals are considered as complete

answers. Therefore, this response rate was considered good response rate.

4.4. Respondents Characteristics

The purpose of this section was to find out the demographic background of the respondents.
This study used demographic information: education, respondent's occupation, respondent
organization, educational level, and work experience. All respondents returned the

guestionnaires with no missing values.

4.4.1. Educational Background of Respondent

Out of all the 58 questionnaires collected, the respondents' education background shows that
25 (43.1%) were in civil engineering, 3 (5.2%) in architectural engineering, 6 (10.3) in
surveying engineering, 4 (6.9%) in electrical engineering, 10 (17.2) construction technology

and management, 5 (8.6%) hydraulic engineering and 5 (8.6%) urban planning. This means
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that all the questionnaires distributed to the necessary professionals were answered according

to the purpose of the study.

Table 4.3 Educational Background of Respondents

Educational Background of ] Cumulative
Frequency | Percent | Valid Percent
Respondent Percent
Architectural Engineering 3 5.2 5.2 5.2
Civil Engineering 25 43.1 43.1 48.3
Surveying Engineering 6 10.3 10.3 58.6
Electrical Engineering 4 6.9 6.9 65.5
Valid | Construction Technology

10 17.2 17.2 82.8
and Management
Hydraulic Engineering 5 8.6 8.6 91.4
Urban Engineering 5 8.6 8.6 100.0
Total 58 100.0 100.0

4.4.2. Position of Respondent

From the total number of collected 58 questionnaires, the respondents held professional
positions: 4 (6.9%) project managers, 15 (25.9%) Site engineers, 6 (10.3%) Quantity
Surveyors, 15 (25.9%) supervisors, 7 (12.1%) consulting engineers, 3(5.2%) architects,

4(6.9%) Structural engineers and 4(6.9%) were electrical engineers. This means that all

questionnaires have been completed and answered by professionals directly related to the

thesis topic.
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Table 4.4 Respondents Working Position

o _ Cumulative
Position of Respondent Frequency Percent Valid Percent
Percent
Project Manager 4 6.9 6.9 6.9
Site Engineer 15 25.9 25.9 32.8
uantit
Q Y 6 10.3 10.3 43.1
Surveyor
Site Supervisor 15 25.9 25.9 69.0
Consultant
_ _ 7 12.1 12.1 81.0
Valid | Engineer
Architect 3 5.2 5.2 86.2
Structural
_ 4 6.9 6.9 93.1
Engineer
Electrical
_ 4 6.9 6.9 100.0
Engineer
Total 58 100.0 100.0

Another question asked in the information by the respondents was about the type of
organization that the respondents represent. In this case, of the 58 questionnaires collected,
24.1% were from the client's side, 25.9% from the consultant's side, 24.1% from the
contractor's side, and 25.9% from the regulatory body's side. This means that all respondents
are stakeholders.

Table 4.5 Type of respondents Organization

Respondent Working Valid Cumulative
o Frequency Percent
Organization Percent Percent
Client Side 14 24.1 24.1 24.1
Consultant Side 15 25.9 25.9 50.0
| Contractor Side 14 24.1 24.1 74.1
Valid el bo
egulator 0
) J Y Y 15 25.9 25.9 100.0
Side
Total 58 100.0 100.0
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4.4.3. Education Level of Respondent

Out of all the 58 questionnaires collected, the respondents' education level shows that 4 of the
respondents were master's degree holders, 52 of the respondents were first degree holders and
2 of the respondents were diploma holders. This indicates that 6.9% of the respondents were
master's degree holders, 89.7% of the respondents were first degree holders and 3.4% of the
respondents were diploma holders. Of the total respondent, 89.7% of the respondent was
first-degree holders which imply that responses were stronger.

Table 4.6 Education Level of Respondent

. . Cumulative

Education Level of Respondent | Frequency | Percent | Valid Percent
Percent
Levels (I-V) (Diploma) 2 34 3.4 34
| Fist Degree 52 89.7 89.7 93.1

Valid

Master’s Degree 4 6.9 6.9 100.0

Total 58 100.0 100.0

4.4.4. Work Experience of Respondent

Out of the total number of 58 respondents with work experience of 2 years or less, there were
2 (3.4%) respondents, with work experience from 2 to 4 years - 6 (10.3%) respondents, and
with work experience from 4 to 6 years - 9 (15.5%) respondents, and 41 (70.7%) respondents
had more than 6 years of experience. This means that most questionnaires were answered by
professionals with more than 6 years of experience which is good work experience to answer
the question reasonably.

Table 4.7 work experience of the respondents

) Cumulative
Frequency Percent Valid Percent
Percent

<2 Years 2 3.4 3.4 3.4

2to 4 Years 6 10.3 10.3 13.8
Valid | 4to6 Years 9 15.5 15.5 29.3

> 6 Years 41 70.7 70.7 100.0

Total 58 100.0 100.0
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4.5. Analysis Result for Factors Causing Design Change

This study identified 38 factors that cause design change in public building projects. The
factors contributing to the design change of public building construction projects in the Arsi
area were analyzed using SPSS version 25 software to find the principal components that

cause the design change of public building projects in the Arsi area.

The preliminary factor Analysis of findings is concerned with data screening, hypothesis

testing, and sampling adequacy.

Table 4.8 Preliminary factor analysis results

Preliminary Analysis Result
Descriptive Statics OK, No missing data is observed
Correlation Matrix Determinant 1.010>P(0.00001) Ok
KMO 0.590 > 0.5 OK
Factor Extraction 1.4 >1 Eigen Values OK
Total Variance 64.614%>50% OK
Reproduced Correlations 44% <50% OK

4.5.1. KMO and Bartlett’s Test of Sphericity

Bartlett’s Test of Sphericity

Bartlett's test of sphericity, which compares an "identity matrix" (a matrix with ones along
the principal diagonal and zeroes elsewhere) to the observed correlation matrix to determine
whether or not the variables inter correlate at all, is the most liberal test. You should not use a
factor analysis if this test does not have statistical significance. The statistical significance of
Bartlett's test indicates that the observed item correlation matrix is not an identity matrix.
However, this merely demonstrates that at least some of the variables are correlated with one

another and is not a particularly convincing sign that your dataset is factorable.

KMO Value

A more accurate metric for factorability is the Kaiser-Meyer-Olkin (KMO) measure of
sampling adequacy. The KMO tests are used to determine whether the partial correlations in
your data are close enough to zero to indicate that at least one latent factor underpins your
variables. Before conducting factor analysis, the majority of authors recommend a value of at

least 0.60, although 0.50 is the minimum acceptable value. An overall Measure of Sampling
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Adequacy (MSA) and an MSA for each item are produced by the KMO function in the psych
package. If the overall MSA is too low, you could theoretically look at the MSAs of the items
and eliminate those that are too low. Naturally, as with any theoretical or empirical method of
item selection, this should be done with caution.

The KMO value for the data that was collected was 0.59, which is a value that is acceptable.
This suggests that our planned factor analysis can proceed. The following table provides a
general summary of the factor analysis test results from this study's KMO and Bartlett

analyses.

Table 4.9 KMO and Bartlett's analysis test results

KMO and Bartlett's Test

Kaiser-Meyer-Olkin ~ Measure  of  Sampling

0.590
Adequacy.
Approx. Chi-Square 1399.195
Bartlett's Test of Sphericity df 703

Sig. 0.000

Total Variance Explained

The eigenvalues can be used to determine the proportion of variance attributed to each factor.
By dividing each eigenvalue by the total number of variables in the analysis, we can
determine the percentage of variance accounted for because the maximum sum of the
eigenvalues will always be the same as the number of variables in the analysis. It is 64.6 in

this study. The explanation of the total variance result is shown in the table below.
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Table 4.10 Total Variance Explained

Initial Eigenvalues

Extraction Sums of

Squared Loadings

Rotation Sums of

Squared Loadings

Component o | 8 o |2 o |2

— o = — o = — o =
Total ([© 8 |5 g | Total (S & |5 ¢ |Total [© 8 |5 g

> § g > § g SN c>‘E g

O O O
1 10.484 | 27.589 | 27.589 | 10.484 | 27.589 | 27.589 | 3.966 | 10.437 | 10.437
2 2.842 | 7.480 | 35.069 | 2.842 | 7.480 | 35.069 | 3.530 | 9.290 | 19.727
3 2.380 | 6.264 | 41.334 | 2.380 | 6.264 | 41.334 | 3.420 | 9.001 | 28.728
4 2.142 | 5.637 | 46.971 | 2.142 | 5.637 | 46.971 | 3.364 | 8.852 | 37.580
5 1.941 | 5.108 | 52.078 | 1.941 | 5.108 | 52.078 | 3.292 | 8.662 | 46.242
6 1.743 | 4588 | 56.666 | 1.743 | 4.588 | 56.666 | 2.800 | 7.369 | 53.611
7 1580 | 4.159 | 60.825 | 1.580 | 4.159 | 60.825 | 2.141 | 5.635 | 59.246
8 1.440 | 3.788 | 64.614 | 1.440 | 3.788 | 64.614 | 2.040 | 5.368 | 64.614

Extraction Method: Principal Component Analysis.
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The Communalities result

The proportion of variance that can be explained by retained factors is referred to as the
communality of each variable. For each variable, these are once more the percentages of
variance that can be explained by the retained factors. The retained factors should be able to
explain more of each variable's variance. The fact that the correlation matrix on which the
factor analysis is based has ones along the principal diagonal in principal components
analysis and communalities along the principal diagonal in principal axis factor analysis is
the primary distinction that should be noted between the two methods. The table that follows

displays the extracted communalities results from the analysis results.

Table 4.11 The Communalities result

Communalities

No Factors Initial | Extraction
. Application of Standard Design sent from higher . 0.699
institution for application
2 Un-experienced technical professionals 1 0.727
3 Design Errors made by designers 1 0.634
4 New interests created by the client 1 0.742
5 Unexpected ground condition of the construction site 1 0.617
6 Instrument imperfection 1 0.404
7 Application of the design prepared for one location for all 1 0.623
8 Design change made by consultant 1 0.59

Extraction Method: Principal Component Analysis.
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Screen Plot

In factor analysis, the first decision that needs to be made is how many factors need to be
extracted in order to get the factor structure that is the tiniest but still easy to understand. We
could use parallel analysis and the scree plot, which are the two most common methods. The
simplest approach is the scree plot. Eigenvalues can help us determine the number of factors
we need to extract because they are a measure of a factor's contribution to variance. All of our
factors' eigenvalues are simply plotted in a scree plot, and then we look for areas where they

sharply decrease.

Drawing a straight line through the plotted eigenvalues, beginning with the largest, is the
scree plot technique. The idea is that the amount of additional variance explained beyond the
point at which the last point falls on this line represents the final factor that you extract. In
point of fact, the loose stone that surrounds the mountain's base is referred to as scree. A
scree plot essentially aims to assist you in distinguishing between the points that represent a
"mountain™ and those that represent scree. But this data has a very large first factor,
regardless of whether you use principal components or principal axis factor extraction. You
would probably conclude that there are only three factors in the dataset if we started our
straight line here. But if you started your line at the second point on scree plot, you probably
would conclude that the dataset contains five factors. Although this would be the only piece
of evidence used in our calculation of the number of factors to extract, we might want to take
a look at both of these factor solutions even though the latter interpretation is probably closer
to the truth.

The screen plot has two axes: the y-axis, which in this study is represented by the Eigen
values from 0 up to 8, is determined from factor analysis, and the X-axis is represented by the
component factor numbers from 1 to 38 starting from the lowest Eigen value from 1.440 to

10.484, the values are distributed on the graph. See on the following graph.
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FIGURE 4.3 Scree Plots of component factor and Eigen value

(Source: Researcher Own Work)

4.5.2. Factor Analysis Result Discussion
According to the factor analysis by SPSS result the 8 Principal Factors of Eigen value greater
than 1.4 were extracted. Therefore the 8 selected principal factors that cause design change

were discussed below.

1. Application of Standard Design
In this study application of standard design means the use of a single design at Federal or
Oromia level and sent to many zones of different topography and site condition under that
region for application. It is also the reuse of elements, layouts, styles, interactions, and other
content by copying and pasting between projects which save time and cost of design for
designers. Application of standard design sent from Federal or Oromia level was the first
cause of design change. Because the designs were prepared without investigation of
feasibility studies, ground condition of the site, topography of the site, Weather condition,
soil and underground condition of the site. Therefore by applying the standard design without
any investigation, may not match the required site and need to change some part of design to

fit the site condition. This problem is always happened in Arsi Zone public building
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construction projects like Administration buildings, High school constructions, Health
centers, Hospitalities, Elementary Schools, other additional blocks and even some bridge
structures. Hence, it is important not to use standard design which is not designed according
to the investigation of specific site condition.

2. Un-experienced technical professionals
The second major factor that led to design changes in the construction of public buildings in
the Arsi Zone was the involvement of inexperienced technical professionals. Many public
building projects were designed by professionals who had just graduated, and a design error
made by professionals who had just graduated while investigating the site led to a design
change. The design of the finance and administration offices at Shanan Kolu woreda is the
best illustration of this case. This issue primarily affected design firms that prepare designs
for other government agencies. Arsi zone and Asella town urban development and housing
office were these consulting offices.
Hence, the researcher recommend that the consulting office; Arsi zone and Asella town
urban development and housing office should invite experienced professionals for the future
when they hire other professionals and also they should upgrade the experience of
professionals already hired at their office by training them at all levels according to their
work positions.

3. Design Errors
Errors in design can have a negative impact on project performance and contribute to failures,
accidents, and fatalities. The omission of details on structural drawings and the incorrect
description in specifications and drawings are prominent design errors that result in design
modifications. His findings revealed that design error and omission were ranked as the third
cause of design change. This placed design change as the third causing factor. Lack of
instruction in the plans and specifications causes design errors that, if followed by the

contractor, will necessitate costly replacement or correction or lead to a construction failure.

It is important to keep in mind that design is the first step in building, and design mistakes
have been the root cause of numerous catastrophic accidents that have killed or injured
workers and the general public. When mistakes, omissions, and ambiguities in plans and
specifications become apparent during construction, they are a major indicator of a project's
overall design effectiveness. As a means of lessening the uncertainty brought on by design
errors, construction project design errors ought to be investigated and solutions ought to be

suggested.
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As a result, the findings of this study suggest that the design professionals' failure to produce
comprehensive, accurate and coordinated design results is the root cause of the error or

omission.

4. New interests created by the client
Changes in the client's interest in a requirement or specification were the most frequently
cited reasons for design modifications by previous researchers. For a variety of reasons, the
requirements of the client frequently shift during a project. Re-doing the work by the new
plans or scope is required when the client initiates a change to the project's plans or scope
after the work has been completed. The design team had to rework any changes to the design

every time, which affected their fee.

Scopes were then added or removed in response to these causes. This is because the owner
did not participate in the design phase or there was insufficient planning at the project
definition stage. Projects in which construction begins before the finalization of the design
frequently result in design modifications. In addition, design omissions may cause
productivity loss and project schedule delays. It is necessary to add, remove, or modify the
original plans and specifications by any change orders placed by clients.

The fourth factor causing design change in Arsi Zone public building project was identified
as Additions of new works at the request of the client. The factor change requested by the
owner includes a change in project scope and modification of project function which came
from the client after some or the whole work is completed. This result is supported by other
studies related to design change. Design change requested by the owner was ranked 1st and in
general design, change was initiated by the client. Design change requested by the owner was
the fourth causing principal factor of design changes in public building construction projects

as the analysis result of questionnaires responded.

5. Unexpected site conditions
If the consultants' inaccurate representation of the physical conditions in the contract's
documentation is a major factor in redesigns, The implementation of large construction
projects like highways, dams, and canals is complicated by damages, delays, or claims made
by the contractor based on inaccurate contract representations because of factors like different
soil conditions, the existence of rock formations, or other reasons. Proper financial planning
with contingency funding for unforeseen circumstances and a proper site evaluation before

and after the altered conditions for an efficient claims settlement are two methods for
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managing the change impacts of an increase in the project's cost and schedule. Because of the
culture of using standard designs sent from Federal or Oromia without investigating the
ground condition of the site, public building projects in the Arsi zone always face unexpected
site conditions. As a result, unanticipated site conditions force the professionals to modify the
original design, even if the condition is challenging and causes the project to be suspended or
terminated. As a result, designers should design the site's underground condition and conduct

careful investigations.

6. Instrument imperfection

The instrument imperfection was identified as one of the primary causes of design
modifications in Arsi Zone public building construction projects, according to the analysis's
findings. The factors that will determine an in-depth design development are the availability
of an adequate instrument and the consultant's adequate operating knowledge. The final
design will be accurate if the instrument used for site investigation, topography level
measurement, bearing capacity of soil condition, and other investigations are perfect or
calibrated. If not, the design cannot be accurate, necessitating a redesign after the projects
have begun construction. The consulting offices in the Arsi zone do not have enough
instruments, and the instruments that are there were not calibrated. As a result, the public
building's professional designers altered its design. As a result, the surveying instruments

used by the consulting offices ought to be calibrated within six months.
7. Application of the design prepared for one location for all

In the case of public building projects in the Arsi Zone, one of the eight primary factors that
led to design changes was the application of the design that had been prepared for one
location to all other locations. Through case study and focused group discussion, this study
looks into the possibility that consulting offices in Arsi Zone were distributing a single design
to 26 woredas in Arsi Zone. However, each woreda within this Zone has its own topography,
soil, weather, underground conditions, and types of material available at query sites, among
other things were vastly distinct. Therefore, attempting to implement the design in those

various locations may result in difficulties necessitating modification of the initial design.

Delays can be largely attributed to physical conditions that differ from those depicted in
contract documentation prepared incorrectly by consultants. The implementation of large
construction projects like highways, dams, and canals is complicated by damages, delays, or

claims made by the contractor based on inaccurate contract representations because of factors

44



like different soil conditions, the existence of rock formations, or other reasons. For an
efficient claims settlement, proper financial planning with contingency funding for
unforeseen circumstances and a proper site evaluation prior to actual construction and after
the altered conditions were some of the management methods. Consequently, it is essential to

design each woreda in accordance with their site conditions.

8. Design change made by consultant
Design changes related to the structure by an architect consultant or the technical designs
changes such as mechanical, electrical, structural and other changes by an engineer consultant
is the other cause of design changes. The changes of enhancement in the design, is a regular
practice of project design consultants in the construction industry and the frequency with
which the changes occur is greater in projects implemented prior to the finalization of the
design. There were a design changes made by consultants to increase the quality of projects

which is sometimes occurred in construction.

4.6. Impacts of design changes on Project Performance

This study identified 7 effects of design changes on the performance of public building
projects. Impacts contributing to the performance reduction of public building construction
projects in the Arsi Zone were ranked based on the Relative Importance Index (RII) from the
perspective of the contractor, consultant, client, and external factors, and the results of the

design impact analysis. Changes are ranked using the R1l method in the following table.
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Table 4.12 The impacts of design changes

No Total
Item (Impacts) Respondent (N) RII Rank

1 | Delay of the projects 58 0.662 1
2 | Increase of project cost 58 0.638 2
3 | Loss performance of project 58 0.61 3
4 | Conflicts between the parties 58 0.607 4
5 | Suspension of the projects 58 0.576 5
6 | Abandoning of the Project 58 0.521 6
. Wastage of materials by expiration

date of materials 58 0.517 7

Source: Own survey (2022)

The above table shows the impacts of design change. According to the Respondents'
responses analyzed by the RIlI method the top three selected impacts of design change are

Delay of the projects, Increase of project cost and less performance of the project.

4.6.1. Discussion of top three Impacts of Design Change

1. Delay of the projects
Clients expect construction projects to be finished in a reasonable amount of time. It is
anticipated that projects completed in the shortest amount of time will result in some financial
savings. When contractors miss the original project delivery date, they face severe penalties.
The penalty is intended to compensate the customer for any losses caused by the extended
delivery period. The change that occurred during various phases of construction projects had
a negative impact on project costs and completion times. The greater the severity of
productivity losses, the more variation orders there are. The amount of output per unit of time
is called productivity. As a result, a decrease in productivity means a loss of time and

subsequent delays.

It was discovered that the project's completion time increases when the design is altered
during construction. This is because it will take time to design the new structural,
architectural, and service design changes, approve the new drawings, and evaluate the new

materials. As a result, the project's duration will increase at the end. This study found that the
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first effect of changing the design of public building projects in the Arsi Zone was a project
delay. As a result, respondents ranked "Delay of the project™ as the first impact of a design
change, giving it an RIl value of 0.662, indicating that delays in projects are the first
drawback of a design change. This suggests that design changes are a major cause of delays
and disruptions. Owners and builders alike agree that change effects are hard to quantify and

frequently cause disagreements.

2. Increase of Project Cost
There are well-known phases to construction projects, of which the pre-construction and
construction phases are particularly significant. Cost planning is focused on the construction
phase because the construction phase typically uses more resources than the pre-construction
phase. Customers want to be aware of the total cost of their completed construction projects
in advance. Clients want the final construction costs to be the same as what was originally
projected in the tender. Sadly, many construction projects overrun their budgets. However,
construction costs are not affected by any variation orders. The majority of the times,
omissions reduce costs while additions raise them. According to a number of studies,

variation orders are a factor in these cost overruns.

This study demonstrates that an increase in project costs was one of the most significant
effects of the second-ranked design change. The project's cost is more likely to fluctuate
when design changes occur during construction. If the design changes are more complicated
or increase the scope of the project, additional funding will be required. If the design changes
are complex or increase the project's scope, additional funding will be required. Project cost
increase has a relative importance index of 0.61 in this study, which is also supported by a

case study on four specific public building projects in the study area.

In general, the following diagram provides a summary of the most important factors that

influence design change.

3. Less performance of the project
Project performance can indicate whether a construction project is successful. The degree to
which a project achieves its primary objectives to satisfy customers' requirements is referred
to as the project's performance. Key performance indicators can be used to gauge how well
the project is doing. Time, cost, and quality are generally accepted project performance

metrics. The key performance indicators are these three aspects.
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This project's performance is evaluated in terms of the expected quality standard, on-time
completion, within budget, and client satisfaction. When a construction project is completed
on time, within budget, and to the required quality standards, it is considered successful. A
project is either unsuccessful or faces performance challenges if it fails to meet the triple
constraints or the aforementioned factors. People, cost, time, quality, safety and health,
environment, client satisfaction, and communication were the categories used to describe
project performance. During the construction phase, there are typically several unanticipated
deviations from the original design that cause issues with cost and time performance. The
construction of the public building in the Arsi Zone is plagued by numerous issues, many of

which are more complicated, such as issues with quality, client satisfaction, cost, and time.

Even though all members of the construction industry support changes to the design, they
have an impact on the project's outcome. In building projects, design modifications
frequently result in cost and time overruns. As a result, during the design and tender
document preparation period, the design consultants and all other parties involved in public
building construction projects in the Arsi Zone should conduct in-depth investigations to
eliminate frequent design changes, design errors, and unrealistic contract requirements. This
would improve the performance of public building construction projects in the Arsi Zone by

reducing time and cost overruns.

The following diagram provides a general summary of the major factors that influence design

change in Arsi Zone public building projects.
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FIGURE 4.4 Factors causing design change and their impacts flowchart

(Source: Researcher Own Work)

4.7. Design Change Management practice and Preventive Measures

The current design change management practice analysis result was presented in the
following table in the top three selected current design change management practices with the
RII values of 0.672, 0.621 and 0.614. The result is presented in the following table.
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Table 4.13 The Current Management practice

Total

Item (Current Management practice RI1I Rank
No ( : P ) Respondent (N)
1 | Decide importance of changes 58 0.672 1
2 | Insuring the budget for the change 58 0.621 2
3 | Schedule for design change 58 0.614 3
4 | Approve the change 58 0.607 4
5 | Proper feasibility study for all projects 58 0.597 5
6 | Skill up designers 58 0.576 6
Involving PLC consultants in design work
7 o o 58 0.469 7
for high rise buildings
Participating professionals on their proper
8 . PAIng P Prop 58 0.445 8
position
9 | Lead the team by technical leaders. 58 0.434 9
10 | Provision of clear brief by the client 58 0.397 10
Design team should check for perfect
11 58 0.379 11

design,

Source: Own survey (2022)

From the result presented in the above table, the first three current design change
management practices were selected for discussion. According to respondents’ responses
analyzed by the RIlI method, the top four selected current design change management

practices are: Decide importance of changes, insuring the budget for the change and Schedule

for design change.

4.7.1. The Top three Design Change Management practice
The primary objective of change management in construction is to ensure that all
stakeholders receive clear and concise communication at all times. Information included

during this notification may relate to any deviations from already accepted specifications, any

impact on agreed timelines and the cost of any changes that need to be made.

50




Change management in construction requires an integrated solution to discipline and
coordinate the process, for example, documentation, drawing, process, flow, information,
cost, schedule and personnel. The construction industrial needs an effective construction

change management process.
1. Decide importance of changes

The evaluation module calculates all possible time and cost effects of an identified change on
other processes and team members using criteria and options. In order to decide whether to
precede with any of the change options or carry out additional research, it is necessary to
analyze and, if at all possible, optimize them. Again, this stage necessitates a significant
effort to model intelligent behaviors that are involved in the decision-making processes. A
proposal changes to order or design change that summarizes the change itself and its effects a
new, revised action plan, cost, schedule, etc. is the evaluation's result. A formal approval
procedure must be followed for each identified change. For a variety of changes and
construction contracts, there are predefined approval procedures. To begin, the proposed
work change must be approved by all parties involved. A process of change review is used to
accomplish this. The proposed change order can then be finalized with the client's approval.
This could involve deciding whether to accept, improve, or reject changes. While a change
that is accepted changes the contract, a change that is rejected may either be enforced as a
construction change directive or become permanently rejected.

2. Ensure sufficient budget for the project
It comes down to money in every project. If you had more money, you probably could get
more people to work on your project faster and get more donations. Because of this, you
cannot complete a project plan until you establish a budget. The process of determining the
bottom line, on the other hand, is always the same, regardless of how big or small your
project is or how many resources and activities it requires. Estimating each project's costs in
detail is crucial. You incorporate the cost estimate into the budget plan once this is compiled.
As work progresses, you can now monitor how this budget affects the project. When you start
a project, you frequently have a predetermined idea of how much it will cost and how long it
will take. In the area under investigation, it was discovered that clients and consultants were
introducing the design change on numerous public building projects without ensuring a
sufficient budget for the addition of the works. The projects will be put on hold and the

project will take longer to complete if the clients only want to change the project's scope.
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As a result, before deciding whether or not to make changes, the parties involved should
verify that the budget is adequate and locate the source of funds necessary to finish the

project as a whole, including any additional work.
3. Schedule for design change.

The management procedure necessitates a schedule for the design change that has been
decided upon by all parties involved to keep records of all pertinent information and
additional time to finish the project to put the changes into effect. To ensure that all aspects
are up to date, that all parties are informed, and that all activities are carried out correctly and
well-coordinated, an operational system is required. To make the change analysis procedures
easier in the future, everything recorded is linked to the change cases and each other.

The schedule of the projects in the Arsi Zone public building projects is one of the major
issues. There is no record of a client being penalized for a problem that challenges the
contractors, nor is there any record of a contractor being penalized for a problem that delayed
the project. This suggests that the people of the Arsi Zone were losing out on the opportunity
to receive services from the products of numerous public building projects as a result of a
lack of care to schedule for design changes and even original projects in public building

projects.

As a result, the researcher suggests that everyone involved in construction projects should be
aware of the benefits of scheduling to maximize project performance in terms of cost, time,
and quality for both the initial work and any additional work required following a design

change.

4.8. Case Study

In this research, the four public building projects were selected to increase the validity of the
research to provide in-depth knowledge and a better understanding of the factors and
dimensions of the research problem. These selected projects were G+3 building of Amigna
woreda administration office (AWAO), G+4 building of Arsi Zone administration office
(AZAO), G+1 building of Sude woreda administration office (SWAO) and G+1 building of
Shanan Kolu woreda administration office (SHKWAO). The data collected in the case study
were by observation, interview, and review of documents or records were presented in the
above table.

Four case studies are used to demonstrate the negative effects of design changes, particularly

in terms of cost and time. The causes and sources for each of the four case studies are listed
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in Table 4.16. The extent of the effects of each cause on the project is indicated by the
percentage and how frequently it occurs. Table 4.17 shows the precise impact of the design
changes on each case study by the end of the project by the percentage of increase in cost and

time.
Causes of Design Change

From the data collected by case study; the major causes of design change involved in the four
selected projects were: additions of new works at the request of the client, willingness to use
alternative material, unexpected site conditions, design change made by consultant and
design errors. Additions new works requested by the client involved in all cases, the
willingness to use alternative material involved in two cases, unexpected site ground
conditions involved in one case, design change made by consultant involved in one case and
the design error involved in one case. In general, the result is displayed in the following
Table.

Table 4.14 The Factors Causing Design Changes from Case study

No Factors Causing Design Changes | awAO0 | AZAO | SWAO | SHKWAO

Additions of new works at the
1 v v v v

request of the client

2 Design errors v v
Willingness to use alternative

3 v v
material

The desire of the contractor to

improve his financial situation

Inconsistency of the contractual

5 v

document
6 Unexpected site conditions 4 v
7 Design change made by consultant 4 v

Source: Own survey (2022)

Impacts of design changes

The data collected shows that the major impacts of design changes involved in the selected

projects were: Delay of the projects (involved in all cases), Increase of project cost (involved
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in all cases) and Termination of the projects (involved in one case). The result of this is also

graphically expressed in the following table.

Table 4.15 The impacts of design changes from Case study

No
tem (Impacts) AWAO | AZAO SWAO SHKWAO

1 | Delay of the projects v v v v
2 | Suspension of the projects v v
3 | Increase of project cost v v v v
4 | Loss performance of project v v
5 | Conflicts between the parties v v
6 | Abandoning of the Project v
. Wastage of materials by

expiration date of materials v v

Source: Own survey (2022)

The data collected shows that the major impacts of design changes involved in the selected
projects were: Delay of the projects (involved in all cases), Increase of project cost (involved
in all cases) and Termination of the projects (involved in one case). The result of this is also

graphically expressed in the following Table.
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Table 4.16 Organized delays and Cost increase of four selected projects

Cost Original Agreement Amount After Parentage of Cost
increase Amount Design Change increment
AWAO 21,643,162.15 29,660,512.25 37.0%
AZAO 68,431,596.09 103,182,330.05 50.8 %
SWAO 22,652,158.35 25,821,266.87 14.0 %

SHKWAO 11,652,458.75 17,468,745.25 49.9 %
Time Delay Original Agreement | Delay After Design Parentage of Time

Period Change Delay

AWAO 720 calendar Days 891calendar Days >100%

AZAO 510 calendar Days 721 calendar Days >100%

SWAO 365 calendar Days 420 calendar Days >100%

SHKWAO 720 calendar Days 1825calendar Days >100%

Source: Own survey (2022)

4.9. Focused Group Discussion

From focused group discussion held at the Arsi Zone Urban Development and Housing
Office and Asella Construction Authority, technical professional experts and others involved
in the construction industry contributed their skills, knowledge, and exposure through
discussion. The results of the focused group discussion make it abundantly clear that project
completion is highly unlikely without modifications to the design. The work's nature and
complexity necessitate some adjustments to the design. Professionals believe that projects
with repetitive design and detail undergo fewer and fewer significant modifications than
projects that are not repetitive. Clients are the most common source of design modifications
in public building projects, according to professional discussions. Until they see the proposed
works built, many clients are unable to visualize them from detailed drawings.

In addition, the client frequently alters the specifications in the construction industry to
enhance the level of performance and the quality of the work. The financial burden is another
factor that forces clients to alter the work's scope, use different materials, or construct in
different ways.

A lack of coordination among members of the design team may also have an impact on the

project's build ability and element conformity. In fast-track projects, it is also thought that an
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unclear scope of work frequently leads to design modifications. To save time, construction
work may be started prior to the design's completion. The lack of a feasibility study at the
proposed location and unexpected site conditions as a result of an inadequate site
investigation were two additional reasons cited by professionals who participated in the

discussion.

Design changes deviate from these essential goals, despite the efforts of clients, consultants,
contractors, and regulatory bodies to complete work on time and within budget. Professionals
who were a part of the group cited major delays as an effect of the changes to the design
because they redistribute the planning of material, the allocation of resources, and the
portions of the project that have been completed. The delay of a design change may also have
a significant impact on a project's cost. Productivity, efficiency, and momentum are all
affected by design modifications. In addition, professionals want to build strong relationships
with one another and work well together to finish a project successfully; Design changes have

the potential to make people feel bad, which can enrage professionals and lead to arguments.

Corrective Measures under Group Discussion

Finding the most significant preventative or corrective measure that could be recommended
to reduce design changes was one of this study's primary goals. In the group discussion with
technical professionals, the majority of the corrective and/or preventative measures that could
be taken to reduce design changes were presented. Most of the time, clients don't realize the
project's fundamental requirements until they see them during construction or the final design
phase. Most of the time, the reason for this issue is that designers don't tell clients how the
design work is going and don't talk to them about any technical issues or other ideas that don't
fit their needs. In addition, a lot of customers don't get involved much in the design phase
because they are too busy or think they don't have enough technical experience; Customers
want their ideas implemented quickly and without a lot of discussion. Additionally, there are
instances in which construction work begins prior to the design's completion. In such
instances, consultants are pressured to quickly provide contractors with working drawings to
avoid delaying site progress. Most importantly, consulting engineers should be able to
correctly implement their clients' requirements. If consultants have questions, they should ask
their clients right away.

In addition, clients should hire consulting engineers with sufficient industry experience to

carry out their work professionally. It's possible that unqualified consultants won't be able to
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bring their clients' ideas to life or only come up with a limited set of design criteria that don't

meet their needs. At the beginning of a project, this information provides alternative options

and highlights any technical issues or work-related restrictions with solutions. Additionally,

feasibility studies provide an estimate of the work's cost so that clients are aware of the

necessary funding. The type and specifics of the underlying soil stratus are important design

parameters that are revealed by site investigations. Finally the group summarizes the

following:

The major Causes of Design Changes

= Application of Standard Design sent from higher institution for application,

= Un-experienced technical professionals

= Design Errors made by designers examples:

o

o

When designing the exterior shape, they don't take into account the climate in
the area.

Not relating the choice of exterior materials to the climate.

Inadequate movement provisions;

Inadequate foundation design;

Exceeding permissible deflection;

Ignoring the effects of wind on the structure;

Inadequate concrete cover on the reinforcement;

Improperly locating pipes and conduits

= New interests created by the client

= Unexpected ground condition of the construction site

= |Instrument imperfection

= Application of the design prepared for one location for other woredas

Preventive Measures of Design Changes

= Proper feasibility study for all projects

= Skill up designers

= Involving PLC consultants in design work for high rise buildings

= Participating professionals on their proper position

= Lead the team by technical leaders.
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Impacts of Design Changes

= project delay
= project cost increase
= project les performance

= conflicts between parties
Managing Impacts of Design Change

= Decide importance of changes
= |nsuring the budget for the change
= Schedule for design change

= Approve the change

4.10. Description of Mitigation System Flowchart

To solve the problem of mismanagement of causes and impacts of design changes in public
building projects for selected study area, the researcher creates a flowchart. The mitigation
measures investigation were assigned to which dependent variable was appropriate to address
the design change management problem. This implies that management at inception of
project will reduce the causes of design changes. Hence, causes of design changes reduced
the impacts will be reduced and simply managed.

The flowchart implies that the causes of design changes listed like application of standard
design sent from federal government or from any other higher institution for application, un-
experienced technical professionals, design errors made by designers, new interests created
by the client, unexpected ground condition of the construction site and instrument
imperfection or absence of checking instruments perfection, fixing their degree of
imperfection and application of the design prepared for one location for other woredas as
standard design which may not much other location were the major causes of design changes
in arsi zone public building construction projects. The preventive measures to minimize the
factors causing the design change were: feasibility study for all projects of different site
conditions other than using the study prepared for another projects as standards, skill up
designers by providing short term training, involve PLC consultants for high rise buildings,
using professionals on the proper position according to their educational background and

qualification and leading technical professionals by personnel leaders.
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The major impacts of design changes investigated in this study were delay of project,
increase in cost of the project, les performance of the project and conflicts between parties
involved in the construction of the projects. For these impacts the researcher summarizes the
managing parameters as; discussion on the importance of changes and draw the final
decision, insuring the additional budget required for the change starting from redesign cost to
execution cost for the change, schedule for design change and finally approve change by
regulatory body to make it legal for all parties. If it is decided that the changes occurred was
advantageous and the type of the contract for the certain project is not impossible to manage,

termination will be the final decision in the process of management.

To improve the validity of the flowchart developed in the figure below was confirmed by
more experienced professionals working in the Arsi Zone Construction Authority, Asela town
construction authority, and Arsi Zone Urban Development and Housing Office. The
flowchart developed was the total summary of questionnaires, case study and group

discussion results.
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FIGURE 4.5 Design change Management flowchart

(Source: Researcher Own Work)
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4.11. Implications of the Study

This study develops the mitigation measures for challenges to manage causes and impacts of
design change in public building projects in Arsi Zone. The investigation of mitigation
measures contributes to the problem of managing causes and impacts of design change in
public building projects. The researcher collected and combined the variables from different
ligatures and also some other variables gathered from experienced professionals working for
the selected populations so that the study could cover wider perspectives for the selected

study area.

In practice, the project clients should request an accurate and complete design brief at an
early stage. This will help the client understand the design concept and solve the problem of
requesting changes during the construction phase, which will lead to project delays, cost
overruns, and rework. Design consultants involved in building construction projects should
recommend conducting detailed studies during the preparation of design and tender
documents, which will eliminate frequent design changes. The regulatory body should
improve effective communication and coordination between the client, consultant, and

contractor. This will avoid frequent design changes that lead to time, cost, and rework.

Overall, the findings of the study are largely in line with the expected outcome, which was

stated to benefit all construction stakeholders at all levels.

61



5. CONCLUSIONS AND RECOMMENDATIONS

5.1. Conclusions

Almost all projects undergo a variety of modifications, both during construction and during
the design phase. The main purpose of the study is to investigate the management of causes,
and impact of design changes on the construction of public buildings projects in the Arsi
Zone to develop the management system. The main factors causing design change in public
building construction projects in the Arsi Zone were application of standard design sent from
higher institution for application, un-experienced technical professionals, design errors made
by designers, new interests created by the client, unexpected ground condition of the
construction site, instrument imperfection and application of the design prepared for one
location for other woredas.

The results also revealed the major impacts of design changes as project delays, project cost
increases, project les performance and conflicts between parties. The preventive measures of
design changes at inception stage were: proper feasibility study for all projects, skill up
designers, involving PLC consultants in design work for high rise buildings, participating

professionals on their proper position and lead the team by technical leaders.

To minimize the impacts of design change after it was happened in the project the major
parameter for preventing the negative impacts were: decide importance of changes, insuring

the budget for the change, schedule for design change and approve the change

Finally, this study can conclude that if we do not pay serious attention to the main factors that
cause design change, which significantly affects the performance of the project; it will be
very difficult to achieve the goals of the project. The most significant corrective and/or
preventive measures that have the potential to establish boundaries and attempt to minimize
design changes that could not be avoided were identified in this paper. In addition,
professionals involved in reinforced concrete building projects were advised to follow the

guidelines.
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5.2. Recommendation

Aligned with the above conclusion, the researcher proposes the following recommendations
that should be considered by concerned stakeholders to reduce design changes and the

impacts of a design change on project performance as follows:

%+ Clients should ask for a clear and complete design brief at an early stage. This would help
the client to understand the design concept and solve the problem of requesting change
during the construction stage which will result in a delay in the project, cost overrun, and
rework. The client should also engage an experienced project coordinator that represents
the client to ease the design process and communicate with the design members. If scope
change is mandatory, communicate with the design team the design should be modified
by the currently constructed structure to avoid undesirable rework, cost overrun, and time
overrun. Giving sufficient time for bid documents such as technical specifications,
drawings, bill of quantities and designing of the project and revising it in a good way.
This is because any discrepancy in bid documents will lead to disputes between project
parties and so delay may occur.

% The consultants involved in Building construction projects are recommended to make
detailed investigations during the design and tender document preparation period which
will eliminate frequent design changes, design errors, and unrealistic contract
requirements.

% The regulatory body has to improve effective communication and coordination between
Client, consultant and contractor. Having constant and fixed meeting schedules where the
parties could discuss the current design and actual work on site. This will avoid frequent

design change that results in time overrun, cost overrun, and rework.

In general the clients, consultants, contractors and regulatory body should consider allocating
sufficient time at the initial design stage to implement the client's idea properly and to finalize
the requirements of the proposed work. The identified cause and effect of design change
factors can be used as a checklist to contribute to improving project performance of public
building construction projects in Arsi Zone. All the stockholders should always work to

properly manage the design change happened at any time.

Further research study can be done by including other construction projects other than public
building projects and also conducted for wider areas including more zones, because this study

doesn’t include other construction projects other than public building projects in Arsi Zone
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because of the peace instability in our country Ethiopia and time limitations. Further
quantitative research could be made on the design change management problem on
construction projects other than public building projects as well as for wider areas including
more zones, the study could also include external factors that were not included in this

research.
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Appendix 1 Questionnaire Survey

This Research Survey is designed for fulfillment of master program in Civil
Engineering (Specialization in Construction Engineering and Management) at Adama
Science and Technology University. To do the full research on investigation management of
causes and impacts of design changes in Ethiopian building projects in Arsi Zone to develop
management system the questionnaire is proposed to attain the objectives of the research,
which are; to identify the major causes, impacts and existing design changes management

practice.

The responses you gave me are very essential to final output of the research. So, | sincerely
ask you to complete the entire questionnaire and gave me back you strictly confidential

response as much as possible in four to five days.

Thank you for your consideration

Prepared by Kassim Kabeto

Address:
Mobile Number: 0911751319 or 0910953558
E-mail Address: kassim143zkk@gmail.com

If there is doubt in my questionnaire, please call me at any time
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Information of Respondent

Please be sure that I will handle your response appropriately. Mark ‘X’ in provided box to

express your personnel information.

i.  Your Educational Background
- Architectural Engineering (1) () Civil Engineering (2) (] Surveying Engineering
®3)
(] Electrical Engineering (4) (] Construction Technology and Management (5)
(— ) Hydraulic Engineering (6) (—JUrban Engineering (7)
Specify if others

ii.  Your Work Position at organization

(_JProject Manager (1) () Site Engineer (2) () Quantity Surveyor (3)
(—_) Site Supervisor (4) ()  Consultant Engineer (5) () Architect (6)
O Structural Engineer (7) ) Electrical Engineer (8)

Specify if others

iii.  Organization or Party in which you are working
() Client Side (1) () Contractor Side (3)
- Consultant Side (2) () Regulatory body Side (4)
iv.  Level of your educational Background
- Levels (I-V) (Diploma) (1) (__J Fist Degree (2) (__] Master’s Degree (3) (—_J PhD (4)
V. Your Work Experience
() <2 Years (1) () 2to 4 Years (2) (CJ 4106 Years (3)
() >6 Years (4)
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1. Questionnaire Related to Objective one

1.1. Factors Causing the Design Changes

This is the comparison of level or degree of factors causing design changes in Arsi zone
public building projects. The level of causing factors starts from 0 to 4; in which 0 is to show
that the degree of the factor to cause design changes is very low, 1 is to show Low, 2 is to
show Medium, 3 is to show High and 4 is to show that the degree of the factor to cause
design changes is very high. So, by marking ‘X’ under 0 to 4 compare factors selected in the

following table.

No Degree of Causing
Factors Causing Design Changes 0 1 [2 3 [4

1 | Application of Standard Design sent from higher institution
for application

2 | Un-experienced technical professionals

3 | Design Errors made by designers

4 | New interests created by the client

5 | Unexpected ground condition of the construction site

6 | Instrument imperfection

7 | Application of the design prepared for one location for all

8 | Design change made by consultant

9 | Financial problems of the client

10 | Financial problems of the contractor

11 | Constraints for determining the purpose of the project

12 | Design change due to weather conditions

13 | To correct construction errors

14 | Desire to use the best features

15 | Incorrect information provided by owner

16 | Improper and unbalanced need of the owner

17 | The customer takes a long time to make a decision

18 | Incorrect choice of project contract type

19 | Conclusion of the contract at the lowest price regardless of
the quality of services

20 | Lack of involvement of designers at the construction stage
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21

Underestimation of project cost

22

To save time, use alternative construction methods

23

To save money, use alternative construction methods

24

Guide to structural modification for economic purposes

25

Building Safety Modification Guide

26

Design Modification Guide for Building Beauty

27

Long period between bidding and award

28

Unjustified expectations of the client and the end user

29 | Insufficient detail of the existing state of the site

30 | New government regulations

31 Inadequate information provided to the designer

32 | Inconsistent design and conflicting information on drawings
33

Scarcity of resources

34 | Insufficient background of the proposed site

35 | Frequent change of volume by customers

36 | Improve the quality of works at the facility

37 | Designers find it difficult to capture customer needs

38

Lack of coordination among design team members

2.1.

In this case the Negative Impacts of design changes on the performance of public building
projects is considered by the researcher. Therefore, do comparison of the degree of impacts that
comes from design changes to project performance in Arsi zone public building projects. The
degree of impacts ranges from 0 to 5; in which 0 is to show that the degree of the factor not
affect the project performance, 1 is to show the degree to affect is very low, 2 is to show the
degree to affect is Low, 3 is to show Medium 4 is to show that the degree of impact on the
project performance is High and 5 is to show the degree of affect is very high So, by
marking ‘X’ under O to 4 compare factors selected in the following table.

2. Questionnaire Related to Objective Two

The impacts of design changes on the performance of the project
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Impacts of design changes

Level of impact

0

1

2

3

Delay of the projects

Increase of project cost

Loss performance of project

Conflicts between the parties

Suspension of the projects

Abandoning of the Project

~N| O O B W N

Wastage of materials by expiration date of materials

3.1.

3. Questionnaire Related to Objective Three

Existing Current design changes management Practice

Based on your professional experience to express the level of management Practice on public

building projects in Arsi zone use the following: to express the level of management Practice

mark ‘X’ under 0 to show not applicable, mark ‘X’ under 1 to show Seldom, mark ‘X’ under

2 to show Sometimes. Mark ‘X’ under 3 to show often and mark ‘X’ under 4 to show

Always.

Current Design Changes management Practice

Level of management Practice

No 0 1 2 3 |4
1 | Decide importance of changes

2 | Insuring the budget for the change

3 | Schedule for design change

4 | Approve the change

5 | Proper feasibility study for all projects

6 | Skill up designers

. Involving PLC consultants in design work for high

rise buildings

8 | Participating professionals on their proper position
9 | Lead the team by technical leaders.

10 | Provision of clear brief by the client

11 | Design team should check for perfect design,
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How to manage the design change? Please write the best management system you think.
(Optional)
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Appendix 2 Case Study Survey
Case—1,2and 3
G+3 Amigna Woreda Administration Office Building
Information of the Project

Source of Document

Name of the Project Client

Location of the Project

Types of agreement

Year of Start

Completion Date according to the agreement

Current Status of the Project
Is there any Delay (C_J Yes C_J No
Reason for delay list if any

Location of files of this project:
1.

2
3.
4

4. Questionnaire Related to Objective one

4.1. Factors Causing Design Changes

In case of this project the Factors Causing Design Changes are:-

S o
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5. Questionnaire Related to Objective Two

5.1. Impacts of Design Changes on this project

In case of this project what are the Impacts of Design Changes?

o a0~ wDnh e

7. Questionnaire Related to Objective Three

a. Management Practice involved in this project

1. Which organization professionals have done the design change of this project?
() Client 3 Consultant C_J Regulatory body decision
2. By which organization professionals have the design change have been approved?
() Client 3 Consultant (C_J Regulatory body decision
3. Is there management team in organization that has done the design change of this project?
I Yes (] Yes, but weak (] No
4. s there management team in organization that has approved the design changed of this
project?
I Yes (] Yes, but weak (] No
5. Is there delay of time in the process of design change of this project?
CJYes(CJINo
6. Which of the following reason is the most critical case behind the delay of this project?

() Due to weak management team (] Due to budget problem

() Due to approval delay, Specify if other any
7. In this project which factor causes is the most critical for the weakness the design change
management team?
(] Improper position of professionals in organization
(] Interference of political leaders
() Periodic change of client leaders
(] Absence of Scheduled Supervision due to lack of supervision budget; even the

budgets are consumed by government leaders.
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8. For the design change management in this project which of the following is the most
critical party to minimize the negative impacts of design changes?
(—J Well Structured Client Organizations
(—JWell Structured Contractor Organizations
() Well Structured Consultant Organizations
(_JWell Structured Regulatory body
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Appendix 3 Scanned Documents for Case Study

G+3 Amigna Woreda Administration Office Building Agreements



















G+4 Arsi Zone Administration office Building Agreements
















G+1 Sude woreda Administration office Building Agreements







