





Review on Lack of Integration in Design and Construction Phases of Building Projects and the Effect
of Constructability (A Case Study on Selected Public Buildingsin Addis Ababa)

ACKNOWLEDGMENTS

First and foremost | would like to thank my God for his grace and favor for the accomplishment of
this study. | would like to thanks to my advisor Professor Abebe Dinku (Dr. Ing) for his support and
advise to finish the study. | would like to thank persons who responded to the interviews and

guestionnaire from various organizations.

AAU, AAIT, School of Civil and Environmental Engineering By Elias Sahle



Review on Lack of Integration in Design and Construction Phases of Building Projects and the Effect
of Constructability (A Case Study on Selected Public Buildingsin Addis Ababa)

ABSTRACT

In the conventional approach of construction projects, the design and construction processes are not
implemented in integrated approach. The design work often begins with the client’s need
identification then after discussion and agreement the architect and engineers prepare the design with
the available resources and constraints. After the completion of the architectural and the engineering
designs the procurement and construction will continue respectively. In the process of the design and
construction processes are not integrated. This lack of integration between the two processes is the
cause of many problems like cost overrun, delay, less quality, incompatible with the available
technology and so on, in general lack of constructability of a project.

Project delivery methods have the magjor impact on the integration of the design and construction
process. According to literatures DB is a better project delivery method with regard to integration of
design and construction phases and constructability issues over DBB. The main objective of this
study is to review and assess the theory and actual practice of the project delivery methods with
respect to the integration of design and construction and the effect of constructability in public
building projects in Addis Ababa.

In order to realize the objectives, case study of three selected public building projectsin Addis Ababa
is reviewed. In contrary to the literatures, the results of the case study indicated that, in public
projects, the DB project delivery method is not practiced in proper manner like; the right type of
condition of contract is not implemented , the design and construction processes are not integrated
and others. Accordingly in the actual case of public buildings in Addis Ababa DB have many
problems, even higher than DBB projects with weak quality control, too much variation, time
overrun, and dispute between contractual parties. In addition the concept of constructability is not
practiced in the studied projects of either in the DBB or DB public building projects.

Keywords: - Project Delivery Methods, Integration of Design and Construction, Constructability

AAU, AAIT, School of Civil and Environmental Engineering By Elias Sahle i



Review on Lack of Integration in Design and Construction Phases of Building Projects and the Effect
of Constructability (A Case Study on Selected Public Buildingsin Addis Ababa)

TABLE OF CONTENTS
(O g (1 o= {0 o 1SRRI I
ACKNOWIBAGEMENTS ...ttt sttt st e b e e b e ne e be et e e aeetenneenen 1
Y 01 = o TSRS 1l
TADIE OF COMEENES .....cviitiitiriieeeee ettt e e e et e et e et et et et e e e benbenae e v
I ES 0 = o =R SPRRTRN VI
RS o T U =SSP VIl
F N oo = VT (0] USSR PRSPPSO IX
1. INTRODUCTION ..ouiiiiiieieiesieieiesiesesseeies e seese e et ssesae e se e teseesessesessesseseesesseneensesessensesessensnsessensans 1
1.1 Statement Of the ProBIEM.........coo et e 1
1.2 RESEAICH QUESLIONS ... .eeiuiiiieeitie ettt stte et e ettt e et e s e et eesbe e saeeeaseesseeeaseebeeanneesnneenseesreeanreenneas 2
1.3 ODJeCtiVe Of tNEPIOJECL .......ccuicieceee et e e re e aesreeeneesreennenneeneen 3
1.4 SignificanCe of thEPrOJECE  .....oceeeee et esn e e nnn 3
1.5 SCOPE OF tNE PIOJECT ... .ottt be et s e e b st e beeneas 3
GV =1 270 o (o] (oo | V2N SRR 3
L1O. 1 DAASOUICES oot ese e e e e et m e s ae e e e e n e e e e e e n e e ne e e e e r e R e nn e neennes 3
L6.2DAAANAYSIS et et e e ettt e be e aeare et eenreeeeeneenren 4
2. LITERATURE REVIEW ...ttt sttt ettt st ssae e e nsae s s e e s anneeennneeennnes 5
2.1 Building CONSIIUCEION PrOJECES.......coiueiuiiieeiisiie ettt sttt te s b eesae e be e e saeensesseenbeenreenee e 5
2.2 ConStruction ProjeCt Lif@ CYCI@.. oottt et e e 6
2.3 Design and CONSLIUCION PhESES .......ccoveiieieeiesteeie ettt e s te s ee e te e e sneeaesneenneennes 10
P20 1 R [ 11 0o U Tox 1 o o TSR 10
2.3.2 Integration of Design and Construction Processes and Project Delivery Methods....................... 11
ZRCRCH 01075 g (oo B[] o BN PP 11
2.3.3.1 Design-Bid-Build Project Delivery Method............ccoveiiiieiieeeee e 13
P2 G 1 I B T 1 11 TSR 13
2.3.3.2 Design-Build Project delivery Method...........coooiiiiiiniiecee e 16
2.3.3.2. 1 DEFINITIONS. ...ttt ettt sttt e bbb b bt b et et et et e nbenbenbe b nnis 16
2.3.3.3 Construction Management DeliVEry SYSEEM......ccocueieeieniere et 21
2.3.4 Comparison of the Project Delivery Methods..........c.ccoveeiiieiineieeeeee e s 23
2.4 Integrated Design and CONSITUCTION PrOCESS .......ccoiiiiirieriiesieesieesiesee e s sse e s s neas 27

AAU, AAIT, School of Civil and Environmental Engineering By Elias Sahle iv



Review on Lack of Integration in Design and Construction Phases of Building Projects and the Effect
of Constructability (A Case Study on Selected Public Buildingsin Addis Ababa)

24 L DEFINITION ...ttt ettt et et e bt e e et e et et et e b e sb et e enes 27
2.4.2 Delivery Method and; Integrated Design and Construction Design ProCesses.........cocceveeeerveenen. 29
AN O (U = o ] 1 TSRS 30
2.5, L DEFINITION ...ttt et e et e b bt et e et et et e b e st e b e enes 30
2.5.2 The Birth and Evolution of CONStrucCtability .........cccceveieeiesieiee e 32
2.5.3 Concept Of CONSLIUCLADINTTTY........coiieieiieieee e es 33
2.5.4 Benefits Of CONSLIUCLADINTITY........coiiriiiieiere e 38
2.5.5 Barriers of ConStrUCLADIITY .........ccverieiiereeeesi ettt te e s e eeeenaeeneenns 39
2.5.6 Methods of Constructability IMProVEMENL ...........cccevieierienieree e e 41
2.5.7 Awareness of the Concept of Constructability in Ethiopia and the International Experience......42
P A N 1 g o] o = gl = £ o RS 42
2.5.7.2 INterN@iONAl PraCliCES.......cciiiriiiiiiiieeeee sttt ettt b e enes 43
2.6 SUMMAIY OF LITEIAIUIES......ccueeeeceeeie et esieesteeee sttt e st ste e s e e te e s seeseeseesteenaesseenneesseensesneenen 46
3. RESEARCH METHODOLOGY ....ooiiiiiiiiiie et siee st siae e ssiee st s e ssae s ssss e ssee s snsesssssessnaessnseessnnes 438
G300 I [ g1 0o 0o i o] IR 48
T TS LU0 |V 1= o o S 48
N S o U (ol Y o] o = - PP 49
A B T = Y O] | = o 1o o ISR 49
R R DT = N 4= Y TSR 49
3.4 Limitation Of the SEUAY .......cceeieeieiece ettt e e be e esreeeneesreenaesreees 49
4. CASE STUDY ANALY SES AND DISCUSSION ......coetiirirerieninisiesieseesesieseesesseseeessesseesnessesens 50
v R 11 0o U Tox 1 o o RSP 50
S (810 |V oo 1U (oo TSR 50
G O S 11 | 51
4.3.1 Case Study I:- Oromo Cultural Center Complex, at Addis Ababa...........ccceeeevvrceieeieereceene 51
4.3.2 Case Study I1:- Addis Ababa Police COMMISSION ......cccceiiriiiieienie e e 58
4.3.3 Case Study Ill:- Integrated Land Administration, at Addis Ababa.............ccccoeeviiiiciiicceeen, 63
4.4 DiSCUSSION ON CASE SHUAY ...e.uveveeieeieeieeiesieeteesteetesteeeesseessesseesseesseessessessseessesseesesseessessseensesseensen 68
4.4.1 Project Deivery method and Integration of Design and Construction Phases............ccccccveeueeee. 68
4.4.2 Concepts Of CONSLIUCTADITTY .....eeueeiieieieeee e e 70
5. CONCLUSIONS AND RECOMMENDATIONS ..ottt sies et see e 71

AAU, AAIT, School of Civil and Environmental Engineering By Elias Sahle v



Review on Lack of Integration in Design and Construction Phases of Building Projects and the Effect
of Constructability (A Case Study on Selected Public Buildingsin Addis Ababa)

CoT0 I g oo [0 Tox i o o 1SR 71
oI O o 11T o] 1 T 71
Gl o 0010101 076 F= i 0] TSRS 72
REFERENGCES.........ct ittt ettt st e se et s et e st e b e st et ebeeseebe st eseeseneeneeseseenensensentens 74
F N o |3 O I S 78
N 0= 010 D TSP 78
N 0= 016 D TSP 84

AAU, AAIT, School of Civil and Environmental Engineering By Elias Sahle Vi



Review on Lack of Integration in Design and Construction Phases of Building Projects and the Effect
of Constructability (A Case Study on Selected Public Buildingsin Addis Ababa)

LIST OF TABLES

Table 2.1:- Project Characteristicsfor DB and DBB Use (Michael L. et al., 2015) ......cccceeveevenennen. 23
Table2.2:- Advantages and disadvantageS of DBB .........cccccevieiiiieeic e 24
Table 2.3:- Advantages and disadvantageS of DB ..........cooiiiiiiniiicee e s 25
Table 2.4:- Constructability Concepts during Conceptua Planning ........c.ccoceeeeneenenenienennie e 35
Table 2.5:- Constructability Concepts during Design and Procurement Phases ..........ccccocvevveeeneenee. 38
Table 2.6:- Constructability Concepts during Field Operations Phases .........ccccccecevevveveeceecn e, 39
Table 4.1:- Distribution of interviews and questionnaires and percentage of respondents................. 50
Table4.2:- Major Design Related Problems with the Lack of Integration (Case Study 1) ................. 53
Table 4.3:- Major Construction Related Problems with the Lack of Integration (Case Study-1) ....... 54
Table4.4:- Application of constructability concepts (Case Study [) ....ccvevevvecenieve e 56
Table4.5:- Magjor Design Related Problems with the Lack of Integration (Case Study Il) .............. 59
Table4.6:- Major Construction Related Problems with the Lack of Integration (Case Study I1)....... 60
Table4.7:- Application of constructability concepts (Case Study 1) .....occeevveceviein v 61
Table4.8:- Major Design Related Problems with the Lack of Integration (Case Study I11) ............ 65
Table4.9:- Magjor Construction Related Problems with the Lack of Integration (Case Study I11) ....65
Table 4.10:- Application of constructability concepts (Case Study 1) .....ooeeveriiiniiiiereeeee e 66

AAU, AAIT, School of Civil and Environmental Engineering By Elias Sahle vii



Review on Lack of Integration in Design and Construction Phases of Building Projects and the Effect
of Constructability (A Case Study on Selected Public Buildingsin Addis Ababa)

LIST OF FIGURES

Figure 2.1:- Linear nature of project life cycle (Daniel W. H. and Ronald W. W.(1997) .......cccccovruennen. 7
Figure 2.2:- Linear nature of project life cycle (ChrisH. 2008) .........cccooiiieriinienie e 8
Figure 2.3:- Cyclic nature of project lifecycle (Guo H. L. et al 2010) .......cccevveveereevnvierieceeee e 9
Figure 2.4:- Contractual Relationships between Parties and Project Involvement throughout DBB
Project Delivery Method (Kraig L., 2006) ......ccccceierirrernieniesie e s 14
Figure 2.5:- Life cycle of DBB Project Delivery Methods (Michael L., et a 2015) .......cccccecevveenene 15

Figure 2.6:- Parties relation in DBB Project Delivery (The Alberta Association of Architects, 2005) 15
Figure 2.7:- Contractual Relationships between Parties and their Involvement throughout DB Project

Delivery (Kraig L. 2006) ......ccccooerieriieenienieesie e sieeee e s sseesse e ssessssseessesnsssseenns 18
Figure 2.8:- Life cycle of DB Project Delivery Methods ...........ccooeeiiiiiinen e 19
Figure 2.9:-Parties relation in DB (The Alberta Association of Architects, 2005) .........cccccevveveerneene. 20
Figure 2.10:- Contractual Relationships among Parties and their Involvement throughout CM Project

Delivery (Kraig L., 2006) .......ccccourerrereerieniesnieseesiesseesree e s seessessasessessessessssssesssesssesseenes 22

AAU, AAIT, School of Civil and Environmental Engineering By Elias Sahle viii



Review on Lack of Integration in Design and Construction Phases of Building Projects and the Effect
of Constructability (A Case Study on Selected Public Buildingsin Addis Ababa)

LIST OF ABBREVIATIONS

BOOQOT: - Build Operate Own Transfer

BOT: - Build Operate Transfer

ClIlI: - Construction Industry Institute

CM: - Construction Management

DB: - Design Build

DBB: - Design Bid Build

DBIA: - Design Build Institute of America

EPC: - Engineering Procurement and Construction

FIDIC: - Federation Internationale des Ingenieurs-Conseils: a French acronym interpreted in
English as International Federation of Consulting Engineers

GDP:- Gross Domestic Product

MoWUD: - Ministry of Works and Urban Devel opment

PMBOK: - Project Management Body of Knowledge

PPA: - Public Procurement Agency

ROT: - Rehabilitate Operate Transfer

AAU, AAIT, School of Civil and Environmental Engineering By Elias Sahle iX



Review on Lack of Integration in Design and Construction Phases of Building Projects and the Effect
of Constructability (A Case Study on Selected Public Buildingsin Addis Ababa)

CHAPTER ONE

1 Introduction

Construction industry plays important role in social, economical and Political development of a
country. Nowadays there has been a large scale investment in the Ethiopian construction industry.
Ethiopian government and private sectors have been investing widely for the development of
infrastructures. Building construction projects of housing development, educational, health institutes,

offices, multipurpose buildings and other buildings are anong these infrastructures.

Construction of building passes through different phases in a project life cycle, from early
initiation to final closing phases. Through the project life cycle, design and construction are the

very crucial architectural, engineering and managerial phases.

In the recent Ethiopian context, the building construction projects are awarded with a design-
bid-build project delivery method. The PPA 2006 condition of contract is also prepared for this
delivery method. In this approach, architects/designers and contractors are hired in separate
contracts. The design work is done without integrating with the construction. The architect and
engineers prepare the sets of designs without participating the contractor or construction expert.
This lack of integration between design and construction phases leads to constructability
problems in building projects. Since, in recent time the completion time and cost for completing
a construction project have been increasing due to lack of constructability. (Zolfagharian S.,
2012)

The aim of this independent project is to investigate the concept of integration between design
and construction phases with respect to the delivery methods in the building construction

projects and the effects of constructability.

1.1. Statement of the problem

The Construction Industry contributes the leading role in overall development of a country. This
contribution is highly important for countries especially, under development like Ethiopia. According
to the Amharic version of the Ethiopian construction industry development policy, in the last ten

years, the country’s construction industry has been grown with an average of 12.43% and has 5.3%
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contribution for the GDP (MoUDHC, December, 2014). The increment is shown on the building,

transport and communication and water and power sub sectors of the industry.

Nowadays the building construction project delivery method used in Ethiopia is Design-Bid-Build
(PPA, 2006). In this procurement method, the architect and engineers prepare the design and the
specification for the purpose of the construction and tendering. The tendering, selection of the
contractor and signing of the construction contract carry on consequentialy. In this process the
design and construction works are done in a fragmented way. The design phase is done without the
involvement of the doers of the work which are the civil contractor and specia sub contractors. The
fragmented system can affect constructability of a project, which creates problems such as decrease

usability, maintainability, increases construction errors, rework, delays and costs over run.

According to the Ethiopian construction development policy report, even though the construction
industry is growing, it is seized with many problems. One of the critical problems of the country is
the lack of capacity in design work of road, building, water supply, irrigation and al other
construction sub sectors (MoUDHC, December, 2014). Design problems directly affect construction

works, which islack of constructability.

Some studies in AAIT/AAU aso demonstrate that design related cases are the main causes of
constructability problems of building projects. “Designer’s inexperience, Design changes and
revisions, in method and sequence of construction, Poor communication leading to mistakes and
errors & lack of knowledge about construction techniques during design activities are the first five
major design causes of construction materials waste in Ethiopia” (Asmara Seyoum, 2015). In
addition, design related issues are the top causes of delays in Ethiopian Public Building Construction
Projects Executed by Local Contractors. (Abatemam & Dinku 2007).

1.2 Resear ch Questions
To realize the objectives of the project, the following questions are asked
=  What isthe conceptual frame work of integration of design and construction phase?
=  How integration of design and construction related with project delivery methods?
=  What isthe conceptual frame work of constructability?
= How is the design and construction phases related to the constructability of a building
project?

AAU, AAIT, School of Civil and Environmental Engineering By Elias Sahle 2
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=  How much isthe awareness of constructability concept in the locally and internationally?
=  What are the international trends of the concept of constructability in building projects?
1.3 Objective of the Project

= To redlize the concept of the integration of design and construction phases with respect to
project delivery methods.

= To review the conceptual framework of constructability concepts in the building
construction.

= To review the integration between design and construction phases of building construction
projects and the effect of constructability.

= To review, the awareness of constructability concept in the national and international
building construction industry

= To create awareness and illustrate areas of further studies on the concept of constructability.

1.4 Significance of the Project

The relevance of this project is:-
= Tofill the gap in the knowledge of the integration of design and construction phases.
= Todevelop the concept of constructability in the building construction industry.

1.5 Scope of the Proj ect
=  Theproject will be limited on the selected building projectsin the city of Addis Ababa.
=  Public building projectsin Addis Ababa will be selected for the case study.

1.6 Methodology
1.6.1 Data Sources

The study will use both primary (actual data) and secondary (documented data) to review the
integration of design and construction phases and the effect of constructability in public building
projectsin Addis Ababa.

I. Primary Data

The primary data will be done with a case study on selected building projects in Addis Ababa. The

sample projects will consists of government and private owned.
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Il. Secondary Data
The secondary data for this research will be collected with reviewing literatures including locally and

internationally done previous studies of other researchers, books and articles.

1.6.2 Data Analysis
The Secondary data will be used to develop the conceptual frame work of the project. All the primary
data collected from the case study will be organized & analyzed in order to give the current situation

of the Ethiopian building construction projects regarding the focus of the project.
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CHAPTER TWO
2. LITERATURE REVIEW

2.1 Building construction projects

Construction Projects can generally be classified into three sectors; Buildings, Infrastructure, and
Process Sectors. Some of building sector project includes commercial buildings, schools, office
buildings, and hospitals (Garold D. O. 1993).

Building construction project has its own unique characteristics. The building construction project
category includes facilities commonly built for habitation, institutional, educational, light industrial,
commercial, social and recreationa purposes. Generally Building Construction Projects are usualy
designed by architects and engineers (Daniel W. et al 1997).

Within this very broad category we find projects that include residential, commercial, institutional
and industrial buildings. Residential construction produces buildings for human habitation, including
condominiums, multifamily townhouses and apartments. Depending on the project’s complexity,
such work is usually designed by architects, owners or builders themselves and the construction work
is performed by contractors or sometimes may be built by owners themselves (Lawrence F. B., 2003).

Commercial construction includes retail and wholesale stores, markets and shops, shopping centers,
office buildings, warehouses and small manufacturing facilities. Examples of institutional
construction are medical clinics and hospitals, schools and universities, recreational centers and
athletic stadiums, governmental buildings and houses of worship and other religious buildings.
Architectural firms usually take the lead in the design of commercial and institutional facilities, with
assistance from engineering firms for such specialties as structural, mechanical, sanitary and
electrical elements. Because this type of work is usually more complex and time consuming than
residential construction, owners usually engage general contractors to perform the field construction;
subcontractors usualy provide speciaty services such as plumbing, painting and electrical work
(Lawrence F. B., 2003).

Often categorized separately from general building construction, industrial construction is a special
segment of the industry that develops large-scale projects with a high degree of technical complexity.

Such events result in facilities that manufacture and process products; examples include steel mills,
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electric power-generating plants, petroleum refineries, petrochemical processing plants, ore-handling
installations and heavy manufacturing factories that produce such products as vehicles, rolling
equipment and various kinds of large machinery. The engineer, rather than the architect, usualy
assumes the lead responsibility for the designs of these kinds of projects. Often the owner selects a
single entity to provide both design and construction services under a ‘design—build’ contract and
works closely with the design professional to assure that the owner’s special requirements are met
(LawrenceF. B., 2003)).

2.2 Construction Project Life Cycle

PMBoK Guide (3" edition, 2004) defines Project Life Cycle as; it is divided phases of a project to
provide better management control with an appropriate links to the continuing operations of the
performing organization collectively. It aso describes the phases those connect a project from the
beginning to the end.

Another researcher defines it as; Project Life Cycle is the sequence of phases through which the
project will progress. It is absolutely fundamental to the management of projects. The basic life cycle
follows a common standard sequence; Initiation, Design & Development, Construction, Hand-over,
Operation and Post-Project Evaluation (R. Max Wideman, 2004).

According to PMBoK Guide (3" edition, 2004); Construction Project life cycles generally answer the
following questions:-
= What technical work to do in each phases of a project? (Engineering and Architects work be
performed?)
= When the deliverables are to be generated in each phase and how each deliverable is
reviewed, verified, and validated? (For example prepared design)
= Who isinvolved in each phase? (For example, contractor to be involved with procurement
and construction and designers in the imitation and design)

=  How to control and approve each phase?

Daniel W. H. and Ronald W. W.(1997) presents graphical illustration of the linear approach of a
project life cycle as shown in figure 2.1 below.
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Figure 2.1: Linear nature of project life cycle (Daniel W. H. et a 1997)

As it is shown in the figure 2.1 the sequences of the phases in a construction project life cycle are

explained as follows.

1
2.
3.

At the beginning, the need for afacility isidentified by the client.

Initial feasibility study and cost projections are devel oped.

The decision to proceed with conceptua design is made and the design professionals are
retained.

The conceptual design and scope of work is developed with including an approximate cost
estimate.

The decision is made to continue with the development of final design documents, which fully
define the project purpose of construction.

Based on the final design documents, the project is advertized and proposas to include
guotations for construction of work are solicited.

Based on the proposals received, a contractor is selected and notice of acceptance is given to
the contractor. The proposal and the acceptance of the proposal on the part of the owner
constitute the formation of a contract for the work.

The process of construction is started. Work is completed and the facility is available for
acceptance and utilization.

In complex projects, a period of testing decides if the facility operates as designed and

planned. This period istypical of industrial projects and is referred to as projects start-up.

10. Thefacility operates and is maintained during a specified service life.
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11. Thefacility is disposed of if appropriate or maintained in perpetuity.

Another writer Chris Hendrickson (2008) in his book “Project Management for Construction”
presented the linear approach of life cycle of construction projects with figure as follows. Figure 2.2
shows that project life cycle as a process through which a project is implemented from start to end.
The cycle is decomposed into phases and they are then integrated to obtain the final outcome. All
stages from conceptual planning and feasibility studies to the acceptance of a facility for occupancy
may be broadly lumped together and referred to as the Design and Construct process, which is the
architectural and engineering activities are highly dominating (Chris H., 2008).

Market Demands or
Perceived Meeds

Definition of Project
¥ Objectives and Scape

Y

Conceptual Planning
and Feasibility Study

. Conceptual Plan or
o FPreliminary Design
b 4

Design and Engineering

.| Construction Plans and
) Specifications
h 4

Procurement and
Construction

Completion of
Construction
h 4

Startup for Occupancy

w1 Acceptance of Facility

. 4

Oiperation and
Maintenance

Fulfillment of
Useful Life

h 4
Dicsposal of Facility

Figure 2.2: Linear nature of project life cycle (Chris H. 2008)
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Asshown in the figure 2.2, this linear project has main feature deferrers from the previous one isthat
it adds of the operation and maintenance phase. Maintenance is one of the inevitable phases of a

building project life cycle.

In addition to maintenance, demolishing and recycling in a project life cycle is aso inevitable. The
construction projects can be described as a management system for al the processes of a project from
planning, design, and construction to the commissioning, utilization, maintenance, and finaly
decommissioning of the structure. As shown in Figure 2.3, this process has a cycle approach, rather
than the linear approach. After the decomposition and recycling again planning and designing
continues and it closes the cycle and the process continues again and again with the same manner
(Guo H. L., 2010).

Flanming
Building type
Building area, ctc

Decommissioning
Demolishing
Recyele, etc

Maintenance
Warranty
Operational guide
Safety, etc

Utilization
Warranty
Operational guide
Safety, eic

Design
Architecture
Structure
BS. et

Construction
Time
Resources
Sequence, eic

Commissioning
Document review
Technical review, elc

Legend = Forward information flow ... Backward information flow

Figure 2.3: Cyclic nature of project life cycle (Guo H. L. et a 2010)
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2.3 Design and Construction Phases

2.3.1 Introduction

A construction project providesan asset or a combination of assets. The development of the asset
passes through the two major architectural and engineering phases of design and construction.
These phases are highly interrelated in their characteristics. Project definition is a predecessor for
design work, and design work is for construction work. The project definition phase focus on the
identifying and analyzing the client’s requirements and the constraints. These client’s requirements
and constraints are the base to the design work and also to the construction work. Integration of the
client's requirements and constraints provides a description of the project and helps to identify a plan
for the time, quality and cost of the project (Garold D. Oberlender, 2000).

In the previous chapter the total life cycle of construction project has been discussed. And in this
chapter, specifically the design and construction process which are the main focus of this study will
be reviewed. Prior to come across to the theoretical background of the design and construction

processes, it isimportant to see the historical development them.

In the ancient time design and construction were done by the "master builder”, which one
professional is engaged in all the knowledge required to plan, design, and construction of a project.
The construction was based on traditions, general rules, and trial and error. This situation continued
until the time that architecture profession emerged. During this period, some architects were adding
values and aesthetics over the techniques of building. This was the time when the design began to
separate from construction. It is also the time of beginning the academics, which were created in
France and Italy, and aso the beginning of a new system of architectural education (Felix T. and
GeorginaV. Lores,z 1998).

Beside to this, another important milestone to separates design from construction was the Industrial
Revolution. It is the time, new materials, systems and forms of construction were developed.
Materials such as cast iron, reinforced concrete, and steel were developed at this time. It was during
this period that modern engineering emerged, with the establishment of technical universities in
which people were trained to deal with these new materials. This Industrial Revolution was the

beginning of design influencing with construction (Felix T. and Georgina V. Lores,z 1998) .
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Design and construction phases have sequential nature in alife cycle of aproject. Generaly, design is
the process of creating the description of anew facility, and usually represented by detailed plans and
specifications; construction planning is a process of identifying activities and resources required to
change the design to physical reality. Hence, construction is the implementation of the imagined
design by architects and engineers. In both design and construction phases of a project, numerous
operational tasks must be performed with a variety of precedence and other relationships among the
different tasks (Leticia S., 2007).

2.3.2 Integration of Design and Construction Processes and Project Ddivery
Methods

2.3.2.1 Introduction

The construction to be described as a successful building project as one that is completed on time,
within budget constraints, and meets a certain quality standard. All of these criteria are dictated by
the construction documents which, in turn, are a reflection of the owner’s expectations for the project.
Success, as defined above, is heavily influenced by the process used to design, construct, manage,
and deliver a project. Common approaches to this process are typically referred to as “project
delivery methods”. Now days there are various project delivery methods in used in the construction
industry. Each is designed to optimize results for certain types of projects and owners’ business
background. No one single method fits al projects. Selecting the optimal project delivery method
involves weighing the advantages and disadvantages of each in order to find the best fit for the
project. Several studies have been conducted in the past to define and compare different project
delivery methods (Donald A. Patterson, 2014).

The increasing complexity of buildings, the need for a greater degree of financial planning, the need
to reduce design and construction periods and the increasing difficulty of contract administration has
brought pressure to find different methods to deliver the project. The basic term “Project Delivery
Methods” relates to the particular contractual arrangements for the approach implemented and
utilized to accomplish the goals of a given project including; the project’s risk allocation, assignment
of responsibilities, pricing and payment obligations. For any given project there is likely to be more
than one Project Delivery approach that would be appropriate, but there may be one approach that is
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best suited, depending on the Owner’s requirements (Charles N., et al, 2005). Choosing a project
delivery method is one of the fundamental decisions owners make while developing their acquisition
strategy (DBIA, April 2015).

The approach of design and construction phase in a construction project is directly depended on the
project delivery method. According to the Publication by Design-Build Institute of America (2015),
Project Delivery Method is a full process including planning, design and construction required to
execute and complete a building facility or any other type of construction project . Another researcher
defined as; Project delivery method is the contractual relationships between the owner, the designer,
the contractor and the service management in a construction project. These contracts create the
structure in which a project progresses from the initiation to the delivery of the completed facility
(Kraig L., 2006). Project delivery method is aso the way project owners determine the assignment of
responsibilities to the parties for the design and construction works. The method is often determined

during the initial planning phase of a construction project (DBIA, April 2015) .

Project delivery method identifies the primary parties taking contractual responsibility for the
performance of the work. Thus, the different project delivery methods are distinguished by the way of
the contracts between the owner, the designer, and the contractors are formed and the technical and

manageria relationships that evolve between each party within those contracts (Ali T., 2009).

Different project delivery methods have been developed to effectively address the unique demands in
each project caused by cost, quality and time constraints. The benefits and limitations of each
delivery system need to be understood when choosing a delivery method (Kraig L., 2006). Design-
Bid-Build (DBB), Design-Build (DB), Construction Management (CM); and the recent one
Integrated Project Delivery (IPD) are the fundamenta project delivery methods. While other delivery
methods may exist, they are often ssimply variations and minor modifications of these four methods
(Donad A. Patterson, 2014).

Now a day the three most common project delivery methods used in the construction industry are
Design-Bid-Build (DBB), Design-Build (DB), and construction management (CM). Therefore the
following chapter of the study will discuss on these three most common and basic project delivery
methods.
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2.3.2.2 Design-Bid-Build Project Delivery Method
2.3.2.2.1 Definitions

Design-Bid-Build (DBB) Project Delivery Method was developed during the Industrial Revolution
period, which resulted in the creation of specialized professional movements of Architects,
Contractors, and Engineers. This approach has been the standard choice of project delivery systems
for many years. In this system, the owner procures the services to a design consultant to develop the
scope of the project and complete design documents, which are then considered as tendering
documents for use in selecting a contractor. The contractor who wins the tender is legally bounded

with contract to build the project at a certain price, time and quality (Pekka P., 2002).

Other researchers strengthen the above definition as it is the one which the owner contracts separately
with a designer and a constructor. The owner normally contracts with a designer to provide complete
design documents. Then prepares bid selection of the contractor. The selected contractor entered to a
contract with the owner to do the project in accordance with the design and specifications (Stephen
R., et a, 2002).

DBB project delivery method is characterized by the owner enters to separate design and construction
contracts with the designer and contractor. As shown in figure 2.4 below, the owner first initiates the
project idea and then contracts a designer to prepare the design, then after the design is completed

will select and made contact with the contractor for the construction (Kraig L., 2006).

As it is shown in figure 2.4 below, the design and construction phases are fragmented and the owner
has contractual relation with both the contractor and designer, and the designer and contractor have
administrative relation. As it is also shown in the figure, the owner involves in all phases of the
project, the designer also participates in the most portions except the initiation and maintenance
phases. But the contractor has involvement only in the selection and construction phases (Kraig L.,
2006).
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SITE INVESTIGATION

STUDIES AND
PRELIMINARY DESIGN

CONTRACTUAL RELATIONSHIP

ADMINISTRATIVE TIE

PROJECT INVOLVEMENT

Figure 2.4: Contractual Relationships between Parties and Project Involvement throughout DBB
Project Delivery Method (Kraig L., 2006)

Study on overview of DB and DBB Project Delivery in Washington (2015), illustrates the linear life
cycle of DBB delivery system as shown in figure 2.5 below. As the figure shows all activates are
done with end to start manner. For instant the selection of contractor needs the finishing of final
design and document (Michael L., et al 2015).

AAU, AAIT, School of Civil and Environmental Engineering By Elias Sahle 14



Review on Lack of Integration in Design and Construction Phases of Building Projects and the Effect
of Constructability (A Case Study on Selected Public Buildingsin Addis Ababa)

Figure 2.5: Life cycle of DBB Project Delivery Methods (Michael L., et a 2015)

The tri-party relation between the owner, designer and contractor can be illustrated in a triangular
shape. As it is shown in figure 2.6 below; the contractua relation between parties in the DBB
delivery method is branched in to two directions. Owners enter to contract with the contract with the
consultant (Architect/engineer) and the contractor separately. The consultant and the contractor will
have only administrative relation (The Alberta Association of Architects, 2005).

Figure 2.6: Partiesrelation in DBB Project Delivery (The Alberta Association of Architects, 2005)
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2.3.2.3 Design-Build Project delivery M ethod

2.3.2.3.1 Definitions

Literatures imitate the concept of Design-Build (DB) delivery method with the older “Master
Builder”, in which design and construction was executing with a single experienced person and it was
practiced in the ancient time as old as the days during the construction of the pyramids. DB is simply
a project delivery method in which the client selects a party that will complete both the design and
construction under a single contract. Upon completion of the construction, the Owner is then
responsible for operations and maintenance of the project. The Owner is aso responsible for
financing aspects (Pekka P., 2002).

Sidney M. Levy in the book “Design-Build Project Delivery” has supported the above perception as;
the DB project delivery method employed today is an advancement of the principles and practices
behind a single source responsibility with a long and successful history of “Master Builders”. In the
first half of the 20™ century Master Builders used their knowledge and experience to offer clients a

package that included a design and construction to fit the owner’s needs. (Sidney M. L., 2006).

Wikipedia, the free encyclopedia (2015) defined DB as it is a method used to deliver a project in
which the design and construction services are contracted by a single entity known as the design—
builder or design—build contractor. It relies on a single point of responsibility contract and is used to
minimize risks for the project owner and to reduce the delivery time by overlapping the design and

construction phase of a project.

DB project delivery method is the one which the owner contracts with a single party to perform both
design and construction under a single contract. Contractually, DB offers the owner a single point of
responsibility for design and construction services. Parts or all of the design and construction may be
performed by a single DB entity, joint-venture or may be subcontracted to other companies (Stephen
R. et a, 2002).

Some literatures interpret DB and turn-key delivery systems aternatively. And others differentiate
them with clarifying the basic points of variation. “Turn-key” is a general name for Build-Operate-
Transfer (BOT); Build-Operate-Own-Transfer (BOOT); Rehabilitate-Operate-Transfer (ROT) and
other similar delivery systems (Tony Gibbs, 2008). According to the New Dictionary of Civil
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Engineering (Penguin 2005 edition); “Turnkey contract is a design and build contract in which a
single contractor is responsible for providing all services, including finance” (Tony Gibbs, 2008).
Another study by, Leticia Soto (2007) explicitly supported the above concepts as; in Turnkey, the
client awards both the design and the construction to the same company as DB but the company
doesn't get paid until the project is finished. This situation is effective for some sort of long term

financing. Mostly infrastructures and revenue generating projects can use this delivery method.

DB contracts include any combination of building work together with civil, mechanical and electrical
engineering works. On the other hand, turnkey contracts include the provision of a fully-equipped
facility, ready for operation at the turn of a key. Turnkey contracts typically include design,
construction, fixtures, fittings and equipment to the extent defined in the contract documents. The
foreword goes on to indicate that turnkey contracts are often financed by the contractor and may
require him to operate the works for a few period of time until the commissioning, or for some year
operation on a build-operate-transfer basis (Nael G. B., 2005).

Another book explains the term Turn-key asit is a delivery method used for projects with the manner
of design, build, and operates before the project is handed over to the owner. Sometimes The
contractor, providing the turn-key services may secure the land for the project, perform or coordinate
all aspects of the design, arrange and administer construction contracts, manage construction of the
project, staff and train the personnel to operate the facility, and then turn the project over to the owner
(Garold D., Oberlender, 1993).

In other side, some literatures also used the term Engineer-Procure-Construct (EPC) and DB delivery
methods similarly. Even if the basic principle of EPC is the same as pure DB they have some basic
differences. Gordon R., (2015) in the article titled “Differences between EPC and design-build
delivery”, Engineer-Procure-Construct (EPC) and Design-Build (DB) have both existed as typical
delivery methods for decades, but there are some similarities and differences between them. In both
cases, the owner has a single point of contact on the construction side, the contractor is responsible
for the design, and the contractor takes on more risk than a design-bid-build delivery. But there are
also some differentiate between the two and the main are:
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1. EPC contractor hands over a working facility that is ready to go. DB contract closes out
similarly to DBB contracts, with the owner and its construction manager or designer taking an
activerole.

2. EPC contractors are focused more on performance requirements than design, whereas most
DB contracts provide at least some preliminary design detail in the bid documents.

3. EPC isnot equivalent to the DB with the owner’s involvement, which islessin the EPC.

4. Inthe EPC morerisk is transferred to the contractor. DB contracts tend to take either a DBB
approach to unknowns like hidden site conditions, or to share that risk between the owner and

the design-builder.

As it is stated above, DB delivery method is attributed by a single contract between the owner and a
design-build entity, figure 2.7 also shows this concept. The owner first initiates the project idea and
then contracts with a single party for the design and the construction works. In the system, the design-
build company is responsible for both the design and the construction, and involves in the whole
phases except maintenance (Kraig L., 2006).

SITE INVESTIGATION

STUDIES AND

CONTRACTUAL RELATIONSHIP

PROJECT INVOLVEMENT

Figure 2.7: Contractual Relationships between Parties and their Involvement throughout DB Project
Delivery (Kraig L. 2006)
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Study on Overview of DB and DBB Project Delivery in Washington (2015), illustrates the linear life
cycle of DB delivery system as shown in figure 2.8 below. As the figure shows the construction work
can be commence prior to the completion of the final design and the absence of contractor selection
minimizes the total project completion with significant time. Another attribute of DB shown in the
figure is the early involvement of the contractor in the project life cycle. Hence, these are the two
basic characteristics which defer DB from DBB (Michael L., et a 2015).

Figure 2.8: Life cycle of DB Project Delivery Methods (Michael L., et a 2015)

The relationship between the contracting parties can be illustrated as it is shown in figure 2.9
below; the owner has a contract with a single entity (design-builder), to provide both design and
construction services. The DB entity will have dua contract with design consultant and
contractor. But the design and build entity may also be a single firm, to design and construct or
may have ajoint venture. In the later case the contractor most often leads the design-build team
(The Alberta Association of Architects, 2005).
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—— Comtractual Relation

-— s . Administrative Eelation

Figure 2.9: Partiesrelation in DB Project Delivery (The Alberta Association of Architects, 2005)

When contractors lead the Design-Build delivery system, they may organize their design and
construction team in different ways. Study done in Croatia, on DB delivery method presents

three different forms of organizing design-build Company (NatasaT., et a, 2007).

1. Pure design and build: - here, the contractor applies his capacity for a complete and
self-contained approach where all the necessary design and construction professionals
exist in the company itself that has sufficient resources to complete all task that arises. In
such organizations, all aspects of design and construction have the capacity to be highly
integrated.

2. Integrated design and build:- in this form, a main designers and project managers exists
within the company itself, but this type of contractor is prepared to hire in additional
design expertise whenever necessary. Although more effort is needed to integrate the
internal and external designers and construction team. The internal project manager is

assigned to organize these functions.
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3. Fragmented design and build:- many contractors apply this approach to design and
construction. As the name implies, the external design consultants are appointed and the
management is done by internal project managers whose other main task is to take and
refine client briefs. Under this system, many of the integration and co-ordination
problems of DBB are likely to visible themselves along with some function ambiguity
among the professions as they come to terms with the builder as leader of the design and

construction team.

In general the DB Company is responsible for both the design and the construction. Although DBB
approaches are still well-known, some owners have shifted to DB. DB approaches are beneficial
because the contractor is involved in design, fast-track scheduling is possible, and firms have more

control over their product as most services are provided internally (Kraig L., 2006).

A survey has been done on 332 construction projects in UK; strengthen the above argument with
figure that DB contracting is 12% faster than the traditional DBB project delivery method. And also
they are 13% cheaper and 50% more likely to finish on time (Sharmin Khan, 2015).

2.3.2.4 Construction Management Delivery System

Construction Management (CM) has been widely used in the United States and sometimes in
Australia. According to Patrick T.I et al, (1995) with referring Bennett and Grice (1990) defines
Construction Management system as “a project delivery method where the client appoints designer
and consultants and additional management consultant to manage the project. The CM entity is a

Specialist contractor, selected by negotiation or in competition.”

According to Sidney M., (2006) the CM is a system used to fulfills a critical role in the DB project
delivery. Mostly it is beneficial when an owners lack the professional staff to guide them or when an

owners prefer not to assign engineering staff when they have construction projects.

CM organization undertakes the responsibility for administration & management, constructability
issues, daily activities, and assumes an advisory role to the Owner. The CM organization has no
contractual obligation to the Design and Construction parties. Again, the Owner is responsible for

operations and maintenance of the project as well as the financing aspects (Pekka P. 2002).
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Another study by Kraig L., (2006), describes as; CM project delivery system is used to provide
professional management assistance throughout the project acting as an agent of the owner. As the
study illustrated in Figure 2.10 below, the owner has contractua relation with the contractor,
designer, and construction manager, the construction manager has administrative relation with the
designer and contractor. The role of the construction manager is as an agent of the owner without
bearing any financial risk. The construction manager works closely with the designer and contractor
during the design and construction phases in the interest of the owner. The CM entity has expertisein
design and construction, and agrees to execute complex projects which require extensive coordination

between project participants.

SITE INVESTIGATION

STUDIES AND
PRELIMINARY DESIGN

CONTRACTUAL RELATIONSHIP

ADMINISTRATIVE TIE

PROJECT INVOLVEMENT

Figure 2.10: Contractual Relationships among Parties and their Involvement throughout CM Project
Delivery (Kraig L., 2006)
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The involvement of construction manager entity’s expertise improves the efficiency of the projects by
minimizing rework, change orders, and cost overruns. The construction manager advises the owner in
the design and construction stage allowing the owner to have influence on the project. This
involvement facilitates constructability issues, integrating construction knowledge during the design
phase. The construction manager oversees design implementation during construction, often
diminishing the designer’s role in construction, but the involvement of the designer in construction
differsin each project (Kraig L., 2006).

2.3.3 Comparison of the Project Delivery M ethods

The three methods, stated in the last chapter are the basic types used in most projects, others, not
stated delivery methods are modifications of DBB and DB delivery methods. From each of these
types many variation and similarity have been observed. There is no delivery approach that is best in
every situation. The selection criteria for the best project delivery system will deal with the unique
needs and characteristics of each project (Kraig L., 2006). Asiit is discussed in the previous chapter
the CM is not self-standing project delivery system by itself, rather it is a complementary for DB
delivery method. Hence, in this chapter the comparison is focused only on the DBB and DB project

methods, which are the base for remaining delivery methods.

Study in  University of Kansas compares the DBB and DB ddlivery methods, with stating their main
characteristics on projects as it shown in thetable 2.1 below (Michael L. et al., 2015).

Table 2.1: Project Characteristics for DB and DBB Use (Michael L. et a., 2015)

DBB Project Characteristics DB Project Characteristics

Lowest initial cost isthe primary driver Early cost certainty isdesirable

Design must be at or near 100% completion Project scope can be adequately defined without
before a contractor could be hired 100% complete plans, specifications, and estimates

The project type istypical and common (i.e.
limited opportunities for innovation,
constructability or value engineering)

Project allows for innovative design or
constructability solutions

Third party risks and unknowns exist that are | Project is complex, requiring early contractor
best managed by owner invol vement

Major project risks can be mitigated by having the
contractor and designer in adirect contractual
relationship
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Literatures presented the advantages and disadvantages of DBB and DB delivery methodsin different

ways. But their basic ideas are similar. In this study, the summary of advantages and disadvantages of

DBB and DB projects delivery methods according to four literatures are summarized and presented in
the following table 2.2 and 2.3 (NatasaT., et a, 2007, Sidney M. L., 2006, Charles N. J, 2005 and

Samir B., 1997).

Table 2.2: Advantages and disadvantages of DBB (Natasa T., et a, 2007, Sidney M. L., 2006,
Charles N. J, 2005 and Samir B., 1997)

Advantages

Disadvantages

1. The project isfully defined.

1. The whole process may be slower. The linear approach
requires more time for overall project cycle. Greater
potential for time overrun.

2. Competitive bidding results in lowest
cost. Owner obtains reasonable security
of pricing when the competitive bidder
is accepted.

2. The contractor is not involved in design process. And

Design Professionals may not have sufficient
construction  experience to provide appropriate

constructability reviews.

3. Objective bid competition and award.
(Based on cost criteria.)

3. Designers may have limited knowledge of the true cost
and scheduling consequences of design decisions.

4.Presents orderly approach to the
sequence of design and construction
work.

4. Least-cost approach requires higher level of inspection
of the work by the owner’s staff

5. Due to the high degree of design
completion, changes in the work should
be minimal.

5. The price is not certain until bid is received. Bids may
exceed the Designer’s estimate. The Initial low bid might
not result in ultimate lowest cost or final best value.

6.Relatively ease of assuring quality
control. (Owners retain  significant
control over the end product.)

6. Owner manages two contracts. Separation of contracts
tends to create an adversaria relationship among the
contracting parties.

7.Clearly defined roles for all parties.

7. Owner largely bears risk of design problems

8. Construction features are typicaly
fully designed and specified

8. Tendsto yield base level quality

9 Applicable to awide range of projects

9. Parties may need more technical staff.

10. Good access for small contractors.
(Doesn't need design specialists)

10.No built-in incentives to provide enhanced
performance (cost, time, or quality)

11. Extensive litigation has resulted in
well-established legal precedents

11. Greater potential for litigation

12. Insurance and bonding are well

12. All parties are focused on their rights and obligations

. under the contract, which creates an inherently
defined. N
adversarial situation.
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Table 2.3: Advantages and disadvantages of DB (NatasaT., et al, 2007, Sidney M. L., 2006, Charles

N. J, 2005 and Samir B., 1997)

Advantages

Disadvantages

1. As integrated procurement systems, enables
design and construction to be overlapped and
should result in improved communications
being established between client and contractor.

1. May be difficult to the clients to prepare an
adequate and sufficiently comprehensive brief.
Insufficiently defined brief does not address
precise needs, and it is so difficult to evaluate the
proposals and tender submissions by bidders.

2. The integrated communication and team
work brings all parties towards the same side
and to satisfy the interests of the client.

2. The client is required to give a conceptual
design and performance requirements at an early
stage.

3.1t enables fully contractor contribution to the
design and construction at early stage. The early
involvement helps for constructability review
and aso encourages the contractor for
innovation.

3. As the contractor being responsible for the
design and construction of the building, the client
is at risk if the contractor does not have full
indemnity insurance cover.

4. Significant savings in project time due to the
overlapping the stages of design with the early
start of construction. And it aso leads to
considerable savingsin cost.

4. The construction is alowed to start on site
before design is completed. The limitation of this
is that the client may have to commit him/herself
a an early stage to contractual and financial
arrangements.

5. Provided that the client's requirements are
accurately specified, certainty of final project
costs. And this cost is usualy less than using
other types of procurement method.

5. Since the price offered by DB Contractors are
typically predicated on conceptual designs and
performance specifications, the bid price is likely
to be higher than in a DBB, as the DB Contractor
needs to add contingency for design and other
unforeseen construction risks.

6. As the contractor is responsible for design
and construction, the client has the advantage of
dealing with one single party for all aspects.
Accordingly, the need to assign resources and
time to contracting with separate party is
significantly reduced. It aso helps for efficient
risk transfer.

6. Changes of the client’s requirements once the
contract has been signed are likely to be more
expensive on both indirect cost and in disruption
costs if the contractor’s building sequence is
affected.

7. The project Price is certain. The Owner can
obtain an ealy commitment to an overdl
project price and the total financial commitment
before commencing the onsite work.
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As presented in the above tables, both delivery methods have their own advantages and
disadvantages. So it is difficult to judge one is the perfect type of the delivery method and the other is
not. But the selection criteria of the delivery method can be depended on the type and unigque
characteristics of the project with respect to these advantages and disadvantages.

Saeed T. (2014) also presented with comparing the advantages and disadvantages of the two
methods, with strengthening the above concepts. In DBB method, the client is able to receive
competitive bids and constructs the project at the lowest competitive possible cost. Another benefit is
that the designer seeks only the client’s interests and is also impartial. On the other hand, the
contractor does not have any impact during the design phase, thus the contractor’s knowledge of
constructability, material availability, value engineering and so forth in a very limited way can be
incorporated into the project execution. During the construction stage some design problems may
happen due to the fragmentation of the two and lead to overhead costs, time delays and increased

tension among the project teams.

On other side in the DB delivery method, the contractor is involved in early design stage of the
project life cycle and it is useful for constructability issues. Consequently, the amount of money and
time needed during the project life cycle are reduced. However, in this method, it is difficult for client
to obtain comparable competitive bids from different DB teams and subsequently the method is not
suited for projects that require a complex and elaborative design for aesthetical and technical
purposes. In addition, since the designer and builder work together, quality control assurance is
limited and cost could become a priority over quality (Saeed T., 2014).
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2.4 Integrated Design and Construction Process

2.4.1 Definition

In simple meaning the term “Integration” is defined as combination or cohesion. When applying
to the construction industry, which is known by the involvement of a variety of professionals
and organizations, the integration aspects will occur on various dimensions and at different
phases;

= Between different designers at design stages and construction stage and
= Between design teams and construction teams at both the design and construction stage.
(Zainuddin H., 1997)

The separation of design from construction process |leads to a certain amount of isolation of the
professionals from technical development in construction projects. This division is also
suggested as being the cause for the lack of constructability of the construction projects, which
will be a reason for projects exceeding budgets and scheduled time. By separating construction
from design, parties ignore the opportunities of significant savings in project cost and
completion time resulting from the careful interaction of planning, design, and engineering with
construction (Trigunarsyah, Bambang 2006).

A typical characteristic of construction is the fragmentation between design and construction,
which in general is considered to be problematic and often argued that design and construction
should, in one way or another, become better integrated. Integration is the desire to improve the
performance of architectural-engineering design and construction of projects (Jorgensen, B. et
al, 2009). The problems of work sequence between design and construction activities have been
discussed for many years. The main problems that have been detected are the lack integration
among design and construction and also among the designers. The main consequences are
substandard solutions, lack of constructability and a great number of change orders. The
impacts of changes are not understood and rarely recognized, in terms of costs and schedule.
The work hours invested by the designers in the changes have been estimated in a 40 to 50% of
the total of a project design time. In Latin American countries, it is estimated that between 20 to

25% of the total construction period is lost with a reason of design deficiencies. Hence it is
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clear that the design and construction integration offers a great potential for improvement
(Jorgensen, B. et al, 2009).

A Case study on “The Integrated Design Process” in Illinois State University, Norway explains
as; the integrated design process which is also known as whole building process, is a type of
process assumes that architectural, engineering and construction professionals have different and
complementary knowledge and can work together to achieve higher levels of performance,
simplify construction, decrease costs, and shorten the build schedule. These are the necessary
results of any construction project, and which are also known as the three fundamental criteria

of project management; namely cost, time and quality (Rebecca M. R. et al, 2009).

Integrated design processes needs participation of experts from a number of disciplines,
including the owners and end users, in the earliest phases of the planning and design process.
Team members work together through design and other communication channels to clarify
project performance goals, owner’s requirements and to come up with design ideas. As the
process develops, design meetings and other forms of communication become more technical in
nature with each team member contributing their knowledge to the highest performance of the
project within the constraints of the project goals and objectives (Rebecca M. R. et al, 2009).

Whole Building Design lays on two concepts, which are an integrated design approach and an
integrated team process. The integrated design approach asks all the members of the project
participants, and the technical planning, design, and construction team to look at the project
objectives, and building materials, systems, and assemblies from many different perspectives.
This approach is a deviation from the typical planning and design process of relying on the
expertise of specialists who work in their respective specialties somewhat isolated from each
other. To create a successful high-performance building, an interactive approach to the design
process is also required. It means all the parties involved in the planning, design, construction,
operation, and maintenance of the facility must fully understand the issues and concerns of all
the other parties and interact closely throughout all phases of the project (Abimbola O. W. and
Olabode E. O. 2014).
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2.4.2 Delivery Method and I ntegrated Design and Construction Design Processes

The integration of design and construction process is highly affected by the delivery methods. In
the previous chapters the definitions, advantages and disadvantages of the two basic delivery
methods of DBB and DB are discussed from the general point of view. Asit is discussed above,
DB project delivery method has advantage over DBB with respect to the design and construction
integration. On the other hand both have their own advantages and disadvantage the other
parameters. In this chapter the integration of design and construction processes with respect to

project delivery methods will be discussed.

Design-Bid-Build

In this delivery method, the employer first awards an architect/engineer contract to design the
project based on subjective criteria of qualifications and experience of the architect/engineer.
After completion of the detailed project plans and drawings are prepared based on pre-defined
needs and the existing constraints. After the approval of the drawings a contractor is selected to
perform the construction work. So the two phases are performed in different time in a
fragmented manner. the fragmentation of the two phases become a cause for the contractor not
apply the knowledge of constructability, material availability, value engineering and others in
the design phase and which can be incorporated into the project execution (Saeed T. 2014, Sidney
M. L. 2006).

Design- Build

Under this method, the owner contracts with a single Design-Build (DB) team. Unlike to DBB,
the primary benefit for the client is the simplicity of having one party responsible for the design
and construction of the project. As aresult, projects are often carried out faster time. In addition
knowledge of a contractor, properly applied for better performance of the project. The DB team
submits the design to client according to a set of preliminary descriptions including client’s
requirements and estimated cost and time. After approval by the client, the DB team can
immediately begin the construction in order to reduce the project lead time. In this method, all
design modifications can be made in early stage of the process. Consequently, amount of money
and time needed to apply changes during project life cycle are reduced. However, it is difficult
for client to obtain comparable competitive bids from different DB teams and subsequently the

method is not suited for projects that require a complex and elaborative design for aesthetical
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and technical purposes. In addition, since the designer and builder work together, quality control

assurance is limited and cost could become a priority over quality (Saeed T. 2014).

2.5 Constructability
2.5.1 Definition

As it is discussed in the previous chapter one of the major problems in construction project is
lack of integration between design and construction. Development of integrated planning and
controlling of design and construction is the most important issue in construction projects. A
construction project is characterized with a complex and fragmented process. These
characteristics have produced a decrease in the quality and cost efficiency of projects. It has
been proven that this problem can be overcome with implementing constructability in a project,
which is based on the integration of construction knowledge and experience into the design of a
project (Felix T. U. et a 1998). The scheduled time and cost for completing a construction
project have been increasing due to lack of applying constructability. Therefore, implementation
of constructability, which involves the knowledge and experiences of construction experts, is a
vital trend in the industry (Samaneh Z. et al, 2012).

Literatures define the term constructability in different way but the basic concept ends at the
same point of view. Constructability is defined as the optimum use of construction knowledge and
experience in planning, design, procurement, and construction processes to achieve the overal
objective of the intended project (Felix T. U., 1998). Franky W.H. et al. (2006) also supports this
definition with defining as constructability is integrating construction knowledge, resources,

technology, and experience into the architectural and engineering design of a project.

Constructability is the application of the construction related aspects of a project during the planning,
design, procurement, construction, test, and start-up phases by knowledgeable, experienced,
construction personnel who are part of a project (Robert H. M., 1991). Constructability is a process
that utilizes experienced construction personnel with extensive construction knowledge early in
the design stages of projects to ensure that the projects are buildable, while also being cost
effective, and maintainable (Lawrence F.B., 2003). In general as per the above definitions,
constructability is the implementation of construction knowledge and experience to the design of a

project.
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The term “Buildability” sometimes used as an alternative for “constructability” but some literatures
differentiate them with respect to their scope of application. For instance study by Franky W. H. and
Wong, et a (2007) differentiated their application in different countries. In the United Kingdom the
term “Buildability” is defined as it is the extent to which the design of a building facilitates ease of
construction, to fulfill the overal requirements for the completed building. On the other hand, the
term “Constructability” in the United States and Australia, refers as the theory used to a wider

scope of considerations including the management system employed.

Another researcher with strengthening describes the alternative usage of the term constructability to
buildability in UK with defining as, “constructability is the extent to which the design of building
facilitates ease of construction, subject to the requirements of construction methods. (Sharmin K.
2006).[40] In the United States and Australia, the term constructability is broadly used and defined as
“a system for achieving optimum integration of construction knowledge in the construction process
and balancing the various project and environmental constraints to achieve maximization of project
goals and building performance”. (NatasaT., et a 2009).

Franky W.H. et al. (2006) with referring different literatures explicitly clarified the main difference of
buildability and constructability. Regarding the stages of implementation,” buildability” focuses itself
at the design stage. On the contrary, the term “constructability”, covers al project stages and thus
overcomes the narrowed scope of “buildability”. Although some constructability improvement
measures do take place at particular stages of a project, e.g. the carrying out of constructability
analysis at tender stage, it is commonly recognized that “constructability” is concerned with the
whole process of project development to facilitate construction efficiency and achieve project goals.
By contrast, “Buildability” deals with only the design stage for construction efficiency.

Sometimes the meaning of constructability is also confuses with value engineering (VE). Erman S. B.
et a (2001) clarifies the confusion with briefing the difference and similarities of the terms. Vaue
engineering is defined as “the systematic effort aimed at analyzing the functiona requirements of
systems, equipments, facilities, procedures, and supplies for the purpose of achieving the essential
function at the lowest total (life cycle) cost of a project”. On the other hand, they can be similar in
their effect, but differ in scope and manner of analysis. VE tend to focus of functional analysis and

life-cycle cost, while constructability is achieved by fully exploiting construction experience in a
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timely and structured fashion. [13] Constructability involved construction oriented input into the
planning, design and field operations of a construction project to make the work easy, to improve
quality, safety, productivity, to shorten construction time schedules and to reduce rework, but VE
involves in the design stage of a project (Franky W.H. et a, 2006). Hence the scope of
constructability is wider than VE.

2.5.2 TheBirth and Evolution of Constructability

The separation between design and construction began after the renaissance; at the time
architects began to differentiate their role as practitioners of the liberal art of decoration. This
separation was reinforced by the Industrial Revolution with modern engineering techniques
contributing to project complexity and the fragmentation of roles. The 1960s and 1970s were the
periods in which most of the construction industries in the world experienced failures in
providing projects efficiently, at the appropriate cost and satisfactory quality. The complexity of
today’s projects has led to increased specialization, and the growth of legislation aggravates the
fragmentation and isolation of the design and construction stages. In the past, experienced
professionals were usually capable of solving constructability problems on site. The need for
constructability has emerged in parallel with the increase in complexity of construction

processes and applications of various plants (Sharmin K. 2006).

In order to know the beginning of constructability, it is necessary to mention the results of the
evaluation of the UK and American construction industry performed at that time. In both
countries, one of the complex problems faced by the construction industry was the lack of
integration between construction and design. In 1979, a comparison of the design and contract
procedures in the construction industries of the United Kingdom and the United States was
prepared with the form of report. The report covered how the American construction industry
inserted construction knowledge into design and the benefits achieved. The report also
recognized that both countries have been implementing changes to bring the contractor into the
detail design stage. In the America this was manifested by the coming out of construction
management as a method of project delivery, and in the UK by the use of a contractual
arrangement similar to DB (Felix T. U., et a, 1998).
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According to Felix T. U., et al (1998) with referring research done in the United States Construction
Industry Institute (Cll), the development of constructability concept demonstrated in the time from
the 1980s and mid-1990s with dividing into two groups. The first group (first and second
stages); which deals with the principles of constructability, definition of the term, and guidelines
for the implementation of a constructability program. The second group (third and fourth stages)

focuses on the implementation and assessment of constructability programs, as stated below.

First Stage: - During this stage efforts were made to determine the principles. These could be
used in each phase of the project to improve the constructability. In addition, thoroughly
analyses of the use of prefabrication, preassembly, and modularization were made to illustrate

how these methods affect construction and the benefits that could bring to projects.

Second Stage: - This stage was used to gather all the principles obtained from the previous
stage and to define the term constructability. Also during this stage, the guidelines for the
implementation of a constructability program were developed. In 1989 CIl formed the
constructability implementation force.

Third stage: - This stage was used to define the type of benefits that can be obtained from
constructability. In addition, during this stage researchers created a framework able to estimate
the cost and the benefits of the implementing a constructability program. It was used to assess
the constructability practices in the industry and the creation of guidelines to facilitate the
implementation and evaluation of a constructability program.

Forth Stage:- The fourth stage was dedicated to creating a tool that permitted the evaluation of
a constructability program. This tool was developed for the successful implementation of the

programs in the industry.

2.5.3 Concept of Constructability

Constructability is used as a management tool, which can save time, money and can also aid
with a lot many tangible and non-tangible benefits in a project, when applied properly.
Constructability is still not a very popular concept amongst the parties and has not even reached
in the developing countries, as it should have been. There is a need to understand the concept, its
practices, benefits and barriers, in order that for a proper and timely implementation (Erman
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S.B., 2001).

The successful completion of a construction project requires a detailed understanding of all phases of
the project, and can be enhanced through integration of design and construction during the pre-
construction stage. Constructability, or buildability (UK), is a major factor in measuring the
success or failure of construction projects. Severa constructability problems to accomplish a
successful project may be addressed in the life cycle of a project. During the pre-construction stage,
lack of construction knowledge and lack of integration in the planning, design and construction
processes is a mgjor factor that leads to constructability problems. This is because many designers
have little experience in construction practices, methods of construction, availability of different
resources, and in general they are not necessarily experts in construction. On the other hand during
the construction stage, the contractor is dependent on the contract documents and the construction
method is limited to the contract drawings and specification. And it also leads to constructability

problems.

The constructability concept integrates knowledge and experience of construction managers and
design engineers in order to eliminate the redesign and rework in construction stage. Most
literatures present the concepts of constructability with referring the different versions of
Construction Industry Institute (CIl) Publications. The amount in number of the concepts in the
literatures differs from one another. But most of the literatures categorize the constructability
concepts in three broad groups. Accordingly, the summarized constructability concepts of
different literatures with explanation of their major group are presented in the tables (Table 2.4,
2.5 and 2.6) as follows. (Bo Wang, 2003; CllI, 2016; Felix T., et al,1998; George Jergeas, et al 2001;
Samaneh Z., et a 2012)

I. Constructability Concepts During Conceptual Planning
Conceptual planning involves defining functional and performance requirements, evaluating
project feasibility, and studying criteria for preliminary engineering. The decisions made during
this phase have a maor impact for the remaining phases of the project, particularly of the
construction. The concepts concerning the benefits of construction knowledge involvement in
project planning, development of the contracting strategy, and selecting major construction

methods that influence the design approach clearly indicate the need to involve those who will
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build the project at the beginning of the conceptual planning. (Bo Wang, 2003; ClI, 2016; Felix T.
et al1998; George Jergess, et a 2001; Samaneh Z., et a 2012)

Table 2.4: Constructability Concepts during Conceptual Planning (Bo Wang, 2003; Cll, 2016; Felix
T. et al1998; George Jergeas, et al 2001; Samaneh Z., et al 2012)

Concept C1

The project constructability program should be discussed and documented within the

project execution plan, through the participation of al project team members.

Concept C2

A project team that includes representatives of the owner, engineer and contractor
should be formulated and maintained to take the constructability issue into

consideration.

Concept C3

Individuals with current construction knowledge and experience should involve in

the early project planning and design stage.

Concept C4

The construction methods should be taken into consideration when choosing the type

and the number of contracts required for executing the project.

Concept C5

The master project schedule and the construction completion date should be

construction-sensitive and should be determined as early as possible.

Concept C6

In order to accomplish the field operations easily and efficiently, mgor construction
methods should be discussed and analyzed in-depth as early as possible to direct the
design according to these methods. This could include recovery and recycling

methods as well as sustainable and final disposal planning.

Concept C7

Site layout should be studied carefully so that construction, operation and

maintenance can be performed efficiently, and to avoid interference between the

activities performed during these phases.

II. Constructability Concepts During Design and Procurement

Design and procurement is the phase in which most serious practitioners of constructability will

address their efforts. In comparison to the phase of conceptual planning, the cost impact of

decisions here is still many opportunities exist for enhancing constructability. This phase tends

to focus on project objectives, organization, and execution plans, design and procurement; hence
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constructability is manifested in the drawings, specifications, purchase orders, and schedules.

Table 2.5: Constructability Concepts during Design and Procurement Phases (Bo Wang, 2003; CllI,
2016; Felix T. et al1998; George Jergeas, et a 2001; Samaneh Z., et al 2012)

Concept C8

Design and procurement schedules should be guided by construction sequence.
Thus, the construction schedule must be discussed and developed prior to the

design development and procurement schedule.

Concept C9

The use of advanced information technologies will overcome the problem of

fragmentation into specialized rolesin this field, and enhance constructability.

Concept C10

Designs simplification by designers and design review by qualified construction
personnel must be configured to enable efficient construction. This will help

minimize material waste, recycling and cost-effectiveness.

Concept C11

Project elements should be standardized to an extent that will never affect the
project cost negatively.

Concept C12

The project technical specifications should be simplified and configured to achieve
efficient construction without sacrificing the level or the efficiency of the project

performance.

Concept C13

The implementation of modularization and preassembly for project elements should
be taken into consideration and studied carefully. Modularization and preassembly

design should be prepared to facilitate fabrication, transportation and installation.

Concept C14

Project design should take into consideration the accessibility of manpower,

materials and equipment to the required position inside the site.

Concept C15

Design should facilitate construction during adverse weather conditions. Efforts
should be made to plan for the construction of the project under suitable weather

conditions.

[11. Constructability Conceptsduring Field Operations
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Table 2.6: Constructability Concepts during Field Operations Phases (Bo Wang, 2003; ClIl, 2016;
Felix T. et al1998; George Jergess, et a 2001; Samaneh Z., et a 2012)

Concept C16

Field tasks sequencing should be configured in order to minimize damages or
rework of some project elements, minimize scaffolding needs, formwork used, or

congestion of construction personnel, material and equipment.

Concept C17

Innovation in temporary construction materials/systems, or implementing
innovative ways of using available temporary construction materials/systems that
have not been defined or limited by the design drawings and technical
specifications will contribute positively to the enhancement of constructability.

Concept C18

Incorporating innovation of new methods in using the market available hand tools,
or modification of the available tools, or introduction of a new hand tools that
reduce labor intensity, increase mobility, safety and accessibility will enhance

constructability at the construction phase.

Concept C19

Introduction of innovative methods for using the available equipment or
modification of the available equipment to increase their productivity will lead to a
better constructability.

Concept C20

In order to increase the productivity, reduce the need for scaffolding, or improve
the project constructability under adverse weather conditions, constructors should

be encouraged to use any optional preassembly.

Concept C21

Constructability will be enhanced by encouraging the contractor to carry out

innovation of temporary facilities.

Concept C22

Good contractors, based on quality and time, should be documented, so that
contracts for future construction works would not be awarded based on low bids

only, but by considering other project attributes, i.e. quality and time.

Concept C23

Evauation, documentation and feedback of the issues of the constructability
concepts should be maintained throughout the project to be used in later projects

as lessons |earned.

2.5.4 Benefits of Constructability
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Implementation of Constructability concepts in a construction project has deferent benefits.
Literatures state the benefits of constructability with categorizing in different manner. Erman
S.B., (2001), with referring different literatures listed and classified them in to two groups of
guantitative and qualitative benefits of constructability.

. Quantitative Benefits
* Reduce design cost
* Reduce schedule time
= Reduce construction cost (labor, material, equipment)
[1. Qualitative Benefits
» Increase focus on common goal
= |Increase construction flexibility
= |ncrease problem avoidance
= Improve site accessibility
» Reduced disruption to current production
= Improve safety
* Reduced amount rework
» Increase the understanding of effect of individual's involvement
» Increase commitment on team members.
= |ncrease communication
= Enhance team building and cooperation
* Reduce maintenance cost
= Reduce amount of material handling of inventories
= Improved production efficiencies
= Accounted for future expansion of project

Bo Wang, (2003) explains the benefits of constructability as it contributes essential benefits due
to early integration of construction knowledge and experience into the design process of a
project. Constructability has a role in minimizing the frequency and magnitude of changes,
disputes, cost overturns, and delays during construction. Shortening construction time and
improving project management by using constructability is expected to decrease overall project
cost and thus reduce capital investment risk. In addition he classified them in another way to the
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above as direct and indirect benefits of constructability.

A. Direct benefits
= Construction planning is made easier
= Both design and construction costs can be reduced
= Likewise the construction schedule may be shortened
= Better quality can be required and expected
= More realistic commitments can be made to subsequent trades
= Earlier owner occupation
B. Indirect benefits
= Building a collaborative team committed to project goals
= Parties working for mutual benefit
= Crossdiscipline training
= Transfer of expertise from other projects
= Contractor better understanding design intent, and vice versa
= |ncreased innovation in both design and construction
=  Competitive advantage

2.5.5 Barriersof Constructability

According to Hiley A. and Yagci O. (2001) with referring different researches presents factors
promote and barriers of constructability. Design efficiency, education, feedback systems,
awareness of the importance of early design decisions and the establishment of conditions to
promote the integration of design and construction are the very widely known factors can
promote constructability. On the other hand there are also barriers to constructability; which
include procurement methods, a lack of equity in contracts, a lack of team building and the time
pressure on the design stage, lack of training of the workforce due to the lack of permanency in

employment, poor working conditions, and lack of education.

Barriers to constructability may be classified into different categories with respect to their
general characteristic and the involved parties as general barrier, owner barrier, designer barrier,

contractor barrier etc. They are listed as follows: (Sharmin K. 2006).

i. General barrier
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» Satisfaction with the existing situation
= "Right people" are not available
= Discontinuity of key project team personnel
= No documentation of lessons |earned
» Failure to search out problems and opportunities
ii. Owner Barrier
= Lack of awareness of benefits, concepts, etc.
= Perception that constructability delays project schedule
= Unwillingness to spend additional money in early project stages
» Separate design and construction operations
= Lack of construction experience
» Disregard of constructability criteriain selecting contractors and consultants
= Lack of financial motivation for designer
= Unwilling to listen to contractor’s innovation
iii. Designer Barrier
= Perception that they have considered constructability in their design
= Lack of awareness of benefits, concepts, etc.
= Lack of construction experience
» Lack of awareness of construction technologies
= Lack of mutual respect between designers and constructors
= Perception of increased designer liability
= Construction input is requested too late to be of value
Iv. Contractor Barriers
= Unwillingness of field personnel to offer preconstruction advice
= Poor communication skills
= Lack of involvement in tool and equipment devel opment
v. Supplier Barriers
» Fragmentation and difficult communication interfaces
» Restrictions on proprietary designs
vi. CodeAuthority Barriers
» Rigid, outdated codes and design standards
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Resear cher Barriers

= Difficulty in proving the economics of constructability

2.5.6 Methods of Constructability | mprovement

Constructability covers all project stages, which is concerned with the whole process of project

development to facilitate construction efficiency and achieve project goals. Researchers propose
different methods of constructability improvement. Gabriel, et a (2012) proposed the methods of

improving constructability in a project, which appears more appropriate when procedures such as

employment of a constructability champion are considered. The methods are sorted and categorized

by their group of characteristics and approach of implementations.

1.

Formal corporate policy statements: - statements that develop the intention of the organization
in implementing constructability.

Checklists: - including corporate procedures, lessons learned technical issues, etc. Checklists are
specified to ensure a comprehensive performance of tasks without overlooking vital issues.
Organizational measures: - these are administrative measures taken by the organization in order
to establish management teams that are bound to be dedicated to implementing constructability.
Contractual measures:- measures taken within recognized procurement methods or innovative
procurement methods, such as design-build, partnering or the Integrated Project Delivery (1PD)
method, through which all parties involved (owners, general contractors, sub contractors, etc.)
share risk and reward.

System modeling and analysis methods: - procedures and methods used to perform or analyze
actions related to the project. Typically such methods are Vaue Engineering (VE), which focuses
on function/performance; cost-benefit analysis within the VE process; and the use of the Critical
Path Method (CPM) to define and schedule formal constructability review process steps.
Reviews. - a review is a step of a quality assurance method performed during design and
construction. Constructability design reviews at set percentages of design completion using
formal design checklists. Peer reviews are popular within design firms.

Advanced technology methods: - these methods take the advantage of the remarkable progress
in project modeling in recent years. They include Building Information Modeling (BIM),
multimedia, virtual reality, geographic information systems, and databases, analytical simulation

tools such as artificial intelligence, decision support systems, and expert systems.
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2.5.7 Awar eness of the Concept of Constructability in Ethiopia and the

I nter national Experience
The constructability concept was born out of the realization that designers and contractors see the
same project from different perspectives. To narrow the gap of the difference, the application of
knowledge and experience of both parties is highly required in the planning and design stages.
Especialy the implementation of constructability, which is the integration of construction knowledge
and experience in the design stage, is vita to fill this gap. However many owners, engineers, and
contractors in the worldwide are still not aware of the potentia benefits of constructability.
Opportunities to reduce the schedule, improve the functionality of the final product, and reduce costs

are lost with the fragmentation of design and construction (Erman S. et a 2001).
2.5.7.1 Ethiopian Practice

When we look our country Ethiopia, as far as the finding of this study, there is no available written
document stating about the implementation of the constructability concept. Some studies strengthen
this perception not only in Ethiopia but also in other African countries. Abimbola O. W. et a (2014)
in their study described that in construction industries of Nigeria and Sub-Saharan African Countries;
generally there has been a lack of research on the constructability practices of designers and

contractors, and possible barriers to the use of appropriate methods of constructability.

But some local researchers in AAIT/AAU mentioned the term and parts of the concepts of
constructability in their studies on building and highway constructions. To mention some of them;
Lema M. (2006) in his finding on the study a Road Projects in Oromia Region with DB delivery
method concluded that most of projects faced lack of constructability inputs in their life sycle.

Asmera S. (2015) in his study, even if he doesn’t mentioned the term constructability. He concluded
that the lack of knowledge of construction in the design phase and other design related factors can be
causes of material wastage in building projects. [4] Mekonnen A. (2013) in his findings on study of
Design-Build and Design-Bid-Build Project Delivery Method in Federa Road Construction,
concluded that, the suitability of DB for constructability review which minimizes design risksis more
apparent than DBB, if it is widely used for Federal road projects. Nebe M. A. (2014),
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recommended in his research that Constructability review teams have to be organized in projects

team development in order to benefit from the modern thinking of project management. [30]

The above studies mentioned the necessity of constructability concepts in highway projects. And
there is no other locally done research which describes the practices, concept, benefits and necessity,
barriers of constructability in either the building or in general the construction industry of the

country.
2.5.7.2 International Practices

Studies in different countries show that the awareness on the concept of constructability is different
from country to country. It is also differs in between the parties to parties in the industry. According
to studies in different countries, the perception on the concept of constructability is discussed as

follows.

i.  United States of American

In the United States of American study shows that most design firms are aware of the concept of
constructability to 95.7%. Almost 50.7% of them have forma corporate philosophy of
constructability in their organization, 87% of design firms used constructability reviews during
developed design stage. 95% of the design firms believed that construction engineers should be
involved in the design phase, in addition to other professionals, who are already participating at this
stage. Of these 57% of them believed that they should be involved, regardiess of project conditions,
whereas 38% indicated that the involvement should depend on size, complexity and type. And the
study also has shown that constructability has gained importance and it is increasingly being adopted
and applied in early project stages (Sharmin K. 2006).

ii.  United Kingdom
As it is discussed above, the term “buildability” was invented after a number of studies in the UK on
the negative effects brought by the lack of integration of design and construction in the 1960s and
1970s. Thereafter, the definition of buildability was criticized for its narrowness in scope, in that it
essentialy confined to the design phase. Subsequently, further studies on buildability in the UK were
carried out by many researchers. However, after so many years, too much time and effort were still
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spent trying to make design works in practice and there was little emphasis placed on buildability of
designs (Franky W.H. et a 2006).

iii.  Australian

According to Franky W.H. et al. (2006) with referring different literatures, Australian researchers
were also aware of problems being caused by the lack of integrated design and construction. Through
studies on constructability, attempt to encourage contractors’ involvement in design and efficient
communication, thereby enhancing the quality of project management during the whole building
process, with the aims to facilitate ease of construction and achieve better project performance.
Similar to the Cll in the USA, the CIl Australia published the Constructability Principles in 1992,
including a system which involves the whole project parties (including contractors) from the very
beginning of the project for improving constructability, and the Constructability Manual in 1996,
providing guidelines for implementing the constructability system, in the form of 12 constructability
principles, implementation strategies and case studies.

iv. India

A survey of four construction companies in India identified that most of the time the problem
occurred with designs because of a thorough review was missing. According to the survey, it was
found that 25% of the design firms performed constructability analysis throughout the entire design
process (from conceptual to the final design). It was aso observed that 51% firms start performing
constructability reviews as early as conceptua planning stage. And the most significant factors those
affects constructability are project complexity (87%) and design practices and philosophy (75%) and
the third important factors that is found to cause constructability problems is faulty, ambiguous or
defective working drawings and adversarial relationships (Sharmin K. 2006).

v. Singapore
The Singapore Government has enacted legislation to require minimum buildability scores of designs
before approvals of building plans in 2001. The buildability scores are calculated based on the
Buildable Design Appraisal System (BDAS), which was devised to measure buildability performance
of designs in country. The “3S” principles of Standardization, Simplicity and Single Integrated
Elements form the cornerstones of the BDAS. These represent the considerations that designers
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should take in developing designs, including determination of the most appropriate building systems
to be used (Franky W.H. et a 2006).

vi. Malaysiaand Indonesia

On the other side, studies are being conducted in Malaysia and Indonesia al aiming at the better
application of buildability and constructability through various methodologies (Franky W.H. et al
2006).

vii.  Nigeria

According the study by Benedict A. (2016), the level of awareness of constructability concepts and
principles among industry professionals in Nigeriais somehow appreciable. The general principles of
constructability are accepted by professionals. However, the level of knowledge and application of
formal constructability concepts by sampled population of the study is very low as discovered from
the findings. For instance, Formal Implementation Process ranked (7). This includes scheduled
constructability reviews. Other formal techniques also scored low such as use of constructability
resources and feedback systems which were ranked (8" respectively. The most commonly used
constructability techniques as indicated by the order of their mean score values are; corporate lesson
learned, Brainstorming, Peer reviewing, Graphical computer based tools (CAD), and Discussions

with clients, contractors, suppliers.

viii.  South Africa

In South Africa, study shows that, it is found that 84% design firms are aware of constructability
concept. And 76% of them indicated that they require contractors experience in their design because
they had better knowledge about material availability and application technology that affects quality
and cost (Sharmin K. 2006).

As it is shown in the above the awareness of constructability is more practiced in United States and
Australia, and it is developing with researches. Cll of the two countries play much role with creating
and updating the concepts of constructability. In UK, even if the concept of buildability has narrower

scope, many researches are carrying out to develop it as constructability.
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In Asian countries, especialy in Singapore, the awareness is supported developing constructability
measuring tools. In India, Maaysia and Indonesia, the awareness and application of buildability and
constructability isin a better stage with devel oping different methodol ogies.

In Africa, Nigeria and South Africa are applying the concepts of constructability in a better way in
comparing with Sub Saharan countries including Ethiopia. In Sub Saharan countries the awareness

and implementation of constructability isnot well practiced.

2.6 Summary of Literatures
In the last five subchapters the conceptual frame works of project delivery methods, integration of
design and constructability and concepts of constructability are broadly with referring different

literatures. And in this subchapter the short summary will be presented.

Project Delivery Method is a full process including planning, design and construction of a
construction project. DBB and DB are the basic types of project delivery methods and others are the
modifications of DBB and DB. The integration of design and construction phases of a building
project is directly depended on project delivery method.

According to the literature review, in DBB the design and construction phases are fragmented, in the
other side in DB delivery method the two phases are interfaced. Hence with regard to the integration
of design and construction DB is more better than DBB with reasons like early start of the
construction before full completion of the design will shorten the project completion period,
encourages the contractor for innovation, early certainty of project cost and others. On the other hand
DBB also have some advantages over DB like, relatively easer for quality control, easier for financial

bid competition and competitive bid results lowest price.

A typical characteristic of many construction constructions is the lack of integration between
design and construction, and which is the cause of many problems. The lack of integration of
the two phases affects cost, time and quality of a building construction project, and which are

known as the three fundamental criteria of project management.

The problem of integration between the design and construction phases can be overcome with

implementing constructability in a project, which is the integration of construction knowledge
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and experience into the design phase of a project. Constructability is a construction management
concept created to fill the gap on the integration of design and construction phases. Its concept
is first demonstrated and developed in the United States in the time from the 1980s and mid-
1990s and then practiced in Australia. Now a day it is spread and practiced in UK, Asian and
even if in few African countries. But in Sub-Saharan countries including Ethiopia, the

awareness on the concepts of constructability is insignificant.

The conceptual frame works of the study is summarized according to the literature review.
Then, the actual practice, with focusing public building projects in Addis Ababa will be assessed

with the aid of method of case study in the following chapters.
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CHAPTER THREE
3. RESEARCH METHODOLOGY

3.1 Introduction

This chapter presents the methodology used to review and analyze the lack of integration between
design and construction phases of building projects and the effect of constructability. Asit is directly
related to integration of design and construction processes, the study impress on the project delivery
methods especially on DBB and DB. Case study is the preferred method of this research, as the
concept of constructability is a contemporary experience. And the case study focuses on sample
public projectsin Addis Ababa.

3.2 The Study Design

The study design is the overal plan to find answers for the questions of the study and for handling
some of the difficulties encountered during the research process. The first strategy is formulating the
study design. Then data and information sources will be determined based on the formulated research
design. On the basis of the data and information sources the research instruments will be decided.
Then the required data will be collected and analyzed. Finally, the available documentary sources
will be reviewed for cross-checking the validity and conformity of the information obtained through
the overall research work.

This study can be both qualitative. It is qualitative, because the study focused to obtain the
perceptions of participants of public building construction relative to the impact of regarding the
concept of design and construction integration and its impact on the constructability. Case studies

will be conducted on specific selected public building projectsin Addis Ababa.

Case study is the preferred method of this study, because of constructability is contemporary concept
in the construction industry. Three public projects are selected for the case. The first criteria of
selection is the project delivery method, because of the main focus of the study, projects are selected
in the category of DBB and DB. The second selection criteria is focused on public building on their
project cost more than 50 million birr, financial progress of more than 90% in order to observe the

overall effects and employed by government entities.
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3.2.1 Sour ces of Data

The study utilized both primary and secondary data. Primary data is gathered from first-hand data
collected by the case study on the selected DBB and DB delivered projects. The secondary sources of

datawere obtained using relevant books, journals, magazines, web sites and research papers

3.2.2 Data Collection

In this study, the method of primary data collection used is questionnaire and with personal interview.

3.3 Data Analysis
In the case study on the selected projects, the collected data is analyzed with investigative the

guestionnaire and interview.

3.4 Limitation of the Study
This study is limited and focused on selected public building construction projects in Addis Ababa

under delivery methods of DBB and DB, in which their financial progress is more than 90%.
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CHAPTER FOUR
4. CASE STUDY ANALYSISAND DISCUSSION

4.1. Introduction

In this chapter the data collected for the case study is analyzed and discussed. As the method is
described in chapter 3, the collected data with the questionnaires and interviews from the selected
projects of the case study is analyzed. The objective of this chapter is to assess the actual experience
of the issues of the study and to find correlation with the literature review.

4.2. Study Population

The study population was drawn from eight private and public agencies in the study area (Addis
Ababa), contractors, consultants, and clients. As much as possible attempts have been made so that
the samples drawn from the population are representatives. The following table 4.1 presents the
samples and their distributions, including the response rate of the respondents.

Table 4.1 Distribution of interviews and questionnaires and percentage of respondents

Questionnaires
[tem
No. of
Interviewees | nigvibuted | Collected
Rate (%)
1 Contractors 2 3 2 66.67%
2 Consultants 3 3 1 33.33%
3 Clients 1 3 1 33.33%

In the above distribution Professionals engaged in the construction industry of having academic level

from first to second degree are addressed.
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4.3. Case Study

This chapter states the data that have been collected with the questionnaires and interviews collected
from the projects reviewed in the case study. The results are prepared with the information collected
on the project delivery methods, integration of design and construction and implementation of

constructability of the projects.
4.3.1 Case Study |: Oromo Cultural Center Complex, at Addis Ababa

a. Project details

Employer:- Oromia National Regiona State Industry and Urban Development Bureau
Owner:- Oromia National Regional State Culture and Truism Bureau
Main Consultant (Design and supervision):- Geretta Consult plc
Subcontract-designers:-
MH engineering plc (Structural Designer)
FASTEK consult plc (Electrical Designer)
SANMECH consult plc (Sanitary and Mechanical Designer)
Contractor: Afro-Tsion Construction plc
Contract Amount (Birr): - 168,704,566.33
Commencement Date: -November 5th, 2008
Original Contract Time: - 900 Cal days
Total Built up Area: - 27,000m?
Blocks :- Museum, Regiona library, Public library, Language Academic Center, Music Training

Center, Oromo National Art Center, CinemaHall and Restaurant and Bar

b. Contract Administration Related | ssues
Project Delivery Method: - DBB
Procurement Type: - Lowest bidder
Contract Type: - Unit Rate
Condition of Contract: - FIDIC 1987 (Red Book)
Contract Amount (Birr): - 168,704,566.33
Net Variation approved to date (Birr): - 28,936,571.86
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Final Amount (Birr): - 197,641,138.19
Percentage Increased: - 17.15%
Commencement Date: -November 5th, 2008
Original Contract Time: - 900 Cal days
Actual Completion Time: - 1862 Cal days
Percentage Increased: - 106.89%

c. Design Related Issues
As the name indicates, the project design is as such a complex type. All the architectural design
factors are initiated from the culture of Oromo people. Especially they reflect Geda System, Irrecha
Celebration and other typical culture of the people. All blocks are interconnected in a style of cycle.

The main consultant has done the architectural design and the structural, electrical, electromechanical
and sanitary designs are prepared in the manner of sublet under the architect. The Subcontract
designers are specialized independent firms and they have prepared the different designs as per the
architectural design. In addition to the design, they were supervising the project periodically and were

approving materials submitted by the contractor.
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d. Major Design and Construction Related Problems Caused with Lack I ntegration

Table 4.2 Mgor Design Related Problems with the Reason of Lack of Integration (Case Study [)

[tem Design Description of Effects of Cause of Initiator Taken Remedial
No. Problems the Design Problems the Design Problems Problem (Party) Action
The actual capacity hall is 900 User For future the
Capacity of the seats, but the people Dissatisfaction of the - ’ client decided to
1 , - Defining Need | Employer and
Cinema hall representative’s need was user Desianer construct new
1800 to 2000 sedts. 9 bigger hall.
The roof truss of the cinema
hall was not designed in such
away to much with the Time delay and Lack of
Roof Truss of pattern of the ceiling, was not additional steel Integration Architect and | Structural design
2 ; structurally designed to hold | structure workscost | between design | Engineering modification of
Cinema hall , . .
the sound system equipments incurred by the and Designers the truss
and the member of the truss contractor. construction
blocked the electro-
mechanical ducts and units.
Chiseling and rework .
DatalTelephone The Datal/telephone and on painted walls, gggltt;gail me
3 and Security e celingandtiled | DefiningNeed | Employer | P¥
CCTV and to the contractor
System floors. (Delay and
for the rework
cost overrun)
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e. Major Construction Problems Caused with Lack Integration

Table 4.3 Maor Construction Related Problems with the Reason of Lack of Integration (Case Study [)

Description of

[tem the Description of Effects_of I nitiator Taker_1
. . the Design Cause of Problem Remedial
No. | Construction the Design Problems (Party) .
Problems Action
Problems
Asthe project was a complex
project and having many and Even if the contact
different types of finishing . is DBB, the project
Multiples of items; and most of the _Time delay and needs early User,
1 L . : financia losstothe | . Employer and
finishing items materials were not available contractor involvement of the Des aner
and not yet used in the country ' contactor in the 9
(For instant Curved Cinema design phase.
Screen and others)
Even if the contact
The geometry of project has is DBB, the project
The geometry many curvatures and the Time delay and needs early User,
2 | and complexity | interface between theblocksis | additional overhead | involvement of the | Employer and
of the project so complex, the construction | cost to the contractor. | construction expert Designer
took long time. in the design
phase.
As the contactor
The art work, which is beyond Need earl has prepared the
the knowledge and experience . . Y bid offer
Time delay and involvement artists User, .
of the contractor, took long - without enough
3 | Art Work ) . additiona overhead (Start from Employer and
time for the subletting, A : . knowledge of
o cost to the contractor. | preliminary design Designer
historical study, approval and stage) the art work or
execution. « losses are not
compensated.
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. — Effects of . Taken
[tem Design Description of . Cause of Initiator .
. the Design Remedial
No. Problems the Design Problems Problem (Party) .
Problems Action
The roof truss of the cinema Asthe contract
hall was not designed in states all
such away to much with the Time delay and Lack of Architect, necessary
pattern of the ceiling, was additional steel : Structural and supports and
Roof Truss of . Integration . .
4 ) not structurally designed to | structure works cost : Mechanical accessories,
Cinema hall . between design )
hold the sound system and incurred by the and construction Designers and there was no
the member of the truss contractor. the contractor additiona
blocked the electro- payment to the
mechanical ducts. contractor.
: The contactor
Rework on painted
Data/Tel ephone The Dataltelephoneand | wallsand tiled floors. - has done t.he
5 | and Security Defining Need Employer rework with
CCTV and (Delay and cost "
System additional cost
overrun) .
and time.
All areaisclad
Forgotten fair The fair faced concrete wall Therequired fair Sequence and with granite
6 faced concrete under the grade beam in all faced concrete methods of Contractor and with the
below the grade blocks was done with appearance of the activities are not consultant additional cost
beam. conventional C-30 concrete. | complex is missed. configured of the
contractor.
AAU, AAIT, School of Civil and Environmental Engineering By Elias Sahle 55




Review on Lack of Integration in Design and Construction Phases of Building Projects and the Effect
of Constructability (A Case Study on Selected Public Buildingsin Addis Ababa)

f.

Constructability Issues

According to the case study, the constructability concept is totally not applied and not properly

known with the participants. But the following table 4.4 states whether the concepts of

constructability applied or not unknowingly.

Table 4.4 Application of constructability concepts (Case Study [)

Oromo Cultural Center Complex Project

Case Study |
l[tem - L
NoO Constructability Concepts Application
Constructability Concepts during Conceptual Planning

c1 Discussed and documented project constructability program within the Not apolied
project execution plan, through the participation of all parties. P
Formulation and maintaining of a project team, including representatives

C 2 | of the owner, engineer and contractor in order to take the constructability | Not applied
ISSues.
Involvement of individuals with construction knowledge and experience ,

C3 . . . : Not applied
or acontactor in the early project planning and design stages.

ca Pre_parl ng the master project schedule to be construction-sensitive and to Not applied
be implemented as early as possible.
Discussing and analyzing major construction methods as early as possible

C5 in order to accomplish the activities easily and efficiently, and Not apolied
implementing the design according to these methods. This also includes ap
recovery, recycling and final disposal planning.
Site layout should be studied carefully so that construction, operation and

C6 | maintenance can be performed efficiently, and to avoid interference | Not applied
between the activities performed during these phases.
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If\legn Constructability Concepts Application
Constructability Concepts during Design and Procurement Phases
Design and procurement schedules should be dictated by construction
C 7 | sequence. Thus, the construction schedule must be discussed and developed | Not applied
prior to the design development and procurement schedule.
The use of advanced technologies to overcome the problem of
C 8 | fragmentation into specialized rolesin the actual construction and to Not applied
enhance constructability.
co Design simplification by designers and design review by qudlified Not apolied

construction personnel, in order to enable efficient construction. ap
Project elements should be standardized to an extent that will never affect ,

c10 . . Not applied
the project cost negatively.
Simplified and configured technical specifications in order to achieve

C 11 | efficient construction without sacrificing the level or the efficiency of the | Not applied
project performance.

C12 The implementation of modularization and preassembly for project Not aoolied
elements should be taken into consideration and studied carefully. ap
Consideration of Project design for accessibility of construction manpower, ,

C13 materials and equipment to the required position . Not applied

C 14 | Design facilitate for construction during adverse weather conditions. Not applied

Constructability Conceptsduring Field Operations
Configuring of activity sequencesin order to minimize damages or rework Partiall

C 15 | of some project e ements, minimize scaffolding needs, formwork used, or Iiegll
congestion of construction personnel, material and equipment. ap
Innovation in temporary construction materials/systems, or implementing

C16 innovative ways of using externally available materials/systems that have Not aoolied
not been defined or limited by the design drawings and technical ap
specifications for the enhancement of constructability.

Incorporating innovation of new methodsin using or modification of the

C17 available tools, or introduction of a new hand tools that reduce labor Not aoolied
intensity, increase mobility, safety or accessibility to enhance ap
constructability.

Introduction of innovative methods for using the avail able equipment or

C 18 | modification of the available equipment to increase their productivity to a Not applied
better constructability.

C 19 | Improving the project constructability under adverse weather conditions. Not applied

C 20 Evaluation, documentation and feedback of the issues of the constructability Not apolied
conceptsto be used in later projects as lessons learned. ap
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4.3.2 Case Study I1: Addis Ababa Police Commission

a. Project details
Employer:- Addis Ababa City Administration Police Commission
Designer: - Gereeta Consult Plc
Supervision: - A.A.C. Admin. Inf. & Construction Authority
Contractor:- Afro Tsion Construction PLC
Contract Amount (Birr): - 99,444,398.79
Commencement Date: - Nov. 5, 2008
Completion Time :- 730 Cal Days
Completion Date: - October 31, 2010
Location: - Addis Ababa

b. Contract Administration Related | ssues
Project Delivery Method: - DBB
Procurement Type: - Lowest Bidder
Contract Type: - Unit Rate
Condition of Contract: - MoOWUD December, 1994
Contract Amount (Birr): - 99,444,398.79
Net Variation approved to date (Birr): - 14,726, 864.64
Final Amount (Birr): - 114, 171,263.34
Percentage Increased: - 14.81%
Commencement Date: - Nov. 5, 2008
Original Contract Time: - 730 Cal days
Actua Completion Time: - 1040 Cal days
Percentage Increased: - 42, 47%

c. Project Delivery, Procurement and Contract Format Related | ssues
As stated above the project is DBB delivered, in addition the designer and the supervision parties are
different. The designer’s contract was closed after the approval and submission of the final design.
But after some progress of the construction work the client agreed with the designer to work with the

supervision body to give some design clarifications and minor modifications.
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d. Major Design Problems
Table 4.5 Mgjor Design Related Problems with the Reason of Lack of Integration (Case Study I1)

Item Design Description of Effects of Cause of I nitiator Taken Remedial
No. Problems the Design Problems the Design Problems Problem (Party) Action
The re-checking,
discussion and approval
Roof Truss | The structural design of the wu g?/?gs(‘)snvgéggﬁant
structural 18metet Assemble hall's truss Pervis Lack of proper .
: : and designer has taken . . New design and
1 design of was re-checked with the . design Designer .
, . more than six months. ; additional cost.
Assemble contractor’s structural designer ) o checking
i : Finally the designiis
hall and the design failed.
changed as per the
contractor's
recommendation.
The auminum partition wall Lack of
thickness was 70mm and the integration All  wal mounted
Aluminum majority of the partition walls| The thickness of the between electrical boxes are
2 partitionwall | are this material. And the | partition wall can’t hold different Designer | changed to floor
panel building has many electrical | the electrical boxes. designs. boxes which have
connection boxes, their thickness (Architectural higher cost.
ismore than 120mm. and Electrical)
Electrica items, particularly
Audio Communication System arl_tiagkaot]icn
Specification | between Inmates and  Visitors _— P paing
. Changed to variation Special .
problemon | and Electricaly controlled doors , : . Theitems are
3 ) . e and the final new price | subcontractors | Designer .
electrical have maj or specification ; : omitted.
) U exceeds the contingence. | and suppliers
items problems. The specified items do in the desian
not match with the intended stage g

reguirement.
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Item Design Description of tE\féeSSOfn Cause of Initiator Taken Remedial
No. Problems the Design Problems 9 Problem (Party) Action
Problems
.Lack of
Sitework | The sitework, especia fence and | Long time taken for integration
4 design drainage design has taken more | redesign and between Designers
changes than eight months. modification different
designs.
e. Major Construction Problems Caused with Lack Integration
Table 4.6 Maor Construction Related Problems with the Reason of Lack of Integration (Case Study I1)
Item Description of Description of Effects of I nitiator
the Construction rip the Design Cause of Problem
No. the Design Problems (Party)
Problems Problems
* 1st The designer
(Quantification)
The quantity of 1cm thick The production of » 2nd The contractor (Even if
176% increment of | Marble external wall cla(\)dd| ng | thismuchareaof | thebid periodistoo shortto Designer and
1 marble cladding increased with 176 % marble has taken check quantities, the contractor
(Contract = 3,934 meter square | more than one contractor shall check the
Final= 10,863 meter square) | year. quantity in the construction
time and order the material
in the early stage)
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f.

Constructability Issues

As same as the previous case study, the constructability concept is totally not applied and not
properly known with the participants. But the following table4.7 states whether the concepts of
constructability applied or not unknowingly.

Table 4.7 Application of constructability concepts (Case Study I1)

A.A.C.A. Police Commission

Case Study 11
l[tem - L
NoO Constructability Concepts Application
Constructability Concepts during Conceptual Planning

c1 Discussed and documented project constructability program within the Not aoolied
project execution plan, through the participation of all parties. ap
Formulation and maintaining of a project team, including representatives

C 2 | of the owner, engineer and contractor in order to take the constructability | Not applied
ISSues.
Involvement of individuals with construction knowledge and experience ,

C3 . . . : Not applied
or acontactor in the early project planning and design stages.

ca Pre_parl ng the master project schedule to be construction-sensitive and to Not applied
be implemented as early as possible.
Discussing and analyzing major construction methods as early as possible

C5 inured to accomplish the activities easily and efficiently, and Not apolied
implementing the design according to these methods. This also includes ap
recovery, recycling and final disposal planning.
Site layout should be studied carefully so that construction, operation and

C6 | maintenance can be performed efficiently, and to avoid interference | Not applied
between the activities performed during these phases.
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If\legn Constructability Concepts Application
Constructability Concepts during Design and Procurement Phases
Design and procurement schedules should be dictated by construction
C 7 | sequence. Thus, the construction schedule must be discussed and developed | Not applied
prior to the design devel opment and procurement schedule.

The use of advanced technologies to overcome the problem of

C 8 | fragmentation into specialized rolesin the actual construction and to Not applied
enhance constructability.

co Design simplification by designers and design review by qualified Not apolied
construction personnel, in order to enable efficient construction. ap

C 10 Project elements should be standardized to an extent that will never affect Not apolied

the project cost negatively. P

Simplified and configured technical specifications in order to achieve
C 11 | efficient construction without sacrificing the level or the efficiency of the | Not applied

project performance.

C 12 The implementation of. modulquzatl on and prgassembly for project Not applied
elements should be taken into consideration and studied carefully.

Consideration of Project design for accessibility of construction manpower, ,
c13 materials and equipment to the required position. Not applied
C 14 | Design facilitate for construction during adverse weather conditions. Not applied

Constructability Conceptsduring Field Operations

Configuring of activity sequences in order to minimize damages or rework
C 15 | of some project elements, minimize scaffolding needs, formwork used, or Not applied

congestion of construction personnel, material and equipment.

Innovation in temporary construction materials/systems, or implementing
C16 innovative ways of using externally available materials/systems that have Not aoolied

not been defined or limited by the design drawings and technical ap

specifications for the enhancement of constructability.

Incorporating innovation of new methodsin using or modification of the
C17 availabletools, or introduction of a new hand tools that reduce labor Not apolied

intensity, increase mobility, safety or accessibility to enhance ap

constructability.

Introduction of innovative methods for using the available equipment or
C 18 | modification of the available equipment to increase their productivity to a Not applied

better constructability.

C 19 | Improving the project constructability under adverse weather conditions. Not applied
C 20 Evaluation, documentation and feedback of the issues of the constructability Not apolied
concepts to be used in later projects as lessons learned. P
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4.3.3 Case Study I11: Integrated Land Administration, at Addis Ababa

a. Project details

Employer:- Addis Ababa City Integrated Land Administration

Users:- Ten Sub-Cities Land Administration Developments

Consultant:- Addis Ababa City Administration Work Urban Devel opment
Contractor (DB):- Defense Construction and Engineering

Contract Amount (Birr): - 150,000,000.00 (Each ten block 15,000,000.00)
Net Variation approved to date (Birr): - 36,750,000.00

Final Amount (Birr): - 186,750,000.00

Commencement Date: -November 5th, 2008

Original Contract Time: - 365 Cal days

Total Built up Area: - 500m?

Location: - In the ten sub-cities ( Similar Package Blocks)

b. Contract Administration Related | ssues

Project Delivery Method: - DB

Procurement Type: - Negotiation

Contract Type: - Lump Sum

Condition of Contract: - PPA 2006

Contract Amount (Birr): - 150,000,000.00

Net Variation approved to date (Birr): - 36,750,000.00
Final Amount (Birr): - 186,750,000.00

Percentage Increased: - 24.5%

Commencement Date: - September 2011

Original Contract Time: - 240 Cal days

Actual Completion Time: - 540 Cal days (Up to March 2013)
Percentage Increased: - 125 %
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c. Project Delivery, Procurement and Contract Format Related | ssues
Regarding the procurement system, the employer has chosen the government design and construction
entity and the cost of design and construction is fixed price with negotiation. The client has chosen
the government DB contractor with two reasons. The first was the urgency of the project and the

second reason was trust on government the entity with respect to quality.

The project delivery method is DB and the contract form is in lump sum. But the condition of
contract used for this contract is PPA 2006, which is used for DBB and admeasurements. The miss
usage of the condition of contract, created some contract administration problems and as both are
government parties, it was solved amicably. In addition the contractor prepared item rated bill of
quantity after the completion of final design and has claimed additional cost. Finaly the client
accepted the bill of quantity and unit rate and also agreed to add the difference amount again as lump

price.
d. Design Related Issues

The design was prepared according to the terms of reference (TOR) prepared by the consultant
(Another department of the City Administration) and the design progress was checked on each stages.

e. Major Design Problems

The design was prepared according to the TOR and repeatedly checking and modification by the
consultant. But the preparation and the checking process doesn’t participate the users of the
buildings. The lack of participation was not only among the client and consultant; it is also between
the design and construction departments of the contractor. Even if the design-build enterprise has two
independent design and construction units, the construction unit did not participate in the whole

design process.

The construction work was started with partially completed design to expedite the project with
achieving one of the main targets , which was urgency. But as it is stated above, the finadly the
project is delayed with 125%. In addition the major design problems observed in these package
projectsis discussed in the table 4.8 below.
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Table 4.8 Mgor Design Related Problems with the Reason of Lack of Integration (Case Study [11)

[tem Design Description of Effects of Cause of Initiator Taken Remedial
No. Problems the Design Problems the Design Problems Problem (Party) Action
The site work was missed in Sitework is
the TOR prepared by the ; .
. : . . . included in the
Site work employer. And thesitework is | Long time for design Proper need :
1 ) ) . e Employer | contract with
was missed added as a supplementary and price negotiation identification .
S additional cost and
contract after the building fime
construction work started. '
o o _ The end users
All the buildings have room Dissatisfaction of the have not Design-Build
Room arrangement and day light end user. (The sub- : .
. e participated inthe | Contractor .
2 | arrangement problem ( some internally citiesLand lanni q and the Nothing
and day light oriented buildings have day Administration p. anf“ ng an Emplover
light problem) Departments) designing stages. oy
f. Major Construction Problems Caused with Lack Integration
Table 4.9 Major Construction Related Problems with the Reason of Lack of Integration (Case Study 111)
Description of Description Effects of Cause . Taken
Item the . I nitiator :
No Construction . of the Design of (Party) Rem(_ad|a|
' the Design Problems Problems Problem Action
Problems
The buildings have The main reason was 120k | pesign-Biild
Sewer pipes major problem of Smell out throughout ! Proper sup . Contractor .
1 . : . either with the design- Nothing
leakage problems internal sewer pipes the building : . and the
build contractor or with
leakage . Employer
the employer
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g. Constructability Issues

Here in this case a so, the constructability concept is totally not applied and not properly known with
the participants. But the following table 4.10 states whether the concepts of constructability applied
or not unknowingly.

Table 4.10 Application of constructability concepts (Case Study I11)

A.A.C.A.Integrated Land Administration

Case Study |11
| ';\Ie? Constructability Concepts Application
Constructability Concepts during Conceptual Planning

c1 Discussed and documented project constructability program within the Not aolied
project execution plan, through the participation of all parties. P
Formulation and maintaining of a project team, including representatives Partiall

C2 | of the owner, engineer and contractor in order to take the constructability Ay
. applied
ISsues.
Involvement of individuals with construction knowledge and experience or .

C3 . . . : Not applied
a contactor in the early project planning and design stages.
Preparing the master project schedule to be construction-sensitive and to .

C4 ; . Applied
be implemented as early as possible.
Discussing and analyzing major construction methods as early as possible

C5 in order to accomplish the activities easily and efficiently, and Not aoolied
implementing the design according to these methods. This also includes ap
recovery, recycling and final disposal planning.
Site layout should be studied carefully so that construction, operation and

C6 | maintenance can be performed efficiently, and to avoid interference | Not applied
between the activities performed during these phases.
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[tem
No

Constructability Concepts

Application

Constructability Concepts during Design and Procurement Phases

C7

Design and procurement schedules should be dictated by construction
sequence. Thus, the construction schedule must be discussed and devel oped
prior to the design devel opment and procurement schedule.

Applied

C8

The use of advanced technologies to overcome the problem of fragmentation
into specialized rolesin the actual construction and to enhance
constructability.

Not applied

C9

Design simplification by designers and design review by qudlified
construction personnel, in order to enable efficient construction.

Not applied

C10

Project elements should be standardized to an extent that will never affect the
project cost negatively.

Not applied

ci

Simplified and configured technical specifications in order to achieve
efficient construction without sacrificing the level or the efficiency of the
project performance.

Not applied

C12

The implementation of modularization and preassembly for project elements
should be taken into consideration and studied carefully.

Not applied

C13

Consideration of Project design for accessibility of construction manpower,
materials and equipment to the required position.

Not applied

cl4

Design facilitate for construction during adverse weather conditions.

Not applied

Constructability Conceptsduring Field Operations

C15

Configuring of activity sequences in order to minimize damages or rework of
some project elements, minimize scaffolding needs, formwork used, or
congestion of construction personnel, material and equipment.

Partialy
applied

C16

Innovation in temporary construction materials/systems, or implementing
innovative ways of using externally available materials/systems that have
not been defined or limited by the design drawings and technical
specifications for the enhancement of constructability.

Not applied

C17

Incorporating innovation of new methodsin using or modification of the
availabletools, or introduction of a new hand tools that reduce labor
intensity, increase mobility, safety or accessibility to enhance
constructability.

Not applied

C18

Introduction of innovative methods for using the available equipment or
modification of the avail able equipment to increase their productivity to a
better constructability.

Not applied

C19

Improving the project constructability under adverse weather conditions.

Not applied

C20

Evaluation, documentation and feedback of the issues of the constructability
concepts to be used in later projects as lessons |earned.

Not applied
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4.4 Discussion on Case Study
Each of these projects has passed unique challenges and opportunities with regard to the delivery

methods and in the design and construction phases. These situations resulted benefits and problemsin
the life of the projects. The following section will discuss the summary of the outcomes in different

parameters.

4.4.1 Project Delivery method and Integration of Design and Construction Phases
The delivery method implemented on the first two projectsis DBB and the third one is delivered with
DB. According to the study the delivery methods have impact on the performance of the projects with
respect to design and construction integration. And the following section will discusses it on each
case.

a. Casel
The project delivery method is DBB and the condition of contract was FIDIC Red book, which is
appropriate for this delivery method. As it is DBB the design was prepared by the main consultant
(the Architect) and by the others engineering designers (Structural, Electrical and Sanitary-
Mechanical). The procurement and construction is started after the final approval of the full design.
As stated above the lack of integration in the designs and construction observed in two directions.
The first is among the different designers like between the structural and mechanical designs of the
roof truss of Cinema hall. The other is between the design and construction. Because of this, the main
parts of the project like the structure work, finishing and art work took long time for study,
procurement and construction.

The other problem of integration of design and construction is observed on the not clear and not well
defined client’s need , one of these problems is the dissatisfaction of the end users with the capacity

of the cinema hall.

b. Casell
The project delivery method is also DBB; the condition of contract was MoWUD 1994, which is
appropriate for this delivery method. Asit is DBB the design was prepared by the main designer (the
Architect) and by the others engineering designers (Structural, Electrical and Sanitary-Mechanical).
The procurement and construction is started after the final approval of the full sets of designs.
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As stated above the lack of integration in the design and construction observed in three ways. The
first is among the supervision firm and the designer. Because of this minor and major design
guestions, clarifications and modifications were taking long time. The second is lack of integration
between different designers, and this is the cause for change and omission of electrical items,
aluminum partition and site work. The third is among the design and construction phases, too much

increment of marble cladding and taking long time procurement, production and fixing.

c. Caselll

The project delivery method is DB and the initially the contact was lump sum, but the condition of
contract was PPA 2006, which is appropriate only for DBB delivery method. For instance the PPA
2006 condition of contract sub-clause 1.1 states that the drawings are prepared by the engineer, but in
DB the design is prepared with the contractor. As far as this study’s reached, there is no loca
condition of contract prepared for the implementation of the DB project delivery system. But in the
international situation, the FIDIC Silver Book is recently used condition of contact for DB delivered
projects Nael G. Bunni (2005).

According to the study the client preferred this delivery method with two reasons. The first one is
trust on the government entity regarding quality and cost; the second reason is need for short time of
completion. But, with regarding the cost, it is increased because of need identification of the client
particularly in the site work and with the contractor’s claim after preparation of the bill of quantity.
Regarding the quality, with in contrary to the employer’s interest, the end users are not satisfied.
Even if the project is started before the full sets of the design drawings are completed, the final
completion of the project is delayed from the scheduled time.

Even if the contract is DB and the contractor organized with design and construction unit, the
integration of the two units were not integrally participated in the project. The construction unit has
not participated in the design stage and started the project after some drawings are prepared for the
construction. The only benefit observed here is the single contract, which decreases the need of
resources for the employer to administer the contract.

In general there are two major gaps observed in the contract administration of this project. The first
one is miss usage of the condition of contract and the other is the change of the contract form from

lump sum to itemed rate and again after price adjustment the contract is tied with lump sum with the
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new total price. Even if it is solved amicably the misapplication of the condition of contract created
contractual dispute on the final project cost. These two gaps are created with the public bureau which
is organized to lead the whole construction and construction related activities of the City of Addis
Ababa

4.4.2 Concepts of Constructability

In the study all respondents have no any knowhow regarding the concept of constructability in the
building construction industry. But they agree on the necessity of the concepts stated in the
guestionnaire, especial on the early involvement of either the contractor or the construction experts as
it is suitable for both delivery methods. In addition few of the constructability concepts were
implemented in the project unknowingly at the construction phase. And the implementation of

constructability concepts in the three case studiesis stated as follows.

a. Casel
Preparing the master project schedule to be construction-sensitive and to be implemented at early
stage; and configuring of activity sequences in order to minimize damages or rework of some project
elements, minimize scaffolding needs, formwork used, or congestion of construction personnel,
application of material and equipment in some amount are applied. But most of the concepts of

constructability are not applied.

b. Casell
Here most concepts of constructability are not applied except preparing the master project schedule to
be construction-sensitive and to be implemented as early as possible.

c. Caselll
Here aso, most of them are not applied except discussion and development of the construction
schedule prior to the design development and procurement schedule and preparation of the master
project schedule to be construction-sensitive and to be implemented as early as possible. Even if the
ten sites are identica and delivered in one package and it was a good opportunity to implement
modular and preassembly way of construction. it is not implemented on these projects . But it will be
beneficia for the performance of the project to facilitate efficient production, ease of installation,

time and cost saving.
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CHAPTER FIVE
5. CONCLUSIONSAND RECOMMENDATIONS

5.1. Introduction

This chapter includes the conclusion and the recommendations that review the design and construction
integration and effect of constructability in public building construction projectsin Addis Ababa.

5.2 Conclusions

The study is focused on the review of the lack of integration between design and construction design
and construction phases of building projects and its effect on Constructability, with focusing on
selected projects in Addis Ababa. Based on the objectives of the study the following conclusions are
taken out.

1. The case study has shown the lack of integration between design and construction stages in
both DBB and Db projects. In both DBB projects the lack of integration is observed between
different designers, between the design and construction stages; furthermore in the case study
[l the lack of integration between the designer and supervision firm is also observed. On the
other hand in the case study |, a gap on need identification at the project briefing stage is also
observed. These lack of integration and improperly defined need result some problems on the
performance of the projects;, such as delay, cost overrun, less quality products and
dissatisfaction of the end user. In the DB project, even if both the design and construction
departments are organized in the construction firm, the two departments have been working
separately in the design and construction stages. Hence the lack of integration and gap in need

identification and their effects are observed same as the DBB projects.

2. On both DBB and DB projects the lack of construction knowledge and experience in the
design stage is observed. The nature of DBB project does not allow the participation of
contractor in the design stage. In the other side the main feature of DB delivery method is
implementation of both design and construction with the same firm. But in the case study,
regardless of the DB contractor has both departments, they have not been doing the design

and construction with cooperation. Because of this, the project missed the advantages of DB
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delivery methods and faced the disadvantages such as the gap on quality control and
assurance. The other main problem observed in the DB project is misapplication  of
condition of contract. PPA 2006, which is prepared for DBB projects, is used for the DB
project. This crates gap in the contract administration and opens for unnecessary financia
claim by the contractor. Even if it was settled amicably this gap was also a cause for dispute

between the employer and the contractor.

3. The lack of integration between design and construction in either DBB or DB can be
overcome by implementing constructability in a project, which is the integration of
construction knowledge and experience into design of a project. Constructability is the
optimum use of construction knowledge and experience in planning, design, procurement, and
construction processes to achieve the overal objective of the intended project. It is a
contemporary construction management tool used to increase the performance of projects, and
which can save schedule time, money and also have alot of tangible and intangible benefits.
But in the case study, in the three projects all concepts of constructability in the conceptual
planning and in the design and procurement phase are not applied. Very few of the concepts
are applied in the construction stage.

4. The concept constructability is still not well popular in the worldwide, as it should have been,
except in the some developed countries. In the United States, UK, Australia, Nigeria, South
Africa and some Asian Countries, the awareness and implementation is in a better state,
especially in United States and Australia the concept is growing with the assistance research
and development. In Ethiopia the concept of constructability is not implemented and its
concepts are not well known in construction industry. According to the case study, the concept
istotally not applied and not properly known in the building construction projects.

5.3 Recommendations

Based on the findings of the study, it is shown that the local building construction industry lacks the
implementation of project management discipline with respect to the delivery methods and
integration of design and construction processes. Accordingly, the following recommendations are

presented for improvement of the current practices.
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1. As it is vital for successful completion of construction projects, selection of project delivery
method shall be the most decisive management decision and needs too much attention. In addition
to this selection of the right type of condition of contract for the right type of project delivery
method is a so need much attention with the public bodies, employers and consultants.

2. Early involvement either a contractor or construction expert with respect to the type of delivery
method is very important for the insertion of construction knowledge and experience in the design
stage of aproject for a better performance of construction project.

3. Further studies on the concepts, benefits and implementation constructability shall be done in
order to create awareness and to be beneficiary from the modern thoughts of construction project

management.
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APPENDICES

APPENDIX -A

Questionnaire Case Study For Study on

I ntegration of Design and Construction Phases of Building Projects and its Effect

on Constructability
(A Case Study on Sdlected Public Buildingsin Addis Ababa)

. Typeof firm
a. (Eng. Consultant/Devel oper/Contractor/Others):-

I1. General Project and Contract | nfor mation
Project(s) Name:

. Name of Design-Build Contractor:

. Project Location : (Better to bein Addis Ababa or nearer)

. Type of Client(public/ privet) :

a

b

c. Name of Consultant:
d

e

f

Project Gross Area:
Initial Cost of Project(Sign of Contract):
Final Cost of Project(Close the Contract):
Initial contract time of the Project (Sign of Contract):

J «

J. Fina completion time of the Project (Close Contract):

k. Under which type of delivery system does the project managed?
[DBB (Design-Bid-Build), DB (Design-build), EPC (Engineer-Procure-Construct) or Turn-Key]:

[. Under which type of condition of contract your project is administered?
[PPA (Local), FIDIC (Which book (Red, Y ellow, Orange or Silver))]:

[11.Contact Administration I nformation

a. Why the above project Delivery system is preferred?
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b. How are Feasihility, design and construction phases going on?

Who prepare the conceptual design?

Who prepare the final design?

How does the design approval process go on?

-~ o o 0

Who approves the design?

What istherole of the client in the design work?

5 @

What is also the role of the consultant in the design preparation?

i.  How isthe measurement for payment prepared?

[V.Integration of Design and Constr uction

a.  According to literatures, DB has advantage of integration between design and construction
phases over DBB (Minimizes fragmentation of the two processes). In your projects, do you fill
the reliability of argument?

b. According to literatures, DB has advantage of integration between design and construction
phases over DBB (Minimizes fragmentation of the two processes). In your projects, do you fill

the reliability of argument?

V. Constructability | ssues

Constructability has been defined as. "the integration of construction knowledge into the planning,
design, procurement, and construction phase of project in order to increase the success of the
execution of the works" (Success on cost, quality and time).

a. Inyour educational background or past experience do you have any knowledge about

constructability or its concept?
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b. In your project, have you faced any constructability benefits (Cost, time and quality) because of
the early involvement the contractor?

L Yes 0 No
c. If the above answer is yes, what is your understanding about the concept of constructability?

d. Based on your experience. Please select from the following list the barriers to constructability.
Check al that apply.

[] The concept is unknown by the owner

[] Owners do not care about constructability in the contracting strategy

[[] Design without construction input-bid-construction is the traditional form of contracting

[] Owners do not choose constructability in their projects

] The concept is unknown by designers

[] Designers lack of construction experience and construction technol ogies knowledge

[] The concept is unknown by contractors

[ Unwillingness of field personnel to offer pre-construction advice

[ IThere are no proven benefits of Constructability

] Other (explain)

e.Where do you think constructability should be implemented? Check all that apply.
00 Complex Projects 00 Small Projects
O Large Projects O All Projects

O Certain type of Projects
f. Do you agree that the participation of contractors or construction knowledge during the design
of aproject can help to produce better drawings, specifications, and buildable projects?

[]Yes [ ] Sometimes [ INo

g.Do you think construction concern should be included as another specialty during the design-

phase of the project same as; architectural, structural, mechanical, electrical, etc?

[IYes [ ] Sometimes [ INo
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Application of Constructability Concepts during:-

Conceptual Planning Phase

1. Discussed and documented project constructability programme within the project execution plan,

through the participation of all parties.
O Applied O Not Applied  CO0Sometimes

2. Formulation and maintaining of a project team, including representatives of the owner, engineer

and contractor in order to take the constructability issues.
O Applied 0 Not Applied  COSometimes
3. Involvement of individuals with construction knowledge and experience or a contactor in the
early project planning and design stages
O Applied O Not Applied  [OSometimes

4. Preparing the master project schedule to be construction-sensitive and to be implemented as early

aspossible.
O Applied 0 Not Applied [OSometimes

5. Discussing and analyzing major construction methods as early as possible in order to accomplish
the activities easily and efficiently, and implementing the design according to these methods. This
also includes recovery, recycling and final disposal planning.

O Applied 0 Not Applied  [OSometimes

6. Site layout should be studied carefully so that construction, operation and maintenance can be
performed efficiently, and to avoid interference between the activities performed during these

phases.

O Applied O Not Applied  [OSometimes
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Design and Procurement Phases Phase

7. Design and procurement schedules should be dictated by construction sequence. Thus, the
construction schedule must be discussed and developed prior to the design development and

procurement schedule.
O Applied 0 Not Applied  [OSometimes

8. The use of advanced technologies to overcome the problem of fragmentation into specialized roles

in the actual construction and to enhance constructability.
O Applied O Not Applied  [OSometimes

9. Design simplification by designers and design review by qualified construction personnel, in order
to enable efficient construction.

O Applied 0 Not Applied  [OSometimes

10. Project elements should be standardized to an extent that will never affect the project cost

negatively.
O Applied O Not Applied [OSometimes

11. Simplified and configured technical specifications in order to achieve efficient construction

without sacrificing the level or the efficiency of the project performance.
O Applied O Not Applied [OSometimes

12. The implementation of modularization and preassembly for project elements should be taken

into consideration and studied carefully.
O Applied 0 Not Applied  [OSometimes

13. Consideration of Project design for accessibility of construction manpower, materials and

equipment to the required position.
O Applied 0 Not Applied  [OSometimes

14. Design facilitate for construction during adverse weather conditions.
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O Applied O Not Applied [OSometimes

Field Operations Phases Phase

15. Configuring of activity sequences in order to minimize damages or rework of some project
elements, minimize scaffolding needs, formwork used, or congestion of construction personnel,

material and equipment.

O Applied O Not Applied [OSometimes

16. Innovation in temporary construction materials/systems, or implementing innovative ways of
using externally available materials/systems that have not been defined or limited by the design

drawings and technical specifications for the enhancement of constructability.
O Applied 0 Not Applied [JSometimes

17. Incorporating innovation of new methods in using or modification of the available tools, or
introduction of a new hand tools that reduce labor intensity, increase mobility, safety or

accessibility to enhance constructability

O Applied O Not Applied [OSometimes

18. Introduction of innovative methods for using the available equipment or modification of the

available equipment to increase their productivity to a better constructability.
O Applied 0 Not Applied [JSometimes
19. Improving the project constructability under adverse weather conditions.
O Applied O Not Applied [OSometimes

20. Evauation, documentation and feedback of the issues of the constructability concepts to be used

in later projects as | essons learned.

O Applied O Not Applied OSometimes
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APPENDIX -B

I nterview Questions for Case Study For Study on

I ntegration of Design and Construction Phases of Building Projects and its Effect

- o Q0 T o - oc@e@ ™t o a0 T W

(o]

on Constructability
(A Case Study on Sdlected Public Buildingsin Addis Ababa)

General Project | nformation

Type of firm (Eng. Consultant/Devel oper/Contractor/Others)

Project(s) Name

Project delivery method (DBB/DB)

Name of DBB/DB Contractor

Name of Consultant: Project Location : (Better to be in Addis Ababa or nearer)
Type and name of the Client(public)

. Project Gross Area
. Initial Cost of Project(Sign of Contract)
. Final Cost of Project(Close the Contract)

Initial contract time of the Project (Sign of Contract)

. Final completion time of the Project (Close Contract)

Under which type of condition of contract your project is administered? [PPA (Local), FIDIC
(Which book (Red, Y ellow, Orange or Silver))]:

. Contact Administration I nformation

Why the above project Delivery system is preferred?

. How are Feasihility, design and construction phases going on?

Who prepare the conceptual design?

. Who prepare the final design?

. How does the design approval process go on?

Who approves the design?

. What istherole of the client in the design work?
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h. What is also therole of the consultant in the design preparation?
i. How isthe measurement for payment prepared?

[11.1ntegration of Design and Construction and Project Delivery Methods

a. Inyour projects, do you have faced the integration between design and construction phases
affected with the delivery method? Explain

b. Do the phases of design and construction in your project fragmented with the reason of the
delivery method? Explain how it happened? Explain

V. Constructability | ssues

a. Inyour educational background or past experience do you have any knowledge about
constructability or its concept? Explain

b. In your project, have you faced any constructability benefits (Cost, time and quality) because of
the early involvement the contractor? Explain

c. If the above answer is yes, what is your understanding about the concept of constructability?
Explain

d. Has your organization participated in the conceptual phase of ? Explain

e. Inthe project, have you participated in the design-procurement phase? Explain

f.  During the construction phase of the project, do you have applied any constructability activities?
List them.
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