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ABSTRACT

In the recent years, Korean construction companies have been awarded 680 billion USD in the oversea projects which lead to a
successful quantitative growth. However, due to the lack of capability in the core technology and project management compared to the
leading companies, in addition to low-price bidding, massive deficit projects have caused problems to the companies. In order to
overcome the limitations of the lack of capabilities, the term constructability has been researched recently by developed countries to
apply in the practical use. The concept of constructability must be applied for Korean companies to compete in the EPC construction
projects. The term constructability is defined as the factor that affect the overall construction process of a project which is defined by
the ease of construction and to secure the project quality. Therefore, this study aims to develop a constructability assessment model
using the structural equation to assess the factors that affect the constructability in the design and construction stage. The purpose of
using the structural equation is to analyze the direct and indirect correlation between each factor that affects the international
construction projects. Total of 8 latent variables and 34 measured variables are derived through literature review, corporate reports,
experts’ interview and surveys. The result of the model suggests the constructability factors that are to be managed the most efficiently
to reduce cost, time and improve the quality as well as a countermeasure strategy to successfully execute the target international
construction projects.

Key words : Constructability, International construction projects, Assessment model, Structural equation model
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Table 1. International Trends of Constructability Influencing
Factors

Division Influencing factors

construction based design & procurement, efficiency
of design application, design standardization,
Cl repetitive tasks, pre-assembly operations, easy access
to labor/material/equipment, weather consideration,
thorough review of specification

pre-investigation, appropriate use of materials, work
scope, planning of simple assembly, construction
CIRIA error, safety, exclusion of repeating purchase,
consideration of work order, clear communication,
consideration of follow-up work

various types of placement, awareness of interface,
worker’s skill, construction method, condition of

ASCE material, labor, subcontractor resource and

equipment, climate condition, investigation of
geological condition and site condition, site

availability and accessibility

field and geological survey, weather, appropriate
construction method application, design information
Patrick from contractor, standardization, design flexibility,
(2006) appropriate use of material and equipment, safety, site
placement and environment, efficient use of resource

and management, consideration of pre-production

design complexity, accuracy of the placement,
constructability and material interaction, complexity
process, contractor’s responsibility, alternative
design, assembly technology, personnel organization,
planning of deployment, communication, task
management, availability of labor and function

Alan Griffith &
Tony sidwell
(1995)
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Table 2. Domestic Trends of Constructability Influencing Factors

Table 3. Influencing Factors Constructability and Survey Index

Division Influencing factors

review of module and pre-assembly method,
standardization, consideration of appropriate
equipment & material placement, pre-production site,
consideration of interference review by 3D modelling,
review of site welding amount, review of accessibility,
constructability and specification consideration ,
minimization of rework and design changes

Lee Hae Chan
(2008)

workforce shortage, unreasonable workforce
organization, reduction of labor morale, poor working
environment, full-time, fatigue/decreased efficiency,
design document error, difficulty of design, design
changes, unreasonable site placement plan, delay of
decision, delay of equipment & material procurement,
poor construction supervisor, safety disasters,
inefficient construction method, improper material
usage, construction scale and duration, geographical
features, weather condition, strikes

Song Chang
Baek
(2002)

Stage Influencing Detail of survey index
factors
- Reflection of a lack of standardization in
materials
Complexity |- Owner of irrational design criteria and technical
of design(3) | requirements

- Construction consisting of rework / insufficient
simplification

- Unreasonable arrangement plan
Design | Accuracy of |- Lack of consideration for execution cost

construction manpower shortage, lack of skills, poor

design document, ignoring the constructability design,
design changes, error in work order planning and

scheduling, delay in job instruction and approval, lack
of communication, unreasonable site placement,

interference between workforce, delay in material and

equipment procurement, unfavorable location of site,

poor working environment, generation of complaints,

strikes, weather conditions

Sea Yong Kwan
(2009)

construction method (method, workability,
pre-production, simplicity, etc.), design
(standardization, over-design, etc), means of
Baek Ho production (work order, process planning,
(2006) productivity, etc.), site management (cost and time
management, transport management, etc.),
management (business policy, management
organization, price research, etc.)

£ AAske G AiiE o vFatlon Akl e s
AABIAY B4 T4 B3 AT RES AAERE ST} iR
o] ATH(Yoon, 2012). ©]o]] Table 2041} o] Ale-Adw} ddst
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design(4) |- Irrelevant equipment and materials design
- Redesign due to design errors
. - Lack of consideration for on-site conditions
Integration of . . .
desionand | Lack of oomlderanog for contractor working
const%"uction knowled.ge Olf the c.le51gn
3) - Lack of identification of a contractor’s
specification
- Lack of consideration for appropriate
construction method

Construction |- Lack of consideration for working order and
management | interface
“ - Lack of material and equipment procurement
management method
- Design and other site conditions

- Lack of materials and equipment procurement
management
- Irrational on-site arrangement plan

On-site |- Advance of country’s poor working conditions
Constru- .
ction management | and location
6) - Advancement level of country’s infrastructure
condition
- Lack of safety management
- Lack of environmental management
- Site manager’s skills and responsibilities
- Supplier’s construction abilities and lack of
Collaborative | skills
management |- The ability of on-site labor and lack of
4 communication
- Headquarter’s or owner’s lack of
communication
- Drawing approval delay
- Improper maintenance organization
Headquarter’s Prope . .. g
linkage(5) - Lack of investigations about exchange rate
& - Lack of complaint processing
- Documentation delays
- Lack of consideration for system characteristics
Headqu- - Lack of advancement in accordance with the
artersu- cultural characteristics of the country and
Advancement . . i
pport consideration for the volatility of the
of the owner’s .
trv and construction
cotintry i Lack of consideration for the on-site climate
env1r(05r;men - Expectation of delay due to country’s social

turmoil
- Owner’s cash solvency and lack of
understanding
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Table 4. Analysis of Reliability of the Observed Variables
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Table 5. KMO and Bartlett verification of the observed variables

f h’ o
Measurement Nl{mber of | Cronbach’s Reliability Measurement KMO B.anlet.t Free
items a verification dom
Complexity of design 3 0.608 |satisfactory Complexity of design 0.594 58.862 3
A - -
ceuracy of design and 4 0.822 | satisfactory Accuracy of design and 0792 | 203.206 6
construction construction
. ion of desi - -
ntegration o d?SIgn and 3 0752 |satisfactory Integration of df)Slgl’l and 0.687 112798 3
construction construction
Construction management 4 0.814 | satisfactory Construction management 0.768 234.437 6
On-site management 6 0.843 | satisfactory On-site management 0.738 418.052 15
Collaborative management 4 0.780 | satisfactory Collaborative management 0.687 192.241 6
Headquarter linkage 5 0.782 | satisfactory Headquarter linkage 0.747 233.263 10
Ad 9 9
vancement of thﬁ: Owner’s 5 0862 | satisfactory Advancement of th‘e Owner’s 0743 448705 10
country and environment country and environment

3.3 Etgd 24

AR gEra el SR B B4E Sl A1E] A
(Reliability Analysis), 2213%-%(Factor Analysis), ~12]3L 33
E2X9-g(Correlation Analysis) 3J3}3Ic}. A2 do|et =A%
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Fig. 1. Final Structural Equation Model

Table 6. The Final Latent Variables and Observed Variables

Stage Influencing factors Details of survey index symbol
Complexity of desien -Reflection of a lack of standardization in materials D11
P (]t)yl) g -Owner of irrational design criteria and technical requirements D12
-Construction of rework / Insufficient simplification D13
-Unreasonable arrangement plan D21
Desi Accuracy of design -Lack of consideration for execution cost D22
& (D2) -Irrelevant equipment and materials design D23
-Redesign due to design errors D24
Integration of design -Lack of consideration for on-site conditions D31
and construction -Lack of consideration for contractor’s working knowledge of the design D32
(D3) -Lack of identification of a contractor’s specification D33
. -Lack of consideration for appropriate construction method Cl11
Construction management . . . .
) -Lack of consideration for working order and interface Cl12
-Lack of materials and equipment procurement management method Cl13
. . -Irrational on-site arrangement plan C22
Construction On-site management s - .
) -Advancement level of country’s infrastructure condition C24
-Lack of safety management C25
. -Supplier’s construction abilities and lack of technical skills C32
Collaborat t(C3 o . .
ollaborative management(C3) -The ability of on-site labor and lack of communication C33
-Improper maintenance organization Al2
Headquarter’s linkage -Lack of investigation about exchange rate Al3
(Al) -Lack of complaint processing Al4
Headquarter -Documentation delays Al5
support -Lack of consideration for system characteristics A21
Ad t of the Owner’ . ..
vancement 0 .e ef’s country -Lack of advancement with regard to the cultural characteristics of the country and A22
and environment . . e .

(A2) lack of consideration for the volatility of the construction

-Expectation of delay due to a country's social turmoil A24
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SRR 79 sisler Fig. 13} o] #HF 722882 2ds
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F7FIAY 7€ ARE At ARes FE 5 vk
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A P Bl w2 T mElle] 73S Table 831720
Z 6719 A3= Aol X GFI(Goodness-of-Fit Index)$} RMR
(Root Mean square Residual)e] 23t= x4} 71&3k B} tha
S WA WA e A AgE BT UESAI:
Agkx]4= RMRE] %o 0.08S 71Z0 2 vehla At
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and Lee, 2004). Z3x]4= GF1¢] AL-oz 090148 7]Ee.
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Table 7. Compatibility of the Initial Structural Equation Model

der | crtravae| cqutionmode | S5O0
CMIN/DF 2 below 2381 X
RMR 0.08 below 0.132 X
GFI 0.9 higher 0.675 X
CFI 0.9 higher 0.745 X
NFI 0.9 higher 0.750 X
RMSEA 0.1 below 0.097 X

Table 8. Compatibility of the Final Structural Equation Model

e | tevavae | cqaton model | S4STn
CMIN/DF 2 below 1.643 (6]
RMR 0.08 below 0.095 A
GFI 0.9 higher 0.819 A
CFI 0.9 higher 0.907 O
NFI 0.9 higher 0.909 o
RMSEA 0.1 below 0.066 (¢

A}

(¢] . BB
o‘!“él ?_]:OL__

vk sl A4 Ew(Kline, 2005) T2 21 2831 Ul
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Table 9. Impact on the Constructability

Latent variables Total effect | Direct effect Indirect
effect
Complexity of design 0.260 0.000 0.260
Accuracy of design 0.262 0.000 0.262
Integration of d.emgn and 0.282 0223 0.059
construction
Construction management 0.113 0.113 0.000
On-site management 0.301 0.328 -0.027
Collaborative management 0.202 0.148 0.054
Headquarter linkage 0.033 0.000 0.033
Advance of the country/ | -, 4o 0.000 0.500
Owner’s environment
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Path of the latent variable and the observed variables Estimate

Reflection of the lack of standardization in materials <« 0.676
Owner of irrational design criteria and technical requirements <« Complex of design 0.457
Construction of rework / Insufficient simplification <« 0.690
Unreasonable arrangement plan <« 0.696
Lack of considering for execution cost <~ . 0.695

- - - Accuracy of design
Irrelevant equipment and materials design «— 0.793
Redesign due to design errors <« 0.735
Lack of consideration for on-site conditions <~ 0.717
Lack of consideration for contractor working knowledge design <« Interaction 0.706
Lack of identification of contractor’s specification <« 0.753
Lack of consideration for the appropriate construction method <« ) 0.823
Lack of consideration for working order and interface <« Construction 0.811

management

Lack of materials and equipment procurement management method <« 0.821
Irrational on-site arrangement plan <« 0.583
Advancement level of country’s infrastructure condition <« On-site management 0.713
Lack of safety management <« 0.678
Supplier’s construction abilities and lack of technical skills «— Collaborative 0.791
The ability of on-site labor and lack of communication «— management 0.912
Improper maintenance organization “« 0.604
Lack of investigations about exchange rate — . 0.790

- - Headquarter linkage
Lack of complaint processing «— 0.620
Documentation delays «— 0.765
Lack of consideration for system characteristics <« 0.903

. . Ad t of th

Lack of advancement with regard to the cultural characteristics of the country and lack of Va.n’c ement ot the

. . .. . <« Owner’s country and 0.916
consideration for the volatility of the construction .
environment —_

Advanced country's social turmoil delay <« 0.673
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Table 11. Project Overview and Issues

Name of project LNG plant tank & Pipeline project

Location of project SHAH U.A.E
Contract amount US$ 610,136,830
Construction contract term 36month
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