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ABSTRACT

Various studies has tried to unveil causes of cost overrun and schedule delay in the road construction project. However, these causes
need standardization due to difference by guidelines, relevant research, and facilities. Therefore, this study identifies and elaborate
standard road construction cost and schedule variation factors that can be used in the planning and execution of the project. variation
factors have been derived and grouped through literature review and modified and supplemented through expert interview. In addition,
the connection with the relevant guidance factors is confirmed and the usability is reviewed by applying actual road construction cases.
The factors suggested in this study comprehensively include factors of related guidelines and previous research, more clearly distinguish,
support decision making.
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Table 1. Variation Factors Related to Cost Overrun and Schedule Delay in Previous Studies

Factors A|/B|C|DIE|F|G|H|T|J|K|L|IM|N|O|P|Q|R|S|T)]|Code
Project plan changes VIiV| V|V VIV v VIiV|V|IV|V |V @
Regulation and policy changes VIV v v ®
Owner related issues V|V V|V V|V A% \% VIV|V V| ©
Land acquisition and compensation v @
Design errors \Y% \Y% \Y% A% VI iV|V VIV |V ®
Different site condition VIV|V V|V A% ®
Construction supervision issues \'% v \'% \'% ©
Contract related issues A% \Y% \Y% \Y% V|V ®
Contractor related issues VIV VIiV|V \% \% V|V VANO)
Subcontractor related issues A\ A\ @)
Materials related issues \Y% A% A% V|V V| ®
Equipment related issues \'% \'% \'% v ®©
igzzgig:atls(i):ssutzzction methods and v v v ®
Site condition related changes \'% V|V v \'% @)
e vy v
Compliant and conflict related changes | V \'% v \'% ®
Force majeure, such as natural disasters Y Vv V|V @
A Lee(2013) D Aziz&Abdel-Hakam(2016) I  Creedy et al.(2010) M Akinradewo et al.(2022) Q Kurniawan et al.(2022)
B Yoon(2009) F Elawi et al.(2016) J  Zafaretal.(2015) N  Ammar et al.(2022) R Kaliba et al.(2009)
C Wooetal(2012) G Santoso&Soeng(2016) K Sohu et al.(2017) O Chamuwange&Ning(2022) S Al-Hazim&Abusalem(2015)
D Seboru(2015) H Alfakhri et al.(2017) L Anigboguetal.(2019) P Dolage&Dasantha(2022) T Akaletal.(2017)
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Table 2. Part of Total Project Cost Management Guidelines 1(MOEF, 2022)

Cost type Change order type Factor Code
. . . 8 factors including the cost of trial digging/excavation
Quantity variation due to expenses stipulated by law . g gging al
cultural properties
. . . 26 factors including the construction of converting earthwork
Quantity variation due to complaints . . a2
sections into bridges
Construction Cost | Quantity variation due to changes in site condition 40 factors including road, safety facilities a3
. 3 factors including the difference between the estimation cost
Contract related issues . . a4
and the determined price
Escalation 3 factors including material price variation a5
Detailed design results 2 factors including the reflection of Working Design results a6
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Table 3. Part of Total Project Cost Management Guidelines 2(MOEF, 2022)

Category Factor Code
Price fluctuation bl
Changes in government supplied material costs b2
Except for the Diesel tax fluctuation b3
limitf?q cost of Construction Cost Difference between the estimation cost and the determined ba
self-adjustment price
Emergency response b5
All consignment project cost b6
Change order reflecting expenses stipulated by law Zufliz:l;?rr(l);lsiizsg the cost of trial digging/excavation cl
Within the Change order due to reinforcement of safety facilities | Reinforcement of safety facilities c2
:;E;Z?lfsﬁ ;i Change order ?gi:gggzﬁiiz:)me conditions 7 factors including Reinforcement of slopes c3
Change order dl.J.? to une;igpected site conditions 5 factors including Road o4
(Facility-specific factors)
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Table 4. Part of Post-Construction Evaluation Guidelines(MOLIT, 2022)

Category Factor Description Code
Policy/institutional change(construction regulations, changes in design standard,
safety/quality/environment guideline, etc.), changes in the internal situation of owner,

) Change of policy/project plan | changes in financial states, change in project plans(additional construction, removal of | Al
Project plan specific work, change of process plan/construction method, change of design height,
adjustment of project budget), etc.
Change of compensation plan | Changes in the compensation plan(delay, etc.) during the construction projects A2
Design error Unclear/nnssnllg'/error of design drawing, mutually contradicting design drawing, lack BI
Design/CM of constructability, etc.
/construction Difference between site
. .. . . Geology, light water, d d utilities, etc. B2
Supervisor condition and design drawing cology, light water, rock, underground tilties, etc
Lack of consultant skills Communication gap between participants, lack of experience, delay in work, etc. B3
Reinforcement of safety facilities, slope stability, soft ground stabilization/change of
Site conditions depth, distance of earthwork transportation(borrow pit, disposal area), change of Cl1
temporary facilities plan, etc.
Reflection of the difference between the estimation cost and determined price,
Contract issues contingency, application of inaccurate unit price in the bill of quantity, C2
Construction over-estimation of construction cost, adjustment at construction completion, etc.
execution Supply and demand of required De.:lay in the suppl.y of goveannent—prf)Vided materials, chan.ge in the quantity an.d unit
resources price of the material, change in materials supply from public procurement to private C3
purchasing, etc.
h: f constructi th
Change of construction method, The use of new technologies/methods that are effective in reducing costs and
The use of new shortening the period 4
technology/method gtiep
. . Reflection of the consultation results with related authorities(national police agency,
Consultation with related .. . . S .
. . ministry of environment, cultural heritage administration, national fire agency, other
agencies, Reflection of .. . . . . D1
. related authorities) such as cultural heritage excavation, waste disposal, traffic impact
External expenses stipulated by law . . . . .
assessment, environmental impact assessment, safety inspection, and legal insurance
factors - - . - - .
. Adjustment of beneficiary area, residential environment improvement, long-awaited
Complaint e . . . . D2
facilities for residents, interference by third parties, etc.
Force majeure Bad weather, natural disasters, etc. D3
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Table 5. Standard Road Construction Cost and Schedule Variation Factor Classification

B AP AR EREEAe) FAGH] SERIAe) A15T
BRAAe]
= ) A, BE BB e BRAAE 28 A2 ANET: 2 SR 3 a3 A

VAL AT AR, o A S AR, o wheh HRE A meriaEdle] BAp-E

Field Factors Description Code
Policy issues related to Issues related to the project promotion environment, such as policy change due to regime 111
project change and social consensus on projects.
. . Issues related to project financing, such as projects budget adjustment and inability to
Project financing pro) g Pro) . getad v 1-2
Change related secure budget for long-term continuous construction, etc.
to project plan . Issues related to changes in the project plan, such as changes in the construction scope and
Change of project plan . 2 p ’ p ’ e P 1-3
process plan, reflection of working design results, etc.
Change in construction | Issues of change in laws/regulation/guidelines, such as construction laws, 14
laws/regulations/guidelines | design/construction standards, safety/quality/environmental guidelines, etc.
Changes related to contract, such as reflection of the difference between the estimation cost
Contract and the determined price, reflection of the estimated contingency, application of inaccurate 21
ontrac o . . L . . -
unit price in the bill of quantity, over-estimation of construction cost, adjustment at
construction completion, etc.
Change related Desi Changes related to design, such as design complexity, consistency, constructability, quality 22
to ) & and completeness.
pre-construction " " p
. Changes related to permits and approvals, such as delays in permits and approvals of
phase Permit and approval 08 pert PP ysinp PP 2-3
project-related authorities
Changes related to compensation, such as compensation for land and obstacles, reflection
Compensation of real estate appraisal results, relocation of underground utilities, compensation for losses, | 2-4
etc.
. Changes related to construction methods, such as changes in construction methods to
Construction method . .. . 3-1
improve constructability, the use of new technologies/methods, etc.
Changes according to site conditions, such as differences between site conditions and
Change related Site condition design drawing, reinforcement of slope, soft ground stabilization, change in earthwork 3-2
to construction transport distance, change of temporary facility plan, etc.
phase . Changes related to HSE, such as reinforcement of safety facilities, disaster prevention, and
Health/Safety/Environment 8 . . ty P 3-3
assessment for environmental preservation
Changes due to insufficient adjustment of interfaces between government agencies,
Interface 3-4

interfaces between construction participants, and sites.
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Table 5. Standard Road Construction Cost and Schedule Variation Factor Classification (Continued)

Field Factors Description Code
Lo Changes related to construction site workers, such as supply and demand of
Construction site worker . . . o . 4-1
workers(skilled/assistant), union activities, strikes, etc.
Changes related to materials, such as changes in the quantity and specifications of articles
Change related Material supplied by the governmen, delayed supply, poor quality, and supply method(articles 4-2
top rocurem@t supplied by the governmen and bring-in materials).
(labor/material/ " ated N v andd T
; . Changes related to equipments, such as su and demand for construction equipment.
equipment) Equipment g quip ’ PPy quiprrent 4-3
change, and obsolescence.
. Changes due to insufficient adjustment of interfaces between construction participants
Inflation : 4-4
and sites
Changes related to construction site workers, such as supply and demand of
Labor . . . s . 5-1
workers(skilled/assistant), union activities, strikes, etc.
Changes related to materials, such as changes in the quantity and specifications of
Material government-provided materials, procurement delay, poor quality, change in material 52
Change‘ rf:lated supply from public procurement to private purchasing
to participant - - -
Equipment Changes related to equipments, such as supply and demand for construction equipment, 5.3
qup change of equipment, and equipment obsolescence
. Reflection of inflation, such as price escalation, change in foreign equipment purchase
Inflation . . 5-4
costs due to exchange rate fluctuations, change in diesel tax rate
Owner/CM/ Changes according to the construction management capabilities of the
. .. owner/CM/Construction supervisor (cost, process, progress, communication, safety, 6-1
Construction supervisior .. .
quality, inspection and approval, etc)
Change due to . . e
e Changes according to the construction capabilities of the contractor (General contractors/
external factors Contractor . . . . . 6-2
Subcontractors) (construction skill, re-construction, safety accident, poor quality, etc.)
Participant financial Changes due to the financial status of construction participants, such as deteriorating 63
status financial status or bankruptcy of construction participants
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Table 6. Code Connection Result

ERAATA FAMEAIZE SRS ERAA &

Standard cost and schedule Previous Total Project Cost Post-Construction
variation Classification Research Management Guidelines | Evaluation Guidelines
Factors Code Code Code Code

Policies related to project 1-1 @ - Al
Project financing 1-2 @ b6 Al
Change of project plan 1-3 @ - Al
:je}lzr;ieu())fc l;lr\lzf:lr;%?:)lstions/guidelines 14 ® i Al
Contract 2-1 ® a4, a6, b3 C2
Design 2-2 ®,® - B1,B2
Permit and approval 2-3 © - B3
Compensation 2-4 @ - A2
Construction method 3-1 (@) - C4
Site condition 3-2 o a3, c3, c4 Cl
Health/Safety/Environment 3-3 - a3, c2 Cl
Interface 3-4 - - B3
Labor 4-1 ©) - -
Material 4-2 ® a5, b2 3
Equipment 43 O] - -
Inflation 4-4 - a5, bl, b3 -
Owner/CM/Construction supervisor 5-1 ©,© b6 Al
Contractor 5-2 O, D - -
Participant financial status 5-3 @ b6 Al
Informal/unreasonable demand 5-4 © - B3
Complaints 6-1 ® a2 D2
Force majeure 6-2 @ b5 D3
Expenses stipulated by law 6-3 © al, cl D1

Table 7.'A’ Case Application Result

Stand.arfi cost an('i sche.dule Total Project Cost Management Guidelines Post-Construction Evaluation Guidelines
variation Classification
Factors Code Code A Growth Code A Growth
Cost Schedule Cost Schedule
Change of project plan 1-3 - 100% Al 100%
Contract 2-1 a6, b3 73.80% (67 72.50%
Design 2-2 Bl 0.86%
Construction method 3-1 C4 1.17%
Site condition 32 a3, c3,c4 21.64% Cl 23.02%
Health/Safety/Environment 3-3 a3, c2 1.89%
Expenses stipulated by law 6-3 al, c3 2.67% D1 2.44%
Total 100% 100% 100% 100%
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Table 8. ‘B’ Case Application Result

i t hedul
S an@arfi €08 an(.i > e.du ¢ Total Project Cost Management Guidelines Post-Construction Evaluation Guidelines
variation Classification
A Growth A Growth
Factors Code Code Code
Cost Schedule Cost Schedule
Change of project plan 1-3 - 100% Al 0.31% 100%
Contract 2-1 a6, b3 86.47% C2 83.69%
Design 2-2 B2 0.35%
Construction method 3-1 C4 3.61%
Site condition 3-2 a3, c3 5.31% Cl 5.95%
Health/Safety/Environment 3-3 a3, c2 0.58%
Material 42 b2 0.52% C3 0.54%
Complaints 6-1 a2 2.62% D2 2.73%
Expenses stipulated by lows 6-3 al,cl 1.96% D1 2.82%
Total 100% 100% 100% 100%

848 RIS o] ¥ AFollre B 2 v AR
TS AA BF E2083A 3AR]-3APRE S318%] BR7A
AL AARBIICE AAe 37 S7E82 EFAAlE 619 5,
2371¢] 83108 FAJuo] BERIRN( "FAR BRIz, R
AFAL A7 AIRIAIRL Yo FAMSAPIRE W 99ls =
Zo=g wEgitt o) W X3, 7 T AHIE SAP-SAPRY
FH8NES Ao =N FUHA] AR £ B jlo]
A7l W - 19 o] &go) 7hsd AS R et gt
TARSAPIRE 53 dolE 74 Al 88 ¢ Qe B
g 7hashd S5 AXAEHITRE FolA 27t Qv

Y5 AolME B A7) BAER] BFE FaR] BRAA
ggato] AWM FAPIEY F3h8R1e I Hxot dE
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