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ABSTRACT

One goal.in traditional development in several countries has been to increase
economic growth. During the-development period, a large _amount of natural
resources are used, causing. long-term environmental damasges. Since construction
industry is one mechanism of the country’s development, it also has a-major role in
responding to the people’s needs and to improve their quality of life both at present
and in-the future worldwide.” However, the construction industry, especially the
infrastructure -development; requires huge quantity of natural resources and has
become harmful to the environment. Therefore, sustainable infrastructure concept
was conceived from this necessity. To create understanding and use of infrastructures
efficiently, sustainability assessment of infrastructure is the first step to take. Previous
studies showed -that sustainability assessment of infrastructure ‘could lead to
construction: project success and owner benefits, indicating possible relationships
between sustainability. assessment of infrastructure and-construction project success
and owner’s benefits. Although previous studies-have tried to identiy criteria in
sustainability assessment of infrastructure, criteria in measuring construction project
success and criteria in measuring project owner’s benefits, but their relationships
have not been proved. This study was aimed to examine the relationships and
influences between sustainability assessment of infrastructure and construction
project success and owner’s benefits by structural equation modeling (SEM) method.

In addition, making decision through sustainability assessment of infrastructure

model requires balancing between various qualitative and quantitative decision-



making criteria. Thus, multi-criteria decision analysis (MCDA) has been used as a
foundation in building a sustainability assessment model. MCDA offers a systematic,
reliable and distinct framework, which is suitable for complex issues in the
sustainability assessment. However, the current sustainability assessment models still
have some limitations: 1) The models are not flexible enough to cope with change
and adaptation to suit the infrastructure’s types and local contexts. 2) The models
do not take risks arising from uncertainties into account. 3) The models do not allow
participation of various project stakeholders. This study was additionally aimed to
develop the sustainability assessment model with. the following characteristics: 1) Be
flexible enough for.change to suit'the infrastructure’s type and local contexts. 2) Be
able to take risks arising from uncertainties into-consideration. 3) Be able to support
participation of-variousproject stakeholders. This-newly-developed model will
contribute tothe knowledge of sustainable infrastructure assessment.

The data in this study were collected by questionnaire 'sent to sample groups
in private and- public sectors in. Thai construction, industry such as project owners,
design-and consultant firms, contractors. The “questionnaire. was then tested for
reliability using Cronbach’s Alpha and it was found that ‘the Cronbach’s Alpha of
sustainability assessment of infrastructure, construction project success,.and owner’s
benefits- were -0.969, 0.962, and 0.988 respectively. Of 500 questionnaires sent, 371
were returned, giving @ response rate of 74%, which is regarded as excellent. After
that, the data were analyzed by Amos program to determine if the sample
covariance matrix fits-the covariance matrix'in the theoretical model. From the final
SEM model, it was found that sustainability-assessment-of infrastructure directly
influences construction project success with standardized regression weight of 0.84
and sustainability assessment of"infrastructure directly influences owner’s benefits
with standardized regression weight of 0.63 and construction project success directly
influences owner’s benefits with standardized regression weight of 0.26 and
sustainability assessment of infrastructure indirectly influences owner’s benefits
through construction project success with standardized regression weight of 0.85 The
results confirmed all of the study’s hypotheses.

From the final SEM model, it was found that the environmental impacts on
surrounding areas criteria have the highest weight of relative importance. This is

because sustainable development should cover three aspects of sustainability,

\%



namely social, environmental, and economic aspects. Most respondents considered
environmental impacts criteria as the basic components of the sustainable
infrastructure because the criteria reflect the sustainability of the project.
Transportation criteria also have the highest weight of relative importance because
transportation can positively or negatively affect construction project success and
owner’s benefits during the project’s life cycle. Hence, these criteria should be
considered carefully from the initial phase of the project. Although either waste
management or materials and resources criteria have the lowest and the second
lowest weights of relative importance, they should be considered carefully from the
initial phase of the project as well.

Next, all criteria from the sustainability assessment of infrastructure were used
to develop an assessment model written in Visual Basic program in Microsoft Excel.
The ‘model-was designed with- distinctive features not found in ‘the current
assessment-model as the followings. 1) The model is flexible enough for change in
criteria.and their weights tosuit the infrastructure’s, type and local contexts.

2) The-model takes risks arising from uncertainties into consideration.-3) The model
supports participation of various project stakeholders through interactive and user-
friendly. Userforms.

In conclusion, this:study provides several benefits comprising: 1) The study
can raise_awareness for sustainable development both locally and internationally.
2) The SEM model illustrates: criteria and subcriteria which can be-used as guidelines
in sustainable development. 3) Results from SEM analysis confirm the relationships
between sustainability assessment of infrastructure and construction project success
and owner’s benefits. 4) The analysis results can increase.confidence for the project
owner in developing more sustainable projects. 5) The sustainability assessment of
infrastructure projects can be done easier by using the computer-based assessment

model.
Keywords: Infrastructure, model, assessment, structural equation modeling (SEM),

sustainability, success, construction project, benefits, owner, decision-making, multi-

criteria, risk, uncertainty, participation, stakeholders
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159715 BREEAM fi9nsarsifunisdswandouuazanisedulasaseunquiduaanineie
Iﬁﬁlﬁlsﬁmﬁ’u‘lmamiﬁqﬂénmmmﬁamm%’uéﬁmawia?ﬁLL’Jmé’amaﬂmumumnmmiﬁﬂ
and flieansuazdinertiesduale mensldszuulingiuuilsda @amguuaziiilade
UL AINAAADNTODALYY NRRSNIAZUIMNTOIANT M

BREEAM ﬁmmmmsﬂssLﬁumaammEmmimqmﬁé?aLwiﬁ?j”’umaumaaaml,w noas
Tduenn1suazdsuienns easeuagunsussEuaiasnain 019 81p1sinede
15058 @01UNEIUIR ©IATANNIIL BIAITENEUNT TN tagtawine Ay BREEAM UK 99
nauuszvnsUssdintu 6 naulvg Ae

1. BREEAM UK New: Construction

2. BREEAM UK 'Communities

3. BREEAM In-Use

4. EcoHomes

5. Code for Sustainable Homes

6. BREEAM UK Refurbishment
oeslsfnaflumsfnwiadaiiaslientiaulalusl BREEAM (International  definisdandy
Usetnvmsuselmdua naulug fe

1. BREEAM International New Construction

2. BREEAM International Refurbishment and Fit-Out

3. BREEAM In-Use International

4. BREEAM Communities Bespoke International

TngazRaNTULNA BREEAM International New Construction N5aadanuegnantunisan

9 9

HANIENUADAILINABNVRIDIANINDAT I INLLAZUTUUTINANTENULTIUINVBIDIATHRANIN

denuuaziATegnanaene1gn1sldanureIAsiag i usunYesiasduiilasin1sReegunTiy



16

#N915041978 BREEAM International New Construction kuavunanisussiiiusandu 10

PUIANANAILEAILUAITIN 2.2

A15197 2.2 Lnausin1sUsEiuanYes BREEAM

. , .. B Sovazvag
10U NEUINITUTEIIURAN AZUUULAL
ATKUUTI
1 N159AN13 (Management) 22 17
2 | guaundy (Health and Wellbeing) 10 8
3 Wa391U (Energy) 30 23
il ANUIAN (Transport) 9 7
5 1 (Water) 9 7
6 @9 (Materials) 12 9
7 Youde (Waste) i 5
mslituLasszuuing (Land Use
8 10 8
and Ecology)
9 18013 (Pollution) 13 18
10 UINNITY (INnovation) 10 10
TIAS LU 132 100

BREEFAM 3A52aUNISIs197aY 6 SeauUfD

Outstanding UINNINIDLIINY 85 AZLUY
Fxcellent HINAINTBWINAU 70 AZUUY
Very goed UINNINYIBLINAT 50 AZLUL
Good WINAINIBYINAU 45 AZLUL
Pass UNNTIMTLTIAY 30 AZLLY
Unclassified Yo8n N, 30- AT

2.3.3 Comprehensive Assessment System for Built Environment
Efficiency (CASBEE)

Comprehensive Assessment System for Built Environment Efficiency %30
CASBEE {uislunsuseiiunasdnadulseansnmnadanindeuvetetasuarasnoasnad
dnvilay Japan GreenBuild Council (JaGBC)/Japan Sustainable Building Consortium
USBO) Usemadlud 2001 Fedmusziamvesmsussiiudu 5 ngulvgde

1. CASBEE for Building (New Construction)
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2. CASBEE for Market Promotion

3. CASBEE for Urban Development

4. CASEBEE for Home

5. CASBEE for Cities
AULANAI9YBY CASBEE  91n5vuvdufie n1suenfiansanuszansainuesenans (Built
Environment Quality: Q) 88na1nnansenudwindey (Load: L) Ingludiuussansainues
91A159z1un1sUsziliunansusuussaunsaldwieanuazainatsluenasdmsully
omsneluituiindenvesenns druranssnudmanden () andunisussiunanseny
Feauiinanennsaeiiufinieusnoinis CASBEE- wUmwann1sUssiusenidu 6 wuan

PANFILANII LN 2.3

M15199 2.3 LnauanIsUsEEUTanY8s CASBEE

a10U WNeain1UsERIUvan ATLUULAL
Ql | annzwindeunielueims (Indoor Environment) 5
Q2 | AMAMYBINITUINIT (Quality of Services) 5
amwumz%mmauaﬂmmiuuﬁuﬁﬁaa%’m (Outdoor Environment
= on Site) i
L1 WU (Energy) 5
L2 | niwensuaydan (Resources andMaterials) 5
L3 anNnEeueniun e (Off-site Environment) 5

TunisAnAzuuazldeguuusinildarndau Q nissasdnu L adilsaziSeningn Built
Environment Efficiency. (BEE) Ima CASBEE daseaumsinsiaialu 5 seaude
Excellent BEE 11AANAI8MINY 3.0 way Q UnNAIAnIanaAy 50 AzLUL
Very good . BEE 988011 3.0 WALINNIUIBWINAU 1.5 Agliuu
Good BEE-4asn11 1.5 WeNINNINM3asiIny 1.0 AzLUY
Slightly poor  BEE e8I 1.0-uenanndTviseliniu 0.5 Azl

Poor BEE ©a8n71 0.5 AZWUL
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2.3.4 Leadership in Energy and Environmental Design (LEED)

Leadership in Energy and Environmental Design %#3© LEED Qﬂ‘-ﬁ@ﬁﬂmﬂ U.S.
Green Building Council (USGBC) awsgaiu3nilul 1996 Taeviwithflaounuamanaznaln
Tuniseenuuy neaduagldsueiasuazyuvuiivssdnsannsdanandongs e
whdgmnansznudandeudiidunauiainnisneadiadienisuszsiulseadniainmag
Fawndenresernnsuarduasuniswaunfididulasaiunsaldldfuennisnided andu
91A1WNOEE LAz 1IWALIYLYY LEED nenenusmwuinislunislansnenssssueialiia
Uselevdasan duasunagnslunisuiudsawazinduunldlngl uazannansenusieaveundy
vosgldormsifieliAnanikandonnoluo1Asie. LEED Jutiugudeaniseenuuuiinay
e nasidenldinaluladluagiulivsnzanioduaiuanuiamiilusiy
91194397 sernifuszvulssiiufiduainaudy LEED dagnldidusunuulunisiamn
nwﬂizLtﬁummwﬁmmaqmmmﬁuﬂéﬁa LEED dnUszanvesnsusadudu 5 nqulvg
k)

1. Building Design + Construction

2. Interior Design + Construction

3. Building Operations + Maintenance

4. Neighborhood Development

5. Homes
Tumsenuassiaiinnsannast LEED V.4 Building Design + Construction tdumandadu
inusinsUssdiudiniuenansteasiviva viderlunsuulssesing tngnaannsussdu

gnuuteansti 9 winavean Aauanslumsian 2.4

A15199 2.4 LnamnsUseLiiuanYes LEED BD+C

L. v . ¢ Fogazvaq
anfu naugin1sUsEfiunan AZLLULA
AZLUUTIY
msvhaeuduearsm(ntegrative
1 1 1

Process)

PRwarn1sANUIAY (Location and

Transportation)

anuineas19ngadu (Sustainable

Sites)

q UseAnsnnnislaun (Water Efficiency) 11 10

NANULAZUTIVINIA (Energy and

Atmosphere)
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A1519% 2.4 (59)

. , .. B Sovazvag
aau neinsUsEliunan AZUUULAL
AZLUUTIU
Tanuagning1ns (Materials and
6 13 12

Resources)

ANNNYBIANTITLINR NN lUEIANS

(Indoor Environmental Quality)

8 WINNTSN (Innovation) 6 5
9 ANNEARYaginna (Regional Priority) 4 a
FINUAL LU 110 100

LEED Building Design + Construction dnsgsiunsiianedailu 4 sziude

Platinum 80) — Azuuu Tuly
Gold 60-79. AZUUU
Silver 50-59 AZKUU
Certified 40-49 ' AzLUN

nnsfuResuAguulateRu (Prerequisite) 16 Ya
wan91Mi LEED 'Building! Design 4 Construction. §3lafisusinasdisumalunisidnsan
Uspdiudmiumsneasuasusuugdlasinstmifenlasinisiosiugaautaswalud
1. foudusansansiliiinguszasdindoudieluanundu
2. foadulassnisiififiufivouamvauiasdnau

3. sosunlvaeunidluainsod ey 1,000.91319%9 (93 A15994193)

a a ¢ a o/ < a 4
24 oy wuafn tnaudnisUssiinuantiasinuein1susiinsesuadlaseasng

& Ao A

Wugundegu

Tugrsaanussmalmeiiasdinisiauiegeserliastulassadaiugiuauniesal
VN9OUUNNININ N199171A kA Iz UUTA IRl RN JamnaUATLA USHUNaRn1UgNSAENS
MR IATIAT RN UANUNANYUE(NA. 2558-2565) WiBTaesunIsiasaLAulalunia
WISYFNT @NAIMNTIN NBATNTTY kaTUTNITVRIUTEINA danalminn1siondanu uafivnia
91n1a Lazdymiaudndsuniuunesgsmaniaelile (nsenswseuuiay, 2557) nasuiu

Jymsnuawinaeu deruiasiasygnaliatuannsiaunlududuiduseduioadulay

o
a v A

LY a dl' 2/ & =2 @ & Ao w Yy
FEAUUTZNA LL‘lJ’Jﬂ@LiBQIﬂiQﬁiNWUE’WU QEJ‘UGNL‘U‘u‘UiSLﬂumﬂﬁﬁﬂiﬂiUﬂ'ﬂ’]ﬂJﬁiﬂ’ﬂIﬂﬂLQ‘WW%

{
t

lussUseimanyaiuaguitymainanMinannsiauilasasiaiugueg19asdanas

gragiuy
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318974 The Brundtland Commission Report 31n1015U5e9u United Nations
World Commission on Environment and Development ‘ﬁgﬂaﬁu‘muﬂ Afl. 1987 Tvimn
Frfnaruvesn1siauiegedBuliindu “nsWauifinevaussainudeanisvesauly
ﬂaﬁ;ﬁ’uimaiajawaummmmmsuaqﬂusluamﬂmﬁ%mauauamamé’famf]iﬁummul,aq”
Whnangvesmsiauuusaiulunatedssmadiulngifunisuiussnisidulanig

1 o a

Wswgna wnawmsnenssssuvAgnliiludruiuindwmaliiianansenunedauwindeuds

a Ada A

uywduardsddindugdesianifuisning Aanssusnenvesyudfdmaldedeszuuing
uazneliAanansenuiinanidsdailfredinuuaznaidulanaasusioniuandae lugiug
HadovilsiafuayunsiannUssme gaaivnssaneaissiunumddnlunsnevaussuas
USulssnaunm@iavesdeeulutlagiuiayouinn (Tam et al, 2004) ogslsiniu Aanssulu
sureadiy nglanzlunulasiadasiugudesldnsnensssamamdusiuiuuinuas
ansndwaidoseaniniandenlé feiudedfuiiedeswandnddnldsnunseniings
Jaymitiazmmumaiazsilfudead g danuddunntu (Forsbere. et al, 2014)
uIRREeImsHoas1lps s eiugTuT L Antuannanas il

Houadevatedungreaulimteuue AT eI us LN s8 Y 919wy Community

o3

Research Connections (2006) s#uiilaseas1siuguiidiiufomssenuut doashauarly
nudseadiiiTiiony vy masoln awudy vedshify Jeu lssnutatnnndouas
deneairmalesdug Anevaussmiafonisuszsriuvesyeduardsmilagliinlaiu
augaszvinediay AndosiaziasugRaddly United Nations-ESCAP (2007) BFuteiy
Trssasefuguidsiufiedseas wiilinuaensdastiunisinwianudBumarsvsiauas
Avuandei Benedict waz McMahon (2002) Iiiaaiusiuilassasiugiuiidedufounly
e YIIgmINS s uMeRanadey, AaNuazlasugia M’ Ikideu ef al. (2012) o1
Tnssadsiiuguiididuindulasengtesseuinasssum Auasiiuyudasaduay 5nsd
azdaatunisaufaulegliaiuddy fuayedues Usslovdvessssuid World
Economic Forum (2010) ﬁmim'}fjﬂﬂsqa%ﬁqﬁugmLﬁwﬁﬂuﬂa{fﬂﬁwﬁ’ﬁy&iamiu%’wqq
uarsnyanAnvesf Tassaieiug uiiiuszavs s duesduszneviisndudeninfivla
MaATEgRY STUUAIALTTUT VB A Az srudsduf ussuazUszrngludiivang
I#egsuasnsiauaysiain szuvtnUsel ssvutiindidsuarssuunannsualiliing
dofieldazdinlissmniuazguainnssusqiiuaznseualnildlfesrufismeuas
Uaoady szuulnsauunauiinseuaguaztisideudegsinazuszanadifeiuld dsnns

wanasudeyaniinuaaesdidudsdndusegsianism

I v
aa & ] U v oA 0

TutagUuidslifideunduneeusulaeniluvedlasiadaiug undsdu nsziuns
[ £ & AU A & o o A ! & [ o A
Wawlassaieiiugundeuiidusesdfyaunsadwansenuasilvgdeaiudetiuves

o
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danu AsandounaziAsegnald (Huang and Yeh, 2008) 917 lassadafiugnundsdudu

[

Uadudrdgylunisnsgatenisfinyinazusnsnianisunmdgddanu (Agenor and  Moreno-

Dodson, 2006) lassasnsiugnundsdululadenaasugiafidrdgdssanaildaislunis

[

nAnuazUSUUTINanAALA (Mamatzakis, 2008) waglassasneiiugnuidsBuanusagnldidu

wIesilalunsiaugidnialiioduaTufianssunNdnNLaELATYEAY AMEINITHAAKAENIS

%

auSnuMamINeINIeTINIAL (Nijkamp, 1986) 1usiu

A A =

dll o w [ ! Qg" k% & < = 3 A
bUBNINNAINUFAIALYAINATIU Iﬂ'ﬁ\iﬁi?ﬂwugﬁumEJ\?EJ‘LHN?’]Z‘HEJLiJuMu@Iu@ﬁﬂUia‘m@‘UV]

Hrglrussaiimunevesnisiamngsduls (M kiugu et al,, 2012) Wadlugnateiosialan

'
a [

WsuUulalassasaiuguvewulvlin U dBunnlueas NAudu LS S IdlasIasng

q

)}

| ¥ v 1
IS v IS |y = v o A

fuguididunarnisiaundsduaudaiu dduiiossyuazinaiudnsalunisimund
WBurulasiasaiiugrudedidundeosiinnsyssdiumandsiuvedasinns neunindinus
n1sUssiunudeduvesnisnaasvdrulvgisiulunaueins tnaeinnsussiiivaiy
QIJ S o/

gaguradlasaifiuguiaswideduunidengnInsiiTialvmudngiulasasg

U

¥ ¥ '
A o L =

fugudsnaaintsuseiliunsnaniioldunsosdoddgyagatvayulnianisasunlas

o

3

Tgnsimuafigsauls (Pope- et .al, 2004) Edusislazidunisfavinasinisyssiu
AU sEROULAZAIUTYBIlATIAs U U B uigniRTulagaa Tuuaednide s uas
ggsgnnaldaulutagiuie dukuinemnun 03d Usenoukagii g uesuyiaensin

dmsunisUsziiulaseadeiug e

2.4.1 Civil Engineering Environmental Quality Assessment and Awards
Scheme(CEEQUAL)

Civil Engineering Environmental Quality Assessment and Awards Scheme %50
CEEQUAL Wusvutvsziiiu dasesunasliimsdalusumnudsdumsdsinndenvedlasaing
fugruiidunasuanangsiufiossrinsaoiuimnslosuasfuiavesansgernning
CEEQUAL gnihunlderundausnlud am. 2003 Tnsfidmursifieduaiunisnszaiings
Usgansnmanudadudmiulassnnsvsedaa %ilﬁl,ﬁuﬁammé’ﬁmaami'mﬂaqwﬁ‘ﬁtﬁu
Fesnnudedu daaiunisuiulgessaniamenuaudedu wazifieliussauszansam
yedsas Aundouuanasugiafinbsiuveslasaineiiug mnveuanazimaneluns
AL CEEQUAL anunsadldiutialunisnnaukulazn1sdniiuuudnasamniaesyegiauay
mMsiuldsetfianunsailvldnuldnuiaiiveddasinsniaizuazaiaensu uiem
9ONUUU WagKSuLmunneasns CEEQUAL gndnvinduaessuiuufie CEEQUAL for Projects
dmfudsdunsneaenules, lassadaiiugiu, glaodnenssuuasiiuiiansisny way

CEEQUAL for Term Contracts d@msuussiliunisneasianulesiuasiiuiiansisaeiog
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aelddynyndunamarstlunis@nwileziiansananizguuuy CEEQUAL  for

ProjectsVersion 4 lagnuinnisusziiugnuuseanidu 12 vianeaman deuandlunnsei 2.5

ﬁﬂiﬂ\iﬁ 2.5 1neusin1sUsEiliunanes CEEQUAL V.4

. . .. B Sovazvag
a1nu wnain1sUTEiunan ATLUULAY
ASLUUIIU
A159ANT5IAINS (Project
1 20 10.9
Management)
2 n3lg9Au (Land Use) 19 7.9
3 nilan1Unenssu (Landscape Issues) 15 7.4

STUURLALAZ AUTANAEILNITHININ
4 15 8.8
(Ecology and Biodiversity)

ANNHINADIMU ST IRFNENS

(The Historic Environment)

LUAANUNTITU Y IARRL AN NLIAA DUMAA L
6 (Water Resources and the Water 15 8.5

Environment)

7 WA IIULAZAISUBY (Energy and Carbon) 16 9.5

8 n1sl43an (Material Use) 26 9.4

9 Ns9PnN3T09Lds (Waste Management) 20 8.4

10 N13ANUIAN (Transport) 14 8.1
NanTEnuseuTikIndal (Effects on

11 18 7.0
Neighbors)

AwdudfugLvnTiesiulasiiduls
12 \de (Relations with the Local 14 7.4
Community and Other Stakeholders)

TIUATLUU 100

TunsUssiiulassaineiiugudie CEEQUAL aeiitunoussioluil

1. pazvhoulasans (iwedasinns, geenuvuuasiivinw) adasidisiunis
UssifiuaudBuredasins uazussieiUspidiufmiuniseusuuas3usesatn CEEQUAL

2. fusniliutinuiudnmoaeudldfunisusiadanin CEEQUAL iteidoninmust
UszilufiAevesdmiuussidiulasenis

3. fuszfiuiinsUsailiulasannsienisliazuuuinasinsUssdiuiidenlilae

AEINULATINSIAYIMang aiuayu
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4. avuuuvadlasansasgnulagldauniseelul:

ATULUUTIY = d 2.1)
- Y
i=

Tae?l Y, ADAZLUUYDLNUINITUTEIHUTONEMSU | = 189 g g ADTIUIUVDILNUNAIT

Usziau

5. geTvaeunumuassuuflUseifiulvwioniunanguatduayy ntuleasy
AEWUUTINTUAATIENTRUUBLaUaNY (1)

6. pguuusNlfgnivantudevasiieaunsselui;

LorarUnanvLUNT Il = | euuusnilli (2.2)
e sy wX 1000

AZLUUUTINVIINRUA

v oA

7. CEEQUAL 22anseaunisisneTaainssuasaninsiuusiunondu 4 seeune

Excellent WINNIN308AL 75
Very good WNNI1T08az 60
Good 1NNIN308AY 40
Pass WnNNINSeaL 25

A15UN CEEQUAL  snTdiussuiiulassnasnalmiadsslaviivalasu wwu tdunnswansliiiiy
Y i 'y Ao oA o 'y A a £y Yaal

ANuditude M ITawINE8u, 1 TuN15UTUUTIYsEanEA AT IsaIens Tt nLUY

neassnangs, [unsduasuaindnvalivieshins, daeUszndaadleang, duasuninuduiug

neluseAns LLazLﬁumia%ﬁammgﬁhﬁiammﬁwL%ﬂlﬁ@ﬁﬁﬁ@ﬁﬂimqmiﬁmm

2.4.2 Envision Rating System for Sustainable Infrastructure

Freaumeneuiigiassuuiiivdnnisdmsunisssiiulassadieiugiu ud
2012 Zofnass Program for Sustainable Infrastructure ¥4 Harvard University’s
Graduate School of Design uag the Institute for Sustainable Infrastructure lasauiu
Jmyin Envision Rating System for Sustainable Infrastructure {ussuuuseiiulasaasns
fuguiddutufoduamuaranssfulitinisusulgsUssaninmuasanuiaveuyes
Tassadsiiugusioaninuandon Envision iHuszuuusniignimvinlidunsounisviendd

ANNATEUARNTEUMULAEUSENdRAT A eiaUsellunayseloviiudiny Fawinaauuay
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wisngaiaveslassaisiugunnudauagnnuun daud auu aswu siethify masol idou
fufui Tssthdainde wagaunoasslesidug Envision gnesnuuuliiduminniiszuy
Usziulassadieiugiu mahseuululdfulasinsuenaindisasuansenududuindon
widsrsundesnunindinvegddiuladsvaddasinisnie AudnuueiAuYa9 Envision
fio 1) Inmsvereveulunvesmainuiieliusiganudduiionisfinnsananumnga

a I

Yo3vilalasenisuagisnisneaine 2) dnmsvdnideanisdainegiunineins, JULuu uas

] 14
a a =

UINTFIUNTOBNKUY Naas1e 3) dmsvenelenmawasidvaneieliussaussansnimiigeu

Y

o

4 daasuniseysnunineins 5)  duasuanuiiviinieuinnssuauaugaty
6) Huwwmesuiladuanmiiesernisinauiaeuld 7). deasuanuiiasnisfinwisiu
AUy Envision wUsn1suseiiiusandu 5 nay, 14 \naeinsussidiuvaniag 60 Lo

N5USEAUIO Aalandlunisasi 2.6

A1519% 2.6 Lnauin1sUseilunaniaysewes Envision

nEu tnauain sUTTuman LNAIINISUTEEIUTA ATUUILAY
AuAMTIn | dmgusvasa (Purpose) | MIUSUUTIRAnTInL 20
(Quality of (Improve community quality of
life) life)
nsnsgsuMsIAUla LM TiRLAT 13

Satlu (Stimulate sustainable

growth and development)

ANSHAILINWELASAINEINITOVDS 12

Viothu (Develop local skills and

capabilities)
Anuduey msdaaNguanilarAlm 16
(Wellbeing) UannAea1s1auy (Enhance public

health and safety)

nsanLdsILaz AN uEsL o 8

(Minimize noise and vibration)

ASAANANIZANNLES (Minimize 8

light pollution)




A1519% 2.6 (0)

nNay

9

WnaainIsUsEUvan

inausin1susziliuses

ATHUULAY

AMANTIN
(Quality of
life)

nsuTuUTImsdyasuaidnfeyuy
(Improve community mobility

and access)

14

nsatuayusliuuANLIANNILEeN
(Encourage alternative modes of

transportation)

12

N13UsuYgInTsends, Anudaeasie
UarN1IAUNT (Improve
accessibility, safety and

wayfinding)

12

YU (Community)

MIRUSNYUIANIUTE TRAAR Suae
IMU5TIU (Preserve historic and

cultural resources)

13

nseusn¥iAtisnIne ARSI
ioddiu (Preserve views and local

character)

11

ATSENLNENENS158UY (Enhance

public space)

11

Uinn533 (innovate or exceed credit requirements)

A
Y

(Leadership)

ANNIINNS

(Collaboration)

Yo oo

I3 a a
AMUUUNINNHUTEENTAINLLEY

Y

ANUEAtu (Provide effective

leadership and commitment)

A15IAPESEUUTANSAIUESE U
(Establish a sustainability

management system)

14

MIas s LAMNTIULauAzNS
Pirgundudiy (Foster collaboration

and teamwork)

15

nsildusuveilaiulande
(Provide for stakeholder

involvement)

14

ANSIANTT

(Management)

@z lanianwdndusinassla
(Pursue by-product synergy
opportunities)

12

25



A1519% 2.6 (8)

renewable energy)

naa inaainsUsTIEUREN naainIsUTEIEUTaN ATUULAN
A nsUfuUgnsranulassadieiiugu 13
(Leadership) (Improve infrastructure
integration)
N15219UKU (Planning) | MIeuNUAnmUkazUIISN® 10
5¥88817 (Plan long-term
maintenance and monitoring)
msudladermuniasuloued 8
Uauds (Address conflicting
regulations and policies)
8n918n15L990 (Extend useful 12
life)
UINNTIU (innovate or exceed credit requirements)
N159NES3 | 389 (Materials) N3AANAUEYENS (Reduce 18
NINBNT net embodied energy)
(Resource nMsduaSunIsdemigd (Support 9
allocation) sustainable procurement
practices)
nasledanslufa (Use recycled 14
materials)
mﬂi’ﬁ’aqﬁuﬁu (Use regional 10
materials)
nsdenuutesdsanituinuiv 11
(Divert waste from landfills)
miamﬁuﬁqmﬁﬁﬂaaﬂuaﬂﬁﬁﬁ 6
o319 (Reduce excavated
materials taken off site)
ms%aﬂauuazmﬁismﬁa (Provide 12
for deconstruction and recycling)
N&3U (Energy) nMsanlnasu (Reduce energy 18
consumption)
nslindsnumyuiey (Use 16

26



A1519% 2.6 (0)

naa inauainsUsTEUMEN naainIsUTEIEUTeN ATUUULAN
NSAINATT MIlFNULEZAANIUTEUUNA Y 11
NINYINT (Commission and monitor energy
(Resource systems)
allocation) | 11 (Water) nsUnilosunanirdn (Protect fresh 17
water availability)
sanldiuszln (Reduce potable 17
water consumption)
nsAaasiszuUthUszUn (Monitor 11
water systems)
1InN33U (innovate or'exceed credit requirements)
Tonogsuenf | vhuading (Stting) msoysneuTlegandonan 14
(Natural (Preserve prime habitat)
world) miau%’ﬂﬂﬁuﬁﬁuﬁﬂLLazﬁﬁﬂaﬁu 14
(Preserve wetlands and surface
water)
nseuFnsuiinuaInIsuman 12
(Preserve prime farmland)
nsvaniaesanmssaine i 5
wingay (Avoid adverse geology)
nasnwmthiwesfistuivhsie 14
(Preserve floodplain functions)
msuanAsIn TR Tlim A 6
yuugu (Avoid unsuitable
development on steep slopes)
ﬂﬁi@y%ﬂﬁﬁuﬁﬁ@ﬁ’; (Preserve 15
greenfields)
finuuazii (Land and | msdannsinrulvadu (Manage 17
water) stormwater)
NFAANANITENUIINGIAUAIAE 9
Ug (Reduce pesticides and
fertilizer impacts)
mstestunmsuudeuvenifonu 14

warilanu (Prevent surface and

groundwater contamination)
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A1519% 2.6 (0)

nau naainsUTTEURAN GV HERIEFGIEER ATUULLAY
lansssuwd | anuvainuatene | nMseusndanuvainalevesavd 13
(Natural 0w (Biodiversity) | (Preserve species biodiversity)
world) nsAIuANaTTdAnA1Y (Control 9

invasive species)

AIAUAN WAL (Restore disturbed 8
soils)
nsshwnsinure bty 15

Huazinifu (Maintain wetland

and surface water functions)

uINNTSU (innovate or exceed credit requirements)

anweInie - nsuasenig nsann1sUdasinUTounIzan 18
LAZAINY (Emissions) (Reduce greenhouse gas
FAK emissions)
(Climate nsaan1sUassuantiyliusinia 12
and risk) (Reduce air pollutant emissions)
mMsuTun M5UsEliuUANANLYDEN WO N 15
(Resilience) (Assess climate threat)
nswanidesfiusnuasgageu (Avold 16

traps and vulnerabilities)

a U o U U £
ATLAILUAFINIUNNTUIUNITE Y 16
g1 (Prepare for long-term

adaptability)

A3 EURANSUN B ST oAU 17

(Prepare for short-term hazards)

N1359AN5UTIAGAISINIEAN T 6

1199 (Manage heat island effects)

1InNTIU (innovate or exceed credit requirements)

Tumsusediulassadreiiug g Envision axdituneudseluil

1. angsiaulasnig (Wivedlassnig feonuuu uasiivinw) adasidisiunis
UssifiuaudsBuredasins uasussiedUsnifiufsnuniseusuuas3usesatn Envision

2. fussidiulirzuuulasenisnusefuanudsdu 5 sedu fie improved enhanced

superior conserving Wag restorative lnganziinaulasan1sInvimang vativayu lnglu
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nsAnazuuudulnglasenisdeaussgaiudnialussfudniiouisagsiazuuuly
sefugatulUly o7 dlassnmsazussamudistlusedu Conserving Tasamsdoshagiuy
luseau Improved Enhanced wag Superior Tilgneu aghslsiauursidonvuuunladlad
szauAudNSAT 5 sEAU ﬁQ§%uaQﬁuaaammasﬂmﬁﬁa%LLuuLLﬁgﬂ'sﬂM'}MiﬂMﬂﬁﬁ%ﬁﬁ
AILANANSTEINNsERUATLLULENAINT Envision  SdasntsnszduliiAauianssuditae
ndnulnssainsiiuguiidduriefimauansusyaninmilgandndetmunnislingiuy Tuud

agvvodalinislumguuumuuinnssunseUssansnmiiganindenuanisiiesuuulinoeg

v
v

Tnvazuuuluideidodunsuuufireiiozdiofiunzuuusiuls Envision  wUsuinngsy
panlu 3 wUUAe
2.1 pnussauszansanluszaulanidu Ysgdansainluseaulaninude
Uszansnwlunisluiidenzuuundnviounninfinelninussdnsunalu
$HIUGS

o [

v A A o < Y @ = o

2.2 M5 ULAUAS IR ALY 0TAIINA LU suansliviutan i dngUassn
ol w A =~ a ) a0 4 aa - |
A masiidlueansanisliningins welulag Tupeunsoionsnasday
U5uUgaussansravisonnugsguvadlasinisla

2.3 ansasamudeniinlinazvsodesale [Wunsuansdiuiaysgdnsand
HuNISUSUU TeudvFetamagaUasianlasuntsuilanaianiningnyin
lgdmsvlasensyunuunisuasvsagnitulduagaignenlilaseasieiiugiu
waNeUA UL

3. prwunveilpsamsvzgniwlagldaunisdeluil

AYILUUTI = d (2.3)
= *
1=

Tnedl v, fenziuutaunasinsUsaiuses | dmsuis 18 g q Aesiuiuveunms
MsUseily

4. fpraounumuarkuuiiiussdulindeutundngiuaivayy anduisagy
pruLUTITUgATEnSeuTalauaLIE (i)

5. pzwuuTNniiasgnulanluiosazieaunisdeluil

LovazunnvluuTINily = evsuumwilld 24
—— x 100% (2.4)

AZLUUTILVIINRUA
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6. Envision 323n52aUN1sis19TanSsasveInzwuusmiladu 4 seaude

Platinum So8az 50
Gold Sovay 40
Silver Jowvay 30
Bronze Sovaz 20

2.4.3 GreenLITES

New York State Department of Transportation R¥Lnu9 GreenLITES
(Leadership in Transportation-and Environmental Sustainability) TneszozusnBudulul
2008 ietenamadsulilunudeaissyuuauuaulagldinasionasifes LEED Wu
FUKUU N1571 GreenLITES 5aiwa@n Triple Bottor Line Tuussifiuvisdany dauindon
wazLasegAn Lidevhliansnsedaluldisfunduneunisiisny Ussnduainudiduves
159013 NMsARITUABTNIsIINRIEr U TS andsnasaamululasenis GreenlITES 1Ju
il usediudenueenIuwLania Triple  Bottom ™ Line | wilalAnnisussiiu

Usgansnmlasanasiaedinsiiasnazidunisduasuisnisinauiivyasduigalaed

1. aySnvlazduasudannden
2. oUSAENEIIULAENINEINITITUYIA
3._euinvuarduasunuaneasmseiinians, vinteninlazaiiuaiuey
V2ILASINS
4. dusasunsidiusinvesaissurulumINnusTUANYIAY
5. anunasiAuTregnaaanlagiuIn N sIenAuLEUS LY
6. nsgsulmAnuinnIBilagiuMtimlglunseaniuugEy
GreenLITES wusmsUszliueandu 5 inasin)sussidunanuas 18 innmin1sussiiusedsy

WARSIUMISI9T 2.7

A5199 2.7 LNUINNISUSEAUNANLALIRIUBY GreenlITES

wnainnsuseiduan Wnaein1sUsEIEUT9 AZLUULAY
aonuiineadefidedu N15LE0NLUIENENIY (Alignment 2
(Sustainable Sites) selection)
msuilausundisoul (Context 2
sensitive solutions)




A1519% 2.7 (0)

Atmosphere)

nausin1suszidiunan nausinsUszIiiuses AZLUULAY
msldTRuLAE TR 2
(Land use/community planning)
nseuint, AnaSuuaziuyiiog 3
¥a3dn3Un (Protect, enhance or
restore wildlife hatitat)
nseusny, Yanuazannisdndulel 2
(Protect, plant or mitigate for
removal of tree and plant
communities
AN (Water n3dnnsuanulrasy 2
quality) (Stormwater management)
msanUIa il veduuas 2
yangivieates (Reduce runoff
and associated pollutants)
Tanuasningns mstiannduanldlug (Reuse of 2
(Materials and materials)
Resources) USunaudansleda (Recycled 2
content)
i’a@ﬁuﬁu (Locally provided 2
materials)
WMATAIFNINTTUTIAIN 2
(Bioengineering techniques)
M3andenduns1e (Hazardous 2
material minimization)
WANULAZUTTBNIA nasLiuNITMaves9I193 (Improve 3
(Energy and traffic flow)
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A1519% 2.7 (0)

nausin1suszidiunan nausinsUszIiiuses AZLUULAY
WAIIULAZUTTINA nsanlinszualnin (Reduce 2
(Energy and electrical consumption)
Atmosphere) msanldusutiasiden (Reduce 3

petroleum consumption)

USuugedadnneanuayningld 3
JnseusazAUA (Improve

bicycle and pedestrian facilities)

AsacdsIsuniu (Noise 2
abatement)
ANTARLLAITUNIN (Stray light 2
reduction)

1InN35U (innovation) il

Tun15Use1ulAsIas 19U IUAE GreenLITES 9ziitunaunfe Uil
1. nowUaussyalazanis NYSDOT 9xUsziiunisesnuwuuvaalasimsiiievidulain
Fnsujuandulagnsaliluniseenuuyvediagems

2. Aasansazgnusidumaineindnya lugUuwuy Microsoft | Excel. Spreadsheet

1%
a

wagnzwuunlasgnsulaeldaunisnaluis

ATLUUSIU = (2.5)

i=1

187 Y, ADAZLULTELNATINTUIZIEIUTEY | d195U | = 489°q; g AP IUILVRILNUINNTT

Ussiiiu
3. pzhuuswnldzgnulantudesasisaunsseluil

1 PR v
$08aYYRIATUUSIUNLY =  Azuuusild (2.6)
—— x 100%

AZLUUTILVIINUA
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4. GreenLITES dnszaun1sisneTadu 4 sesufe

Evergreen 11NNINTDYaE 98
Gold $o8a% 90 - 98
Silver Jogay 67 - 90
Certified Souay 33 - 67
Non-certified Hpuninsovay 33

u8N9N GreenLITES azifuinaminlduszfiusenuedasifuluiilasinsssuuesnuuas
nsdndunislasiifiugiueguureuiuniilasinissumadendssdulfanifiodauds
GreenLITES  fafuiaiiauszuvdnnisniglugos NYSDOT. flagliussifiulsyansainnis
v dauasiiimsufvRnuiiuasudlugaunnies satafuislunisdeanslviasiumy

WuBIAUAMIRUNSUR R B WEEuas NYSDOT Ae

2.4.4-Greenroads
Greenroads uszuudszinuuainslalngnisaudasyiigninyilag University
of Washington (lagu5® CH2M HILL 1wl 2011 ilesusewnazlsnedalnsennsnaadiaauy
iseans M 19AswIndon AapslazirsygigenInfiansisairunluaian s Tasensd
dunsUsgduaguanaliiud wnsdudaludiuanudiduiigindiouuuuudaiy 3
awnsagnatanenliiiidiulddelulasinisfunsaulddsnaiudnsad lnendnnig
Greentoads @M30138n339 InosAUsERBUMLAIINEELIadlATINITAULT IALNTAgN
il s s lowilddmies i
1 svynausnualadaaianudiduraslasins
2.~ SwsvRnseulumudBuveslasinisauy
3, analazinmantmineaudBunsssorim
4 Sansuazuiuyssmndaiuvasouy
5. nzAulAfauIRns kANl
6. dnaueadliussuniinisudstutazusegslaniaasygiavsen1inain
dmdumnuddy
7. deansuwnAnmnudsduliiidulfdelaionzassumiliidilaldlagde
Greenroads wiin1sUsuiiueendu 7 tnausinisuszifiundnuay 50 inaain1suseiliuses @

LAASIURITIIN 2.8



AN5199 2.8 LNAUINISUTELIUNENWALSBIYaY Greenroads

nausin1suszidiunan nausinsUszIiiuses AZLUULAL
YoMuuAlATING FumpunINUMLAWIngon U9AY
(Project (Environmental review process
requirements) NFATILILAANTTIN (Lifecycle JIAY
cost analysis)
N15UUNN1995T3IR(Lifecycle inventory) U9AY
uNUAUALAMANIN (Quality control UaAy
plan)
WNUAALEEITUNU (Noise mitigation UsAu
plan)
UHUARNNTSDUES (Waste managernent INat!
plan)
wrudasnunaniaz (Pollution U9AU
prevention plan)
MmN TansEnus (Low impact UIAU
development)
SPUUIANTYAVIL (Pavernent Jefiu
management system)
uNLSRTsda uTineadd (Site U9AY
management plan)
M5d9LETuN13ANY (Educational UIAY
outreach)
Aawndenuazii SYUUSAMSANIRE e (Environrental 2
(Environment and management system)
Water) nsmuastirulnedi Runoff flow 3
control)
At AL lvadu (Runoff quality) 3
T iesevigad iU Ay 1
(Stormwater cost analysis)
ﬁ%ﬁuﬁ:amuﬁdaa%’m (Site vegetation) 3
mi%luvu\lﬁag:mﬁ'ﬁl (Habitat restoration) 3
mMs\deusiensiliag (Ecological 3
connectivity)
UaNENIALEN (Light pollution) 3
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A1519% 2.8 (0)

nausin1suszidiunan nausinsUszIiiuses AZLUULAL

MIAaEAUY | NMIRTalTsliunuUasnsy (Safety 2

Wi (Access and audit)

Fquity) FEUVINNITIT19997238% (Intelligent 5
transportation systems)
V30eNTIUs U9 oUUN (Context 5
sensitive solutions)
N13aAN13Ua08193I0N13T195 5
(Traffic emissions reduction)
M4V (Pedestrian access) 2
NN (Bicycle access) 2
MINRINIYUAN(Transit access) 5
NAtgAIN (Scenic views) 2
N1Ta9LETLARINEISH (Cultural 2
outreach)

fanssuread FEUUINNM IAMAIW (Quality 2

(Construction management system)

Activities) MIOUSHA LA INADY 1
(Environmental training)
UNUNI53 AR (Site recycling plan) 1
msanliidemameoada (Fossit fuel 2
reduction)
nsanmsUaeeineuetaUnsol 2
(Equipment emissions reduction)
N13aAN15Ua0uANLUDIMING (Paving 1
emissions reduction)
n1sAan1Ln1sTH (Water tracking) 2
nssuUTERUYRLs UM (Contractor 3
warranty)

TAAUAENINYINT N15Usziuaeasiin (Lifecycle 2

(Materials and assessment)

Resources) s mawnnauunlglue (Pavement 5
reuse)
MSINWENARUAY (Earthwork 1

balance)
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A1519% 2.8 (0)

nasinnsUszidiuvan naein1sUszidiuses AZUUULAY

Tanuazninens Tan3luida (Recycled materials) 5

(Materials and “a@ﬁuﬁu (Regional materials) 5

Resources) Uszansnmnslonwasau (Energy 5
efficiency)

maluladiamig Ayefifianunum (Long-life 5

(Pavement pavement)

technologies) HInangu (Permeable pavement) 3
LLaaﬁaﬁwamju (Warm mix asphalt) 3
Ramadiu (Cool pavement) 5
Ramauidss (Quiet pavement) 3
NSARANNUTEANTNIWHINI 1
(Pavement performance tracking)

ATWUUNLAY (Custom | PrwuUikAY 1 (Custom credit 1) 5

credits) AL UUNLAY 2 (Custom credit 2) 5

Tunsusuiulassasisingaume Greenroads wwiitumeusseluil

1. Aalzdilassnnsatasradsefiulasenns nglassnnsiiarlgsunisussdusodio
Audathrusid asduriou

2. amgvhailasemsdenUszfiulassmsminaEadnslauain e Ruamilolile
Azhuu AU o Laueving uaTUAYY

3. agwuuilavzgnsulaeldaunisdeluil

AYMULT = 4 2.7)
- Y
i=

a7 Y, AoAzuULTRLNMNNITUSTIEIUTES | 115U | = 189 g; g ABTIUIUTOUNUNNIT
Usziilu

4. Greenroads 1As¥AUNSIs19TadY 4 SEaURe

Evergreen 64 AzuULTULY
Gold 54 - 63 AzLUU
Silver 43 - 53 AgLuUY

Certified 32 - 42 AUl
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Greenroads  gneenuwuuiliduasunisvinnundeduniglunseudeimunvessy lned
HUF WY UUNTUSURNUNINTFIUYDIMINIENUAUAILINRBUVDIANTTOIITN AZKUUATNY

v a

gneanuuuinlidedninadenisandulaidenniaienfideiduuinu Greenroads 9918

[ o «

nszAulisadnsiiansanldnagnsndsduiunsandunuudas fuludnvasiilunisdedas

saaulaninninazilutaiuunniesi

2.4.5 wATedeunasimsssfiulassaieiuguiidBuvas Ugwu and
Haupt
Ugwu and Haupt (2007) ¥imsdnutiiessyffild Taussansnmduiulaseadn
fugnufidsBuansuseswesgeamnidnoasisluszmadiBaild (SUSAIP) dmsuldidu
wuansluptseenuuuiasdariatasimuanisdeasiedmsulaseadasiiuguiideduli
aonadatitulovieduanidiiuvas semaldosraliussansnin dfidiauszaninmi

Ugwu and Haupt Wiuannasdnergndauuailu 3 sedusaansl lumasiei 2.9

a (3 a [ av (3 a 4 dy d'
$13199 2.9 Lﬂm%ﬂ'ﬁﬂigmu‘ﬁaﬂLL@S?@QIU\TTU’JR]EJLiENLﬂm%ﬂi%LﬂJUIﬂiﬂﬁﬁﬂwugﬁu‘Vl

JeBumas Ugwu and Haupt

nEu nauain1FUszIuEN NANNSUIZEUTDY
\ATEEia AlEIen1em s Arldedoadu (nitial cost)
(Economy) (Direct cost) AlTenaan 1993770 (Life cycle cost)
AN 8L Atengneuszsns (Resettling cost of people)
(Indirect cost) ﬁﬁﬁuvjizuuﬁlfm (Rehabilitation cost of
ecosystem)

YAFNANIENULTIAUABNN TV (Adverse

impact on tourism values)

N1997997U (Employment of labour)

Aundou NS kINAY YauANSIUALTAY (Extent of land acquisition)

(Environment) | (Land use) Yaulnn13aaaulll (Extent of tree felling)

a oA o A A A
°UEJ‘Umeﬂﬁi@igLﬁ&m@gmﬂﬁlwiawuwmmwﬁ

(Extent of loss of habitat or feeding grounds)

11 (Water) nsUsziliunansenuneld EIAR (Impact as to

assessment under EIAR)

Asnduanlalug (Water reuse)

2N (Air) nsUsziliunansznunela EIAR (Impact as to

assessment under EIAR)

n15eRNUUUYeIUaasaINIA (Air outlet design)




A1519% 2.9 (0)

nNay

9

WnaainIsUsEUvan

nausin1sUszIiiuses

ATRI GO

(Environment)

21077 (Air)

NN159ONLUUNITIEUIIINIATENINADAS

(Ventilation design-during construction)

AFRBNLUUNITIEUIYDINATENING T

(Ventilation design-service stage)

\&@e9 (Noise)

nsUsziliunansenunela EIAR (Impact as to

assessment under EIAR)

ﬂ'ﬂllgﬂ‘ﬁiius[,‘uﬂﬂi@@ﬂLLUU@W@JZJ”]G]ﬁﬂ”IiaﬂL?{EN
(Design flexibility towards noise reduction

measures)

UAInea (Ecology)

nnsUsziliunansenuaels EIAR (Impact as to

assessment under EIAR)

n5ueEnauAY (Reprovision of habitat)

NANSENURD

Ardan1n (Visual

mMsUszislunansznun1eld EIAR (Impact as to

assessment under EIAR)

(Cultural-heritage)

impact) HuNBINEUTELN (View from assessor)
AlaonRdeIiUAWINABL (Harmony with
surrounding)

N3IANIIVBLAE YoIu-Taqnoasa (Solid-construction material)

(Waste mam%-ﬁwqm (Solid-dredged/excavated

management) material)
Y una-diny (Liguid waste-toxic)
Yo upa-laififig (Liguid-non-toxic)
YOUIIMOIAITINAILAYAendad (Extent of
encroachment upon concerned areas)

dmu (Society) | NIANNITIAUSI T ransznuvedlasan1suamuiilusaad (Footprint

of project in archaeological site)

N1330U38UNYIYUYIBIAY (Complaints from

local parties/villages)

YauLunveIn1sileauy (Extent of diversion)

A9V
A15750u

(Public access)

YOULIATBINITUANU

(Extent of blockage)

YOULYAYDIANULLDD

(Extent of congestion)
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A1519% 2.9 (619)

ngu naginisusziliuvan naugin1sUsEIliuses
daaul (Society) | Anudnlaves gunug (Ubantu)
QB RERIE: @unnseudewsade (Route(s) for waste disposal)

(Public perception)

nslivsnens | nsdhdsanud dunsdmsunisneadns (Route(s) for
(Resource noas construction traffic)
utilization) (Site access) Anunseulivesianneasne (Availability e
construction material)
Anunserldvesian ﬂ’li’[fﬁﬁ@ﬁuﬁu (Useof local materials)
(Material availability) Nawaaalﬁmﬂilaﬂﬁlﬁaﬂw (Those
associated/complementary with the chosen
materials)
i (Type) Tandi5a (Prefabricated material)
@91 IAN33U (Innovative material)
ANANNASALUNTS ﬂﬁﬁd’;uéammﬁ%’ummﬁy’qLLGiLLiﬂ (Early
QRGERN contractors’ involvement)
(Constructibitity) ﬂﬁﬁdauiammaﬁwﬁy’qLLGiLLiﬂ (Early suppliers’
involvement)
AT mythiuuvasnausi gl (Reusability of
navalalugd moulds, formwork, etc.)
(Reusability) Yaraavianee (Scrap vatue after
decommissioning)
nsUsERUAMAIN ALNBYBINMTATUANALNIN (Ease of quality
(Quality-assurance) | control)
quowdigiay N15YsENaUR AN gruBuTyo¥Ay (Short-term health)
mulasnny (Occupational) guownsiesyeyend (Long-term health)

(Health and
safety)

U < a aa .
aURLYIR), NSUIALIY, LHBAIR "8~ (Accidents,

injuries, fatalities, etc.)

32UUNNIANTT (Management systems)

151584y (Public)

aunn (Health)

mulasnny (Safety)
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A1519% 2.9 (0)

dministration

nqu naein1sUszliuvan Na9in15UszIRUTeq
N153ANY/ dayay (Contract) stnuesda (Type of contract)
UTMslATINg nsTanssafiiatuanusduliuderiun
(Project 1A59115 (Inclusion of sustainability related
management/a clauses in project specification)

5¥8217871A39N13 (Project duration)

ANFUgoUTRdlATINIG (Project complexity)

UWIIULBNEAST (Amount of paperwork)

8n15999
(Procurement

method)

WWIMY/ANadInS URS UL (Approach/criteria

towards contractors)

WWINANBUTIEMSURAY (Approach/criteria

towards suppliers)

NMYLRRNYBIsEULENES (Choice of delivery

system)

TunnsusziulAsadenug1ume SUSAIP agiltunausiseluil

40

1. AEY19IUlATINITE O NLNUTINITU L LIUTRNAZANEINSUN19LE 0N A1 99 VD3

TAsINS

2. fUszilulvnzuuuniaens g NANmITaNi USN UL Yo LAMTIN T U TR

a aa 1% ° o ] WAL T a = =
2N ﬁﬁﬂqilﬂﬂzLLUULﬁﬂqgaqﬁi‘ULﬂm‘mﬂ"lﬁﬂi%LﬂJu‘VlEJ']ﬂIUﬂ'Wiig‘U]ﬂill']m ARPISISTAISTHY]

AzlhuUMENgdmTUIRMIN USRI UNAZLINEgALAEA1EA N13FRaRINANTIINE]l]

wangdmTutnain1sUseluiigedldian sagauve wWUTEues

3. fUsmlivazivuahwiiniinasinsussilviiegiuaaudAauesnadisieniny

gagumunseulalutuanwinegau Weugveininsg, Useaunsaiueswdnnisiasing

4. pxwunilAezgnuilngldaunsdeluil

ALY = q
Yi
i=1

1Ao7l Y; ADAzLUUTDUNNINITUSZIIUTEY | 15U i = 189 g g ABIUIUTBILNM

ANSUSELIU

5. lassnsnlamziuuasanazlisunisdnidon
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2.4.6 MUITH15091AT9E519NUF NGB VDS Fernandez-Sanchez and
Rodriguez-Lopez

Fernandez-Sanchez and Rodriguez-Lopez (2010) ¥Mn15ANe NIV URDULT

(% '
Y A o

BslunsseykaAnEendiiuwaugsdu (Sustainability indicators) ielduseiiiuaiy
o A ' 1% v & - 1% v o a o 9 =
gaguvasnisieaditlassaiiaiugululssmaaiduiveliaensuiuwuifnisean1siauni
geguluufaua 21 1nn1sUseyu Earth Summit U 1992 lagiiansansdiiuadiaiudstui
Julonanioanudsadsuinveslasinisluvasingrsiuadisaunaszninmanssnud
NnTunaane1glasan1sivyseleytn1anudiny Asegiatazduinaaunig JTunaulds
Wnsgnuuseenilu 3 nae 19 wnaeinisUseifiundnuas 30 nasinsuseiduses duanly

M5797 2.10

a ¢ a o Ao v & A A
MN19199N 2.10 Lﬂﬂ.«!"VIﬂ75U55LﬂJu%aﬂLLagﬁa\ﬂuqqujﬂEJLiaQIﬂﬁqaﬁq\‘iWU;ﬁx']UV\ENEJ‘L!‘SU'EN

Fernandez-Sanchez and Rodriguez-Lopez

ngal \nasINIsUsZEIUEN NaTINNTYSELIUTRY
dwnndou fu (Soil) yaA1eiliae (Ecological value)
(Environment) wnumIVANM SRR LaEAnAgNaY (Erosion-and

sedimentation control plan)

MTRY (Soil consumption)

ﬁof

1(Water) nasUsndau (Water saving)

N5k (Water consumption)

nsunteunasln (Protection of water

resources)

N1sAUANULAEARA11N13LEN (Control and

monitor consumption)

UIFYINA NTI¥UNEaINA (Ventilation)

(Atmosphere) 1@e9 (Noise)

n1sUanenIwseunszan (GHG emissions)

r}'\qluazaad (Particulate emissions and dust)

ﬂ?{‘u (Odors)

AMAINBINTA (Air quality)

msuasslulnsiausenlanwazdaasineenlan

(NOx and SO, emissions)




A1519% 2.10 (da)

nNay

9

wnasinasUsEiuvan

nausin1sUszIiiuses

ATRI GO

(Environment)

AIMUAATINUARIYN

a0 (Biodiversity)

NANTENUANLIAADY (Impacts on environment)

s

nsuntesiwnazdn ) (Protection of fauna and

flora)

A151AYI199849LASINNS (Barrier effect of the

project)

1UIANN95ITUVIR (Natural heritage)

398LIIM3TLA (Ecological footprint)

niivied (Landscape)

NANTENUNTIAREAIN (Visual impact)

NSNYINT

(Resources)

msldninensiiiinuselevilgegn (Optimization

of resources)

a9 (Materials with CE)

o A

wiosdnIuayianilasuaainiliua (Equipment

and materials with ecological label)

ﬂ’lﬂ“i’fijaqﬁuau (Use of regional materials)

TannilauFewiegun e (Materials with low
health risks)

nstdagnianumunu (Use of durable

materials)

a9.de (Waste)

N139ANIIVeIE (Waste management)

Wa99U (Energy)

N3MINE1U (Energy consumption)

NSV (Renewable energy)

AsUsEvdanarUse@nsnnnsinaseu

(Savings and energy efficiency)

danngmakas (Light pollution)

ATLAD (Risks)

NTAANANTENUVDIUYIINLAZAINLIAILAS

(Mitigating the effects of floods and droughts)

N15USUS IaEALLEY AN END1AAIINAS
wWasuwlasanimeniel (Adaptation and

vulnerability to climate change)

nsmuAUlaTIEiaugIL - MsIAN1IAULEES

(Infrastructure control - risk management)

dsau (Social)

TRUSIIIN (Culture)

UIANMIIUSTIN (Cultural heritage)

Tusrauanu (Built heritage)
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A1519% 2.10 (da)

nNay

9

wnasinasUsEiuvan

nausin1sUszIiiuses

#3A3 (Social)

TaussISN (Culture)

s3TuLHENLAZANNLYBIEDIUTN (Respected

customs and beauty of the place)

QUEIRTHIR L@ un19anssaly (Public access)

(Accessibility) nsfernuvaInvaevesuyed (Human
biodiversity access)

MsHdwTINveWN | MINEIUTIUVDETITUIULALNITAIUANLATING

nAEU (Public participation and control over projects)

(Participation of all

Uoyaa51504¢ (Public information)

actors) msildiusinvesannuLazesans (Participation
of ‘associations.and organizations)
nne1nas (Multidisciplinary)
ANLYaensiy ANLUARANEIaY YR EYEIALIY (Safety and
(Security) health of workers)

Audaansitvasldeu (User security)

nansenusieyuvilan (mpact on the global

community)

MsHnEaUINANALAZELIRABN (Technical

and environmental training)

anUaoniuvelasaa1sugIu (Security of

infrastructure)

a1svsaUlng (Public
utility)

anuanlailufivandlulasens (Project

declared of general interest)

maunelauesdany (Satisfaction of society)

AALEY (Happiness)

a1sasayulng (Public

utility)

Anuaulaluiuansulasinas (Project

declared of general interest)

ANUNelavesdars (Satisfaction of society)

AIUEY (Happiness)
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A1519% 2.10 (da)

nNay

9

wnasinasUsEiuvan

nausin1sUszIiiuses

#3A3 (Social)

N1INRADUIIUVDY
daAu (Social

integration)

nsldauanuvesduszninneas, ey
11533 (Local workers during construction,

operation and maintenance)

nsenseiunsinaeuwazlivoya (Raising levels

of training and information)

A155USIPANUAINABY (Environmental

campaign)

nskauNiUdsas (Integration into the

society)

ANUSURALBU

(Responsibility)

AU URRYe R IANveEaTiuayw (Corporate

responsibility of the sponsor)

AT SN DL IR DUWATAI NI

(Environmental and sustainable awareness)

AU T U/AULTIRIL VDN

(Necessity/urgency of the work)

LASYEND

(Economy)

AT978 (Costs)

ANMAIE 19959 (Direct costs)

AYINE719084 (Indirect costs)

AbIe/Use Lo v vesdenu (Cost/benefit of

society)

AldanenasneIgnsldeu (Life cycle cost)

ﬁﬂﬁfjjﬁhaﬁlﬁﬂ%uﬁwﬂ%} (Cost incurred to users)

WP5¥gN990Y (Local economy)

YoM AUANIINATRA
(Technical

requirements)

AMLEMSalUNIAeASeLA (Constructibility)

N13PIUANAUNIN (Quality control)

AUNUNIY (Durability)

n5lg9u (Functionality)

1I9N531LUNI58NWUY (R+D/innovation in

design)

M5U1533n (Plain maintenance)

AllelYau (Operating manual)

Y

N1599NLUULINNTTaMILUABUNISIH U (Design

for disassembly or change of use)
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A1519% 2.10 (da)

requirements)

nqu naein1sUszluman Na9IN15UszIRUTaY
LATYEND Yafmuanawmeda | 1135U509N153ANN5EIINARY (Environmental
(Economy) (Technical management accreditation)

N133U38IN5INNTTAMAMN (Quality

management accreditation)

MINauiulasIN159u (Synergies with other

projects)

seLUguUNISYINeIU

(Bureaucracy)

yilpvosdn (Types of contracts)

)
[

miwmuﬂuﬁtﬁm%d (Synergies with actors)

ANS5UUsEAU (Product warranties, installations

and set)

n1sian15lAsans (Project management)

mamu@:uLLazmi%’ﬂmil,%aﬂaqﬁ%ﬂmmﬁ
(Governance and strategic management of

projects)

2.4.7 91u3381709ATeaF1SWUFIUNGEUYEY M Ikiugu et al.

45

MIkiugu et al; (2012) vnns@nusiodnyi Green Infrastructure Gauge (GIG) Ll

duasuliimswamosrus nauwazninNveslasas1eiug v et hlulauwiund msunis

MdadesluouIAnsutinsUsslivan us kasrinNve deseaseiugudideslulagdu

e lagvinisAnwluamnauiadieuesnsilang Usswegdu nihivedasadiiugiu

o M’ Ikiugu et ab- wuaInmsAnwInIuandlilumsen 2:11

o v oAl v & o a ad A =t oA
A1919N 2.11 ‘Wu’]%sﬂgﬂiﬂiﬂﬁﬁq\‘iwucﬁquamEJ’JI‘UQ']U’JQEJLi@ﬂiﬂﬁﬁﬁiqﬂwugqumﬂﬂEJ‘L!GU'E]\T

M’lkiugu.et al.
o Y Y & a
19U P QLN GERELER T I (RT
1 NM9ELEATUAINMAINNAENITINIW (Biodiversity promotion)
2 SRS NBAINITIRIUGTINLAYUSETRAEAS (Cultural and historical identity)
3 nsUpsiularaANanIZNUANABEITUYIA (Disaster prevention and
mitigation)
4 N15UTENdANa391Y (Energy Saving)




a6

A1519% 2.11 (da)

aiu wiihfivaslassadeiugiuiiden
5 MSAUUAYUNINTIUNALATYEAR (Economic activities support)
6 nsl¥nsfnudAsanden (Environmental education)
7 NSHANDIMITHAENINYINT (Food/resource production)
8 ANEI89U (Good aesthetics)
9 ﬂﬁﬂ%’uﬂjdamwmmﬂﬁaﬂau (Improvement of local climate)
10 N159U3NYs35UA (Nature conservation)
11 nsaaLdsssuniu (Noise reduction)
12 druvedlaseine@Bendilngnin (Part of lareer green network)
13 N1519UHULATIE319 (Planning structure)
14 ANsnIeuaniIz (Pollutants filtration)
15 N3duasUNANTIUYIU (Promotes communal activities)
16 nsauadaEs13ae (Public health promotion)
17 ULl (Rainwater harvesting)
18 Tonaalunisdunuinis (Recreation opportunity)
19 MsanKndsounsEan (Reduction of green house gases)
20 nisanmtldanelnseas g Imes) 50l (Reduce public infrastricture
cost)
21 nsdRnsirylmady (Stormwater management)

o o

AT IMUa AU ALATIA N A LA BIsUSE N URaz it L T U uU st sas 67

Y

wusdanalilunisiavinuuudiaasnasied nsuanudnsavesnainasUsedliulasasng

(% '
o

ug NS uaIvanNve UL IIaeaNNslATIaTNnaYgAnaAsluung 3 danandunisg
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ar

M13199 2.12 agunsmumulssanssudmsuinaainsussundnuazinasinisuseiliuses

YoIn1sUsEHiuAMUEIEuYaIlATIasINugIY

WNEUNNS

Usgiliunan

WNEUNNS

Usziiiuses

Envision

CEEQUAL

Greeroads

GreenLITES

Uswu and Haupt (2007)

Fernandez-Sanchez and

Rodriguez-Lopez (2010)

M’Ikiugu et al. (2012)

A
YBUNUI
a5
Uszidiu

ERA

3UANUD
Tunauai
ANSUTELIU

wan

YUY

(Community)

AsiAulanIa
WsygRaay
ATTWRIUN
(Economic
growth and

development)

GGV
AMUUADAANY
(Public health
and safety)

nnsinfeYLYY
(Community

access)

UIANNN
UsinA1Ens
UaZIUEITU
(Historic and
cultural

heritage)

fuftdununis
uagiiatdenn
(Public
recreation
spaces and

Aesthetics)

nsiidusI
vosyiala
e
(Stakeholders

involvement)

35




A1519% 2.12 (da)

48

= g = 4
=) 5 = | g AN p
N 8 I — FIUAINUD
, , = |25 8 | w ,
LNUINNIT LNUNNTT 5 c L = . Tuneuet
A - 2 &8 9 © LNU9INTS -
Usgliiunan UseIliuges “ ] - N kTt AsUTELU
% 2 = c Y o Uszifiu
[l < © — © o S5 = « 1Y)
K] 3 o = 5 s 3 sl
2 12 18| § | 2 |Ex5| = 709
S ] & & =) L & =
NANIENU ﬂ'ﬁﬂ’l‘UF’]‘lngEJﬂ
fawnaedly | wazaiy
AunTGAss | duaviiiou
V v v v v v 7
(Environmen | (Noise and
tal impacts vibration
on control)
surrounding. | ABININBINA
v v v v v 6
areas) (Air quality) 23
ﬂ'ﬁﬂ’JUF’]}JLLﬁQ
v V V. v q
(Light control)
NeNITNUAD
Aty ANLAY
IuBeUseY v v N v 5
(Visual impact
and Tidiness)
NITANUIAL N15ANUIAL
(Transport) NG
(Alternative v v v V 4
modes of
transport) 9
A1330
N13937133
v v v V v 5
(Traffic
management)
Tanuay mslyTanin
NSNLINT fiu (Regional % V. v % v 6
(Materials material Use)
14
and Yanslfa
resources) (Recycled v v v v 4

material)




A1519% 2.12 (da)
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—~ T ~ a
> c 39 . AR y
g S S vos AU
L4 ~ o
WNEUSANIS WNEUaANTS B @ Nl g . Tunaueinig
oy - 3 & 2| = | wnwns _
JsgLiuvan UseLluses A T p— £ - Useliuy
%2} L © N Y
c < Q E 5 =B 2 Useity 7&n
2 > = E 3 & 2 S 584
%) = =
I g 8 5 |5 5| =
5 U & 5 ) L & =
Tanuay nsUseidy
n5NeINg 2995730 (Life
(Materials cycle v v v 4
and assessment)
resources)
A159ANTS A139ANITVD
NG \de (Waste
(Waste management) V. v Vv v V. 6 6
8
manage
ment)
WA nslenaesu
(Energy) G
UsgansSnin
(Energy Vv Vv v Vv v 6
consumption
and 10
Efficiency)
NAWY
Iy
V V vV q
(Renewable
energy)
11 (Water) Mslginay
Usansnin
(Water
Vv V. v v 5
consumption
and
efficiency)
— 15
A5
navan gl v v v v v 5
(Water reuse)
NSNYINTU
(Water v v v v 5
resource)




A1519% 2.12 (da)
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WNEUNNS

Usgiliunan

WNEUNNS

Usziliuses

Envision

CEEQUAL

Greeroads

GreenLITES

Uswu and Haupt (2007)

Fernandez-Sanchez and

Rodriguez-Lopez (2010)

M’lkiugu et al. (2012)

Aud
484
LTINS
Uszidiu

M

W
ARl

LTINS
Useiiu

98N

o A
MILANEN

(Location)

SRR

(Land use)

<

<

<

LPRHIEEN
annay (Flood
risk)

A159AMS
delulragy
(Storm-water

management)

TEUUHNALAY
A
PANNAILNN
iy

I
(Ecology and
Biodiversity)

REGERAVL!
(Habitat

creation)

1 I3
NsUaDeLNg
A
L39UNTZAN
(Greenhouse

gas emission)

Usngnised
N1EAINTDU
Wie9 (Urban
heat island

effect)

Mseusny
wuglil (Plants

protection)

33




A1519% 2.12 (da)
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= |2 s 2
S & = — AU T
N o N
o o o — i
. ) 5 | N < 904 ANl
LUANS LN 5 e g = . .
. R & & 9 < WIEUAINTS | Lneuaing
Jsgiiunan Usgliiuges « ] - N ©
= ] = c O Usuudl Usuudl
- =z 9 E < 5 9 =1 Soiiu Soiu
ke o] [e] c on S5
= > © = = 1
< g $ g s e 3| = 399 wan
5 O 5 ] > e 2 =
A159ANTS A159ANTS
TAsans TAsans
v v 3
(Project (Project
Manage management)
Ment) JUwuudnO
(Contract v v 3
type)
N159ANTS
13
AN
V v 3
(Quality
management)
A15ANTT
Aungeu
(Environ v % v a4
Mental
management)
winnssuiay | uinnssy
r v v 2
walulag (Innovation)
(Innovation ™ | wAlulagha
a
and N9
v v 2
Technology) | (Pavement

technologies)
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91NM15199 2.12 nudnnasidmnsuinaeinisysziiulassaieiiugnundsguilaan

6

NIFAATIBITTUNTTUUTENBUME 10 INUTINITUsEUMENWAY 35 LNaNNNITUTEIEUTEN
Feagvimiiduiudsudsuasfutsdunaldnudidu dmsunisnwiadsiinasinng
Usziflundniifinzuuuanuinutesfignazgndnoeniuvdeifios 9 inasidmiudami
wuaesmyiavennasinsUsndulassaiaiuguiid futeluil

WU 1 g (Community)

et 2 mansynudsnndeuluiuiidiades Environmental impacts on

Surrounding areas)

\NEWiT 3 NSPNUIRL (Transport)

N 4 Taauazning1ns (Materials and resources)

\neudi 5 NsdanIsvands (Waste management)

NI 6 WassIu-(Energy)

w7171 (Waten)

sl 8 Tuafisa (Location)

LU 9 N159RNSlAsINIT (Project management)

25 “Hg1y BLUIAA LNUNNITUTSEAUNANBAZLNUNNISUSIAUTD IV

ANUANTVRIIASINFADESI

T

o & \ v & v Y av vo = A o | Y =Y
AMNENSAVBILASINNTNRAS 1L TUTa NS UNTSAN I 981909199719 wangaly
Terufneevs odunesusunMlumng AL dsav A TINNSAD a5 19PN UNUNE WAN KT
ulddmsugilaulmdonnsanululasnis lassnisdeasafiguseauniand s aluaionives

nd19enegnuesilivssauanaduialuaieniveaisuminneainsenlduais (Toor

e

and Ogunlana, 2008) ag4lsAnu TniTouarenulaneeuldddenuvesanudsaves
Tasansneasnald eafi Ashley et al. (1987) aduigitminud1isavediasanisneadiafedsd
AetudlenadnsiiladndafimaliviodnihUnilunivesaildang fvuants aunmuaza
fanelavesdsinau Tuvauzdl Tuman—(1986) WUIlAsensAeassUszaumudnsaile
nadnsynegseenInmmimanTuazassmuteimusvedasnisuaziininensifiomeld
mulglunanfimngan Turaed de Wit (1988) Wanuwiuinlassnisagldunisfinnsandn
Uszavarwduialunmnufdeidelasinisussatoimuananadauas/miegasaunsd

o v

Amuald swludslasuaufisnelasedvasanadnsvedlasinislungduinisvesuien

Y

o [

AU3mslAsInIsuazgndcig Al-Tmeemy et al. (2011) nana31audsavelasinishie

Y

WAANNITTANITNaYNSIAMUNEIE1NYeIlATINISARsaRnnd et UL N SE UL AULAL

§717U0493ANT Lehtiranta et al. (2012) na131AudENTvedlATINITTWRYfUNIIE LAY
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MAgrTesdulasInIshaziinissiaduiisuaulanasenundunuinelanisuseiiiu

3

pudFaeslasanmsneadamuunfauinasldsseziian Aldine wazaunimdunae

Tun5@ndu (Atkinson,  1999) MALASINISHALASIRULIANNAMUA A TEINeTiinTuDY

Y

a

aeldsulszananazldnuaimaudeinuasziodnlassnisdudszauaudisa egralsh

punstiiieassezal Aldinsuasauninetdliiiesnedmsvanunisaiiiagiudioniny

'
Y]

Fidusudunidiululasinisieadts dnsivenareduiausldifivinasinisussidu
AudSavesiasinsneadefiieIesiuaudiudnliaae 919 Auvasads A
nalaaegnen Lazdwanden nssaunasianililunisusvidfivaztedfinlentaly
A IS vedlATINNTAIILINI SR AT satunisUseiiumudSavedlagans
easeiemisiansaroidsinvetlasensdefiesruseneuBuquinnitfisauAszesiian
AldIeuagAun I (Gudiene et al,, 2013; Tabish-and-Jha, 2011)
aausolusfunsdnenudseiinestestuaiuddavedasinisneadiadiedy
LAMLADIAU TN ULAZH T IO ILLUT 18091153 A A S UNTYsEluALE 15904

1AS9NNINRES9

2.5.1 1IUI98I5a9AUdS2v99lATIN151DE519184 Tabish and Jha

Tabish 'and Jha 1 (2011) la@nwnstladendrfydeninudniavedasinnsneaiig

[ [

PigharetuigdlulasenisieaineninssaeilliedveIvalese Wy faenuuy

=

o

Aumsnneaiiamiatanudiveddasims Faliieaionnudisavedlasanisuansnaiuly
nsflazuimsnlessnsliddalfiudesiasaninninudszeznaneding Aldaouay
AW TagfosneuaussronNifioInIssudu 8l Msvanidsstedandy uagnsufUa
pungauUanafese Tabish and Jha (2011) wuinil 26-tadeiiasernudisaves
Tasams Fsaansagnihsndavindunasinsdsediundnuasinpsinisusidiuses duansly

M3197 2.13

A15199 2.13 1naein1sUsEIRUrdnkass09l1WIeI509ANE SV dlATINISAES

294 Tabish and Jha

Rty WnIIN1SUSTIIUTAN NUINISUSELRUTDY

1 303181 (Schedule) Lifin1sunsnueeainninsy (No bureaucratic

interference)

ANABINITVBAIVRILATINITASUNITTE YA
W laaeeneuy (Owner’s need thoroughly

understood and defined)




A1519% 2.13 (da)

a0u

wnesinasUsEiuvan

nausin1susziliuses

1

2821381 (Schedule)

fanulindasgaugdlunydiaiusinveddasanig (A
high degree of trust shared by project
participants)

Aumsseavgeinaulalalunaiimungay (Timely

and valuable decision from top management)

ANUNSDUVBIMSNYINTAUTAN UL Inaan
538%13a11A59N15 (Availability of resources as

planned throughout the project)

Alg978 (Cost)

Laifinsunsnuganedandas Mstiae (No social

and political interference)

vl 1 '

danulinslaseavgdunydiidiunuuadasnis (A
high degree of trust shared by project
participants)

AL TI9087190 09T LUV UL A VDI UFINSY
AdnnslAsenIsagRS UMIARaIN (Thorough
understanding of scope and the part of project

manager and contractor)

IN5dSNUNNBES 19NeNEUUTYNINSIAN

(Comprehensive pretender site investigation)

AN (Quality)

ﬂ'ﬂllW%@iJ‘U@\Wl%’WEJWﬂﬁGﬂlJﬁ'JNLLNUVL%Wa@G]
S2ezLaalATINS (Availability of resources as

planned throughout the project)

i satuayuINdUTNISTEAUgI (Top

management’s support)

finsfnnuuasnpuAUD I NGUIMTIEAUZI0E1
asltaua (Regular monitoring and feedback by

top management)

ﬁﬁf\mﬁmwﬂu@mmwLLazﬂizﬁu@mmwaﬁiN
aiiaue (Regular quality control and quality

assurance activities)

ANABINITVBAIVRILATINITLASUNITTEYLAE
1 laeeneneeit (Owner’s need thoroughly

understood and defined)
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A1519% 2.13 (da)

a0u

wnesinasUsEiuvan

nausin1susziliuses

q

ANuUannny (Safety)

TnsatduayunguImsseaugs (Top

management’s support)

ANUNSDUVDMSNENTANTNHULInaan
S2e8LIa11ATINT (Availability of resources as

planned throughout the project)

mia@mmmwauaummﬂrgﬁmﬁxﬁugﬂaﬁi’m
asaue (Regular monitoring and feedback by

top management)

YOULIAYDINUYNTEYRENeTALIU (Clearly

articulated scope of work)

ﬂqiaﬂﬁnuLLag(ﬂ@’Uau@ﬂﬁnﬂL%]J"]sU@\ﬂﬂi\‘iﬂ'ﬁaﬁh\i
asniaus (Regular monitoring and feedback by

owner)

nslafivednuwgs (No

dispute)

£

Husmsseavgenpaulalaluiaaimsngan (Timely

RU

and valuable decision from top management)

ANUNS DUVDMTNNNTA UKL Inaan
SzozIanlAIIN3 (Availability of resources.as

planned throughout the project)

fnnsdeasiiisneseninaiidinsululasanig
(Adequate communication.among all project

participants)

nN75RARTHIAEABUANDIINEUIMTTEAUGIRENS
adLaue (Regular monitoring and feedback by

top management)

ANABINITVRAAIVBALATINISIASUNITTE LA
wWilaeenenaauy (Owner’s-need thoroughly

understood and defined)
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2.5.2 uAdFesanudiavadlasinisnead1avad Enshassi et al.

Enshassi et al. (2009) Anw1ladsfidmaserudniavedasinisneasidluauiy
N1 Ynaalniidaussautgmeneguinune e aanuliasy LERYININNINATEFAD Lo
yhnsnwanasAniuresidiuinlulasens 3 naundnde 1iwedasenis viend

[y

USnwiasisumunneadns wagnuiiivianus 63 Jadevidmasdeninuanudniavedasanis
eas1dluvanediil Faaunsagninundarindunaeinisuszfiundnuazinasinisuseiliuses
Aanandlun1sei 2.14

i 4 a [ aov A °o ! £%
M137199 2.14 nawinnsuseiuvdnuazseduaniAdeisemmaydisavedasinisieasng

294 Enshassi et al.

A0u inuain1sUsTIELaNn inauein15UsELUSa Y
1 AlUa18 (Cost) Ak UIRaInaI09Ans (Market share of

organization)

dnNARDIUBYRIANS (Liquidity.of organization)

nIELaRuanYeIlATINGS (Cash.flow of project)

dmsIMl3v84lATNs (Profit rate of project)

Fouavrlavievadlasenis (Overhead percentage

of project)

ArpeniuulAsINIs (Project design cost)

ATIANLATLATENINT (Material and equipment

cost)

AT99U (Project labour cost)

A1d9ka1 (Project overtime cost)

Tuida (Motivation cost)

anvinaulug (Cost of rework)

Andasutuasny (Cost of variation order)

5&131%@%5851%%’3’6@ (Waste rate of materials)

AsYsuUsUUsTInalasansluusedn (Resular

project budget update)

JzUUMIUANAININ (Cost control system)

mﬁm’]m%ﬁﬁﬂ (Escalation of material prices)

ANULANFIUDIATNEY (Differentiation of currency

prices)




A1519% 2.14 (de)

a0u

wnesinasUsEiuvan

nausin1susziliuses

2

1381 (Time)

naeIENanIuNnea3e (Site preparation time)

SYELLIAINBAS19LATINITANLLNY (Planned time for

project construction)

Sovarv09A1dat (Percentage of orders

delivered late)

vanlglunisivasuwlasau (Time needed to

implement variation orders)

nalvunlvdeunnseu (Time needed to rectify

defects)

AN laelaRgveIn SRR

WAl (Average delay in claim approval)

ANLAITIALLRAYVDINITIILR[UINNLINVRILATING
Iwai‘ummmaiw (Average delay in payment

from owner to contractor)

MSVIALARUNTNEINTANUNINLHLLInFoATE8gLI8N
1A%9713 (Unavailability of resourees as planned

through project duration)

A lneladuliiednidanuiauaal (Average
delay because of closures leading to materials

shortage)

ABNIN (Quality)

ANUdenrdBanuTEMUUs (Conformance to

specification)

AIVARARLUAIINTNEUTTAUNITalLaANaNTRES
(Unavailability of personals with high experience

and qualifications)

mMstldusnvesszauuTmslunisanaula
(Participation of managerial levels with decision-

making)

sruuUssiliununmlueedng (Quality assessment

system in organization)

N3aUT/UserununIn (Quality training/meeting)
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A1519% 2.14 (de)

a0u

wnesinasUsEiuvan

nausin1susziliuses

q

Nanan (Productivity)

ANFUgoUTdlATINIg (Project complexity)

Fuulasansiudanel (Numbers of new

projects/year)

ANMUAUNUSTEIINENBUS U TAULT U

(Management-labour relationship)

gMIINNSVINNUARBALATING (Absenteeism rate

through project)

AAUNIINILRAUNMUANT (Sequencing of work

according to schedule)

ANuftanelavesgnd

(Client satisfaction)

nsUsEauTeNasErIrd1vedlAsInIsuazH e
1ulA39n73 (Information coordination between

owner and project parties)

VinwgrdmIuEIan1slasinag (Leadership skills

Y

for project manager)

ﬂ’NiJL%’JLL’ﬁ%ﬂTﬂJJ‘LhL‘?J@ﬁa‘lJENU%ﬂWWiE]L%’FU@&
1A%9713 (Speed and reliability of service to

owner)

JnuTadauiiseniisdiuelasmisuazenge
lulAsenis (Number of disputes between owner

and project parties)

F1uuuAwn LYl (Number of rewarks)

Aufianelaveyugu
(Number of regular and

community. satisfaction)

AgiInelumsURuRnmTeinvun (Cost of

compliance to regulators requirements)

Fnuestefliidulunidderiivus (Number of

non-compliance to regulation)

AN MAEAUNTBNTD BN TR MUA (Quality

and availability of regulator documentation)

Uaymivyuvuwindeulasan uineasns (Neighbors

and site problems)

Usea1wu (People)

iruaRvasgna1atulasenis (Employee attitude in

project)

ﬂ’]ii%@uﬂuuaxﬂ’]iﬂ@ﬂ’]ﬂ’J’llJﬁﬂlﬂiﬂ“UENQﬂ‘:]’N
(Recruitment and competence development

between employees)
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A1519% 2.14 (de)

a0u

wnesinasUsEiuvan

nausin1susziliuses

7

Use91wu (People)

u5994lav83gn919 (Employee motivation)

ANnuduinvesiu (Belonging to work)

guowdluavaulaensy

(Health and safety)

nsldumsnisguewdouaranudaendelussdng
(Application of health and safety factors in

organization)

] v = A Y Ao
ﬂ’J'liN’]EJI‘L!ﬂ’]iL%Wﬂﬂﬁmu%ﬂ@ai’m—wmﬂﬂidmi

(Easiness to reach the site-location of project)

an31N15nnaURmelulAzINTS (Reportable

accidents rate in project)

aMT15UYsEeNUYedlAs5INNS (Assurance rate of

project)

WINNTTIRAZNTLTUUT

(Innovation and learning)

NN3LSEUSINUTYAUN SIAUIBIUAZ AR TINI LY

(Learning from own experience and past history)

nsiseusINITUNURNas Ussaun1salveaou
(Learning from best practice and experience of

others)

msAnausuyasnsiivinwe A nludmsulasins
(Training the human resources.in the skills

demanded by the project)

naxa1u (Work group)

NUMUANURANAIALAZLA DY (Review of failures

and solving them)

10

#93naau. (Environment)

AuATWBINE (Air quality)

seauLdes (Noise. level)

YpUAUIIANIUN DA (Waste around the

site)

a@n1me1n1a (Climate conditions)
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2.5.3 uidedesnnudndavaslasinisiaad1auas Alzahrani and Emsley

Alzahrani and Emsley (2013) la@nwifianansenuainaaaudivesSumunneasng
fdsnaronudnievaslasnisioasislaefiansanlutisnsussidunanundinisneadig
MNuLBIRI[NAT UTENTIUTnw ezl Tumnneasilegluasnisneaindlasadaiiugiu
gasinefoazenasmddluansvetandng Inewuind 29 Jedeiidmaneninudnsa
284lATINIg %"’ammmgﬂﬂmﬁmﬁwL‘f]ul,ﬂmeﬁmiﬂimﬁwé’ﬂLLazLﬂm%msﬂizLﬁuim o8

wAAIlUMISI9 2.15

a 3 a LY Ao A o & 1 b4
A15199 2.15 LnausIN15UsE R uBenta s ol UEATEE 0IANE L SURATINISNRESIS

Y93 Alzahrani and-Emsley

Ay NgINISUSELRUNAN NUTIN15USZEUSDS
1

quewly, Anuaendauazaunin | Wleunngnmnin (Quality policy)

(Heath, safety and quality) nsUsEAUAMATIN (Quality assurance)

FNTINITUSMIAINNURDAN BN 1901 TNLEY
qmamﬁa (Occupational safety and health

administration rate)

Tunnguemlbiazaudaonsie (Health

and safety records)

MsIndusuAsUSUUasuUsTaUNISal

(Experience maodification rating)

2 Uszaumsniluenn (Past AldangLAuyarAYa (Contract-cost

experience) overruns)

MsynuAuTEezdyyn (Contract time

overruns)

JuinvavaLddluane (Past record of

conflict and disputes)

ANUaLralunIsUURaudya (Failure

to-have completed a contract)

3 daanasy (Environment) ANSAMARVBWEYTENININDES1Y (Waste

disposal during construction)

LAUAILINA DU T NNNDESN

(Environmental plan during construction)

D
o

Tanuaraansnldlulasenis (Materials and

substances used in the project)




A1519% 2.15 (da)

a0u WnaainIsUsEuvan

inausin1susziliuses

4 nsdnnsuazUssiiumanaia
(Management and technical

aspects)

ANENN50VDE8UTINT (Management

capability)

ANIIANTANUNADAS (Site organization)

Au3luIsnnsneadesd g (Knowledge

of particular construction method)

N15AUNITVNY (Work programming)

5 n5ne1ns (Resources)

ALNEANOUDIL TN (Adequacy of

labour resources)

ALNEINOUDILINEINUGNY (Adequacy of

3

plant resources)

6 N39n83AN3 (Organization)

YPUIRYDIUIYN (Size of the company)

AINANWAIUDIUTEN (Company image)

802901115303 (Age-in business)

7 Usgaunisal (Experience)

Usgaunisallugiinig (Experience in

region)

seyebiailugsia (Length of time in

business)

8 YUIR/IRAYBNASINIS TR

(Size/type of previous project)

a v 3
‘ljuﬂﬁuaﬁiﬂ‘jﬁﬂ’l‘mw’mm’mLLa’JLEﬁﬁ] (Type of

past project completed)

YUIATOLATINITUNIVLTLA AT (Size of

past project completed)

9 115U (Finance)

Usgdhnauszneunis (Turnover history)

a

UseARaude (Credit history)

AMINEINTAINTELARUER (Cash flow

forecast)
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2.5.4 U3981599AUF5V09IATINNTNDES19UY Ali et al.
Ali et al. (2013) AnwAsTInUSLENSNINVBIUSENSUMUINBES 19 AERINTUIANN

N15inUsEanEnImvesUsTEniumanneaseenasiulsemagigieiseideiiiassuauiada

UszanSnminusuisusiminlUldUseiiuussanS nnuosnudasdsuanoninudnsaues

Y

v o U A v oa o A

lasannsneasne gIduladndenduidinUssdnSnanndidgnan 10 suduwsnainiianun 47

Y

v v

gudugsausagniandavinduinaeinisussfiundnuazinainisusaiduses daandluy

M5197 2.16

a 3 a [ aov A o & 1 b4
A15199 2.16 LNaUgIN15UsE R UBNLaLS 0l UTEATEE 0 IANELSURILATINISNRESIS

P99 Ali et al.

A9V NgINISUSELRUNAN NUTIN15USZEUSDS
1

A1303U (Finance) mls (Profitability)

AstAula (Growth)

L@DUIAINNNN1IRU (Financial stability)

NIZUENUER (Cash flow)

2 anAn (Customer) AMATNTOIUINITRAENA U (Quality of

service and work)

AunelavesgnAIniguan (External

customer satisfaction)

dAnukuanann (Market share)

B g3naanglu (internal business) AuUandiy (Safety)

Usg@nBa1nn19g3sna (Business efficiency)

Usgavdnnlunisnawiu (Effectiveness of

planning)

2.5.5 $1UTB309A1NEN59V9lASIN5ABES19%84 Toor and Ogunlana

Toor and Ogunlana (2009). Anwiiadadefdimaroninudsaveddasenisneasia

U lng@adiauyinignatsUszn1s 1nn1sAnwINaunin Biienuindadendinans

Y

v
[

A savedlasimsneasisazuanaaiululuwsazyseinalaz Sausssy nuideineey
gszytadedinandmsulasinisneadiavuinlvngainyuueaveiyrnaInseauusmsiu
nsneadsvesUszmalnedundnuaznuindvianun 39 Jadedaaunsagniundavindu

unuain1sUseiule Aawandlunisien 2.17



A15199 2.17 naeinisuszitivluanuddeisesanudnsavedasinisneasiawes Toor

and Ogunlana

a19u nauein1sUsEIy

1 miawLLN‘LALLazmu@ﬂﬂiﬂmiﬁﬁﬂizawﬁmw (Effective project planning
and control)

2 n¥mennsfiiieme (Sufficient resources)

3 doyafuarednvaldnusdniau (Clear and detailed contract)

4 Wmnevesiidmlaidugnimualitamu (Clearly defined goals and
priorities of all stakeholders)

5 ;E%’@mﬂmm’ﬁﬁmmmmm (Competent project manager)

6 ﬁm'ﬁﬁamiﬁLﬁmwaideQLﬁ'm%@ﬂ (Adequate communication among
related parties)

7 dunTnluiiniaiyanunin (Competent team members)

8 mﬁfmmﬁaamiLLﬁﬁwangﬂﬁ’l (Knowing what client really wants)

9 mimauaua\‘i‘uaﬂzﬁﬂﬁ’] (Responsiveness of client)

10 MsvhaaaN BN UL/ uie e sTvsitzasl (Awarding bids to the
right designers/contractors

11 wamuﬁgmqu& (High quality workmanship)

12 miﬂ?mﬁmﬂﬁwﬂuﬂixﬁﬁ (Regular client consultation)

13 NMsaluaLUTewUIMITEA UL (Top management sponsorship)

14 miﬁauiﬁnﬂﬂszaUﬂﬁiﬁﬁ&imm (Learning from previous experiences)

15 mia%ﬁaﬁuﬁamaLLazﬁmmmmm (Building a balanced and winning
team)

16 mﬁﬁqﬂﬁwaﬁmmu (Client aceceptance of plans)

17 nsUszLams AL Tedel (Reliable estimates by quantity. surveyors)

18 SamsssteAnsiianasunsdanislasenisesnaiussanan (Positive
organizational culture for effective project management)

19 anAmwvuar@Rguetdminglasiniseg1adtaw (Clear prioritization of
projects goals by the client)

20 nsliderinataasdoyaiitoaiuayunisinuluynsedvresnsinaule
(Requiring the use of facts and data to support actions at all levels of
decision making)

21 NMTESNANUSURATEU AINAIAWTT UNUIMEIUSUBIANS (Creating
accountabilities, expectations, roles, and responsibilities for the
organization)

22 AMUEINIIalUNITRoUAUDIlUTEUU (Feedback capabilities in the system)
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A1519% 2.17 (da)

a19u naein1sUszidiy

23 NINNUATBULINALTURRTDUTALAU (Clearly written lines of
responsibility)

24 mmbl”h’lﬂﬁ]ﬁuizwi’ldﬁﬁﬁiuﬁlﬁa (Mutual trust among project
stakeholders)

25 | manatwnglasanslvaenndesiunauselovivesilanldids (Strategic
alignment of project goals with stakeholders’ interests)

26 i'ﬁﬁﬂmﬂmﬂmiLLazéTmsTJyaﬁmuﬂﬁﬁgaﬂLLﬁa (Proven methodology that
includes a vision process of project management and project
procurement)

27 SRR LarBuduALAIMTYedlAsINITag A ELe (Conducting
regular reviews to assure and verify progress on project)

28 fideulunsuadgma adnudegiannzanszyl fludaan (Proper dispute
resolution clauses incorporated in the contract)

29 | fmsUsspusmriedianlsidevesnsufiosy dutsyavsamings
(Frequent meetings among various stakeholders to evaluate overall
performance)

30 AmEsolumsundamlasamisaluseuy (Fast trouble-shooting
capabilities in the system)

31 finsidaude WBS U OBS aeaifieans (Adequate WBS linked with OBS)

32 NumanaiagnoeniuuuasUssaiunuetetaiau (Clearly designed and
coordinated technical tasks)

33 annuivinauUTendunauiidudau (Absence of bureaucracy from the
work place)

34 nsdamspaAuudasifiuseavianin (Effective change management)

35 ﬂa"LffLum3mU@3ﬂﬂNﬂﬁ17‘iﬁﬂix§w%ﬂ’lw (Effective project control
mechanics)

36 myadennuduiusdwidasiugiidulaias (Developing positive friendly
relationships with project stakeholders)

37 | Tassadneiiuguvessenrifinnspiusaznsiinaluladansaumaiiiivme
(Standard software infrastructure and adequate use of IT)

38 mMsfieuuszansnmuesuitnvadlasinsiivsyauaudnsa (Benchmarking
firm’s performance against successful projects)

39 nstimalulagananuaysyuudnludifdmsuauneadna (Using up to date

technology and automation for construction work)
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2.5.6 "UITBFBIAINETIVRsIATINIHEAS19YBS Pakseresht and Asgari

Pakseresht and Asgari (2012) fAnwiwazdnsuduiledefidmmanonudnsaly
TA59n15ea319u8 U3 Pars Garma Company iethwadilaluraglunisnaunudanagns
yosuFTndaduiumnauneaiissuuasisylnavunalnglulssmedusiu §isenuin
fivtavun 26 Yade FeannsngniandaviidunasinsussdiundnuasinasinsUssiduses

AILERILUAITI9N 2.18

a 3 a LY aov A o & 1 b4
A15199 2.18 LNTIN15USEAUNANLar 0 luWITELT0IANNENSAVLATINISNRESIS

UDN Pakseresht and Asgari

aau wnaginTsUsEiduan eSSl U9
1 N159ANSIASINAG (Project ﬂ?iaﬁﬂLLNuﬂaqwﬁﬂiﬂﬂﬂi (Project strategic
management) planning)

N59An131AINTT (Project control

management)

nalnn1sanaulalsyiuniaed (On-time decision

making mechanism)

ﬂﬁﬁ%ﬁmﬂ%’ﬁ'ﬁuﬁﬂm Project Management
Body: of Knowledge (PMBOK) (Executive
application of indexes of Project Management

Body of Knowledge (PMBOK))

nslfasgINIUANAUeeniY, duainduuae
AnanuNiUsyaNS A (Effective
implementation of safety, health and

environment standards)

2 1a9adnd (Logistics) nsUsziludoyaniaunalalaslATegnaves
ninensnIdudmiulasenas (Technical and
economic assessment of the project required

resources)

nalnmsdaRariunUsnwsumaia-nguunend
Uszaunsalnaanszezdaygy) (Mechanism of

forming an experienced technical-legal team

at the time of contract)




A15197 2.18 (da)

a0u

WnaainIsUsEuvan

inausin1susziliuses

3

B
Y

1973 (Employer)

AideivuaingUszasdlasinistniauuas
wiiue (Clear and precise definition of

project objectives)

anAvsefunuansadnaulalaviuriag
(Capability of on-time decision making

(Employer’s agent in project)

nsldnuinuiveanelunisesniuuuay
WiTEUNWNFMTUEUTIT (Using experts
consultants to design and prepare the

project executive maps)

AaknlunsIeRuNneTaeiuNusi LAy
BALYBIIATINIS (Mechanism of financial
payment in relation to the project

commitments and plan)

Auepnluy (Design team)

Usgaunsalvesnunus nunosnkuu

(Experience of consultant design team)

SrununsAnluduneudnwinnudulule
weanlaymlagsenisiusuana (The amount
of graduate studies in feasibility stage to

decrease the future project problems)

ﬂ')']llLLli‘LlET']“UENﬂ’ﬁ%LﬂinﬁLLNuLLagﬂiSLﬁu
Ingiueaniiuy (The accuracy of plan

analysis and evaluation by design team)

nsanaNEaNaIataraxlldgonAd o sves
UNUIZEZYIEIDIlATIANT (Reducing the
errors and inconsistencies of the plan of

project’s second phase)

H3uwisnneasng (Contractor)

UsEaun1snlvesuIMnSveISumanneasng
4 o & )
Wnenulllamlasenis (Executive
experiences of contractor team about

the project subject)
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A15197 2.18 (da)

a0u

WnaainIsUsEuvan

inausin1susziliuses

5

A3umuneaie (Contractor)

ﬂalﬂmmmiﬂixLﬁuLLaxﬁuﬁum’mmmm
VDIHTUIMINTINBURIUINF YR
(Mechanism of evaluating and confirming
the competence of the sub-contractors

before signing the contract)

ﬂaiﬂsluﬂﬂiixqLLaxﬁmiﬂ’nmﬁawm
1A59n15 (Mechanism of identification and

management of project risks)

nalnvasmsliussleraiiivanzauilowia
UsLaTEATNUBRAS 0T NRAAS B laved
1A59n15 (Mechanism of appropriate

utilization to-increase the efficiency of

project machineries and equipment)

[

H3AN151ASIATS (Project manager)

UsSyaun1salunBIANIsLATINTg
(Experience and executive records of

project manager)

ANENINTAUNTSUSTATRO LA YannaY
wsniuiuinwsaziannudivedasinisly
n13Us (Ability of coordination and
principled agreements with consultant

and employer’s agent in meetings)

é”lmf\]msﬁﬂﬁuhﬁaqmiﬁuLLaxmiquu
Alvanelvgennde s UUTELNLAZIUINB S
1A53nas (Authorizations in financial
decision makings and cost control

considering project type and size)

AWINTOULAYALINABNNNTIAA
(Environment and business

environment)

ASIRLRTENENNAIINUNUaann el
and14 (Providing a safe working

environment for employees)

nsinsRuieuasingAvriswgialunis
MAHULASUTZTUNANI9NTY (Taking
inflation and economic crisis in financial
programming and evaluating into

consideration)
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A15197 2.18 (da)

19U inainnsuseiliuvian inainnsuseiiiuses
7 EQ‘1IQLL’mé’E]EJLLa%%ﬁLL’Jﬂé’@NW’Nﬁjﬁﬁ] nseusnuuasUTuUTUmas
(Environment and business n¥nenssssumALaznsanuanasluiud
environment) 1A59715 (Preserving and improving the

natural resources and decreasing the
environmental pollution of the project

stage)

2.5.7 "UIBITIANNENTIV8TATININEEI1998S Gudiene et al.
Gudiene'et-al. (2013)yhns3daiiiemuIwuuTtaesladendmaneninudniaves
Tnssneassludszmadmidelaanuindniduw 41 U9de Feauisagniiaandaindunasinig

UseLlunankaznaenIsUseiused saukanslumnisnea 2.19

a & a Y aov A o & 1 2/
A15199 2:19 LNUTINISYIE EUTanLesodluINITELT0IANE N5V IASIN1IN A

U89 Gudiene et al.

19U inaueinasUseiliuvian LNEUINISUSLIRUTDY
1 Jagenieusn (External factors) ammnmé’aumamwﬁﬂ (Economic

environment)

ANINLIAG DUNSEIAL (Social

environment)

ANINLINADUNIIAITEDS (Political

environment)

ANTNLINEEUNIN MUY (Legal

environment)

ANINULIATONMITAIUGT T8 (Cultural

environment)

dnamsandaunisiivam (Nature ecological

environment)

2 Uaden19an1Uu (Institutional luaugineasa (Construction permits)

factors) noMIEANUN1sNaas1s (Construction

regulations)

A35UTRIMARNUIKAZUSNS (Product and

services certification)

117331U (Standards)




A1519% 2.19 (da)

a0u

WnaainIsUsEuvan

inausin1susziliuses

3

JadeAgavesiulasans (Project

related factors)

yar (Value)

YUA (Size)

Lﬁmma/’;’mqﬂixmﬁﬁ%’ﬂLWLLaxammwa

(Clear and realistic goals/objectives)

39l (Profitability)

AULADS (Risk)

wigsnW/mInensiiiteane (Adequate

funds/resources)

JasamAgatun1sannislasanis/
d@NTINNL (Project
management/team members

related factors)

Usgaunsadiing e (Relevant past

experience)

AUE11150 (Competence)

N5ty (Troubleshooting)

MITPYAMULALWUaEAISHOIENE (Risk

identification and allocation)

AN InATiA (Technical

capability)

UizLﬁuﬂ"mqma (Personal issues)

Taduineavesiuddnnislasans

(Project manager related factors)

ANNEUITE (Competence)

Uszaunisal (Experience)

ANAWTONINNALA (Technical

capability)

N1ILDUTIUNALALAIUTURATDU
(Delegation of authority and
responsibility)

AU RUNUINLAEANUSURAYEU

(Perception of role and responsibilities)

Aukale (Trust)

N159AN15d8YaYT (Contract management)

Uadeiineateariugnan (Client

related factors)

Usgaunsad (Experience)

Usenn (11A35 vi38 Lonau) (Type (private

vs. public))

YUA (Size)

Wmne/Ingussasdndniauuasusiug

(Clear and precise goals/objectives)

WAuARREAMLEES (Risk attitude)
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A1519% 2.19 (da)

aau nasinnsUszidiuvan nausinsUsiliuses
6 Uademneatesiugnan (Client ANNANTAIUNTAIUITIUARDAY IR
related factors) 294lA339n13 (Ability to participate in

different phases of project)

7 TademneidesiugSumanneadne | dnuazveauiem (Company

(Contractor related factors) characteristics)

ANMUANLITONIBNATALALIVITN

(Technical and professional capability)

Usgaumsad (Experience)

dnann15119u (Work conditions)

walyladanti (Advanced technologies)

YOULINVAN NIV QY119 (Extent of

subcontracting)

2.5.8 MUITBB0AIENTVa5IASIN3ABA319¥ES Pankaj and Bhangale

Pankaj and Bhangale'(2013) wduaiuzlasinisdeas udunuiiianududeuuay
WasLkUasegnaoaIandwasnsine s iidmaseasidisauardunaivedlasinis
Wielvinsuimsnuiuliegisilsydvnmuazanauinnain Ssenansogninsndayindu

WU NNSUS I UNANALLNUNNITUSEUTDY AaLEndlumIs1971 2.20

A13199 2.20 LN nNsUSZIRUTANLAE 99l T B9ANALS ARl ATINIS N AS 14

¥4 Pankaj and Bhangale

A10U WnaainIsUsEliuvan WNAEINISUSEAUSDY
1 181 (Time) syazanneds1e(Schedule)
2 AlRE (Cost) W usUUTEANd (Budget plan)

nsUszuaMTIAIItALNZEL (Proper cost

estimation)

3 AR (Quality) AMNINYDINAIIU (Product quality)

N139AN15AMNIN (Quality management)
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A1519% 2.20 (Aa)

a0u WnaainIsUsEuvan WNU9INISUSEIRUSDY
4 nsauAulaATINg (Project N13AIUANLIAN (Time control)
control) nsmuANAlEaY (Cost control)

N13AIVANAMANIN (Quality control)

5 YaULURlATINIS (Project scope) YoulnlATINTHTEazLeuataLal (Detailed

project scope)

lasamsiidmnewas ingusvasddaau

(Cleary defined goals and objectives)

6 mMswasunlaseiy (Project TounnsUABLUas LTI (Clear
change) scope of change)

7 ANufisnalavedilamlimde Aufenelavesiidiulmdsluasdng
(Stakeholders’ satisfaction) (Internal stakeholders’ satisfaction)

anuvanelavesiidauldlduuenadfns

(External stakeholders’ satisfaction)

8 ulas3n1s (Project team) Furnuiineuannge (Competent project
team)
9 asatiuauuvesheUSIsIEaUge. | Msatiuayuesheuimsszaugs (Top
(Top management support) management support)

7] Y v o o ¢ A o 13 = o v S
NuIgRmInTRUIzaninduassiienivusesausenaunazyivimiuduysuna
wagshudsdaunalalunsdavihuuuiaeamsindinivanudnsavestasanasnoasnanumdn

YOILUUTID09aUNITLASIATINNATRAN AR LU NA 3 Fauapalumisnen 2.21
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M13199 2.21 agunsmumissanssudmsuinaainsussundnuazinaminisuseiliuses

YBIANUANTAVRINTIADAS

LTINS

Usgidiuman

WNEUNATS

Usziiiuges

Tabish and Jha (2011)

Enshassi et al. (2009)

Toor and Ogunlana (2009)

Alzahrani and Emsley (2012)

Ali et al. (2012)

Pakseresht and Asgari (2012)

Gudiene et al,, (2013)

Pankaj and Bhangale (2013)

Zavadkas et al. (2014)

ANURVDY
LTINS

Usziiiuges

a
F3UANND
Tunaeingg

Usgifiunan

1381 (Time)

8YTIAN
AN U
(Planning
period)

YOULUALAY
wWhwang
1AsenISTALaL
(Clear project
scope and

goals)

I k)
Faaula
(Decision-

making time)

WRUAIST9IU
Ingasioun
(Detailed
project

schedule)

29

SYYLIAUAIYY
dnudinoas e
(Site
preparation

time)

JrezLIan
AbGERR
(Construction

time)

ANUNTIUTBS
NSNYINT
(Resources

availability)




A1519% 2.21 (da)

73

LTINS

Usgidiuman

WS

Usziiiuges

Tabish and Jha (2011)

Enshassi et al.(2009)

Toor and Ogunlana (2009)

Alzahrani and Emsley (2012)

Ali et al. (2012)

Pakseresht and Asgari (2012)

Gudiene et al., (2013)

Pankaj and Bhangale (2013)

Zavadkas et al. (2014)

a
ANUDVDY
WNEUNNS

Usziiuses

AN
Tunausinig

Usgiliunan

1381 (Time)

A159ANISNTS
Waguuwdasau
(Changes

management)

syegaily
Jounnses
(Defects
rectification

time)

TEHEIANAMN
(Procurement

time)

Anlgang
(Cost)

RGRFPR AR
Aoa39 (Site
investigation

cost)

A9 (Labour

cost)

o

A1ian

(Material cost)

ANNBE3S
(Construction

cost)

AU
LASugNIUaY
N13RY
(Economic
and financial

situation)

wannls
(Profitability)

15
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LTINS

Usgidiuman

WS

Usziiiuges

Tabish and Jha (2011)

Enshassi et al.(2009)

Toor and Ogunlana (2009)

Alzahrani and Emsley (2012)

Ali et al. (2012)

Pakseresht and Asgari (2012)

Gudiene et al., (2013)

Pankaj and Bhangale (2013)

Zavadkas et al. (2014)

a
ANDURY
LWEUSANIS

Usziiiuses

IUAUD
Tunausinig

Usgiliunan

AN
(Quality)

NIAIUAN
AN
(Quality

control)

<

<

n153UUsEiu
AN
(Quality

assurance)

ANEDAAABY
fudefvun
(Conformance
to

specifications)

nsUsAN
YBUNNTDY

(Defects free)

Usgauni3aii
WU (Past

experience)

NANER

(Productivity)

20

A
Jaanasy

(Safety)

n13AAMIN
AANITU
(Activities

monitoring)

ANUEENEI
yAAa

(Personal risk)

g Uhve
(Number of

accidents)

16




A1519% 2.21 (da)

75

BTG

Usgidiuman

WNEUNATS

Usziiiuges

Tabish and Jha (2011)

Enshassi et al. (2009)

Toor and Ogunlana (2009)

Alzahrani and Emsley (2012)

Ali et al. (2012)

Pakseresht and Asgari (2012)

Gudiene et al., (2013)

Pankaj and Bhangale (2013)

Zavadkas et al. (2014)

AMUDVBY
WNEUNATS

Usziliugos

AU
Tunaeinig

Usgifiunan

A
Unonse
(Safety)

A159ANITANL
Uaonsiy
(Safety

management)

<<

ANTNATTVINU
PUasnde
(Safe working

environment)

Aufianela
VO INALAL
YUY
(Client and
Community

Satisfaction

AN

(Coordination)

]
ANTE0ENT
(Communicati

on)

A5 L5
Taunga (No

disputes)

N15885U
We91U(Work

Acceptance)

PR HGRIGELN
fuan
AR (Meet

expectations)

laiitlgymlu
Nunease (No
construction

aggravation)

anulila

(Trust)

16
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LTINS

Usgidiuman

WNEUNATS

Usziiiuges

Tabish and Jha (2011)

Enshassi et al. (2009)

Toor and Ogunlana (2009)

Alzahrani and Emsley (2012)

Ali et al. (2012)

Pakseresht and Asgari (2012)

Gudiene et al,, (2013)

Pankaj and Bhangale (2013)

Zavadkas et al. (2014)

a
PRI
WNEUNATS

Usziliugos

a
F3UANND
Tunaeings

Usgifiunan

Aaanaeu
(Environ

ment)

mM3UFuls
NININTTIIN
16 (Natural
resources

improvement)

ﬂ'ﬁﬂ'l‘UF’]‘ll
1an17y
(Pollution

control)

LHUEILINdeN
(Environmenta

| Plan)

AUEDAAADY
AudInaD
(Harmony with

surrounding)

NsUsZIIURG
ATENU
Raandol
(Environmenta
L impact

assessment)

10
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910151991 2.21 nudnnamdmiunsuszsiiuanudiiaveslasenisneadiefilaainns
FUAzi5IUNTSUUIZNIUME 6 LnaWinan way 18 Lnaeises dsazyvtfidusuysuel
uazdulsdangldnudisu Tneyninasifiesisweglusedugs lumsdnuisddyninost
dwsudaiuuusiasimsiavesnisusediurnudiSavedasinisieadns daselud

Wil 1 van (Time)

el 2 anldsne (Cost)

N 3 AN (Quality)

el 4 nulaende (Safety)

e 5 AuilanelavesgnAlaz Uyl (Client and community satisfaction)

WNUNT 6 AWINA0Y (Environment)

2.6 WY1 wuIAN tNNNISUSELAUNANBAYLAMNNISUSE LT USDIUDY

NaUselevinaanuaelasinig

Tunisnsunuiiiesisulasinisaneqiu Tasenasiilonaas wsimaanuazlasu
oylAviA Liunasneassdauivilsluguandiddaiamiuae Wulasenisannsali
navsylesiinadnoslasanasld SuausslondensinweiinendadsansHdnduliosdng
frasaludneifld Ward and Daniel (2006) nanianadsslenifaruldZouiifndui
fildalnAdedlaauvilwievisnau Turnedl Turer andMaller (2008) vauaimaszlovd
nlAsssAonsUTIYTnagnEAnTusie IngUssasiresasRnsswinannisiinsnens
agaiiuszansnnlurislatdninig Badewi (2015) naidnnadsyleydanlasinisaeniny
IdFovitaninsainlddmvnduiidnlfidedanntuanmnudauuUataniniagtude
funounisinmslasims zwikael and Smyrk (2011) Weafuduadsslosidannsogn

¥ '
a = a

waarndunisuSulsemnewesesing mmmmﬂmﬁqusﬁuﬁumaﬂamwNﬁjﬁa Ll ausan
LANDIYDI T UL NMIINBs U IgNAN ARV ektusdanntne Tuva?l ranni and Love
(2002) namiraUszlevieneglusuifuintsssuviesusssu Taumnaldvdolslls 1wy
wauszlovifieglugunsiunislieglusunisitu egnslsAnunaussloviililfoglugy
nsliusgiay Jeideavesesdnsazgninlssnnimnlituiieuiioviwausslovl
wianiifinansznudenaUsslovinamaiudieds (Ln and Pervan, 2003) Gwilidiudn
anuannsalunsUszifiunausslevilidusussaildiduniddudsdndudmiunmsuins
AnmuuazraruaulasInsiiszaumud 15 (Lebas, 1995) wszluyunesvotinves

1A59n15 walsgleviasiunnweiazinenyuliesansantunudeluliuaznavausiniy
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Foansvesifianldidetiun dwiulasinmsneaiedididu Wvedasimnisifuiiunm
ddnlumsinaulauasnssdulifalfaiomnseniunasiuunfa iU arudy
Tauazaudesnisveadvedasinsiagthuunanvesnsiaunddumnsnlilulaseis
FudsuIdinasensendulasinisuaziedunsduasunuini (Abidin and Pasquire,
2007; Pitt et al, 2009) é’ﬂﬁ?utﬁai%jwaﬂiﬂwﬂ@iaL%’waﬂﬂiqmiLfJuLm@jq%ﬁ%ﬁwm
Tasamsndsdu Jemsiinasilunisdssfiunalssloviiflundesiiod uagiilelinis
UsziiiuliaonndostuuuiAaveansiaunidaduiliniud dyduauaunavesavdn
amsufe diau Laswgianazduindon nsuseiliunalsslvideldiveslasinisisas
wisnguey 3 Ussdundndiduimdiodnmiuusaesnsiaio

N 1 eiausElevisnudan(Social benefits)

1Nl 2 waUszlevisudsiandon (Environmental benefits)

N9 3 wausslevllAsysnag (Economic benefits)

2.6.1 Wauselevinaudpy

o
a o

Brightrnan (2001) nanianausylestnudsntaInniseaniuy Noasneena1sndeeu
wHwUFuUana T3 guaunlsuayauuaylitiiy seulussduetansluaudssyd
yumulpzsivitaulngsa Taenuimausgleviilesulussdude flienastaveunsoia
u flfermsiarmatienazaiiunalatnndy fldoantsiinaiivasnfeuiniu dau
waUsslovinldfulussduanvunazdianlagsinde anansnldifiudiogiiodaaiula
TasansuiiiiuaRansoeniuy neaiisged uluugvany tdunisusuuseganin
Asuandeulazinis msHuan ey uasnsanaiiyidswesunmannuas gty
nMsldeIuetans Institute for Sustainable Infrastructure (2012) tauedwauselevinu
dapadildannnasuiseuy Envision vasausildlunisesnuuu easnslessadeiugiuiidad
eUTUUTIAUAINTIN duaSulvyuruinisiiulakasinm Prefmunrinysve ey
Turou Viuugssenindusguazainaonfovesyuvu iisinamisniionaznisidniiuves

Yva 1

Adduladelulasinis iuanenewelalurddulaide wazdauasuniseusnyinusssy

Y Y

yuru Tun1sAnwinalszlovivadlasinisneastenldnalnimuingidulunisaiiuanu

9

Olsenand Fenhann (2008) wuilasenisasranalseleviunadsnulanaleusenis Wy n1s

AolviAnnm syl nsuFulpaveunlisuazauUasndevesgusuy N1sUsuUTRmMnIm

= ¥ = ¥

o wagnsduasuANuiLarNsAnyInIuANEIBY Najeti et al. (2010) AnwdalaluSey
wazdadnfinvaInsimuINddunidostAnsgsnawasnuiinsnaungedulvnayssloy
audiaume Prgiiuteiduddviosdns reiiuvinvevamingInsuywd Hefnaninaund

AaNURay wazdieiiuauianelalignen Lee et al. (2014) AnwinagnsesAnsdmsy
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Uitmiumnneaiadiedaaiunisieainaiidsduiausimalstlovifudinuiiazlasue
n13UTUUTIRuAIAIn Nsuidyniaiueinau nsufuleaueundenazanuau1gves
YUy MIeydneiamsssuruvy Mdusegimensinudumudsdy uagasidiue
flanelalignén Guamieri (2008) AnwwnAnm AN EuLazAusnaUsElovifY
Fruiagldsufe nMsUsuUsInuAMEIn gueunouazmnuauisvesyruLasgldlains
nsUfuUTIRmMAIweINTA Eeenazgungd uaznisanniszvaslassaiafiugiuluguyy
Elmauist et al. (2015) Anwimadselomifldanmsiluyszuuinaluanidomasnui
waUsloviinsdenilésuio msusuugnunminuasmsiiiuanunaundeluguyu T
MsAnwitesyynaUszleviiussenisiTen Kone-.(2004) laueimayseloviinisdanud
Ie¥ufe nsifiuwananvesifldennis MsUsuygenun miInveslienns waznisduaiy
awdnuellasins WeRasannayselutinsdmmiamuaannnsAny kUL A HGsday
Tngiiiegafivenms - msideiasdeniansnaUsslsimadauiignnanfsnansaiafianuas
anunsogninmnUsEendisang fudnunztesnulasiais gt el desuinadseloni
nMesrusialvedlaTanstukuuiiaesannslasassla Ussnaume asduasunindnyel
vedlasanis msduasuamanyallausama nmsassauianelaliglilasenis ns

lpFunasgausuangEuiIndeulasanig

2.6.2 wausslevnidudaandon

Institute for Sustainable Infrastructure (2012) iauei wavseleviimuduindond
¥ nnstiszuu Envision vesmunildlunmsesniun deadslaseassiugnuiidituageoe
annslindnuuazty anaulEsInfussamnd Teeysnssruuiig aauaniizng
omA aanTldnineanssssien Auazianiznusessuuiing wagmalaanuaunsolunis
fumumsiasuidasanmgiennauayiossund lunsinwinaussleviveslasinis
roafeildnalainmidsBulunisduiunu Olsen ‘and' Fenhann(2008) wuiilasens
ahnaUsglovisedaundenlsaneussnng Wy MsUsuUTiAaiNIeINIA N1sann1suaes
uftafiy n1sUsuugsnan T wesnisUnTeminensessuni Siebel (1996) fiansuniy
wauszlvtidimudsndouvasnsauniidedufowumalunmsannansevudedwaindenud
Anduainnisieasne ldnuuasissnnlassnislindedeniin desmfnisanuanias
V199117 N158AUSHINVRLEY N15AALEINTNEINTETTUYIR UaENITANRANTENUADTEUY
i Elmaist et al. (2015) Anwmausgloniildanmsitunszuuindlundouarnuii
naUsElovimadannndeuildsuiie msusuUsamnweINMALazt Mefiuanuansely
mMsfunufossuAnagnsiudogamnisfnwidiudsuindon Guamier  (2008)

= a o A A ! fY a Y N Yo A
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SEUUTLIA miﬂ%’wqmmmwﬁqLLazmmﬁ nsanUiuIuvendy wasn1soysny
NINEINTEIINIIA Lee et al. (2014) Anwinagnsesdnsdmivuismivmandeainaiio
duasumsnoaieideduaueimaussloviiudanndouiiogldiuie nisufuussnanm
ihuazena msunfleamineinssssumfnazszuuiing n1sanUiinamends uaznisan
sanmgmamadiefiTsasalsslovimadanadomtamaannisinefiiusdriae
dndlvaiieduenes mideiasideniamgnaysslominadauandouiignnandsssads
flgauazanunsngninuUszgndliimang fudnuazvesnulassaiiaiugu weldeoiune
waUszlovinadunedeusoiiveslasinisluuuuiiassannislaseains Usenoude ns
UduusmiannsalunisdunnfufEss51eR msankan sy nuiedunndonainlasinsg

nsUNUnansneIasssTuTfLaz seuLiling LLﬁZﬂ’]'ﬁLﬁUﬂiﬂjﬁﬂM’]éj’]uaﬂLL’J@EQ{FJ@J

2.6.3 nausslyvianuiasegha
Tumsenuiiivessynalsylesivedsinnsidel Kwong (2004) wueiikalselovinig

\AugNanlasufie suawlessuanss Aranasaulaaanal AUIesnwanas wasyan

'
o

UsulilugeUu Guarnieri  (2008)  Anw1iulAAMsHaUINgEuLaziaueImaUssleviau

[ 6 =<

iATuERanzlnsuRe ATEINATSARNAY YaFAUNINGd TN LazdnsianAnvedldlaTang

Y

o '
Y o w v v A A

galuNejati et al. (2010) AnwidelfilSauuasdedidavesmeinuniidsiuiiisonsdnsgsia
wazwuinsiRgslinaUselavimunsugiafe asmaszansniwliiosdin, gnénd
aftawelagste nsfiulemadhiauamu uasmisduseldliesdns Nalewaik and
Venters (2008) | Angaarldinouasnadselordvaanisneaiisiiduinsdednandonuay
wuhmaUsdldvinuasusiafiasldsuie nsanAdlddesundeny nsanenlddiesu
Msanf15esAY AdeaisaRawReAl ez iurananvesildorms 1A
msneaseiddudeodinsenadldeouaynatsslont Dobson et al’ (2013) Lauain
Usglovimamsughafazlisudo Avifiunsanas ansisaulananas uazAtigednu
anas lun1sfnuidaussleviunilasanisnoainildnalniauifdsdulunisdnduau
Olsen and Fenhann (2008) wuaalasinisas1amauselosuiuasygialanalsysznis wu
N13AUETUNTHAUATEFN, NMTINYIENTAIMMIUATEERY wazn1sUSTUUTIUsEaNSA N
nslindsau Lee et al. (2014) Anwinagnsesdnsdmiuuiimiumnneaiailedaeasy
nsneaiendiduiauaitnalsloviinuasugiafiagldiufe nsandlddnefundsny
nsanlddiesui mafiunsdulamaesgio naiuseld wagnsanaildareluns
$nwidaundey Bordass (2003) nanasuinnisesnuuuiidsBuaslinausslevinisnisiu
sorinvedlasenis Gesaus suamudesfuanamieriniu Alddedundsnuanas

AldAngauinanas AUnsesnwIanas kazyar1v1esedunsndastu Institute  for
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Sustainable Infrastructure (2012) tauadnauseleuiuLATEgRaNlaaINNIsUIsEUY
Envision vanuanlglunisesniuu neasislassadnanugiundiguasdiganslgdneniu

[ 1 1%

NS andldIenul anA1U1inw waganATanneaing Welisanayuseleviinig

q

AUNARDUYINNAAINNTANI TN UL LA T UlugAgIRUDIA1T MTITElazidonianiy

nauseleviniuasugiangnnanieesasingauaraiunsagniiundssendlvimang iy

<9

[
¥ A

anwavadulAsEiTugu iWeldesurenauselevunaasygianeidivedlasinisly
WUUNaeEuN13lATaie Usenausie n1sana1lganenundsnu n1sanalgaieniuu

nsanfdLdunuLazA1dTinY waznisidlenadntaurakiunu

2.7 &3

INNITNUNIUITTUATIRARIF0AFUNUIINATUT T UunaN Azgn T udaud sur

'
| v [

Wiadnsiwuusassannisiassasiswasiduiuanmeesnuuudemiandluwvuaovaula
Fasaluil
2.7 msUssilassadeitg uiigsdu

LU 1 faivs (Community)

el 2 wansEnudwwandesluiiudidrades (Environmental impacts on
surrounding areas)

AT 3 n1sAuUIAN (Transport)

ol 4 i’a@uaw%’wmﬂs (Materials and resources)

thauaidl 5 Msdanisveada (Waste management)

QT 6 WANIL (Eneray)

W07 1 (Water)

e 8 vianeg (Location)

e 9-n159aN151A59N3 (Project managernert)

2.7.2 myUsgdiumnudSarealasenisneasns

Nauiil 1 van (Time)

e 2 eldiane (Cost)

\nousii 3 AN (Quality)

N 4 anudasndty (Safety)

\nausil 5 AnsfianelavesgnAuazyuvy (Client and community
satisfaction)

WIUNTI 6 FakInaed (Environment)
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2.7.3 MsUseliunayselesinasanuadlasanis
WU 1 wauselevuaudany (Social benefits)
WU 2 wauselevuaudmInaau (Environmental benefits)

NN 3 nadseleiliasugha (Economic benefits)

IIIDE

i
%
r®;

4
-

s a ¥ o Y} Y = = R i v o v ¢ v by
nansiiluenarshanulidmsumsldanuienisdinwivingu leygnlmhluldusylesiaunism

Lidnsallagsdu anvivhuiilvidaulasilon uaraesesdstaudivedenarsynasaninisiluly



unii 3
a Y a9 v v o ¥
LLUIARN ‘Viaﬂﬂ'ﬁ‘i/ﬂ‘ljﬁi']\‘lLLU‘U’{I']aENﬁﬁJﬂ']'i‘Iﬂ'iﬂﬁ'i'NLLag

wuUavINsanaulanlenIsNaNsIataLne

3.1 UM
Tuun? 3 azdun1s@ner 315129 LuIAe ann1SIITIUNITAS1LUUINaDINT

Uszidulassadrsiuguitdifu temsaduarnuuvsaaesaunislasadne (Structural
Equation Modeling) Faduedeaiionsadiiiviunsiasentadededudy (Confirmatory
Factor Analysis), mﬁmiﬂzﬁmmmaam%ﬁwn (Multiple Regression Analysis) Lagn1g
AnTzaidunns (Path - Analysis) Al ideiuilenageuauuigiuvednnuduiuniamss

NN999Y Wz iian19Bnsnave Wkl Idunnla (Observed. Variable)-uaysiudsus (Latent

[V 1%
VA v Y

4 = = = Aa A v o o & ° a ¢
Variable) AF398fNTUUUNUSINUR MG WA NN U803 1AgINVINTULUVINADINNAAANEATT
A11150YINNNSIATIEINA AN IUAUNUSTRIVa 195 IR US I TUa MR8 Y TIfuUsAananIay

1A1NASNUMIUITIUNTTUAWNSUSERUANNSIEUIDTATINITIUUNT 2 LS 19NN

A a

A5 UlUUT1899n 15U T LA TS WU UGB LKA E BN ENa TR UUT AR I UsTiliud

Gi@ﬂ’ﬂﬂﬁ%%ﬁ]%@ﬂiﬂiﬂﬂ’ﬁ

aglsimunnsinaulalunisUssfiulastadniugiundsgutiudeshviniuauna

'
S v o W o w

NN I DU B IS I ez AW Feilienafiazdeanduaudfy

<
(%

vonnuelmaifiuiiedsaigelssasddaudstulindonqfuls dfuunafadesnis
snaulaiuuiansunanginuel (Multi-criteria Decision Analysis, MCDA) Feanunsovnaue
nsouLwIAATLIuszUY (Teleold wazdrilan iz fuaududouyesmsinaulafides
firsamastatelunisiaulassaafiugiuiiddulgrdunldiewsdgmdnaiuay

(%

< o ° = a ] P
Jusingnilunisauivuiaosiiedssifiulasiasciuguiddusely

3.2 WUUINARNENN1TIATIE5Y
321  suusildluuuuinassaunislases
FruUsildlusuudassaunisiassadrsaunsawtaldilu 2 Ussianluey Ao fuusi
wdsmdnuaizdeya uazmuUsLssiirnsnudsiug
3.2.1.1 fudsiwsmudnuasdeya
1) Fuusdunald (Observed Variable) v1easuiFondauusinld (Measured

Variable) vi3eaduusiaudn (Manifest Variable) tUusudsiignldus® dmun e5ute vise
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dotasauUsuels (Latent variable) wagildayafigiduanunsninlalagnss AIun15NAEaU 138
THuuvaoun W tnsaede Ause Wudy lusuuiieesaunisiaseainsaslddydneal
GG

Y

2) fuUsurs (Latent Variable) iWusudsigideaulaualiannsaindeyaldlnenss
] = a A A A Y Y 1% v & |
WAdzgNUaY Avua afute wiededslaudiwdsdunglaaasdiuusauly 1wy auaain
AuEY waewsaele WWudu luwuuiaesaunislassaieglddydnualistuionay
3) fudsanunainndeulunsin (Measurement Error) Jusudsiuanatiendny
aaawndeuluiutoyavewulsdaungld Tusuudraesaunisiassasiseslddydnvalnay
4) fuUsauaatnLAaeRYDIiILUTIHe (Disturbance) 1ufuUsNuanatisndny

(% L3

Aa1ALAAouveIRILYTuR T duiwYsaely Tuwuusiassaunisinseadsaglddudnval
Wnau

3.201.2 Fauusiiuusnufiensrnuduiug

1) fhudsnieuen (Exogenous Variable) Wiusiusdass (ndependent Variable)
dedvdwasioduysaulunudisesaunislasaig susmeusneadusaulsdng livde
Fausuaile

2) _fuwusnreli (Endogenous  Variable) 18usaLUsnIu-(Dependent Variable)
way/v3efuUsAuNa1d (Mediating Variable) filésuanswasnsnUssuluuuusiagsaunis

Tpseasas sudsnaelusradududsdunnlevzasinususanle

3.2.2 99AU3ZNAUVDILVUTIADIENN1TIATIAIN

LuUsaeEunIslAs s W Use 2 deu fail

3,2.2.1WUU59809M15 T8 (Meastrement Model) ifluwuusiaesfiusznauseiuls
LAz duARlddwimiesulsfutsue lunsnsradeuinifudsdang i
Tathefildesurefaulsuddlusuusianinisiald azldnnsimsazsitlade (Factor Analysis)

WUUINERINTIRANINSOsLeSUeDuaLn1siasara UL (Bollen, 1989):

Xx= ME+0 (3.1)
y= }"yn + & (3.2)
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oy x Aoiawesvasiulsdunalinisuen, A, Aeduussansunsndmdeules x Wiy 1ia

wesvasuUsuineusn & 8 Aeliawmesvesniunaindeulunisinvesinusnieusn,
A & 3 Y o 1% A o a £ a a4 Y o v

y Aadnwasvasmnlsdunglaniely, A, Aedudssdvsiussndiaenles y wWaduduys

U v Y A < ¢ Y A < 6

dunglauaziwusuanigly, n Aaiawmesvesduusuleniely uag € AaliAwmasvainiy

dl L2 U U ! o U U dl
paaAaulunTInvesdnUsn gl G]’J@EJ’N“U@QLL‘U‘U"U’Wa’eNﬂ'ﬁ’J@@QLLa@ﬂ‘UEU‘W 3.1

N

g‘d'ﬁ 3.1 HUURIADINITIN

3.2.2.2 WUUIIanalnsease (Structural Model) Wunuuinaasiidoumuduius
FENIINALUS U AN A S A UL AID NS WANINNIATILA N0 DUTENINIB LU T L
wiani TunisesiaseunuuiiaeInsinagladnisiiasigianuannee (Regression Analysis)

wWUIaedlasIassannsaleuasuisiluannisianseluil

n= Pn+I¢+C (3.3)

e 1 AsAwesuesiLUsuriniely; B Aeduusyansunindgidoules N wadu n, T Ao
) a £ a ea A Y o ] ¢ Y ] s
dulszdnsesngiirenles & 1Wiu n, & Aaiawesvasdaulsweliaiauen, C Aotianes

YoIANUARIAAGOUlLANNTT MegvRIkUUTIaRlaTIasIRaanslugUT 3.2
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T e e (e

) v

X

5UN 3.2 Luudapdaseasng

3.2.3 35N15A51TUUIIADIENNTTIATIEHS 19

'
=

AINNAIUMLAI VAU IIBUUINADIAUAISLATIAS 1900 9RUSENOUNEN 2 dU A

(g

WUUINa89N15IRtazuvdNaedlATIase MsatATIeikuusIassnasinagldnisiinsizi
9830 Feanwaseudaldifu 2 A3Fe nsiasienilaseiBedasie (Exploratory.  Factor
Analysis,  EFA) %dLﬂumiﬁﬂmmmé’mﬁuéﬁumﬁaLLﬂié’ﬂLﬂ@léﬂ%hjmwimqa%ﬁﬂ
pnudiussswinsnysmantunney SesdinnAensiifiedanduviefasauysiil
fendesdan v iinsiasieitada@dudy (Confirmatory Factor-Analysis, CFA) Junis

4

AR e dudungumuUsnidiiiosnnsulaseasnennuduiusse nIeekUsLaI31n

Y

NUITeRarnguRmnegiItes dnsunisAnuitarldniirsgndadeisguduinedudy
ANdTUsTEN I s A lakagiuUsuidlniuuinasinisin eswindeuidonas
nouiigItesTesTuag i ludiuremutdnasdlaswmintuarldnisiiangiaiuanney

(Regression Analysis) {en 3@ UANLAUNUSIENIN LUl inId Al AgILNALY

3.2.3.1 MynATIwUBBUdU (Confirmatory FactorAnalysis)

mnTgitdadeeiudulBunmmaeey Lieduduanuduiusseninsulsdang
Huagfudsudanunguiuaznuifofineadesiitunlddufiugulunmsinmuuudiass
msinindulumuiaanisliviolilngldisanuinasfugegn (Maximum  Likelihood:
ML) iteUszanaAnimindade (Factor Loading), AuUsusiusiuvesAnanis (Unique
Variance)  wagaUsUsiusmvesiads lasiidudsdaunglddonduiuusideuiunm
fegslivunnlngUszunm 20 fegieds 1 wisidned wazdin1suantasuuuund (Kline,

2011) MIAs1zntatededuduaunsowddaslondy 2 Tunaufe
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1) Mmengitadeildududuiu 1 Wenmaseuivhuusdungldannsoesuie
wdsuslaiiAeadosldvield
2) mlTzRdaduiadududuiu 2 Wonmaseuindnlsuruazdnysdunald
MnMessitadeldedudusuduil 1 amsneSutedudsudsiiisadesly
Susuiigetululdvalal
N1395I9HBUAINNADAAG 09V BIRUUT IR UTayAaITeUsEInYarldatiAivaedy 817 Chi-
Square, GFI, RMSEA, NFI, TLI

3.2.3.2 MTIATIEMINaR0a8 (Regression-Analysis)

L3

a I~ [ ) I 1 o gj 1 LY é’
A153LASIENANUDADBELTUNITATIFBUANUAUNUSTENI L UTAIA 2 Fauly
e Isulssiuiidnswasiedwlsniuegnals Inefiasedunusiageglusudadunsalin
16 wailunisiiasaeiuuudiaesaunisiassaswasdumsimiteianuduiusneglusuias
dudundnuariidudsausnnndt 1 ¢ (Multiple -Regression ‘Analysis) N133tAS18%1A
anpagatuisandsaglatdu 2 Useinn Ao
1) NMTIATILAANOANBEBEN99Y (Simple Regression Analysis) +Jun1siasiey
o 'y} ' i 'Y} % Y} o U QAI LY :’/ I3 LY
ANUFUNUSTENINMLUTAU 1 fkasdIwlsmy 1 67 tngnaindssadeadus
USSR UT N8
2) msiasrzinanuannaaliany (Multiple Resression Analysis) 1unisdinsizi
% v 6 1 L) v 1 o o o QA‘ o 5
ANMNAUNUS TEUINAMUIAULNNNIN T FanazskUsnin 1 61 laefisawlsyaans
Wususdalsunan
N15WAITUIDNT NN U AUTF aFILUTAILIL NS ANINAFUUTEANDAUO AN DE

1 U a Q‘ U a 2
(B) wagArduUszavsnasinaula (RY)

3.2.4 msipn1sdeyadmivinszviuuuinaasaunislaseaing

mﬁﬂmﬁ'agaLﬂu%umauﬁﬁwﬁﬁguﬂﬂLﬁaamfﬁ%m'ﬁmﬁwﬁﬁmﬁﬁimmuﬁwaaq
a:umﬂmqa%ﬁwzﬁmiﬁmumL'ﬁaulmhLWﬂzLﬁmﬁ’UﬂﬁLLf\mLLﬁ]waﬁayja%aé}’mlé’%’umi
Sntongrunssnsaiiieldlinadnsilainnudenuy venaniddymilieanauiianain

lunsdnmsengunuukazndunsestoyasavililusunudnsaguauiunadnseanuliay

YVaA v a

WAHAIUDIIVNIERTEAALIAAINNTTRvIL UL IRRINHANE R

Y

3.2.4.1 sUuuudeya

[

Tuns@nunilagldlusunsudniazy Amos Fsaunsadndideyals 3 gUwuu sl
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3.2.4.1.1 wiludeyadu (Raw Data File)

Ya v @

A v a Y @ PNEVN 1% a & v a A @
AotayadsasnUsdunaidideiiuinte Tneunfasdudeyaausunavesiauys

a a v

dunald nslduiudeyafuivonfon1unsonsIrdeuNITLINKIUUUNALAEAIIUATUEIY

yaatayals Wsunsudmiuiiaguanuisasesfudeyaiiluniludoyafunsouninden
wUsusld dfidedoudeyaniluwiludeyadiu WWsunsuazasaunsndiunieuazyinnig

Y

a 3

WATILINUATNDL
3.2.4.1.2 Yoyalun3ndaAulsusiusu (Covariance Matrix)
Juwmsndawususiusinvasiusdungld nelusunsudnsagualngeeusu
ALURINGNogn1uaIvadunikeftl (Lower diagonal-. form) uazAnunIngaIsia1Y
= a o A - i
avlBunfanalloyszaud 4 iieananuasanfoulunsUarwedusinsy

LY a £ v w6

3.2.4.1:3 Yayauinsndedulsydnsavduniug (Correlation Matrix)

a & 1 U Q‘ o v s 1 v

Wuunsndardudsgansanduiusvasdudsdunalanieg Auaiavosdunue sy

1 al o/ a 6 | [} 1 k4 a Sl JSIFC 4 a Q( % v 6 IS ¥ Y
WA ULeIngAIRU sUTINT N winsldwnsndandudssavsanduiusetaiidymlam
wias pgtuliuanAdeauuxinggIy (Standard. - Deviation) | v3gAUg L ULNIATFIUGN
Amualivindy 1 deitlvdeyansuneglusuinnigiu (Standardized) Tuvasisuszunu

= I @

AmsminesndeNldiuetAsaumsagluatan (Maximum Likelihood, ML) agiiainda

Doy

L. a

wUsldeg3Uu1msg1u (Unstandardized) - i lvinasudndeyataynunsndaduyszans
anduitudunldfosss Sesadutlia

3.2.4.2 M3naunsoadieya (Data Screening)

AouN1TAlATIL ity arielUsuATLdUSazUmsiin snaunsestayauazInT U

Javafinufinuniluanteuluveinisiwsieitmsusuinaudiatasdumiulanainiag

Y

[
o

a = a = iyl N a o &
LARNYY ‘Ur}mﬂ’]i')Lﬂi’]mﬂ@ﬂmﬂizLﬂﬂ%ﬂ’;iwm’imﬂmmﬂﬂu

3.2.8.2.1 enuduuinkuuau (Positive Definite, PD)

a 6" ¥ = o

Toyaugsndnagiunldlunisimseisielsunsudnsegufiosdnuaudfdify

9

=)

2

3901 Aanuduuinwiueu (Positive Definite, ' PD) - @ududssnudmnsuisuszan
Amsfiwesaiilng wnussngnldldfianuduvanuiuey (Non-Positive Definite, NPD)
agylitldanunsaiimszsile

3.2.4.2.2 anzsmnateaiils (Multicollinearity)

anmzdmaneiudsiintuilesuusanstunatesaindaieaiu ildinnisi
wiififudouiu dawalvideyannegluaniiy NPD amnsansieaeuldainnsduIu
Square Multiple Correlation R o) Gua\i@f’;LLU'ﬁﬁQLﬂGﬂﬁLLG}'azﬁ’JﬁUﬁaLLUiﬁﬂmGﬂﬁguﬂ i
HAANSNUINNTN 0.9 NIDAIUIUAIEDR Tolerance wUawnI1 0.10 #I0ANEDA Variance

Inflation Factor (VIF) 411A9110 kaAsiinan1iesiumatemklsegnaguuse inlidednig
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FafuUsuneifidanuduiusfuenainnisiasizi uiswmavinaadsvesiinusid
aduiuE Ul lunsiRs e nsesiRdeUanTIE N AaRRmaNTa sV LY
Taglalusunsy SPSS

3.2.4.2.3 YoyafiilA@nUnd (Outliers)

Lﬂu%’a;ﬂawu 'wgqmammﬂwumﬂmqﬂusuauawmaaasmmuimsm £1ANIINAIY
AAnaTn 1w AuEanaInlunsdang, nsiuteyauaznisdeutoya i dwalvideya
anegluaniaz NPD mmmmmnaaﬂmmﬂmiwaamﬂﬁWmama NIONIANAZLUULINTFIY
z score YOIFMUIUINTAIWINAT +3 W30UENIN -3 (2| > 3.00) LLammwusuama“ﬁ A1
NAUNR

3.2.4.2.4 Yayagyng (Missing Data)

Tunnsufuatinidedesnmsinuiudeyafiirmasasudiu nslestumsgameves

asudufsnisnsyrinaudunsn nMseenLUULLUAs U NATmaY 1 lad1e azdhetlaaiu

e
D, X2

?

0nfisgriilusiulufenisnsigeuuuuasuaiuinuanlineudn luins e n1si

e

?

e

auaanvngazdralntegannagluaniiz NPD, I55ulleriu ”a;gaazumammmﬁﬂéﬁmmi
inshegeiideyagamisoan, n1sUsvanuddeyaiigymesagnn s eaavier191ns

ARNFIDE"
AATIENAUDAADY
3.2.4.2.5 nsianiasuvdnanalsnays (Multivariate Normality)

nsysganaaInasfitnoslunuuiineaunisiaseasagisaiuunseliugsan

v = 1

(Maxiraum Liketinood, ML) lignnsadinsizsideyaninisgamisldiazazioindudsnu
IHa9inTLINRLUUUNRvaIBfUUS FIMINERI G RUSERAZEF o IEN LN LITLUY
Unf, MIuanuassimvesduUsuaazglainudetdueuuung, Anisnseangaeasiuusidu
SnvaslidulazananuaaTanasuasT %@mﬂaﬁhjﬁmﬂwmwﬂLLUUUﬂa‘\]%’TaﬂQﬂLU%EJ‘L!
dnuazdoyameisnsmendamands artudouadaet i

3.2.0.2,6 ALANBALUUUNAFILUSAEY (UniVariate Normality)

ﬁ?N?iﬂ@ﬁ'J’ﬂﬁ@Uléfﬂ?ﬂﬁ’]ﬂ’]’mL‘lj(SkeWﬂeSS) wazAIAIULag (Kurtosis) 210019

i 1

wiennsINvesteya arAmsAsniIlnagudiiavseinnuaudaziedeyalinuauuIng

Y Y

wazhanuatuuUng  mndeyaiinisiidrevsedviuaz/misanulanluuinniaduay

wansinteyadinisuanuaswuuliung Jeyaniiniswanuasiuuldunfvziesgniudsuanuug
1% aa a s = @ 4 U

%’a%ammﬁmsmﬂﬂmmmam NIDLNUTDLAAIDLL LA

Y

3.2.4.2.7 MaUasudnuyaiztaya (Transformations)
WenuhdeyainisuanuaswuuliunAnnnisesisaeuinaliaz 1Al

FIdeonanilgmisenisiudeyaiiegnsiia wiaaensidsudnvasveadeyan1uisnig

nMendlaransitelvvayaiinsLaNUAMUUUNANINTUMETTNN 6199 1y
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1) windayaltiuan (Positive Skew) visaLlau (Negative Skew) liudsutoyaiduen
= = 1/2
sInfiaes (Waswan x 1 dux )

2) windeyaiiadnunfvsasssinuy iasudeyaduaisinfiann Wasuain x Ju

1/3
X )

3) mndeyaiideaulanduay (Negative Kurtosis) lifuasudeyaiduden
fdsany (Wasuan x 10u x)
Brsmeadamansinaridagiieyfuaaaundlidlndanadeuntudioliinsuanuas
wuuUnd wiidlewdeundasteyaudifidoadesamnsaesuseumanevestoyaldde
3.2.4.2.8 pruduiuSidaduiiasauniivesaimauraiaedey (Linearity and
Homoscedasticity)
Hussatsznouddyesniznania sy Uniivareiiuds nstineailinafivese
ANUAAINIAABY-(Heteroscedastidity) \lunainandeyainmsuanuasiuvlsiuni awnsa
n5avdeUlddensIAonnsMinIsnsEas (Scatter Plot) windeyadid1ifiaund (Outlien)
seihliAndamanghiniivesaininuaaaaiou (Heteroscedasticity) Ssanansoudlale
seAsnswasuAN T T YAty
3.2.4.2.9 AAIHLUTUTINENVS (Relative Variance)
waingmATIILUTUT ILTlidRd sy IRIA LTSI UgIae ke EAgaNInAIn 10
srfotnduumsndnddndnlimutzay fveraasiadamalunisiiasieiuuusiaesaunis
Tasahadesndsmslnnsidnlngulusunsudisosaziiumsiing, (terative) ilels
Idewssnuimdluiassovaudiganaiudalusun susagnganmsiiaset inuning
AmuudsUsuiawnndsfann lusinsuetes ldaunsaiinisieaiedls iietesty
Soyil audafiiidneunusnugaiessnndesgnuivdndanlnifenisguiedasd
3.2.8.3 N3nTvdeUAILTRlBlS (Score Reliability)
fevouingesnziuyluiieg1sdumziusiaatnmausmsiadoulunisiadgn
Uszanaanendnauasaanundsusuiidunalsimuaitluatoanann 1 dldEendian
duusvansanudediold (Reliability. Coefficient) istunusnedadnval r, Aadaniding
mnudedieldfie Cronbach’s Alpha @dldiaruaenadosnelulaegingnouuuuasuny
anunsameumnuagfululssiufeiudgenndesiuniold wilunisiesiziiulsduns
egslsifumsguimualidaeudmividissansussansanudetiolddadmegsening
0 (lsionades) fe 1 (@enndoauysadetndlsfmuindidssandoguszana 0.9 azfiodnd

1 v

ANABAARBITUALIN D1dA18gUsEN1al 0.8 FzDodndnuaennned Lazd1dAie

el

Usga1ad 0.7 9809710AINUEDAAR DL NEIND
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3.2.4.4 NMIATIVADUAINUATY (Score Validity)
\Junsanaasvineiesdlefanaznadwsilalunsidvansataeligidoussg
Wvnefideanisiéviely Inefiansanusubudfyde
1) mufisansadslasadne (Construct Validity) iunisasisdeuinuuuasuaud
T¥nsounaumnesiUsznovveadasifosnsinunmuvguiiiioatemiolsl
2) Aufisansadaien (Content Validity) Junisnsresaeuiuuuasuanuiild

wiavtensaunquLliomdAnyvesdmfenisinnsal

3.2.5 YUABUNISNAFBURUUINAIEaNN5IASIa59
VHIIINNUNILITIUNT SN B iRedesauamnsaatanufgukaziutoya
fg19lAka7 ADLUADNISNAADULUUINADNALNISIASIASTS dmSunasanudaslaluswnsy

d1593U Amos Tunisnadaulneltunoudnanduguil 3.3

AMAUABN YU VD ILUYTIAD

SzyAmlimesvesuuvTaed

5y
wnudoya

o o o AN YULVBIRUY
LuudaRsiaNAenAaD . ‘
$raosluy

wanamsIATIe

!

FATUIRUUTIBD W

7o
ansilndipes

:

SNYNUHATWS

5U# 3.3 duneunisnaaeuLUUInaesaInislasEing

3.2.5.1 NMSAMNUASNYULUBILUUI1a8Y (Model Specification)
nsinuednvazvesuudrasslunisitaveauuigiulaslsuduinunin

unawaglddydnualunuiinusdung lauaziiuUsuiaiionantnauduiusseninedinys
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wialaungursenuideingitesnlainis@nwuiensauuigiu Falusunsuagyinnis
ATUIULAZTLATIERAIN TR BSA1999 1N Toyaf188 197 AV N1SATNUASNBILYDY
wuudaesiailutunsuddgyiaalesnnuasnsainduseluszionladiwinainuuuinasy
Mgnaeawalutuil (Kline, 2011)
3.2.5.2 AUEAINNTOLUNTIEYAMNTIEWNBTURIRUUTIR0Y (Model Identification)
° = ] a YA o & 1% aa
wuudnaesariauansalunsseuAmiiwesladedanudululamanguii
Wswnsudndaglazaunsamadssanadmiumsiwesunasdaladiesansen Tunis

1 a

AsIRdpULiesTUAINITweTIEnUI MU aesEnsauTnglalu 3 dnwvaede

]

'
o =

1) wuviaeanssurmwsfin oSl (Under-identified Model) Junuudraesdidl
N TNe5Da52 (Free Parameters) / u1nna191uIna Il susiusnluuningan
wsUsiilvsunsudrsaguldlunisdmuau (Observations) S1ururmtsysausauildluns
Anumlfangesvivry/2 aeity  widususiudsdanld damsseninadiuiy
w5 ilwespasERUT AU sUTIUTA Tl un s At Bendr ensesupou ludase
(Degrees of Freedom, df) ﬁm%’mwmﬁ’ﬂamﬁizqmmLi‘]uﬁhlﬁmiaﬂé’ TIUIUATTEAUAINY

Wudaszazfnay (df < 0) dwalilusunsuliatunsadiuiusalule

= i a

2) huud1aadfiseuansliwasianed Uustidentified Model). idunuuinaeand
MWIUN1518MRT8a5¢ (Free . Parameters) . WinAuduiuAiUsusausanlulunIndan
wUsUsauntdsunsudnsagultlunisdinan (Observations) Malviarseauauludass

I 3 1 a L3 o o d’l [ = I
Wiugud (df =-0) wanyuseIvesMTAATIFRLUYIIaeddnwayliutauladienind
ANdaenndesiutoyaagsanyIniuasliausando UaNIRFIUT W zUNBE 19l

3) - puudnaaafszyandudiwrsadwestauinnii (Over-identified / Model) 1Ju

o Sao a ga o/ J o ! 1
WUUTIRBNHTILIUNIT TN e38aTy (Free Parameters) Hagningiuauatulsusiusuly
wnsndaUsUTIunlUswnsudwsasUlElun1sAmau (Observations) inbdanszauauduy
daszandauy (df > 0) fawiuuudaednuasliaglidenadasfiudeyasdvauysaliuy

d" a < o = 1 ! v o !
Wasnniinauduldlaiiazinnuuand 19seninstaganasiuuingaes W Raykov and

a 1

Marcoulides (2000) a3UNAIsEaUANALTUBasEIAAazIUSsULalaulaN1aTILUUT1a94

wgnuUias wuudiassiifiasziuanududaszannnindsiulonanazgnufiasuinninum
¢ ndiutiaenndesfundnnindenanufigiuiiswndt (Parsimony  Principle) 17161
wuuiassaesynaonadesiuteyaifiedtu uuudassfidudeutiesnitazgnidennsruing
wuudnaeadianudululdnimge]] lunisneaeuaiuaenadevesuuinaesivtoyaids
Uszdndfinusunldduiudeddduuudansiiannsaszydmiineslsuinni (Over-
identified Model) weiiAszauanuiludassannitaud winuuuiasdiaiszduainuduy

a o o o

daszuiniunietesnitgud §Iidedndudesuiulsuuuinassmenisdanisfiesnly
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nsweeenvIodmuamasilin e sunaduiemmailiassduanududass
wnnaugiila

3.2.5.3 M3UsEAINAINNITNOTYRIMUUTIABY (Estimation)

Tuduneuiazifunisuszuudmisfivesvesuuiasddasfiansalusunsy
d5aguaznengnuinlinas19seninnuasngAILU sUTIU-A1UUTUTIUTINVRITRYALTS
Usgdnd fulsSndauusus-mudsunusameauuitasuietosiian sonsuszana
ﬁmﬁwﬁma%ﬁaqﬁuﬁuaqmei’waaqLﬁ&mﬁ’whwwmﬁLm@%ﬁuaq%’agaﬁ’;aﬂwLL%VTW%L%W@UG}
uAIANLANAN A teefiganieluiinsiudsunvasimgasinau 3nsUsENN
Amiinoivesuuuiaetlulysunsil Amos - SuangisuddmiunisAnuidarlditan
uhanidugegn (Maximum  Likelihood, | /ML) Fadundnnagnisadilunisuszuin
Amsiined InoAmniiwesalrasndumidiliiasiniazJugsgaiteyaazgniden
NnUsEARTAAnw Banuteaiugiaeiiteulyindoyavasiuusdnnglatinisuanuag
wuuUnivianesuUsuaysmagaiidaasiivunalug

3.2.5:4 PNIATIVADUANUABAASDIVBILUUTIADY (Goodness-of-Fit)

TutumidazfunsldilsinsudiSostiipsginuasnadosvoguuudiasiiion
Tuvusassaenndosiutoyailss inseansalvesiiedeyaidsUssdndlififiodads
A9 NITUIIINNAFITENTIIUNAINGAIMYIUTIUI ANV IUU YT A8 ULIRT N DA
wlsusiusnmestonadeseinsdailanainin dwsuluudsesitfiauaonadasiaini
upnssiazosumEnlugud duifldnsarouauronadesemuUTapsideelUT

1) Chi-Sedare () 9130 ilusunsy Amos Boniy CMIN dwnulsaangas
% = (A-LFy - IAg% n = Qunfeeng, Fyy (= AnadRiunnsnsadeuniny
aapmdedlaeddanuuivsilugean nedaufignlunisvaaeude

Hoi  LUAS NgAUTUIAUTINYDILUUDNADT = AURINFAILUTUTIUTINVD
Hy: safSagauysusiusnuuasuuusiasd 2 LWasnga1ulsusiusiueed

auaLIUsEInY
Tneunfvn3dedesnisalaauarsiluiveddgynisadfiiiowanddiifuin
wuuiassdinuaenadesiuteyailiUszdng egndlsinuiefinnsanaingnsas

'
1 A

nuaArlagnalssaulnlsiednuIuAeg 1L lesnled I urufI0g 19 LT
@nnI1 200) Alaanastinuilduagiided1Agneads wadlndnuiuiieg
anas (Waendn 100) Alaawadsiuwdlduagliideddgnisada uenanideya

Awdsdanglaihanlddesinisuaniassuuunivalesiulsaag (Schumacker
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and Lomax, 2010) iletesiumniiamainlunsfinnunanisnsiaaeugisenns
flnsanaadAdulszneudie

Relative Chi-Square (3°/dP v3e lulusunsu Amos 138031 CMIN/DF 18uadd
laauanifignuivanauseulmsevuinadieglagnmsiimlaauaimssean
seiueufudasy egndlsimudslifiuumsiidanulunsianunadnslaing
Alatiavzeousuld 1y Carmines & Mciver (1983) 5¥y31m1nA1 CMIN/DF Ly
Au 2 egfeduuudiasiiauaenades luvaed Kine (1998) szyimnen
CMIN/DF laitfiu 3 azfiodiwuudiassdinnuaanndes

Goodness-of-Fit Index (GFI) Qﬂﬁmmﬁmﬁa’?@mmLLUiﬂiauLLazﬂmmLUiiau
sluip3ndauyususauiisvesioyaldsuse SnuBegnsinunodioiundnden
WUSUSIUTINVDILUUAIABY GFI deegsenine 0 (lasnadag) fe 1.0 (@ennaes
Auysal-AuIuliaIngns GFl = 1] 8 e Yowad Vool o AeAnlaauaIsve

| LY

wuudaesdaseida1saua s dudasy df ity 15 Woreskog and Sorbom,
1988; Schurmacker—and / Lomax, 2010) 8814tsi918 GEL ATlUad1iniie2g
N150418BAY GFI - AL ANAAAILVUIAFDE1 TUNNS Uil oA sesuauLTy

a a g = ) o ' o g v i °
@ﬂiguﬂ']QQLllaLV]EJ'Uﬂ‘UGUU']ﬂWQQEHQ"i]gﬁm'ﬂfﬂﬂfl GFl s

4) Adjusted Gaodness-of-Fit Index (AGFI) 1fudn Gl Mignusumuaszsuaiadu

5)

6)

958U UUTIABS [ VFeAABINUIIIUTBIAINYS AGFL Sifnetsendte 0 (L
donARed) 04 1.0 (denndeosaiysal) A1ululaaingns-AGF, = 1-[(k/df(1-GFI)]
Tnofik AadnuAidsususiuvesndsdanals Amauangns k = vv+1)/2
e v = Suusuusdanale

Comparative Fit | Index (CFl) ‘w38 safinnugenndoulIauiisulunuiians
(Bentler Comparative Fit Index) Wusediiinanuydeundamesnuaenndo
ﬁLﬁﬂﬁu%@ﬂLLUURTW@EN‘U@QﬁﬂeJ{]JEJLﬁEJUﬁULLUUﬁWa@ﬂﬁugﬂu%%aLL‘U‘UfS’max‘@ﬁiz
(wuudnaesiiuy sUTIussE LU sdwanladuaud) danegsening o (ll
donmaed) 9 1.0 (donnaesduysad) awiulaaingns

CFl = 1-[( szoderdfmodet)/ (Xzbase‘dfbase)]

Normed Fit Index (NFI) lusivfiiusureuivavesailaauniiliidaegsening 0
(Lisonndos) §1 1.0 (@onndosauysal) glfiitorsuifisunuudiaesiiugiud

WUUTIRRAANFULUUTS L UUT a8 NaNufgIy Awiulaeingns

2 2 2
NFI = (X base'x model)/x base

'
1 o

NFI fhurlduiaziiarsiandlagtaivwisan Tunenduiuluudiasanidinds

Aa o

IS v a ISP ! [J 4 v Y 4 !
11nAWLALTLT NFI ‘USELIF"I']QQWJ']LL‘U‘U%W@@Q‘V]NGHLL‘UTN’E]EJLLQS""UU“UBUU’E]EJH'N
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v A o

7) Incremental Fit Index (IFl) 1Juswfiignuiuussain NFI Liieaanansznuain

Y

U 1 a1 ! 1 ¥ = ¥ L2 o ¥
YIARI08719 TA10g5ening 0 (ldaenndes) s 1.0 (Fenndesauysal) Auiula

Y

Qi ﬂqmi (X,Zbase'X,Zmodel)/(Xzbase_dfmodel)

[
% o = ] U

8) Tucker-Lewis Index (TLI) gninvidudniunisiiasendadeudseuigninanld

fukuudaetaunsiasasne devegsendne 0 (asnndes) fe 1.0 (@oandes
auysal) Aulengns
[ base/ s model/ Hnocse) VI ase/ W11

9) Root Mean Square Error of Approximation (RMSEA) Juswiiitnaanuld
asnadealiigufuaiseduadidudaszsuuudiass wuudiassiifinny
AonAdBININAISTIAT RMSEA | 1inlndaud (osarn RMSEA  ifidvuaimeny
ANg9ER Schumackerand Lomax (2010) laueuugin

= §1-RMSEA < 0.05 87U UUITa8iANdennaediutayaldausedntunn
= 01 0.05< RMSEA < 0.08" §i9374UU18040ANdenAG g uToyaLis
Usgane

= {7 RMSEA >,0.08 fiadnuuudaedlianuaennsesiviaynidassinyg

AYTlRTI9a0UAINADAARBIVBNUUUTIABT (Goodness-of-Fit) AenaauseasUlanuans

Tupns1eit 3.1

A1519713.1 FYRNSIVABUAIUADAAR DIVDILUVAIEDY

anu | sulinsedeunudenades seAUNonsuls NITAAIIUNAGNS
. 2 ' 2 v % X
1 Chi-Square () 0= o0 Ay Wnlnd 0 wndu
WUUTIABINLEDARAEINTN
&
Uu
. " ' 2 Ia '
2 Relative ChisSquare <3 A /df Ty 3 wanedn
2 3 o
(o /dn wUUTaedmINaRnARD
3 Goodness-of-Fit Index 0 (hizapndes) fs 1 A1 GFl 1lnd 1 3nndu
(GF1) (AonAdeaNYTal) WUUTABILADAARDININ
U
q Adjusted Goodness-of-Fit 0 (lalaonmdoq) fia 1 A1 GFI lng 1 u1ntiu
Index (AGFI) (AonAdosaNyTal) WUUT1RDIILHOAARDINN
X
Yu
5 Comparative Fit Index 0 (ldaonpana) fia 1 A1 CFl Wlnd 1 1ndu
(CFI) (AonAdRIANYTa)) WUUT1ADIILHOAARDIIN
X
Yu




A1519% 3.1 (0)

of Approximation (RMSEA)

anu | svlinsivdeumiudenndes sesufigausuls NAAUNATNG
6 Normed Fit Index (NFI) 0 (Lidonndsq) fis 1 A1 NFL g 1 unndiu
(AonAdRIANYTa)) WUUTIADIILHOAARDIN
X
u
7 Incremental Fit Index (IF1) 0 (Lidomnasa) fie 1 A1 IFl |1lng 1 wndu
(wonndesaNyTal) WUUTABILADAARDININ
U
8 Tucker-Lewis Index (TLI) 0 (Ligenmdes) fs 1 A1 TL @ lng 1 anndiu
(AonndeIALyTa)) WUUTABIRLAOAARDININ
X
U
9 Root Mean Square Error 0.05-/0.08 ® RMSEA < 0.05

LUUT1ABIA0AAGDY
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futeyaidelsedng
10

® 0.05 < RMSEA <
0.08 Luudaed
CREENIBHGIER
Usgdnd

" RMSEA >0.08
wuunaadla
donnaeanutayall

Jsgand

3.2.5.5 1139 T19@0UAMI TR T IULUUTIADY
Schumacker . and “tomax - (2010) wugihinilensiadeumiudenadedves
wuudnaesiudeyaliUszandauaunsaasulaininiiuasnndetad A1siin1snTivaeual
UspidiuildvosmnadimeSwiagdlunuusiae e Tnedduneusd
1) mwaaudwmﬂizLﬁmaquﬁwﬁLma%ﬁm%wmagﬂé}’aﬂﬁaiﬂ ({Uuuinuseau)
2) ARaeUNATsEINAE TN esegusnvuavIBlRumInAn il Tnels]
3) MTIVADULYAIAYN NANAVDIAIUIZUIUTDINITILADTAIUEDNR Z WIolu Amos
3nen Critical Ratio (C.R) JadudUszinavesmsiinesmsieanaindon
UNITFIUVDIATUTENIYBIN T HLMET
4) neaeuanulinlsusinveinsinaignisinuaa1Usstave s limesingy

$i9°)U
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3.2.5.6 NM5USULUUIIADY
PAINITNTIVABULUUINADILAINUIUASAFAILUTUTIUTINYDILUUI1AD9 bl

Ya o 4 %

aannaeIiunINgALUTUTINTINYRITaLaLlUTEdnY (IdganadeaUTuluudIaaua)

Y

J f v

A529@ULUUINaRINUSUTMLIUNIN T ANUADRAR DIkaLATNIS LMD ST T EN

[

UN9EDR
~ a P ) ° Y A vaw &
woazesuteAumnele n1sUsukuUIIaelivanIsUfURM
o A a Al P ° 2 X
1) mstatownfn nquildlunisaiawuuinasadunugiu
2) 13UAT1ANULLEDAAADILANUSTUINKUUINEDINTIANDU LAIUSU
WUUINADILATIAS
3) lunsUSULUUARRIMNTEU ATIddaUAduUsYaANS YR T ilnesineglurauiun
wariNANI9ERAARIAUNATAI IS o k]
4) p5aRaeuAtrddgnsaifveImITfiwesdaseiennmsinisdnesdilagn
fruaevisely-(lpsunfssimundy 0 via 1)
5) psvasUAwLUSULUANY (Modification Index, MI) atdusnlaanmsiaininag

anad N TEweingadvunAgnilaswliundnesdass. tilegimnsfives

=

ngnimusarlaasglaemdunnsflinesdaszuas Ussiliuaalunuudnaeed
U3ulval Worleauaritiegaansoididaud uuudtassaziileniaaanndedny

¥
o L3 =

ToyaUszantinnau luldsinsy Amos anansavinlalaeanidustanseninad

! v A

w5 2 fanfidrsuiysuilasuaannnnisuseiiulunsayseu - ad1alsiniud

Y

Yszpundosse Telunisldausuivasude TusunsuatawansaUsulaguads

va o

wUsnng U AuvsUswIamsEisiuUsnIsuenfuAAaisadou d153de
figheruiugauUsiudhlulun e aeiseudsly Tusunslenangavineu 8n
nsavieAelysunsupiauaniaUiudsutesiud sidenulilunsinge
WAl uuTnaealiduisnssurmasntinesla-(Underidentified Model)
6) ndalsnuudansfisvauiiamuasnadedusssuiimelanuaadinaaou
nanIlda BaarnTImadeui AN AU egdla violdfeganguiAniiles
Asufsuarlifmodwenasmiliniaaeuiiouiiu
3.2.5.7 MulanaATIzRLuUI1a09 (Interpretation of Estimates)
n&anmsUsuLuuitassaulinuaenndesiuieyaidsszdndluseduiimela
WA7 {I78AITITWUANANTITIATIEVAIEN1TTUIEAINABAAN BIVBIRUUTIADIlUAINTIY
LAUNDIBNENALALANUFURUTTENINAINUT AUNINEYRIAUTEIN NS TneTIsae
F2@elulusunsa Amos ITUARNIAIAN9Y 019 duUszANSAINannes (Regression
Coefficient) dutszAnsanduitus (Correlation Coefficient) 1iudiu iiloasUanufgiunis

Fdenlanald
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3.2.6 Waknsudusagudmsumsinsziuuudiassaunislaseaiig

Tsunsududeguilumdesiioddglunisiinseinuudrasdassaiisfianunsatae
anszozliaaradudeulunsdiiiuiunuduneuntsnaaouuuusiaedld nsld
TWsunsudnsaguiasligitensaaeunanisdiuiy Meuasmidefianainuanungn
Usuusuuusaedlifianuaenadesuazagunanuauuigiiasl3ldfninduunnduneu
Moo Jagtuiilusunsudusaguangimuimarssedsiiqaidunansiaiy nioune
TWsunsuAfiquandafiavdmivienesivuudiassludnuaezaiiegfu Tusunsudniagud
Heuldiesgiuuudnassaunisiaseainsludagdu o9 Amos, EQS,  CALIS/TCALIS
procedures (SAS/STAT), LISREL, MPlus, Mx, RAMONA. procedure (SYSTAT), SEPATH
procedure (STATISTICA) lumsiseoiidasTusinsa Amos v. 20 esanauazainiunisld
11u Wiunsudlugaiimarniigideauisariatuudiassaslulusunsuuazaiugy
29AUTENBUUBINATIATIEYAN99 bALAER T

a 6 Ya %

sgalsfimulunasidlusunsudniagudaednsiendivenasasentnlianedn

TUsunsudnsaguiluifisaniesiinvagqinsisn AN NLgIUNNEEALAENENN15 VB

Ve

wuudgesaunislassasialudsdntuniiwasfidenasvihannmelalide s lunsdifiia

¢ Va o

Jaymilunisiiesiengideseldaninsassyavaiasdsmsunlamnuenzaume lviussg

Yy

o

nnUsraerveInTIaela

3.2,7 Uszleyilvasuuudnaasdanislasgesng

wuuiaesaimslassa¥aimihiinilieunsiiangiasanoosmvidluuuuid
ANBNINNINNTT AReAINa NI lun1sia s Tadsasgnsouiulun1FIAs Iz L
frusBase SauUsnn KauUsus fuUsUed arnadusiuswannuatefifiendostu way
Auna LG uLasinTT Wk sndnliiosiassiiiutuneunisitasgiouauysal
udrosusnmdiudussany shaueld wuusastaunislassadetsiaeliifenaaoy

o

a aa v Y a o é’ i [ ] < A Yo
ﬁNN@EWﬂW@Jﬂ’JWN%U‘U@ULLaBNR]']H'JUG]’JLLUiZJ’]ﬂSUUVLW ﬂ@ﬂ'ﬁﬂUIUiLLﬂill?i']Lﬁﬁ]E‘lJWvLﬂﬁUﬂ']i

£

UsuugsbndufinssodldunTufgieiiuniuasaantun1sinsgiuinadu ISIK (2009) w@ue
THUUINABILATIASNAIUITOVN AU NBNUNITIATILILAUNIG N15AT1ZNTT8waENIS
AATILNAMURUTUTIUTINLAAIY ALAUDUVBILUUTIABIANNTTIATIATIMNTBNIINIS
ATTIIPINUNND DRI

1) anudangulunsasauusgy

2) AUAILNSOVBILUUINGBIAUNTSIASIAS19TALITID N5 IR eiTadeLTed uduLiie

a Y ° ) . A v
ANANURANAIAIUNITIANENITANUAGILUTUIT T AU T EU A AU WbE

3) anwansatunisteunasuansoyaiduzunn
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4) ANNANNTOIUATNAFDULUUTIaDIRIEAILUTANUaN8RILUS

5 aruansalunisnageuluusIassiififiuUsAunals uwnufiasdesindy
LUUIIaDLEIY

6) mﬂﬁmiam’mmamﬁmiﬁzﬁé’mﬁaqmmﬂﬂﬂisﬁugﬂLLumi"laaqﬁm NANNITV
wuusansaunisiassadrsiinusin i suifisunuusiassdiafuiiioUszidiu
AaeARReIiuTaYadTEINYIN TN TIRTeiRgLUUTaeEINIslATIasa

TAMUUNTRDIUINAIN

3.3 msanaulalagiansuvaiana (Multi-criteria Decision Analysis)

nsanaulalnefansauaralainaet (Malti-criteria Decision Analysis, MCDA) 1Ju

NaUITNUTEUTIEUNILASNANPEN 1IN T RS N Wi andave sl gy il Uiy

q

nilduladenangau (Giove et al., 2009) Wang et al (2010) na@1231 MCDA sz d1mnsu

e

v IS IS4

wAlgymniiainududey TaudupIukayAdggs Sl vunedaudeiu ddeya

a v Yo Ao & A ! Y} ¢
WaqﬂﬁaqﬁlsﬁuﬂLLa%N@Ja'JuDLﬂLﬂﬂiu{jﬁylﬁql,ﬂaqﬁ,&ﬂﬁzlﬂﬂaﬁ AITHERUNLAARIIAYU LALNATT

Y

v a

paulawazinnsindseansninasgniualdlunisandulalaeiarsanvansinaaiie laun

=

Faismstidussuilagadedinmudosuasanuliviueuraiinsuddymsineglundou
Aunag (Khalili and Duecker, 2013)

neliiBuudiaesdiviunisdndulalagfian savaiginusazlaginungluaivn
Operations'. Résearch” Widlngjasflesdusynaundsimiioutuiio ynupudiae feanis
dunnanauTianaly (Subjective Input) vaeKRndulY Pongpeng and 'Liston  (2003) 3
ausnadauuuhasdnsumdnaulausinsanvanasisondu 2 nudusgfuddu
yeamsdoudunnananfisnelafe uuusiaesitlondurinanauitanelaneu (Pre-
subjective input models) LLazLLUUﬁTWaaaﬁﬁauﬁuwmmﬂmmﬁqwﬂwé’a (Post-subjective
input models)

3.3.1 LL‘U'U?S']aaqﬁi’lauﬁuwmmnm’mﬁawa%fiau (Pre-subjective input

models)

Tuuvudaesisudurmananufienelanou gindulaszdoudunmainaiuiimels
rioun3sudilignaseudt (Non-dominated solutions) @afuasuiiidululfnareislae
91adlusEanEn i iunseRndt dusunisdedulalaeiiansanraienael unnainay
fanelaanunsngnimunlduatoguuuy wu fnguszasdiiseyliaaemin dhndnuagan

a33aUselenl wuudnassnleudunmnainanuisnelaneuldssielul
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3.3.1.1 wuudrasslusinsuitvung (Goal Programming Model)
Tuwuudaedlusunsudvune yainasinisdndulaazgnsrudisieiuduinue
Wwenlagyinisivuaidmingveuwiasinasilinimi Buianeavgnideniagdaduain

a

anuanansaTniulunsansreginssenitathuuneignivualiasminduaudiienss

g v a A > = LY o v LA o w
Wanunemdululafiegauviade iWmangdraudielsedudi dan1sitladinisliadain
1Y i & a 3 Y A Y = oY v A o w W & A
auaatudddiieussaun Wmnedaudelseivgs Gamsvilaaanidndadidasuuududs

Lifiaussown wazdmneaesinu Fansussaidmuneisaesinuluddidu suuuds

v
v a

WuvaalUsunsuitmneanunsadewduannislaaeil (Zeleny, 1982; Daellenbach et al.,
1983; Lapin, 1991):

L
+ Ky
(= Z Wi(d; +di) (3.0)
=1

aed di* = Z- Z vangfansileauunisunnwdasd wsngnnvualy

dit = 7- Z 4ng8an1seDgauinsaula i naneaniua by

wuudnaedtusunsadmnedsgnuudmituaeingude uuudaedlsunsudavanedesusiu
(Pre-emptive goal. programming) wazhuudnasilusunsaithumeluidestsiy (Non pre-

emptive goal programming) tuwvudnasslusunsathuingdesusiutudnisnivunaisu

Aaud Aot dmuieae wWaviefianudidgganiissgniiansannawlivungnd

1
o [

audadyainst daulusuusiaesiusunsindmanglidosuia Wamhetmunasd
AudAyiiulaEgniasanluwiesdu Asungatheaz JuisuAilugnaseuimielyl
%uaaiﬁ’uwLi’]mmaﬁgﬂﬁmumﬁémwﬁ'] (Cohon, 1978;" Zeleny, 1982; Pongpeng and
Liston, 2010)

3.3.1.2 wuushassanitimin (Weighting method)

Tunuusiassdasdinin gindulaaziuasulgmiifosiansannateinueinig
dnauladuiymunusinisdadulafendierinlinisudhetuy wiasinasiggnoisimn
e A EdIINS Intuiivinasgnuiuldeuiionisufilignaseudifenisud
aumwiaiﬂf‘j (Haimes et al,, 1975; Cohon, 1978; Goicoechea et al., 1982, de Neufville,
1990):
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n
(min)Z = Z wizi(x) (3.5)
i=1

Iﬂ&J‘ﬁl X E€X

Y

agalsfnu gandulaensliaunsamisuinlignasevildiniiuiiavesisudilignaseudy
ADUTLAY (de Neufville, 1990; Pongpeng and Liston, 2010)
3.3.1.3 Weanduessausylevil (Utility function)

sa

Baird (1989) tauaindA1inessausslevuningfsanuiianeladuimsngandulaie

©

LY [

pagnsswwng Weilinduntiagnmansssritmasnsmdululaniunveaniazisuiuas

(%
a 1

auenelavesdndulagnasu Mnduiiasgnisend “Heiduessauselovd” aniuly

Y

s a

wuviaesilsisuessausslevl Aandulaaglamaninsatnlaliivgaisuindulls ay

Y

1 [ ! ad v £% ol o v A k4 [ ! L4
Waziluresiudagisunasgnanmearngnimunliiveasiatuyarossousslevi (Bryce

Y Uy

et al, 2014)ilarduessausylegianunsanutesanluaeIngufe feiduassauselovi

ANa1AU (Ordinal | utility function) uazenduassatszlesuninaiiudfay (Cardinal

o w

utility function) Tuilantuassauselesunuanuizunaglasuamatawelawindianduaing

a

ingule nsmilnduessaUselavunuainudsluiinissyyszagrinesniuianalasa iy
wazfiugznIzileeilsauiiie ussnitunaensanaulaeasioulmuaassaUszle i

Wasulvunndiesladisidannaawsazingl Tuntsnauiuseaueuiwelavesisnaulase

Y

=3

aa s & ¢ o o = i Y] Y] Y& 1 ad v
’JﬁLLfﬂUWQﬂsljuasﬁﬂﬂ331850149‘173\@'371]37?7%"0zll?’n']llLW]ﬂC‘]'Nﬂu ﬁ%VlE]UI‘VIL‘WU'JTJﬁLLﬂﬂu

v

lasupmiswelannnninenisnie FeluitndusssaysylegdmumndAgiiivnuimaiagy

<

=

Tunassuilenuanyldsakag AL LUUBUNS 1¥EINITAALTUNISN AN ANERS bR Veueh

Handuessavscloviaauaidurilile falunsuIsungnvinenaninsarialalneisnisnig

AdnransIslgrdnn1sesiieisuessadsslosuniunudag AouAndrressauselov
gean iefiiendaAesindsyleviaanisagonidenliluisudanine senisuiaunis

Y 9 Y 9

v 1

mmalﬂ‘ﬁ (Haimes etal.;1975):

(max)U(Z(x)) (3.6)
Tned x € X uaz U fofleriduessauselond
wuusaesilsitumessaustlviisdidelfiussuddyuiiowuusassduniiossnaiunsa

swAnudssuazauliuuusulilunisiarsandadulanisuntywinuuiaisanvane

it (Keeney, 1992; Pongpeng and Liston, 2010)
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3.3.1.4 fleiduatannisdany (Social welfare function)

v a

Tunvuinassnsanduladiulngazeyuuingdnaulaiiiiesny luvasinunluase

Y

a

fgiduladenargauninnuiitneladafudrunfeidesdunisdedule vansuuinisgn

€

Wauaiieuilenunsalil 819 nssiuAtessauselevivediindulanwdazau n1sueudIuna

[
v a = v a

AnaulalyiEieunvgeaniio i uagn1sneinsalnansgnuiinduannsindula agsls
] (Y Iaadat vo Y ° U Y a a s A Y a
Amudslaidisnlasunssensumlvdmiumsdndulalaefinnsavaneinuet iielmAnai

asananudsnnUszusulang Aetuadainisdeaudgnihanldiesiudaiafinisvocus

' v
6

avyana FelunsaliifedArasauselevindnugiueguunisnszaneiivesdtassauselonili
wiazuAnaluNgy (Pongpeng and Liston, 2010) Wenguadannisderuanunsadeuesuigla
Tagaunisaabuil (Cohon, 1978; de Neufville, 1990):

(max)U(w) zwk Uy (3.7)
= k=1

Tned U AoflsAduaiannisdend, w Aslatnaiusnimin, wy aovmminfiduuanvesen
arsnUselovivasudazyana, Uy, Aetlsviduossouselovdvasidazyana wag m Aoduu
UARa
3.3.2 quai"]amﬁﬂau%uv!wmnm’mﬁawa’[,amwé'a (Post-subjective input
models)

sl suniibignAseudy (Non-dominated solutions) ka3 Hendulaagdaudunm

Y

valaal v el vo

ANNNINElaveInUTENINNSARERNNBLANITUANATIEAA I8N SNAITU N s TIAR U]
Aoinsfinaenialilsogatosinaeivilananit wuudnaesleudunmainauiianalanas
919 nslusknsuyseiivseuau (Compromise programming) N15tUshATUMANE IngUTEaA
IS Eed . . . . . | 3 o I dy
Wy (Linear multi~objective prograrmming)-a87dlsinnu wuuitaeamaiiazgnldlngnse
Autnaginisinaulalaglinruedanunglisamttazliauninduinunnisdndulads
Jutupeuiinunaiuinddesdinisiiansavaiennansae (Cohon, 1978; Pongpeng and
Liston, 2010)
3.3.2.1 MslUsunsuvaneingusvasAidady (Linear multi-objective programming)
o s a v & d' aa  vay o
n1slsunsunate dnguszasaladuidunnunergiuiseniisuinlignaseud

v a

SAUAUITHAY

Y] ¢ A | an Y @ ad  vav o A | aa s ve o an v
G]ﬁrdigaﬂﬂL‘W'E]‘W']'J']'JﬁLLﬂ?jﬂlﬂmLUU?ﬁLLﬂWIﬂJQﬂﬂi@UQW‘Vﬁ@IN 'Jﬁugﬂgﬂﬂiﬂf“ﬁ']ﬂUjﬁLLﬂﬂmﬁ']?j@

U o

[

nnUszasReg1ade (Zeleny, 1982) nislusunsusuuiignldlaensaiuusiaz

1 v

WwRdUNINAIUNSENIlaYavaisulignaseud1 annuudsuAnumelanitasgnanien
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Mnyasunlignasevitlagldaiuianelavesiindula lngduneunisundymazizuain

° as v A & v & & = aa  vay ° aa
aqijfﬂﬂﬁLLﬂq@L?JWWL‘UUIUI@I‘VNVFN@ ‘U']ﬂuuQQWEJ']EJ']NW'TJﬁLLﬂ‘VlVLiJQﬂﬂia‘Uﬂ'Vﬂ']ﬂ'Jﬁq@LGUG]

[
) IS ¥

& aa  yay ° I3 o o v aa  vaw o
YNARUNUY LN@WU?ﬁLLﬂ‘VlI@JQﬂﬂi@UQ']LLiﬂﬂqﬁﬂgﬂgﬂq"?ﬁlUQUﬂﬁg Qlﬂﬁ@ﬂ@ﬂ?ﬁLLﬂWiﬁJgﬂﬂi@Uﬂq

i

nuugindulavzdemdendeideveisuinlignaseuinivaiieidenisuigniig

Y

WsunsuvaneingussasAaladuannsaliowduaunislanmelull (Zeleny, 1974, 1982):

L n
(min)Z = z 2 “ii %] (3.8)
=1 j=1
m
AR g (X)= 2 2 a,j Xj=b; (3.9)

a Ta s ¢
e Z=(Z,,..Z.) A IAmeIUBLNn

T A s U U a
X = (Xq,000,Xp) AolAmesvasanlsnisanauls

oA &

X Peyariiululadmsuiiuls x (x € X)
0.

1)

N Do,

dANFUUSYEn

o) !

9 =

| J¢X t% 1 ) th o 1 i o o 1 1
AN NU?%ﬁ‘VlﬁVlLLaﬂﬁIWLﬁu’ﬂVI3W87ﬂ5r ma\‘igfﬂﬂjmﬂLLﬂvama’m%ULmawmw

o))

dyj

| o
a a

£
Misduly x
L AodwiuileiduingUsease
n AedaufKUsdnaul
I ! QU th A
b, fafvomsnens r 0d

m ABINUIUTDININTUAIAIN

3.3.2.2.0715lUsunsuUszUUszRen (Cormpromise programming)

nslusunsdssivssuamlunisinuidetesnsiusunsavane ingUssasdgadu

1% %
A ¥

lagNugrulalInislusinsavieaesazilisluuumiloniuuin1snisunlugauailugius

3
Ad1BsazgnivualiiterevilidunaunisAndeniiedu uitunaunisAndenidue

<)
eCe_

e o

= a

Auauianelavesddndula n1slusunsuuseiiussuenazldaunisguiuuinediuns
TUsunsuvaneiaguszasdidadu Inedunounsuitiymagduannsiesginmadend
Duldldtmuaannsiienginmadeniilululdifenyaisufilignaseudr a1ntdy
madenlugauaivzgnimuatuienissegananisuidlignasauisingg madendi
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HATIAIEIIININ (weighted additive) Fsgniunldesunenislirnessausslyminasieludl

(Zeleny, 1982)

p
U(x) = z R (3.10)
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m
SU(w) = Z Wi Uk (3.11)
k=1

oY

v a o A o A

Tnefl SU(w) Aeleiduatainisdeny, w Asliawmesvesimiin, w, Astutniiduuinvesan
assaustlevivesidndulausiazauy, U, Aeflaidumiessausslevivedsindulausasau uaz

m feduugdndula

3.5 &5

q

INNTNUNIUITIUNTTUVBN L VLA aRansAndulalagiar sanvatsinaeinyud
wuusaeslunduiidestondunmanaufisweglandi (Post-subjective input models) #o
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o w [

USU 12LT8UY LAULTETI ABUTALNUA 311A F1UIU 50 AU INUSENLSUMUINDAS19AD
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U3 94.115919 910 (W) wazu3em dnndeulneg Auasdwun 9de (W) 31uu
120 AY INANEIAINTIUAIAANT TRIAINTAUUNTINGISY TIUIU 50 AW WATIINUTEN LaUFS
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10 (@ywy) 11U 40 AU ToyavedgneukUUARUNNgNIUNLIRAnTlURNTN 4.1

M15197 4.1 YoyavadEnauluuaaUnIY

on . . Y Sovazvag
AANUR Lot Iuugneu }

fnau

Uszaunsaiiauiisadestu | desndns ¥ 154 4151
Tassadreitugiu 6= 101 92 24.80
11-159 49 13.21

16-20Y 31 8.36

11nn31 20 Y 45 12.13

Usvaunasallulasensiidedun. | teenin 59 170 45.82
6-101 89 2291

11=15% 44 11.86

16 <20 U 39 10:51

111n3720.Y 33 8.89

ANwroIAns hoaslassadsiiugmy 196 52.83
HSUMINNBATN 98 26.42

UEMTUInu 50 15.90

USENO DALY 70 18.87

94ANTBUA 26 7.01

yarlasang 1'- 100 duumeied 53 14.29
101 — 500 @uuAsy 45 12.31

501 =1,000 duunsed 53 14.29

1In37 1,001 aruumaed 220 59.30

4.2.2 NGNADENN

WNTIATIPIRUUTIaesEUNTlATIET e UsE N UAED AR aelanain ke lu
unil 3 Teglusunsudnsagulvgazldisanuiiazilugegn (Maximum Likelihood) &3
v o | aa oA v U sav ya d' a
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ANIUNLNY Jackson (2003) Lauanannis N:q Tunisfinunauinaioene laei N Aodiuiu
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gouuld dwsunisideaseliiduiumsilneinmun 57 wisidiwes mnlddagdiu 10:1
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A 1 1 JuuuATIEausIenIg (Check List) tiaaauaiuneliudayarluves

Y

[y
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danden wagyuvy Fuan 54 e

druil 3 Buluunesaulsadiua Rating Scale) wipaavauienfudadelunis
UsgiliumnudniSoveslasinisnaas loka syegnainease allddis aunaw panuienels
Y09 Ee LB uasdannden s 31 de

daudi a4 funvunansdautssiiuai (Rating Scale)fodounuiieatuiladelunis
Uspiiuwausglovtidaidrveslasinas laud dudeas fuiasusia dagiudundew &
U 15 1o

dwit 5 \JuluumesaiuUsedfiuen (Rating Scale) wioasunuieafudladelunis
Ussiiiuanuduiusssninandutiodendnsia 3-ngiifle nsussiiunudiiiuvedassaig
fugu mudiSaveddasiniseatns wasrauselonidodiveslasins s 3 Te

[

WUl UNISAINUAAIMTNYRIN1sUSEIIuAMUAAuestadenuny 5 sysunnuaSueq

o
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a9 AMNUAALAT 4 ALY

Y

geun Myualden 5 Azl

4.3.2 wuIanensdasinasasiienltlun1side
% o d' o Al a v dz (% dy
wwImeNsIniiesesilentdlunsideidunausail
1) ANW1IBNITINTUUUABUDNULALET 1IN TOURUIARYBINITIY
2) AnwLuIAn N uuwarIsTuNIINmNgesiunsiRu gy n1siauilasing
lassadeaiiugnu anud1isaveinisneadne waznausylevisordiveslasenis
sufansdupwalgesyiieldi Junwandlunnsasmaiuvesuugounny
3) AmuarauaLaUssiuIosmadmsusuUsdnaglivndalududsurausas

AlpgAndsfemaudennaaiuingUseasdiasysslevunlaannnisivy

YV A

4) AAYIHUUADUAINRATUINNI oL UUUSZUNoal BRI D191 8U99UIU 5 Vutae

Y
1%

ATITADUAUNGNATIUBZANATOUAGULTSL HB I HAE N Tl A v NTALIY

WAEA L kadne

4.3.3 N1ATRFUAMANYBILATR N TTTUN5T]Y
4 A A s Ay o &
N3nIFOUANATIvRATadienltlunsITETunaunall
1) dasuuasunuatus I mTauiuuUsvsuied i@ e duau 5 viugae
ATIAABUAIINULTIEINTITAL LM (Content Validity) lner3dgagtiuyuyseidiun
Lsunduang e luIunIATAINIENR STV kaE AN AY
PDINWY AININTAASIULANNIALRREILYNANDRNINNLUUABUAIY

2). m3I9aaUA NN (Reliability) | waanntemiaiumenislyduyszansdan

SLaa !

Y83AT9UUIA (Cronbach’s” Alpha) ~AduUsednstedndamnuminzaunises
5¥1319.0.7 - 1.0 lpgA1anlng 1.0 11nda37dslia Nt @adaunn A1aIUNLAN
duUsransoanaueInTouLAtaENdt 0.7 2¥gAfnednINLUUABUNIN TINANTT
A52980UAUL T UYIA1NNTUEIUN 2 N15USELUAINUEIEUYDILATIAS
dy 1 d‘ o 3 1 % 1 d' 6 1 %
Wugu dun 3 mnudusavedlasinsneasn uavdiudn 4 nauselevildoiinves
1A59n15 dA1duUseanseanvesasauuin (Cronbach’s  Alpha) 8¢ 0.969,
0.962 az 0.988 AUAIGU
° ° o av v v A )
3)  dIHaN1INTINEUAMAINUKAEAIWULINTAAIN eIy UTUUTauA LY

wuvaauanunautlUlgas
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2) fRdpUsranunuLaAnsie fUAUTY v IvemtIsufenIsueaIy
PULATIFAIUNITADURUUABUDIUN NINIAN LN T INgUTTAIALALESUY
U91aLUBIAUVDINITIVY
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N dniiEenmt I8 UNADINITYRANBLATIFINTBURUUAB U UMY
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3)

e

AU azYana luNsSUUUEs UNAWN 8T 15 Tu

Ya o

8) gAvorhuuuaevapliundusnns TaevrNaNysal laeldsuuuuasuay
AusteAudaua 371ty AnduSosay 74 Fsdoindusnnousuiinie
(Babbie, 1989)

5) e uUasunmlUiiegvideyanisadnnelusunsidniagy SPSS way

Amos

4.5  mMIaAsevdoya

msTaensitay]ilusunsudnasy SPSS dmsunsasiadeviadoiio finstesidoya
iR Doty Anseiadailimssandmiusesis wagldlusinsudansaguAmos dmsy
M9l iU ReENnisla s lennaeuaRgIu n1sTnT AT sgnuiadu 2 dau

[

R

4.5.1 a1sRzideganeaanaelusunsudiiagy SPSS
1) fsavagUAaifesiy (Reliability) vasyntormansdlututasuniusie
duusyAnseavuainsotuin (Cronbach’s Alpha) Anduusyansdegefiodl
Adesiuléinn Tagrriilsmaseesening 0.70 - 1.00 (SPSS Training
Document, 1998)

2) TnnziadAidamssanieuanstoyarluvesnounuuaeuauan
wuuaeuamELdl 1 Jadunuunsivaeuens (Check List) agl¥38muau
vmaududasuesnsnidumosay

3) Tiszsianade drudsauunsgu autitazealswesdoyaile
M31RERUTULUUNNINTEETRBYakas M SERuANLdAnvaadadusiielu

wnaeinsUsEliuAudEuredlasadiug Iy
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4) ApeiilTeufisupnuianansesredylunsdnanuaudyaeslady
#1a luinauginsUsEliuA L EIEuYRlASIET U IULEN AU TELANVRINGY

RN

4.5.2 N15IATIZAANNADAAGDIVDILUUINAB9ENNTLATIET A8 TUTUNTY

d11593U Amos Version 20

1) mMyheseitladeideBusu (Confirmatory Factor Analysis) Wiegudiu
mnuduiudszrinesuusdung WiagiuUsudsnaumguiuazanuidedn
Aendesiitrldilufusilunissaiutusiaessiadndulumuiianants
Linsal

2) n13RTINERUAIIIARNARRITRIk UL AR TuTeYateUsE Iy (Goodness-of-
fit) IneNI9UNNAINTEATY LaginkuuIraesliiinuaenadoazyinnig
vFuntuhaswsdumeuildnaiiluuni 3 udddsegaelunseuuunin

aNag Y v ° | U Ay v =
QU N 1MUY Tneaaytinlingiaaaupe

« - p-value

- Chi-Square (Xz)

* ' Relative Chi-Square (Xz/df)
. ~Goodness-of-Fit Index (GFI)
«__Comparative Fit Index (CFI)
+ Incremental Fit Index (IFi)
« = Tucker-LewisIndex(TLI)

« . Root Mean Square, Error of Approximation (RMSEA)

3) NTIATIENAIUOANDY (Regression Analysis) LNBWIINFILUIAULBNSNARBA
wlsmuuntesiiieslansdvisnanenswasedausazidulunuauufgiunagli

P30 bl



112

4.6  FUNAFIUVBINITIAY
INNITNUNIUITTUNTTUNLNGIVDIVNRUALUUNT 2 WU ANSUSELIUAINNEIEUYD4

Tassadaiugudusuinsdidgylunisusudgeniseanuuu neadslassasisiiugiunisly

o
a o A a

Jagiunazeupnldenadaiuuuifnni s g8 ulasfuiugeainnenuufnenns
WergaunsvateunTulutdagdu asdaiiwuudiasnisindienaasuanuigiuae

U5eNaume 9 MTanananfbUshie 9 AuwUs Ao NN1SINNISLATINIG VILaNed U1 WA

[

anuaznsngINs N133NNITV0LEL. NITANUIAN HANTENUADAILINADULATINT WATYUYY
wieusae 35 Wideses MsemnUsdunald 35 Mulsasaunsaldeudusuudiasinisin

Jewwudmiumsuseiauanudsiuvetassasneiiugulansansly

=

Un 4.1



113

msdaiunudamsdauandon

msdvhusumsasnsiy

mMsdavhusunmuam

maiidausuvesiiduliidy

mswaulasanslwidiy
Tasamstlogiu

madenviuaninilimneiy
wilalasans

msUszdiumnuidssgnnde

MsamansENUseszuuENA

nvans sz ‘

yremsnw

mtanisuulvaduaniasins

WIATNTAALINGITUTENT
oafauarlinu

WIMIN1580 COL58MaN
ratauarlfou

WWTNTAANUNITINGI

sywineatauayldnu

‘ nsldndsnumudou

msldgunsafiwitaussndandsau

nsdaviuAueY I nEmA N

HAINTAALT TN
flgaiauarldiimg

sywienoaauayliu

msuhasvldmiuasnislisiu

‘ 1IATNITAAMLMETTU
‘ nsufulsavanilndifedasinis

ssdiuag I sE

palARIAIN

se M gy
msliTaniiunu A

msthlagsasydunguanldiv

=
NASHANIULIAREBIA YUY

uazhgadnwintiluniseanuuy

nslfiansluda

MiUsEusTinesianneadny

nsdaviinuinmsvendo

nIsdmvihusuanuode ‘

MM Ivendy

nnsdmiunuAguenends

maaaUinafiugnaananlnsnis

AHADAARDTUTHUUANIAL
Uagui

ashusudnaTessewheneaine

msdnasuALLIALaEen ‘

g ey

pamdiyaslulazins

WIATMIAAKENSTNUIINLTE

sywdreaiuarlinu

UIMINTARHBNTENUIINAITI
Huauitousewineaduerlism

UIRTNTANUANTILNIBINA HANSTUAILN

Fouluiuiitr

sewideatuaddfoy 09

IMNTNMTAANANTENUIINLEAY

spienoasieuarldm

msdaiusuansIngnIsal
inzanufoudios

msduaiunsAvinves

\AsWEAITY

msdaiaiumasaiouay

quouloguyy

nsdaaiunsdoyasuaniditieguo

nseySniuavdnaiuiindonimguoy

& F oy
madiuduns ‘

5UN 4.1 uuudnaesmyiniesiureimsussiiuanudiduradaseainaiugiu



114

lurgiiarudnsavedasanisieadiedudlififenuneduinsiganudnsad
Anumnguanaeiulydmsudianladedisiululasenis winnyuuewsinaziansan
ANHAN5IVRILATINGIIN 1381 ATMITIERAZAMNIN BE19LSARNAINAITNUNIUITIUNTTUT
Werdemeaulatnanudusavedasinisiididuazfesgniiarsanuinnidtu n1sdavi

[ v = a v U g A 1 Yo

wuudaeInsinivenaaeuatuAgIuazUsEnaumeiiuusls 6 AuUs fie 13a1 Al
AN ANUUABAAY AIUTINDlIVBIGNALALYNTY LazduIndaunTaunIY 18 AiuUs
daunale Fsanunsadiowiuwuudasansindesiudmiuanudiiovedasinisneasnald

Aananslugui 4.2

' & s
SrErIMANaURUTlATINIG

wHUIYER ARG UST UYL IAE RN

a0

iw:nmdaa%‘wmu ALY

sveznauiluAsuiasu

AnefeudaIufineasne

A9

ey \%

Anasesdng gunsal

Av¥en

marudiulumuuuunasdorivun
MITLAOAATDINUNH AN
HATUASI IO U e
AudIsIve:
Tassnsdeasns A\ SeUE0ATUUsE MRV ZaN

gnmmazguuiividuninAnelasinns

B
anufianelaves
NAuasYITY

gnAuazqurumelafiuunslasenis

nAmazmubififodaddaiulasins

msinhusulazaiionuaoniy

anulasniy
ANuUaBANY 5 =% o~
ANNANUTINRATIIERAATNY

uruAUaBALY
aniaiesdng gunsalaenndesiu

WHUAILUABALE

msInvhusuanmanseudawinden

MU ANTEINULHY
annaNsENUALIAGEY

Awndon

msuUuURanmamndendiafios

gniuazgarudesiflulasinms ‘
lififefmmiudanedeutuyue ‘

JUN 4.2 wuudasamsiadesdiuresmiudnsavedasinisneasn



115

oglsAmudsiildnanunudluuni 1 Miwsheianuduiutdululdseninans
Usziupudiuveddasadeiiugiusaranuduiaveddasinsnoadsuagnalselovine
Wrvedlasens udnuduiusmanddslingldsunisBudu Lim  (2009)  vinnsfnu
Tassasitugruduoudlulssmeooansidowasnuiinniinusinsssduau g
lgAulasanisneadisauuaiuisaasieusslevilanalgUsenis 919 Yieaananseny
danndeuld annissumumsITiTLLAYANNIASIREYAIN LiNNTERNUINAIS 1 TTLY
vssathmanelasans ewdnvusanmeiansssy Winergnsldnulasinig dnliesseuuing
NNSANYIVEY Ugwu& Haupt (2007) Sanuinnistnnaeinisussdiuanudaduuléiu
nsneadslassadefiugrufidwefivats Usenms iy deifiuaanuanansolunisdadule
USuussgueunsisuazmuUaendvaisisn wazannansenusedandey \udu n1sdnih
LuUsaeinITinievndovauNRgIUIEUSENOUREFILYTIES 3 MlUT Ao naUsglomisu
dapw natselomisnudanndon tasnaussloniiuasusiateansnisuduiuudiaes

myiplesiudmsunalsslenisaidnvedasinislanueanslusuil 4.3

nIsduasunmanweilesnns

waUsyleaisny

GAGH] r 5
msassnnuimelalidlilasams

msasasunndnwailiuseine ‘
A15URL SUTINYUTLWINGEN ‘

MISRNA AN SR
AY5ITUNR

MsanNanszuAndonaInlasinTg

nauslyviing wayszluviiu

v, = A o
197984lATINT AINADY

Msduaiunseusnvaanndeu

E s 5 >
nmslunsdifinwnudeinaey

nasanAlg9eAUNSIY
T

naUsylomisny
LAY

nsanAlda1efu

madfislemanunaiiuyu

UM 4.3 wuudnaeamyindesiuremalsylevuneiinvedasanis



116

wazlilonsIvdeUANFUTUSTENININITUsEuANg P uvetlasIadeiiuguiy
°o < 6 1 ¥ =2 & a LY &
AdSIvedlasINstagaUsElevlsaidIredasanis JulinnsnsanuRgiuiwolul:
HL:  asUsziliuaudsduvesiaseadisiiugruiidninalaenssdoniudnsaves

1ASINISADASN

Mnduiterhnisasvaeunsusaifiuaudiduvediasiadaiuguisdinisdaunfign
Sl
H2: madanisTassnisazgninnsanlumstssdiulassadafugudiduulduany
fafugenin

H3: viiaiseggniiansanlunisyssilulaseaisiugunduunliuaudsdugni

Y

Ha: wasnuazgnieasulunisUssiivlassasisiuguniuualduanudstiuandn

H5: Uragganaasan tumsysesiiiulpsaianugunduualiunuggugna

H6: a9
&9t

waEnInegInsEgnITanlunsUsiilulassasasiugunduualiuaing
WFNIN
Y

H7: pMsdanasveadeasgniiansaniunisyseiulassasiesnug iu iuany
fagugand

H8: nasANWNANIrgNTRTIAnlunITYTHUlAS @R U W nIWR L TaA N s uEa
A

HO: wansynudsnaaaluiid1AgggnnasalunsdszdulATIasaiug T
= o & i
Huwalislmangaguganiy

H10: yuyuazgniasan lum sUssiiiulassesanugrunduu iU ugnd

LagiitonTavmeUaImA S sveslasinsnoad Wisdinsheanngiusiolui

H11: hanazgrldfweiediotalassnsnoadtsniuualiiudssaunmdisagsnin

H12: Aldareazgaldifumiesiiotnlasenisieasefitutliinszaumnudisags
N

H13: aunmazgnldifuedesdiofalassmsnoatenduualifiszaunmdisags
i

H14: pufiswelavesgninazgrlfifiueiesiiotalassnsnoadsifuualiiudszay
ALEN5EIN I

H15: mnaaenssazgnldifuasesdleialasamsnoaseifumltuuszay

ALAN5EIN I



117

H16: Zuwanaeuazgnidilueiedetnlasanisneadanfivwiliulszauanud1sa
g4

a v 1

uaziftenmnaounalsslovirodwedlasamsidinssauufgudelui;
H17: waUselemisnudinuazgnldiduedesdefnlasemsifunlihlinaysslov
fo1d1vedlATINITaINd)
H18: nauszlevisnudanndonazgnliiduniesdieinlasensiduual iy
HaUsEleulaaldnvedlasein1sgen
H19: naUszlevdsntiaswsRaasgnlfifumrsesdeodalasansiiuun il

HAUTEleTAaLd1vadlATINTEIN 1

msUfuusslassadsnugulidanuiuiasroduindeunaziinudbunniy
nanelinUsududdndmsudvedasinisinsgnisasiasUsefumsdinutardaandon
aunsodaideson mansmveninlasinskazkalselovilussazeanls nsdnueings
Usziiuanufsfurotlassasisiug wnldlulasnsamase tagaanadowmdn ililu
IaizL e uitagiinlonaniegsia, Aatamssalunisudsdusazaandnualliiinves
1rsan19la (Cruz et ali, 2006; Nejati-et-al;; 2010) wanndl Lee et al. (2014) Fanuin
Tnssnianeadndsduaunsoaiimavssloninuasvgiauasdsnulaludaizagiannse
audndandnumurnisiuindenvoiiasinsidly faudn1sdnvinandasuanslfidiy

vl o sd & | % 1 a & A P2 & & 1
anuduiusniululdsendenisussilivnudsureslassasieiugiukasnalsslevise

v
L% 6

L1W1Ye4lAsIN1S elusinisAnea et wduauF N usd [ons9aeUANANRUSTITNg
AeANNRZINI:

H20: n5UssiuAN NI urelasassnugiuniiansnalnensstiunalselevise

L9VBILATINAS

TunsAnwUsyansa s adsBiuuesesding Herzig &Schaltesger (2006) Wui
mstunaeinsUszfiuaudnSeidBunnlddmanneasinsrateUsenig Wy Yaewiuns
HOUSUIINAIITAUTY ANASUNNENYaIsRnS WnAuaNsaluNsuYETY WiuauTUsdla
aaussyslalininay vhmihiduussinguliesdnsuanfurdesiiouszifiunausslony
megsnalvesAnsannIsvAanssufuauadu Shenhar et al. (1997) na1aLEIUI
Tnssmsiivszaunnudnioavadramalsylowdssosdu 1wy nsiiusielduazinls way
naUseloviiszorenn 1wy Tanan1anisnann wazauaunsavesessnsitiuty Tuvaei

Al-Tmeemy et al. (2011) Waunaugin1sUseliuaudnsaveddasenisneadsensnuin



118

Tnssmsiiuszaumnudidaadasslosdradveddasenisiinatsyszns 1wy AuaIunse
Tunsudetufindy, Sedssesinsiiudy, selduasilsfiuiu wazdruntmnanisnain
Wity nsAnwwanduansdiiuinerafianuduiusseninaudiSeveddasinisieadns
uaznaUsglominaidvedasins dufuilennvasuaudiniugt Jafimadiauufgiuin

°o & 1 14 aa a [y & 1 1%
H21: mnudnsavedlasenisneadelisnsnalnensenunayselevineidivedasinig

nNsANEIveTnITonateviudldiiuinlasinisieadieiididunazUsyay
ANUENSaa1nsaas1RaUselvinmsanarnsdenlinuisnvealasinsts nauselevi
V9A53 917 NansYNUAInaeNanal AMtunsdoduanamsewingy Aldinediu
nEsunazihanas Mnsinavselvsiniydoufe aveuriouazainuuaonfovesld
Tasansity Glalassnsiiadivavisnagarsdianolasniy nandaiiutu 019013l

1ATINSUINTY LagnInanwidlasinIsATY (Brishtman, 2001; Bordass, 2003) VinsalLL&na

-
a o

Thdiinenaiienudaiusynisoeussnindassnisneasandsd utagsnausylaviisnolsnved
TAssnnsthumeiinatsessnnd s aveslasimsneasne setuftonsanaeuninuduiuss
Feinseauafgiuin;

H22: | famuduiusvidenseninanisusadunudsfuveslasadaiiuguuas

NaUTZLEUIRBLI 1YL ATINSHAUUN UINFANATD9ANLE 59104l ASINI SN BES

Walaiuyswrenagdawusdunalaasuaaunseuiduniidnswaniunsanuigiuly

wuuIaedaunsiastasadesnuiionaae uatuAg iUl sgnamidudwantlusun 4.4



madmiusndamsfwandoy

P —

il

sannansevASsEuLdin

mawndvsuilsioeeay
WAy
madenmieulvafuannlasnt

ANINTSAR TN YA
oahwarlinu
msmsan COsEwing

doafauarddng

s s Sy

sewhteainaeliny

aridqhlsisesmis

mmsaRNTAT
oatwarldi
AT

spwhuisaiisylinu

slisiagmslsiiiy

gl
methlpseadundvardlo
HALLIAA TR U
sty e
mlienfladia

mstsdiuasesFimmyaneaing
msitusiammsudy

msdniusuaanpudy

maduedumAaEon

PR T
rrunkentoredlalgns
RO

sewhaneaihauasl v

S TSARHAN LU AT

ASSAANANTMUT NN

spwhaneadruad i
TR
imgarudoudles

sy

wiulavey

nTughaney

SR —

matnnsagafe

senE A
donuiuoioy

it syl oy

wodlasdainy

g

H12

madiiemey

Tsamsrioaing_/\
Hid

H15
K16
HAT
A 4
o H-18

salselumiine

wpdlasan
F-19

saaelemidg
Hawavdon

salselarmiidng

wswghio

JUN 4.4 wuudaedlassaiiadeswulunisveaeuauuigiy

119

e
seprimdwsyiuilesms

g eR MBIy

ssugnautlanfauasny

dnauuamuiioahy

LAY

P
dnetoatng qunscd
dri

sl Umuuuasdorn

msheandesiuuauguam
sanuassningUsvaed

seggnmiutlseifusanuingay

grfuagymulinuainiselasins

iusvpnlie s

msthrusssslornaasaity

;I

AMMATUTINEATNABAARETY

anmieesing QUnsiiaRdpYTy

uaprilaeaily

ANUABARRBITULY

anuansevAawandou

miduaunmdnwlisems
i naiamelsliflilasents

msveuunaYuTRaRDY

TR T

fvssmi

nsnsenenudwandaun i

sy

msanaldwiumEy

P

msaaeldwimn

msanAdelunslivuiae

i

mudialomamundaiuny



120

4.7 nsnudayanazaaunngnaunuudauau
maiuteyaaUsunaanunsavilivaieds wu msiwuud15aa nsdang wienis
nAaes naideniinsfmuiraniusgfuinmst 3 Usenisfe Taguszasduniniside
Audnuazvesioindming uardedifadunaiwazmineins lunsisednsiuuy
d15731agn 15084l ld0nAR 0N UINgUIEaIATRINITITEATUAMEN YLD IAI9E19
Hvsneuagdesifndunauagmineins Snsdoyaivionisihunfinseffliannsnf
Ifnnsdanavdenisneaass fadumshuuudisaignidentfiluisnaiuieys n1svi
WUUd1 19891350 LAYa1838 LYY NISEUUARUDIY NTABUNINNIINTANA kazn1T
dunnwal Erdos and _Morgan (1970) Tvimnsifiuaanissiwuudisiafidelaseunans
Uszns 1 inisnsganedininng faonuidesievesnisnszalesitlesndt Usaainend
Tunsduniwal flemaldsummauiifiniuarseunsu Usendanauayalddng fufuns

uuudisiatenuesdegniaanltlunisifetiieiudogavinndusaed19i1un i

Luugaunny Fsdnansaivtagalisnnwediniulinsisikuuiiaeannsinseadng

€

L ]

AADULUUABUNNLAZYNVE I T¥UTEAUANNEIA T UBILARZ NI A IUNIAT1EIY

o
a1 v '

Usytiiua1m1135989 Likert ~®9diAsaus 1 895 aentenantiluiiden 3 949964 noud

LUUABUNINILNUINTIY FxiIN5ANY1TeY (Rilot Study) Mugliieasnsy Syinulilenaaey

Y

ANl uduion (Content Validity) vesuuvaeuniy Inslieatiaaominuwsniduy

4 Y % 1 A & o % o/ c’{l J A
‘UWMU’]VI?S@UQQ%@QWU?EJQ’]U?’]‘Uﬂ’]iVIﬂJUTdﬁUﬂ'?im‘VﬂQ']UﬂUIﬂﬁﬂﬂiN‘WUﬁTUﬂ’l"l 20 U

P

Wty SnassnuduguissenusenssunisiannislnaueduEnivinwuageanwuy

o

e

fuszaunsalvirnuiulasaineiugmindi 20 Juay 15-Upiudau wagiidgivyvii

LN =)

A 8LdUR Y8551 IHIR NS IR Ve uTEN S U N dea S1e TR Yo I sEin AN

Usraunisalvinnuiulastasnaiiugiunit 20 U duvagunaasgnysul emaneiuziives

v o

ALlETg) 19 NIsFsLNagINIsUsTIINSasUILA e (nN153nvIsulil wazn1snsivaaua

e

o a

Afuuantuinease) luvugiinaennisussiliusesuisinamazgniiadun (nsld
gunsallviiusendanassu uaznisanuSuaiuya) iveluaenadesivaninuinaeuves
n1soenwuy neaslassasiiiugiuludssmalng eadnsidunsevdmsuguidenngu

Meg199zaNTIBUTIINsNssy bluuvasesgidusunisive, vsenndinwuag

Ly

panuuundsedesgluaunnuimnsivinwiuvielseinalng uasuTemgSuiminneasiand

segeegluannavgnavnssuneaienelunssususigudus

Y 1 a 1 =

ARENTINENEDNUN MR ABIUTEAUN TR AEITRINULATIATIINUFIULATNTS

Y 9

Waundsdulagasgnuuinguesnidu 4 ngufe n1AsEdT04lATINNT eoniuy Jansd

[y

U3nw wargsumunneads lnengudegindmuneazsiduseduguimemiieau i

e §3nn1slasenis 3manslasanis deansuaraniuiin egrelsiniulasasiaiiugiuly



121

Uszindalnefouimunduresniaspinlisiuiudneviuuasvaudmlvauiainninsy
WINNIUTENEeNLUY ImnsiusnwuazgSumanneaidlunaenyuy

a

AR BTUYBItaYagNATIvFRUEUdUMeNTIdduUsEANTSarvasnsouLA
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nduanifaven 371 g0 Aeudiudnsinouniuiosas 74 Sseindudnsmaunduiician
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square (/df
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SIAM: Sustainable Infrastructure Assessment Model

Assessor Weight Assessment Criteria and Sustainable Infrastructure Assessment Phase Sustainability Assessment
Selection Phase | Weight Selection Phase | | Report Phase |
Assessors Weights of ' Weights of Assessment ' Assigning Utilities Calculating ' As;essn;em |
Assessors | Criteria Criteria | to Subcriteria Utility of Criteria | epol
| I |
| | |
| Preference of Assessors i Preference of Assessors i
| i I
| I — o |
| | " Subcriteria describing
: ‘ Wenm }» »{ Project Management ‘ : ‘ Project Management H Upm :
! | . ! Subcriteria describing i
Rt o |
! ! Suboriteria desori ! Sustainability Levels
: ‘ Wew }»7¢{ Energy & Water ‘ : ‘ UECH erla& ev:C{I "9 H Uew Overall :
Consultant : ‘ nergy & Water Social ! |+ 0-27 - To be Improved
— s Welfare o 28-56 — Fair
: Subcriteria describing ©
—:—» ‘ Whr }»«{ Materials & Resources —“> ‘ Materials & Resources H Unr Utility for _r e 57-82 — Good
Weont| | ; Al i | 83-100 - Very Good
|| Subcriteria describing Assessors
: : ‘ Wwm }» % Waste Management ‘ : ‘ Waste Management H Uwm :
Community Weom ‘ i Suboriteniad i i
| ubcriteria describing
i ‘ Wrgr }» *{ Transport ‘ i ‘ Transport H Urr i
| | |
| W | || Environmental Impacts | Subcriteria describing U |
i EN on Surrounding Areas i Environmental Impacts A i
| I I
) Subcriteria describing
| | | 1 I
‘ ‘ Weo }» v{ Community ‘ : ‘ Comitinity H Uco ‘
| i N i h |
— Subcriteria describing
1 Added Crit - |
: ‘ Wi }> *{ S d o ‘ : ‘ Added Criterig; H Y ‘
1 I I
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Uspiiulasans faudfifiduldidonneaursdanuddy nsedufdslienuunndieiudving
Audnuway ALY Awildiusan uagdrunalunisdndulefiferdesiuaiudaduves
TAsen1s (Bal et al. 2013) FafunvudraosiFeranmdnauddgyuesiussdiuimunis
sggnimualasdunuAseninsgUszidiunazazgnnsenaslunuuesudsuanslugud 5.2
Tuwuuvesutl fussdiuuasaursiosszydunounstsaidiuredasenis nquiivssidudad

waztminvewy Wansenwuunesuasusukalinanty “Next” ieltngtunousoly

Aszessor WeightSelection Phase 2
 Select the project assessment phase N

e Design < Construction " /Operation & Maintenance

~Assessor groups for the assessment ——— = 2

Please select your group first, then assign new weight if reguire

¢ Owner 25 %
# Design/Consult 25 %
" Contractor 1 25 )%

~ Community 25 %

Total Weight must equal 100 %

Construction  Oper&Maint.

Owner

Design/Consult Supattra V. 25
Contractor 25
Community 25
Total Weights 100
Assessor Name: I Supattra V.

Address/Phone: - ["Bangkok, Thailand

Email: 1 supattrav@abcmail.com

Back l Next

JUN 5.2 wuurlesuideniiniingUszily

5.2.2 Junaud 2 nainisuszifiusaznisidentnwsn
Tuduneutl wuusiassaziauainueinIsUsvundnndoutwinuazinos
sesfildanuanisieseiuuuiaesaunislassasemuauuigiuiinelsluund 3 shde 4
Fall
® N159ANI5LlATING (12.10 %)
o shuaiin (12.26 %)

®  NAIUWATUN (12.95 %)
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o Januazningns (9.82 %)

®  N139AN1TTBEY (11.52 %)

o NsANUIAL (14.10 %)

o nanszmuanndeslufiuiidrafios (14.10 %)

® U (13.15 %)

TutumauiinuudnassasiinudangunanisildsusuatiazUsunssvanuginisuseidiuy
nankazTeINANNIzaNivannlasIn sMMsaueaien 3 malunuguseidy

Aananslugun 5.3

Assessment Criterig.and Weight SelettionPhase f_z@

Sustainable Infrastructure Assessment Model: Criteria Weight and Utility List
Assesment Phase:  Design

No. Criteria Assessment
Suggested Maximum
LOCZ | LOCATION 12 12
ERW3  ENERGY & WATER 13 13
ME&R4 | MATERIALS & RESOURCES 10 10
WMS5 WASTE MANAGEMENT 12 12
TR6  TRANSPORT 14 14
ENV7  ENVIRONMENTAL IMPACTS ON SURROUNDING AREAS 14 14
COM8  COMMUNITY 13 13
i~ To proceed, please select one of the following options L | e B
e ) Y 5 | subcriteria, please select
P b
Accept original criteria and weights B Wil £

r S |
Accept original criteria but change weights | View Subariteria

" Modify criteria and weights

Back 1 Next

sUN-5.3 Luuresumalfeninasinisuseiiu

N3UN 5.3 guseidiuanansadion 1 Tu 3 madenldlaeiisgazidendiasialuil
= = @ 4 a 5 o o ° o A = a
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2
fBINIT
Criteria Weight Changing @
Assessor Name: Supattra V. Assessor Weight: 25 %
Assessor Group: Design/Consult Assessment Phase:  Design
Minimum and Maximum Weight Change is 25% of the Suggested Weights
Sugqg.Wts New Wis
Assign weight to  Project Management 12 % 1 3« %
Assign weight to. Location 12 % 10 -] Y%
Assign weight to__Energy and Water 137 % 14 ~|'%
Assign weight to. Materials and 10 « % 3+ %
Resources
Assign-weight to - Waste Management 12 % w | %
Assign-weight to'  Transport 14 9% 17 «| %
Assign-weight to . Environmental 14 % 15 ~| %
Impacts on
Surrounding Areas
Assign weight to' Community AN ] ~| %
11
12
13
Back Next | 12
15
16

JUN 5.4 uwuuesuUaeuvininaein Ty seidiuvan

ymadent 3= Usudsunasinsy sediuiaginnin lunadendivssdiufiarsannud
waztihmdnfiluzthudaniinliaanndesiulasenisuagioinisusudey
Favnrsdainasindusodnnudinuesniielfaonndesturinuay
ANMULINRoNVBILATINNG ‘«fmﬁﬂﬁuaqmmsﬁ%gﬂLﬂﬁﬂuwmwnuﬂizam'ﬁai
uazALsmelasusHiiv LUUSIAesIzLAR U e SIIUABLINMIINTT
Usziuiterfisinasindnlnsindensdoinasisosuazinminudefnunasiiy

pondakandluzun 5.5 Wetielvigussiliuliudsunaeilaniudenis
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Criteria and Subcriteria Modification %2 |
Assessor Name: Supattra V. Assessor Weight: 25 %
Assessor Group: Design/Consult Assessment Phase: Design

Change Criteria Weights & Subcriteria  Add Criteria & Subariteria ] Change Subcriteria Description }

Add New Criteria and Subcriteria
Criteria
New Criteria No. [ 1 -] Weight
74
Criteria | New criteria 1 |
Subcriteria 1 | New subcriteria 1.1
Subcriteria 2 | New subcriteria 1.2
Subcriteria 3 | New subcriteria 1.3
Subcriteria 4 |
Back Criteria Overview Next

3UN 5.5 wuuaTuUsuWAs NN UL

5.2.3 Jupaudl 3 nMIussliuaNNgEuraslaTaseNugIY
MR UMY TN, inausin sUTEIULAsUavdniAgategn

ARLRNKATY UInnvBuNMNaHAATURUsEuvtenuazgn nomalize MENISUAALNTT

I %100%
Norm Asor ' \P by (5.1)
Wik = 21 Wik -

a Norm_Asor
Lo wy,

- Y] Pa W, W = a ° ) a Ao ¢
UNNUNVBILNEUN | LD jo= 1, 2, 369 p V]Qﬂﬂ']ﬂu@lﬂﬂ%‘uig&lu k- thay P ADYTUIUVBILNEUN

ApUMiInNgn normalize Y WNMY j SINTURUTELTY K, W, 0]

W mtineun1T normalize YadnmuamvsuadmMTUNUs#EIuNNAUILNALIUAIBAINTT

r
Norm Asor
Norm_AllAsor _ Wi Wy - x100%
ij = ] (5.2)
k=1

= Norm_AllAsor

Taed W, Apumlinfgn normalize vewnuelj e j = 1, 2, 3 83 p
dmiugUssiiunavun, w, Aniviinvesussiu k, ATINYes w, = 1.0 & miu k =1, 2, 3

84 1, 1 AeduIuveUIHIIuavA
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Utility Assigning 2
Assessor Name: Supattra V. Assessor Weight: 25 %
Assessor Group: Design/Consult Assesment Phase: . Design

Please select each tab to assign utility. to suberiteria

PM | Loe ESW | MR | WMTR | Enve|.Commu'| feid || New2 | New3 | Newa|

E&W3 ENERGY & WATER Ny
E&W3.1 Carbon emissions reduction plan during construction and operation 4 -
E&W3.2 Energy consumption monitoring plan 3 -
E&QW3.3 Water reduction plan during construction and operation 3 __L|
Viater consum ption menitoring plan '_—L|

Utility Assigning Guidelines

Water consumption monitoring plan in accordance with local standards has been prepared.

Back 1 Next 1

U 5.7 uvunesulimessauselevi

(% (%
1 o £y ¥ ) U

2) TuNaed ndwUTsEumualEu M NYe IR ULa 3 UIMIN Ve LN N NTI LA AL YN
wlaslUiluressaUseleytlgIgnuonmenses wava1o50Uselayivannainig

Usziiluseanavian wuudtaezamuiua1nudiduvedasinisdmiugussiivay

LEIAIBNNT IELNNT

P
Ususinf k= Z : Yi (5.3)
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Project Sustainability Repert.Phase P |

Results of assessment - of  Sustainable Highway
Assessment Phase: | Design

Overall Project Sustainability Level: . Good

Project Sustainbility Comparision Weight Maximum Overall
Criteria %% Utility Utility
FROJECT MANAGEMENT 12 12 9
LOCATION 1z 12 9
EMERGY & WATER 13 13 12
MATERIALS & RESOURCES 1a 10 8
WASTE MANAGEMENT 12 12 a
TRANSPORT 14 14 12
EMVIRONMENTAL IMPACTS ON SURROUNDING AREAS 14 14 11
COMMUNITY 13 13 12
Sum 100 100 82
Sustainability Level Good

Comments and Suggestions:

Back Finish
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5.3.1 M3ATIVERULUUTIA09 (Model Verification)
nsnsraasunnlsulusunsuuazn1sAuiuvesdiassiinguszasdiiionda

Y a

a = ° = = o &, ¢ o a
?J@N@‘WﬁWﬂluﬂ'ﬁlfﬂEJUIiJiLLﬂﬁJ‘(Nﬂi%VHI@EJﬂ']iLUiEJ‘UW]EJUNaaWﬁ (ﬂqaiiﬂﬂigiﬂﬂfuajaﬂﬂqi

[ v

dssvosfUszifiunnaw) AlFanuuudiassiunsduiusmeile Tassnsneaialassang
flugu 4 Tassnisgnianlédmiunisasanasunindoulsunsuuagnismuiuges
WUUT1809 1A5IA1S A LDUIASIAIS DA 19MNIMaISSERITNEes ANENT 4 Alalns agniu
3 Ui Lagnednuuen 1w lasanis B Wulasanisneasnamadniy enseiuaNmend 17
AlALIAT NIWENATLAU 3 UUT . HAsAMUAUAIKIUMS 10 wiie 1asins C ulasanns
NRASI9AULANUYTY 4 ALAIUANT FZNTU 2 LIS LAY eKeNeNgTERyU 1 Wi 1asen1s D WJu
19NN SNOEATTOUUAIINEAY 10 AlalAs ds Wi 14 Uit ez uanmNasedu 1 Wid Nanis
nsraseugrasulilupssi 51 delansliiud madnsainuuudnasmssiunadnsainnis

ANUAILAIE BUSURIRNUGNABITRINSREUTUSUATILA AITATUINYBILUYTIARY
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. fessauselevl AassaUsylen fesnvselovd Anessausylew
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ansn o - (J A o =1 o =
2999 FG) 91089 19 1899 ) 1899 Hp)

Project 12 6 6 9 9 9 9 5 5
Management
Location 12 5 5 7 7 B 5 2 2
Energy & Water 13 0 0 0 0 0 0 1 1
Materials & 10 0 0 1 1 0 0 0 0
Resources
Waste 12 4 [ 6 6 6 6 2 2
Management
Transportation 14 12 12 12 12 12 12 7 7
Environmental 14 7 7 12 12 11 11 q [
Imps on Sur.
Areas
Community 13 10 10 11 11 12 12 6 6
A1 100 a4 44 58 58 55 55 27 27
o330nUsEluv

o o To be To be

syauaudiduredlasinig Fair Fair Good Good Fair Fair
Improved | Improved
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Sustainable Infrastructure Assessment Model Criteria

Comparable Assessment Model Criteria from GreenLITES

Criteria Overall Utility-of Projects Criteria Sco Overall Score of Projects
A B C re A B C
PM1 PROJECT 6 9 9
MANAGEMENT
PM1.1 Environmental Z ' < S-4 Protect, 19 9 11 7
management Enhance or
plan Restore Wildlife
Habitat
PM1.2 Safety 2 3 3 M-5 Hazardous 6 0 0 0
management Material
plan Minimization
PM1.3 Quality 2 3 3 M-4 Bio-engineering 8 0 0 0
management Techniques
plan
LOC2 LOCATION 6 7 6 Sustainable Sites (S)
LOC2.1 Flood risk 2 2 2 S-1 Alignment 13 9 9 9
assessment Selection
LOC2.2 Ecological 2 3 2 S-2 Context 15 7 9 7
impact Sensitive
minimization Solutions
LOC2.3 Stormwater 2 2 2 W-1 Stormwater 10 0 0 0
management Management
plan (Volume &
Quantity)
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Sustainable Infrastructure Assessment Model Criteria

Comparable Assessment Model Criteria from GreenLITES

Criteria

Overall Utility of Projects

A B C D

Criteria

Sco

re

Overall Utility of Projects

o

A e ||

E&W3

ENERGY &
WATER

0 0 0

Water Quality (W) and E

nergy & Atmosphere (E)

E&QW3.1

Carbon
emissions
reduction plan
during
construction

and operation

E-3

Reduce
Petroleum

Consumption

15

EQW3.2

Energy
consumption

monitoring plan

Reduce
Electrical

Consumption

10

E&QW3.3

Water
reduction plan
during
construction

and operation

Best
Management
Practices

(BMPs)

10

EQW3.4

Water
consumption

monitoring plan

M&R4

MATERIALS &
RESOURCES

Materials & Resources (M)

M&R4.1

Reuse of
existing

structure

Reuse of

Materials

32

15

15

15

M&R4.2

Use of recycled

materials

M-2

Recycled

Content

16

M&R4.3

Life cycle
assessment of
construction

materials

M-3

Local Materials

WM5

WASTE
MANAGEMENT

WM5.1

Waste
management

plan

WM5.2

Waste

reduction plan

WM5.3

Waste
segregation

plan
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Sustainable Infrastructure Assessment Model Criteria

Comparable Assessment Model Criteria from GreenLITES

Criteria

Overall Utility of Projects

A B C D

Criteria

Sco

re

Overall Utility of Projects

A B @ D

TR6

TRANSPORT

12 13 12 8

TR6.1

Compatibility
with current
transport

systems

3 3 3 2

TR6.2

Traffic
management

plan

E-1

Improved

Traffic Flow

29

18 21 18 12

TR6.3

Encouragement
of alternative
modes of

transport

Improved
Bicycle &
Pedestrian

Facilities

35

TR6.4

Improvement
of accessibility
and traffic

safety.

ENV7

ENVIRONMENT
AL IMPACTS
ON
SURROUNDING
AREAS

ENVT.1

Noise control
during
construction

and operation

E-5

Noise

Abatement

12

ENV7.2

Vibration
control during
construction

and operation

ENV7.3

Air pollution
control during
construction

and operation

ENV7.4

Light
trespassing
control during

construction

and operation

E-6

Stray Light

Reduction
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Sustainable Infrastructure Assessment Model Criteria Comparable Assessment Model Criteria from GreenLITES
Criteria Overall Utility of Projects Criteria Sco | Overall Utility of Projects
A B C D re A B C D
COM8 COMMUNITY 11 11 12 4
COM8.1 Enhancement 2 3 3 1
of community
economy
COM8.2 Enhancement 3 3 3 1
of community
health and
safety
COM8.3 Enhancement 3 3 3 1 S-3 Land Use/ 20 14 18 18 7
of community Community
accessibility Planning
COM8.4 Preservation of 3 ) 3 1 S-5 Proteet, Plant 14 5 9 7 3
community or Mitigate for
scenery Removal of
Trees & Plant
Communities
Total Utility 48 61 56 27 Total Score 271 109 132 119 7
Sustainability Level Fair Fair Good' | To Sustainability: Level (%) Cert. | Cert. | Cert. | Non
be (40) | (49) (a4) Cert.
Impr (28)
oved

5.3.3 anuluiinsdely (User-friendliness)
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(Userforms) a4 Visual. Basic ‘Application” lulusunsu Micresoft Excel wuumasugld
(Userforms) gnosnuuulieisdiunsumsdssiiuiiazinauou fiuiusseninaussduuny
wudraemmieundestenuiilisuugiiduss fiunndunouresnisussifiu uenand

wuurassaldosursinasinisusziliusemninasiiediedussifiulunsdadulalden
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nsldeuuuudiaeddffléan uenanduvusiassdsiidreduislnedovesileddy
psrnvsrlominaileiduatafnmedsnmifioainsnudlauas iU fauiustugldauuniy
581319015052 39 Microsoft  Excel  agvimthiduiuaunisanegiieades feud
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Effect of Sustainable Infrastructure Assessments on
Construction Project Success Using Structural
Equation Modeling

Thanachon Krajangsri' and Jakrapong Pongpeng, PhD.

Abstract: Sustainable infrastructure assessments can be used by the construction industry to cevelop sustainzble infrastructure projects and
achieve succzssful construction projects. However, the effect of sustainable infrastructure assessments on the success of construction projects
has not been examined in previous studies, based on the avthors’ knowledge; therefore, this study examined this effect. A questionnaire was
uszd to collect data on the importance of arange of criteria used to evaluate sustainable infragructure assessments and consiruction project
success. The datawere thenanalyzed using structural equation modeling (SEM) to validate a structural model used to deiermine the effect of
sustainable infrastructure assessments. The final SEM model shows the following: (1) sustainable infrastructure assessments can be described
by eight criteria (i.e., environ mental impacis on surrcunding areas, fransport, commuaity, energy and water, location, project management,
waste management, and materials and resources ; (2) construction project success canbe deseribed by six criteria (i.e., environmert, quality,
safety, ime, cost, and client satisfaction); and (3) sustainable infrastrueture assessments direedy affect construction project success (regres-
sion weight of 0.83). The results of this research inform how sustainable infrastrueture assessments affect construction project success and
could bensed as a guidelire for-developing sustainahle infrastructure projects. DOT: 10,106 1/(ASCEME.1943-5479.0000509. © 2016

American Society of Civil Engineers.

Auther keywords: Sustainable infrastructure; Asszssment; Structral equation modeling; Construction project success.

Introduction

One goal of traditional development in most.countries has been
to improve economic growth. During this development process,
natural resources are extensively used, reswiting i damage to
the environment. Certain human activities may also ham ecologi-
cul syskems and decrease the well-being and economic gowih ol
communities. Becanse the constriction industry supporis-national
development, it plays a significant rolc in increasing the well-being
and' economic growth of communities world wide, Howeer, con-
struction aetivities, especially (infrastructure projects, consume
lasge amoun's of natural résources and can ham the environment.
Thus, it is necessary' to taise socictal awareness and identify
methods for increasing the sustainability-of inftastructure projects
(Forsberg ard von Malmborg 2004): the concept of sustainadle
infrastrueture has beer born out of such necessity.

Previons studies have presented a mumber of definitions for sus-
tainable nfristmcture. The United Nations ( Economic and Sogial
Commission for. Asia and the Paeific) ESCAP/(2007) described
sustainable infrasiruciure as a setof struetural elements thatds con-
gment with the preservation of economic-and envircnmental sus-
Lainability, Benedict and MeMabon (2002) considerad sustainable
infrastructure to be'a. plan for obtaining environmental, social, and
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ecanomic sustainability. M Tkiugu et al. (2012) defined sstairable
infrastructure asa nework of naturalor man-made ecosystems and
methods. that. promote land ‘development with. a focus on the
benefits io humans and nature.

Thus, a common defmition of sustainable infrastractare is not
availadle, Nevetheless; the development of sustainable infrastruc-
fure isimportant because it considerably atiectsthe sastamability of
societies, edonomies, and the environment {Huang and Yeh 2008).
Inaddition, sustaimable mirastructure can be used @ a regiona de-
velopment tool o enhance Socioeconomic activity, production
capacity,-and natural resourec conscrvation-(Nijkamp 1986), and
it has become asignificantfactor in the achievement of sustairable
development objectives (M’ Iiugu et al. 2012).

To understand and implement sustainable infrasiructure, an as-
sessment 1 first pecessary. A number of assessment systems have
recently” been developed or are currently ‘being developed to
meastre the sustainability of irfrastueture projects Additionally,
researchers have suggested vanouscriteria that can be used to as-
sess/susiainable infrastructure projects (Fernandez-Sanchez and
Rodnguez-Lopez 2010; MTkingu ¢t al: 2012; Ugwu and Haupt
2007), including community, environmental impacts on surround-
ing areas, wanspom, materials and resources, wasie management,
and project management. Implementing this assessment process
leads to successful sustainablk projects (Lim 2009; Ugwu and
Maupt 2007: Vanggas 2003). In addition, the assessment process
can track and guide traditional project success towards sustairable
project success (Litman 2007). These previous studies have shown
a possible relationship between sustainable irnfrastructure assess-
ments and construction project success. Traditionally, the factors
of time, cost, and quality have been used to measure the success
of a construction project. However, a variety of criteria have been
suggested by different researchers for measuring construction
project success (Chan et al. 2002; Liu et al. 2016; Nassar and
AbouRizk 2014; Xia et al. 2016; Zavadskas et al. 2014).
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Although previous studies have attempted to identily the criteria
for assessing infrastructure project sustainability and measuring
construction project success, a model has not yat bezn developed
to examine how sustainable infrastructure assessments affect con-
struction project success. Therefore, the study cxamined the cffect
of sustainable infrastruciure Ass2SSMENts on construction projct
success by developing and validating structural équation modeling
(SEM).

Literature Review

Different criteria for sustainable infrastructure assessments have
been developed by a rumber of sustainability institutions and re-
searchers. Similarly, many studies have suggested different criteria
for measuring construction project success. However, these criteria
are not commonly accepted. In this section, the critéria for sustain-
able infrastructure assessment and constuction project success
are reviewed to identify frequently snggested criteria, to identify
research hypotheses, and to_develop conceptual models, which
arc described in subscquent scctions.

Sustainabie Infrastructure Assessmenis

In this section, certain leading systems for sustainable infrastructure
assessments and several previous studies are reviewed weidenily
sustainability criteria and seberifend tat.can bewsedto develop a
concepual structural equation-model.

The Envision rating sysiem for sustainable infrastracture wag
created by the Zofnass Program for Sustainable Infrastrecture at
Harvard University's gradvatc school of cesign and the Institutc
[or Sustainable Inlrastrucwure (IS0). Envision provides a (ramework
and motivation for improving the ethiciency and resilizncy of infra-
structure while addressing all of its social, environmental, #nd
ecnnorie dimensions (181 2012), Favision nses a lifesyele Assess-
ment approach for the planning, designing, constructing, operating,
and decommissioning phases to increase a project’s sustainability.
Lrvision suggests five main criteria, for sustaipable infrastructure
assessments, Le., quality of lifekeadership, resource allocation,
natural world, ‘ard climaie and risk; along with 60 assassment
subcriteria.

To improve their infrastructurs, the institation of civil engincers
and-the United:Kingcom govemnment developed the eivil engi-
negring environmental, quahty -assessment and award scheme
(CEEQUAL), whichis an asssssment and  award-scheme for
impraving sustaivability-in infrasteuching projects to achieve heiter
soeial, environmental, and economic  performunce. CEEQUAL
pomules sustainability awarengss, execules: sustainsbility-driven
strategizs for projects-and contracts, improves the sustainability
of projects. and contracts, and improves social, environmenial,
and economie: performance ( CEEQUAL 2012). CEEQUAL sug-
pests 12 assessment criteria, including project management, water
resources and water ¢ wironments; encrgy and-carbon, matcrial usc,
wasie management, transpom, relations with-the locel cormurity
and other stakeholders, along with 206.assessment subcriteria.

To improve its transportation network, the New York State
Department of Transportation (NYSDOT) developed  green
leadership in transportation and cnvircnmental sustainability
(GreenLITES), a sell-assessment system tal encourages and re-
wards transportation projects that incorporate sustainable methods
and practices into their designs (NYSDOT 2012). GreenLITES
snggests five assessment criteda, ie, sistainable sites, water
quality, materials and mesources, 2nergy and atmosphere, and inno
vation, along with 17 assessment subcriteria.
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Fernandez-Sanchez and Rodriguzz-Lopez {2010) developed a
method for determining and selecting sustainability criteria with
the perticipatior. of all stakehclders in Spain. Their method was
based on risk managemert techniques for infrastructure projects.
The sustainability crileria were considered opportunitics or positive
risks that could enhance the project’s social, environmental and
economic dimersions thronghout its lite cycle. Fernandez-Sinchez
and Rodriguez-Lopez (2010) suggested 19 assessment criteriz, in-
clnding soil, water, atmosphere, hindiversity, lindscape, resonrces,
waste, energy, social integration, responsibility and cost and out
lined 30 assessment subcriteria

MTkiugn et al (2012) developed the Green Infrastructure
Gange as an assessment tool for integrating ereen infrastructure
into current and future urban areas. The study was basad on the
green master plans (CMPs) of Japanese municipalities in the Tokyo
region. Twenty-three green infrastructure criteria were identified
within the three main dimensions of sustainability: social, environ-
mental, and economic. To identify the key performance indicators
(KPIs) for infrastructure project sustainability, Ugwu and Haupt
(2007) developed a framework of KPIs for sustairability assess-
ments in infrastructurc wsing South Afrca as a focal point.
The KPIs were arranged into sis sustainability assessiment crikeria,
1.e.,econonmy,environment, society, resource utilizaton, health and
safety, and project. management; and 61 assessment subcriteria.

Thee literamre review indicated that eomprehensive sustainahle
infrastructure assessments consist of the 10 assessment criteria (and
corresponding subcriteria) shown in Table 17 community, environ-
mental ‘impacts on surroundirg areas, transport, materials and
TESOUICES, Waste management, energy, water, location, project man-
agement, and innovation and ‘techaclogy. In this study. only nine
criteria (exeluding innovation and tzchnology) were selected be-
causc of their high total frequency (ic., more than five citations).
These criteria were used o describe susuinable infrastructure as-
sessments and o formulate the hypotheses-and corceptual model
for sustainable infrasructure assessments.

Construetion Project Succoss

Traditionally, a successful construction project is/ong that meets
onteria related o time, costyand quality fAtkingon 1999). Toor
and Ogunlana 2010) argwed that these traditional criteria for suc-
ccss were not sufficient to detcrmine whether the project was suc-
cessful; quantrative and qualitetive criteria such as environmental
regulations; building performance, and chent satistaction should
also be considered. Pinto and Slevin (1988) also arcued that the
traditianal apprach-of including faetor related to time, cost,
and quality‘as project success criteria was too simplistic, and they
alded cuswmer satisfaction o the list of fmportant criteriz for
J55e88INE project success.

Sohail and Baldwin (2004 ) propased five success criteria in
their study of performance indicators for microprojects: time, cost,
quality, cooperation.and partnership, and socioeconomic content.
Alzahrani and Emsley (2013) proposed nine success critcria cat-
egories © measire e impact of a contractor's anribuies on the
suceess of the project: health, safety and cuality, past performance,
the environment, management and technical aspects, resources,
organization, experience, size, and type of previous projects and
finances.

To measure the success of building projects in Malaysia,
Al-Tmeemy et al. (2011) identified 13 criteria: cost, time, quality,
safety, achievement scope, customer satisfaction, technical spec-
ifications, functional requirements, market share, competitive ad-
vantage, reputation, revenve and profits, and stakeholders' benefits,
Enshassi ctal. (2009) investigated construction projects in the Gaza
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Strip and identifiad 10 criteria for measuring their success: cost,
time, quality, productivity, client satisfaction, community satisfac-
tion, society, health and safety, innovation, and environment.

According to the litrature review, the success of a construction
project can be cetermined using crteria identified by various
researchers, and the results are cummarized in Table 2.

Table 2 shows that construction project success can be deter-
mined using six criteria: time, cost, quality, safety, client and com-
munity satisfaction, and ervironment. Based on their high total
frequency in the zroup of criteria, these six criteria and their rel-
evant suberiteria were used in this study to develop hypotheses
and a conceptual modd that deseribes construction project success.

Research Hypotheses

Many countdes have been increasing the sustairability of their in

frastructure because sustainable infrastruciie potcntially supports
the suceess of construction projects-Sustainable infrastruciure was
found to be asignificant economie.factor that helps reducs mamu-
facturing eosts and improve procuctivity (Mamatzakis 2008). Lim
(2000} found in his studyof sustainable road infrastructure projects
that applying sustainable infrastructurs asscssment ciiteria to road
prjects can, for.example, minimize the environmental impacts of
these projects, increase publie accepiance, provide safe construc-
tion sites, ard reduce project delivery time.

To cevelop KPIs for sustainable infrastrucwre projects; Ugwu
and Taupt (2007) found that -applying, sustaingble’ infrastructurc
crieria can, for example, improve decision-making ‘processes,
help meet public health and satety goals, and reduce environmental
impacts. Although previous studies have shown a possible relation-
ship between sustainable infrastruc ture assessments and constrac-
tien project success, this relationship has never been cxamined.
Therefore, the following hypothesis on the reliionship detween
sustainable infrastructure assessments-and  construction projeet
success was formulated:

HI: Snsainahle infrastmctue assessments have a direct effsct
on construction projéct Success.

To validate the crteria (o sustinable infrasraciure assessments
and _construction © project «success, the. following hypotheses
concerning sustainable infrastructure assessments were formulated:

H2: An infrastructure assessment with - a, higher level of
snztainability considers project management.

H3. An infrestructure.assessment with a higher level of
sustainability considers location:

H4: An infrestiuctare assessment witha higher level of
sustainability. considers energy.

H5: An infrestructure ‘assessment with a higher level of
sustainability eonsiders watcrs

HG: An inlrastudure, assessment with - achigher level of
sustainability considers matenals.and resources.

H7: An infrastructure assessment with..a_higher level of
sustainability considers waste management.

H8: An infrestructure assessment with a higher level of
sustainability considers transport.

H9: An infrasrructure assessment with a higher level of
sustainability considers the environmental impact on surmunding
areas.

HI0: An infrastructure assessment with a higher level of
sustainability considers the community.

The [ollowing hypotheses concerning construction project
success were formulatad:

HII: A construction project with a higher degree of success is
measured by time.
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HI2: A construction project with a higher degree of success is
measured by cost.

HI3: A construction project with a higher degree of success
is measured by quality.

HI4: A construction project with a hicher degree of success is
measured by client satisfaction.

HI5: A construction projeet with a higher degree of success
is measured by salety.

Hib: A construction project with a higher degree of success is
measured by the environment.

Data Collection and Respondent Profiles

Several methods can he used to enllect quantitative data, snch as
surveys, ebservations, or quasi expenments. Selecting theappropr
ate method depends on three criteda: the research purpose, the
characteristics of targeted samples, and time &nd resource limita-
tions, Inthis study, observations and quasi experiments do not com-
ply with-the last two criteria. Moreover, the necessary data for this
study cannot be collected by obscrvation or by cxperiment. There-
fore; survey-was-selecied-as the research method. Survey research
includes a-variety of methods, such as mail (or self-administered ),
telephone, and interview surveys. Erdos and Morgan (1970) men-
tioned the following advantages of mail surveys: wider distribution,
lzssdistribution bias, no infcrvicw bias, better opportunity to obtain
atruthful and thoughtful reply, and time-and cost svings. There-
fore, a"self-administered (hand-delivered) survey was used to
collect data from the samples using a questionnaire, which was able
to collect the large number of data required for SEM analysis. The
respondents were asked to ideniify the, Ievel of impertance of cach
criterion using @ Liken scale from 1 1o 5. Before the questionnaire
wasdistributed, apilct study was-conducted with five experts to test
the content validity of the questionnaize. The first two experts were
seniorgovemment officials with more than 20 years of experience
i nlTas tructure projects, Tw experts were viee presidents of lead-
ing design and consulting firms with 20 and-15 years of experience
in infrastracture projects, and the last expert was avice president of
2 leading constraction firm with more than. 20 vears of experience
in infrastrugture projects. In addition, all the experts had experience
with_implementing sustainable developmend. The guestionnaire
was refincd based on-feedback from the experts: some subcriteria
were femoved (e.2.. plant protection, siteinvesigation costs) 1o be
appropdaie for Incal conditions, anc same suheriteria were added
(E.guse of energy efficient electrical instuments and reduction of
excavated maredals):

‘Ihe sampling frame was made from the government units listed
in the Thd Governmental Organizational Directory, the design
and consnlting fimns fistedin the Consnlting Engineers Association
of Thailand, and the contractors listed in the Thai Contractors As-
sociation under His Majesty the King's Patronage. The sampling
units-all had irvolvement with both infrastructure projects and
sustainability development. Then, the samples were randomly se-
lzcted from this sampling frame, i.e., government owners, design-
crs, consultants, and contractors. The targeted respondents were
directors, cepaniment heads, project managers, project eénginzers,
engineers, and architects who worked in the sampled organizations
and had experience with infrastructure projects and sustainability
development. Almogt all infrastructure projects in Thailand are
owned by the Thal government, which contains the largest propor-
tion of the respondents (i.e., considerably moe respondents were
from the government owners than were designers, consultants, and
contractors).
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The data reliability was verified using Cronbach's alpha, which
returned values of 0.969 and 0.962 for sustainable infrastructure
assessments and constuction project suceess, respectively. Accept-
able values of Cronbach’s alpha are above 0.7 (SPSS Training
Department 1998); therefore, the values for the quesionnaire indi-
cated satisfactory reliability. In addition, the construct validity of
the questionnaire was tested using Speamman rank corrclation co-
efficients, and all of the sustainable nfragructure assessment and
construction project success subcritena were correlated, ensuring
the corstruct validity of th? questionnaire (Nunnally 1967).

Atatal of SO0 questionnaires were hand delivered to the targated
respondents, Of the distributed questionnaires, 371 were retumed,
giving a response rate of 74%, which is considered excellent
(Babbie 1989). Of the types of organizations that responded,
52.83% were owners, 260.42% were contractors, 13.90% were con-
sultants, 1887% were designers and 7.01% were other types of
organizations (note: respondents could select more than one type
of organization), Thus, the largest perecntage of ‘the respondents
were ownens, which reflects theproporionsl represenlation. of
the targeted responderts, which+s weighed fo awners. Fhus reflec-
tion helps to validate the-resulis to a certain extent: In additon;
14.29% of the respondents had contracts that were valuad at he-
tween | and 3 million dellers per year, 12319 of the respondents
hud contracts thal were valued al between 4 and 15 milliun dutlars
per year, 14.29% of the respondents had contracts that were valued
at between 16 and-30 million dollars per year and, 39,30% of the
respondents had contracts that were valued at more than 30 million
dollars per year.

Structural Equation Modeling and
Conceptual Models

The effect of sustainahle infrastructure assessments on constraction
project success was examired wing the SEM method through the
mavimim.likelihood (ML) approach ™ The MI. appmach , was
chosen because when the sample size is large, the ML approach
provides unbissed, ellicient, and consistent estintes {(Kline 2001),
The, SEM. method 0ses 4 combination of path-analyses and
confirmatory factor analyses to describe relationships between ob-
served variables and latent variables. Observed variables (referred
to ag suberiteria) are direclly mepsured by researchers using, for
exampk, a five-point Likert-scale. Becanse Jatent variables are
ot direetly measured, a model must-be consiructed 10 measure
thzm using observed variaples. Latent vadables' are divided into
two types: endogenous latent vardbles and exozenous latent
variables. In the SEM method, both endogenous and exogenous
vanables are indircetly mcasured. Endogenous variables arc de-
pendent variables that can be affected by both endogenous and
exogenous variables, whereas exogenous variables are independent
variables that can affect other variables; Ar/ SEM inodel consists of
two man components: a.measurement model and 2’ structural
model. The measurement modeluses confirmaiory factor analysis
to determine how well the latent variables are measured by the rel-
evant observed variabks, wherezs the stuctural modz] uses regres-
sion aralysis and path analysis to identify relationships between
laient variables. The measurement models for endogenous and
exogenous latent variables can be written as follows (Bollen 1937):

p= L4 (1)

y=hnte (2)

where 1 = vector of the exogenous vanables; A, = coefficient matax
that links the observed variables and latent exogenous variables;
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£ =vector of the exogenous latent variables; 4 = vector of the meas-
urenent errors in the exogenous variables; y = vector of the endog-
enous variables; AJ. = coefficient matrix that links the observed
varables and latent endogenous variables; 7= vecior of the endog-
enous latent variables: and e = vector of the measurement emrors in
the endogenous variables. The structural modz] car be expressed as
follows (Bollen 1987):

g=Mn 1 TE 1 ¢ (3)

where 1) = vector of the endogenous latent variables; £= vector of
the exogenous laten| varables; ¢ =vecwr of the latent emors in the
equations: /4 =coetficient matnx that maps the erdogenous latent
variables to the endogenous latent variables, and I' = coefficient
matrix that maps the exnzenons latent variahles to the endngenons
latent variables.

The conceptual measurement model for sustainable infrastruc-
ture assessments consists of nine latent variables, i.e., project mar-
agement, location, energy, water, materials and resources, wasie
management, transport, eavironmental impacts on surounding
afeas and community, and their obsarved varables. The conceptual
measurement model for construction project success consists of
six-latent variables -i.e.-time, cost, quality, client sarisfaction,
safety anc.environment, and their observed variables.

The ¢oncepiual SEM model for the relationship between
sustainable inferstmcture assessments and constmction project sic-
ceas, which.inzludes hypotheses H1 to H16, is shown in Fig. 1.
In this figurc, the latent variables are shown in cllipscs, and the
abserved variables ‘are shown in rectangles.

Results

The frst step i the analysis was Lo verily tie conveplugl measure-
ment models for sustunable nfrastuctore assessments and
construction project success wsing confirmatory factor analysis
(CFA), which waq performed using TRM_SPSS Amas (version
20) software. A second order CFA was perfoemed to validate both
of the measurement models wsing the data-that had been collected:
(1) sustainablé infrastructure assessment, which was measured
using nine ‘criteria; project management, locatior, energy, waler,
materials and resources, wade mandgement, transport, enviror-
mental impacts on_surounding areas and community; and (2) cor-
sthuction project success, which-was measured using six criteria:
lime, cost, guality, cient satisfaction, safety, and envinnment.

Durtng the validation process, any vanables that were found ©
be statistically insignificant were femoved, and the conceptual
measirement models. were tesfed and  modified until  their
poodness-of-fit criteria met the fecommend indzx values listed
in Table 3; thus, the models corresponded to the data. The p-value,
telative chi-square (*/df), goodness-of-fit index (GFI) nor-
normed fit-index (NNFT), comparaive fit index (CFI), incremental
firindex (IFD), Tucker-Lewis index (TLI), and root mean square
error of spproximation (RMSEA) were used to test the validity
of the measurement models with respeet to the collected data
(Marsh er al. 1988). These indices were chosen because they are
independent of the sample size. The values of all of the indices
for both of the modified measurement models shown in Table 3
satisfy the requirements of all of the crteria (recommended index
values), which indicates that the measurement models fit the
data well.

The final measurement model for sustainable infrastructuse
assessments consists of the eight laient variables, i.e., project mar-
agement, location, water and energy, materials and resources, waste
management, transport, environmental impacts on surounding
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Table 3. Goodness-of-Fit Crterio md Indices

Measurement modek

Fécommended Susminable infrasmucnire Construction
Number Goodpess-af-At crien: index ‘values assessment project success Final SEM model
1 p-Value 0.05 < pg 1000 0.110 0064 0.261
2 Relativechi-squane {\zf'df} ﬂﬂ\jjdfﬂﬂ 1109 1187 1.031
3 Guodness-of-fit index (GFI) 0002 GF = 100 0050 0096 0.009
4 Comparztivedit index (CTT) 009 =TT = 1.00 0556 059 0.598
3 Tnzremental fir index (TFL O9<TFL= L0y 0996 0996 0.99%
b Tucker-Lewis index (TLI) 09 <TLI=S K0 0594 0995 0.99%
7 Root mean-square error of 0 2 EMSEA <0408 0017 no2 0.009
approximatien (RMSEA)
arcas, and community, and theirrelevant observed variables. Inthis satisfactiongsafetyy” and  envionment, and their relevant

measurement model, the latent variables of watzr and energy were
merged during the validation process, likely because both varables
ame necessary resonrces for operating and maintaining infrastruc-
ture that have common characteristics, such as limited availability,
cunservation priorities, and production processes that allect he
environment and society. o support this merger, the CEEQUAL
(2012) and Envision (IS 2012) assessmert systems arrarge water
and energy in a gronp of physical resonrces. Therefoee, hypothesis
H4 was merged with hypothesis HS into hypothesis H4 and 5:

H4 and £; An infrastnucture assessment wilh a higher level of
sustainability corsiders energy and water.

The final measurement model for construction project success
includes the six latent vadables, ie, time, cost, quality, client
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observed variables.

Once the measurement models were valicated, the secord step
was o validate the conceptual SEM maodels by testing hypotheses
H1 H16. The goodness-of fit criteria, recommended index values,
and modification procedures used in the SEM validation provess
were similar to those used to validate the measurement models
(Table 3). The SEM's goodness-of-fit results and the final SEM
model are shown in Table 3 and Fig. 2, respectively

The hypothesized relationship (HI) is depicted by the arrow
puinting [mom the sustainable infrasiruc e assessment 1o construg-
tion project success, indicating the direction of the effect. ‘The
regression weight for this effect (0.83) was obtained using an SEM-
hased analysis with a p-value of less than 005, which indicates that
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Fig. 2. Final SEM model

the'hy pothesisis statistically significant. Therefore, the hypathesis
that sustainable infrastruciure assessments directly affect construc-
tion-project suceess is aceepted. The squared muoltiple correlation
(R of the final SEM muidel was .60, indicating that 69% of
the variance in constriztion project sucecss was affected by sustain-
dable mlrastruciure assessients The Tesulls of esting hypotheses
HI-HI6 are shown in Table 4. All of the hypotheses were stafisti-
cally significant.and were therefore all' accepted.

The results of this study provide a clearer undersianding of the
effect of sustainable infrastructure ssessments 'R, constBCtON
pmject suecess.and can assist in developing a set of guidelines
for sustainable infrastructure projects. To facilitate interpreting
tha resilts of the final SEM model for sigtainahle infrastructire
asscssments, the regression weight of cach latent vanable was nor=
malized to the weights of relative imporance for the crilera and
subcriteria, as shown in Table &,

Discussion

The final SEM model revealed that two latent variables, i.e., envi-
ronmental impacts or surrouncing areas and transport, had the
highest weights of relative of importance at 14.10 and 14.10%;, re-
spectively. The environmental impacts on surounding arcas was
described by four subcriteria: noise control Curing construction
and operation (weight of relative importance: 27.13%), vibration
control during constuction ard opertion (weight of melative
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importance: 26.33%), air pallution, control” during ‘construction
and operation {weight of relaive importance: 25.54%) and light
trespassing control during construction and operation (weight of
relative importance: 21.01%). The environmental impact on sur-
rounding arcas Kas been considered the mast important variable
pussibly - begause the sustainable development of inlrastruciure
projects should cover three fundamental features, widely known
as-the triple bottom line: society, economics, and environment. Ob-
viously, the environmental impact variable is a fundamental feature
thatall infrastuicture project participants must consider. The sub-
criteria of air and noise pollution, vibration, and light trespassing
during construction and eperation can negatively impact infrastruc-
tre project sustainanilityand nearhy residents: This finding agrees
with Envision (TSL.2012) and CEEQUAL (2012}, which include
covimnmentalissues as important criteria in heir sustainability as-
sessments. Shen et al. (2011) also found that environmental impacts
such as air quality and land pollution are importart factors that re-
flact project sustainability. Therfore, laws and regulations have
been cnacted in ceftain countrics to control thess cnvironmental
issues. Most constuction specifications and cortract conditions
also include these environmental issves & obligations during
construction.

The transport latent variable, which was as important as the
environmental impacts on surrounding arcas, was cescribed by four
subcriteria: compatibility with cument ransport systems (weight of
relative importance: 25.30%), traffic menagement plan (weight of
relative importance: 26 41 %), enconragement of alternztive modes

J. Manage. Cng.
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Standardized

mgression Statistical
ITypotheses weights p-Value results
Hypothesis for SEM
H1: Sustainable infrastructure assessment nas a direct effect on construction project success. 0.83 <0.001 Significant
Hypotheses for sustainzble infrastructure assessment
H? An infrastrctiure. assessment with a higher evel of snstainahiliy consdders project mans gement n7 <01 Significant
H3: An infrastructure assessment with a higher kvel of sustainabiliy considers location. 073 0001 Significant
HA&S5: An infrasTucture assessment with a higher leve of sustainability considers energy and water. 0.7 <0.001 Significant
Hé: An infrostructure osscssment with o higher kvel of sustinability considers materials and resources. 0.58 <0.001 Significant
HT: Aun infastitue asseswent wilh a ligher kvel of sustimbiliy comsides wasle nampenel 0.68 <0001 Sigui licant
HE: Aun infastiotwe assesuent wilh a ligher kvel of sustimabiliy aonmsides taspot. 0.84 <0001 Sigui licant
H9: An infrastructure assessment with a higher evel of susminabilizy considers 0.84 <001 Sigmificant
environmental 1mpacts on suroundmg areas.
HI1U: An mfrastructure assessment with a mgher level of sustamability considers community. .74 <001 Sigmificant
Hypatheses for construction project success
H11: A construction project with a righer degree of success is measured by time. 0.83 <0.001 Significant
H12: A construction project with a higher depree of success is measured by cost 0.82 <0.001 Significant
H13: A construction project with-@ higher degree of success 1s measured by quality. 0.87 <0001 Significant
Hid: A constroction prjeetwith_adigher degree of success is messured by client saticfaction n7a <001 Significant
HI15 A constroction pmjectwith a nigher degree of successjis measured by safety [IES] <000 Significant
H16: A construcion project with a tigherdegree of guccess is measured by environment. .00 <0.001 Significant
Note: When a result is statistically. sgnificant (p-value < 0.05), the hypothesis is aceepted.
Table 5. Standardized Regression Weights and' Weights of Relative Importance
Latent and observed varables Sundardized regression weghts Weights of relative importance (%)
Environmental impacts on surrounding arcas .54 1410
Nuise conbal during constnaction and vpetion 0.92 27.13
Vibration conmol during construetion and operation 0.90 26,33
Aifr pollution control during constniction @nd operation 087 2354
Light trespassmg control durmg construction and operzion 0.7 210!
Transport 0.84 14.10
Compatibility with curent transport systems 0.79 2530
Traffic mmagement plm .83 264!
Encouragement of altemative modes of trensport 0.7 2264
Improvement of aceessihility, and treffic sefety 080 2565
Community .78 13158
Enhancement of community economy .84 2590
Enhancement of community health and safety 0.36 2610
Enhancement of community e sibility 0.79 2433
Presawation of conummaity suwery 0.76 2337
Eneigy and, wale 077 12,95
Carbon emissions redution pién dwing construction, and operation 0.84 2811
Energy comsumption momtonng plan dunng consmicton and operdion WO 2869
Water reduction plan dunng construztion and.operation .64 2188
Water consumption, monitoring plan during consTuction and operation (.66 213!
Location 0.73 12.26
Flood pisk assessment 0.77 36.10
Ecological impact mimmization 0.76 36.00
Storm water management plan 050 7490
Project management 0.72 1210
Environmental management plan 0.77 A3
Safety management plan 0.86 3533
Quality menagemrent plan 0.81 3324
Wasle nsmagement a9 1152
Wasle management plan 0.91 3448
Wasle reduction plan 0.93 3493
Wasle segregation plan .81 30.59
Materials and resources .59 9.52
Rewse of existing structures 0.59 2646
Use of recycled matericls .81 3620
Life-cycle assessment of construction materials 0.84 373
Note: Bold letters are latent variables and their weights.
© ASCE 040160569 J. Manzge. Eng.
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of transport (weight of relative importance: 22.64%), and im
provement of accessibility and traffic safety (weight of relarive
importance: 25.65%). Practically, transport can have tangible im-
pacts on a project’s success thronghout its life cycle. For example,
construction time, cost, and quality can be positively or nagatively
affected by transport efficiency within and around a site. To min-
imize the negative impacts, compatibility with cument transport
systems and improved accessibility and traffic safetv should
be initially considerad to maximize the usefulness of new and
cxisting infrastructure projects. Becanse most modern citics have
been plagued with traffic problems fur decades, an elficient raffic
management plan should be implemented during construction,
and alternative modes of transport should be encouraged to reduce
these problems. This finding i corsistent with the assesement
criteria in GreenLITES, which suggests that-implementing a
traffic management plan-and improving traffic signal systems
ephance traffic flow, thus reducing traffic-borne | pollution
(NYSDOT 2042).

The materials and resources vanable and the waste management
variable had the lowest weights of relative of imporiance ar 9.82
and 11.52%, respectively. The matenials and resources variable
was described by -three suberiteria: remse. of exding structure
(weight of relative importance: 26.46%), use of recycled material
{weight of relative importance: 30.21%) and life-cycle assessment
(weight of relative importance: 37.33%). Although the materals
and resources variable had the lowest weight of relative importance,
itremained an imporant criterion for sestainable infeastnichiee
assessments, One pessible’ explanation for why this variible
had the lowest impogance s thar most of the respondents were
orly marginally aware of the benafits of recycling materials
and revsing structares. Parficipants in construction projects pre-
sume that new materials are of better quality and are morg durable
than recycled matcrials. The waste management variable was de-
scribed by three subcriteria: waste_management plan (weight of
relative importarce: 34.48% ). waste minimization plan {weight
of relative importance: 34 93%)- and waste segregation  plan
(weight of relative importance: 30.59%). Waste marngement
was considered the second.Jowest impartan! crilerion because
many participants in construction projects still consider advanced
methods of waste management too costly-and usually choose a
low=Costeonstruction wasta treatment method, such as conveving
waste from the construction site to @ waste disposal sitc arto an
urfilled construction site. As imporlant assessment crizria, this
finding agrees with the suggestion of Ugwu and Haupt (2007)
touse waste management and resowrce utilization to monitor and
guide sustainable infrastructurc construetion. In addition, varions
assessment sysiems have included either the material and resour-
ces criterion. or the waste management criterion [Envision
(IST 2012): CEEQUAL: 2012: Greetiroads 2041: GreenLITES
(NYSDOT 2012)].

The latent variables that mcasure gonstruction project suc-
cess, Le., environment, quahty, safety, tume, cost, and chent
satisfaction had weights of relative importance (with reeression
weights in parentheses) of 19.42% (1.00), 16R9% (N87),
16.70% (0.86), 16.12% (0.83), 15.53% (0.80) and 15.34% (0.79),
respecively. Clearly, implementing sustainable infrastructure
assessments affects not only the traditional project success
critefia (e.e., time, cost, quality) but also other meaningzful
project success criteria (ep., environment, safety, client satis-
faction) at nearly equal levels of importance. All the success
criteria for consiruction project success have been suggested in
other studies (Cheung et al. 2004; Enshassi et al. 2009: Gudiene
atal M013)
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Conclusions and Implications

Sustainable assessments enable all of the parties involved in a cor-
struction project to ceterrune whether the infrastructure project has
been sustanably implemented, and the assessment proczss is likely
to increase the success of a construction project Therefore, sustair-
able infrastructurc asscssments were hypothesized to have adircet
effect on construction project success. To test this hypothesis,
two measurerment models and a conceptuadl SEM model were
constricted to investigate the effect of sustainable infrastructiee as-
sessments on construction project success. Then, CFA analysis was
used (o validate the measurement models, In the CFA analysis, the
sustainable infrastructure assessments were described by enviror-
mental impacts on surrounding areas, transport, community, energy
and water, location, project management, waste management, and
materials and resources.

Construction. project success is described by te environmen,
guality, sefety, time, cost, and client satisfaction. After validating
the measurement models, the SEM modz] was analyzed and modi-
fied untilit'met all of the goodness of fit criteria, indicating that the
dila supporied the SEM model The results of the SEM analysis
showed that sustainable infrastruciufe 2ssessmenis directly affect
constructipn project success (with a standardized regression weight
of 0.83) and indicated thatenvironmental impacts on surounding
arcds and transport carry the highest weights of melative importance
ari4.10%, Therefore, environmental impactson Shrrounding areas
and transport are essential features of sustainable infrastructure.

To fill a kmowledge cap, this siudy examined the effect of the
sustainable infrastructure assessment elament on the construction
poject success-element. This effect clarified our understanding
of both elements as follows:

+ The regression weight fourd beween the sustainable infrastruc-
fure assessment element (comprising eight criteria) and the
construction project success element (comprising six criteriz)
proved that sustainable infrastructure assessments directly
affect constructicn project success. This newfound effect makes
infrastructure project parficipanis (e.g., Owners, designers, cor-
sultants, and eontactors) confident that-implementing sustair-
able infrastructure pmjects improves the constriction project

* When sustainable infrastructure projects afe implemented, the
miost impodaat critena considered by project participants are
environmental impacts on surounding areas anc transpor.
Understanding the most important criteria (and the ranking of
important.eriteria) for sustaineble infrstructure ssscssments
Can guide infrastrucre project pamicipants o amange their
available resourcas according o the ranking of important criteria
torincrease the level of corstouction project success, For exam-
ple; project participants should prepare resources such & spe-
eific staff, cquipment and techriques to prevent environmental
impacts on sumronnding areas 1 conwol naise, vibration, air pol-
Iution, and light trespassing during construction and operation.

+ When implementing sustainable infrastructure, construction
project success lavels vary. By understanding the most impor-
tant criterion (i.c., cnvironmental criterion) and the ranking of
important criteriz that reflect project success, infrasructure pro-
ject participants can: (1) focus on the ranking of important cri-
teria; (2) identify the main causes of low-level project success;
and (3) select approprate strategies for improving pmject sne-
cess levels. For instance, some infrastructure project activities
rduce project success levels in temns of the environmental
criterion because these activities canse vibrations that disturb
the normal life activities of the sumounding residents. Project
participants should sacrifice some lavel of pmject snccess in
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terms of cost to prevent vibration to obtain a higher level of

project success in terms of the environmental criterion. This

is because the environmental criterion is more important than

the cost criterion for reflecting construction project success.

[n addition, the final SEM model, which includes eight sustain-
able assessment criteria, can assist infrastructure owners, designers,
and consultants to incomporate these sustainable assessment criteria
into tender documents. Then, the infrastructure projects will be as-
sessed based on these sustainable criteria dudng the design, con-
struction, and operation stages. Contractors also need to prepare
resources and construction techniques for project implementation
in accordance with these assessment criteria. Considering these
assessment criteria helps participants to ensure the sustainability
of infrastructure projects.

Limitations and Further Investigations

The results of thisstudy should be.interpreted with some limita-
tions. First, although the concepiual framework of the SEM model
was developed based on-an.international literafue review, the
daia for examining the model were collected only from the Thai
construction industry. Inaddition, the sustainable infrastructure as-
sessment criteria may-vary with the type-and location of an infra-
structure project. Thus, further investigation into various, project
types, local contexts and regions is required. Second, different
project.participanis (i.e., owner, designers, consultants, and con-
tractors) may have different opinions on sustainable/assessment
criteria. Therefore, the SEM model should be tested with data ob-
fained from various types of project participants o find differences
and similarities in the sustainable assessment criteria. Furthermore,
aworking model should be developed for assessing the sustainabil-
ity of infrastructure projects that can-adjust assessment criteria
and their weights of relative importance according © different
circumstances.
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The role of infrastructure sustainability and success of
construction projects on owner benefits
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Abstract. The infrasiucture svstainability and suecess of coastruction projects likely influence owner
benzfits. However, these infloences hiave rarely been examined. Thus, the research aimed to examine such
influences and mfervening behavior of the success of construction projects between the sustainability of
infrastructure and owner benefits using structurzl equation modeling (SENM. The study finds that there ate a
direct influence of the sustaimability of infrastrachre on owner berefits (regrassion weight: 0.63) and an
indirect direct influence of that (r2gression weight 0.22) through the infervening role of the success of
construction projects. The findings ensure that implementation of irfrastucture sustainability projects can
enhance the success of construction project: and owner benefits.

1 Introduction

A successful constuction project yizlds several benefits
to an owner. The benefits should cover varous terms o
maintan an owner orgamzation in business soci=ty and
community. In terms of econonucs, financial tetums of
the preject should satisfy the owner company by
supporting  its  financial  wability.  Therefore,
accomplishing suecess in construction projects is crucial
to the owner benefits [1]. Modemn infrastructure projects
need to concem about sustamzble 15sues. of soctality,
envircnment and economies | during thew Life cvcle
becanze achieving 1ofrastructure . Sustainabdity can
merease the owner  competitiveness, teputabion and
business oppormumities while censerving environmental
charactenstics of the projects [2].

Previous - studies  demonstrate  possible
relanenships between sustamability of infrastructure and
success of construction projects and owner benefits.
However, these relatonships have seldom been proved.
Thus study was aimed o develop a modzl to examine (1)
the mfluence between the mnfrastruchure sustanability
and owner benefits and (2) the intervening role of
success  of  construction . projects - between  the
sustainability of infrastructure and owner benefits. The
results from this study provide apparent undsrstanding of
the influence of the sustammability of infrastructure and
success of construction projects on owner benefits.

2 Literature review

The literature on the three elements of owner benefits,
sustamnability of infrastracture  and  success  of
construction projects were reviewed to form research
hypotheses and to develop conceptual models.

: Cerrzsponding author: thenachoa@hotmail com

2.1 Owner benefits

To determine the owner benefits, the Triple Bottom Line
coneept of socal emvironment and econcmic aspects,
was ised as a famework for categonaing the benefits.
2.1.1 Social benefits

Institute for Infrastrc ture Sustamnability [3] proposed the
social benefits as follows: mproved quality of life,
encotragement of commmumty growth and development,
development of compmmity workferce skills, increased
public health, safety and wellbeng, increased
collaboraten and nvolvemsnt of stakeholders, higher
stakshold=rs satsfaction. and preservation of cultural
hemtage. Guarmeni [4] suggested socaal benefits as
Tollows: ~improved commumity quality of Lfe and
mrreased project users health and comfort. Based on
previcus studies, the social benefits of sustamability in
this study are descmbed by smproved project owner's
reputation,  improved country’s reputation, mproved
project users” quality of life. and improved commuaity
accepiance.

2.1.2 Environmental benefits

IS8T [3] suggestad the following environmental benefits:
reduced encrey and water consumption, reduced risks
fom mnatural disasters, preservation of ecological
systzms, reduced air pollutants and harmful epussions,
less use of natural resources and impacts on ecological
syst=ms, and increased reslience to chimate changs and
natural disasters. Olsen and Fenhann [3] identified
various sustainable envircnmental ben=fits as follows:
mproved ar quality, reduced harmful enussions,
mmproved water quality, and protsction of natural

© The Anthom, pablished by EDP Sciences. This iz an open access article dismibuted under the terms of the Creative Commors Aftribution
License 4.0 (atty:/! i a1 by/4.0/).
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resources. Based on previous studies, the environmental
benefits of sustainability 1n this study are mdicated by:
improved project resilience o natural disasters, reduced
envirenmental impacts from ths project. protaction of
natural resources and ecological systems. and provision
of education opportunities on sustanability.

2.1.3 Economic henefits

Dobson et al. [6] suggested the following economic
benefits: reduced operation costs; reduced vtilities costs,
and reduced mamrenamce costs. Lee et al [7], found
economuc benefits &5 follows: reduced energy costs,
reduced water costs, economg growth improvement,
ncreased meome, and lower enviromuental impact costs.
ISI [3] proposed the. following “ecomomie. benefits:
reduced energv costs. reduced watsr costs. reduced
maintenarce costs, and reduced construction material
costs. Based on previous studies, the economuc benefits
of sustainability 1n this study are determined by reduced
energy costs, reducad water costs, reduced operation and
maintenance costs, and improved access to budget.

1.2 Sustamability of infrastructure

The infrastructure sustainability assessment systems and
related studies arz reviewed 1n this section to derermune
crteria  and  sub-criteria  to  obtain and . evaluate
mnfrastructure ‘sustamabality. | CEEQUAL sugpested 9
critena in the latest version 3, including project strategy.
project management, people and commumties. land nse
and landscaps. the lustoric environment ecology and
biodiversity, the water environment. physical resources-
nsz | znd - managemen:  and transpert  [8]. Envision
proposed 5 major cuferia for assessment meluding
quality of life, leadership. resource allocation. natural
world, and climate and nisk [3]. Assessment criteria for
Greenl ITES were proposed as follows: sustamable sites,
water quality, materials and resources, energy and
atmosphere,, and mnovation [9]. Greenroads used 7
assessment critenia: project requirements (mandatory).
envircnment and water, access and equity, consiruction
activities, matepals and  resources.  pavement
technologies and custom credits [10].

The snstanability of mfrastructure for this study
was described by 9 critenia: project managemsnt.
location, energy, water, matenials and rescurces, waste
management, transporiation. environmental impacts on
surrounding areas, and community as found in_the stady
of Krzjangsn and Pongpeng [11]

1.3 Success of construction projects

A construction project 1s censidered successful if 1t
meets traditional mndicators of tume, cost and quality
[12]. Alzahrami and Emsley [13] identified mmne
categories of success indicators: health, safety and
quality. past performance. enviromment, management
and  techmical aspects. resources., organization,
experience, size/type of previous projects. and finance.
Tebish and Jha [14] suggested 24 success mdicators
which were grouped mto 3 categones comprsing tims,

(=]

cost, quality, safety and no-dispute. Enshassi et al [13]
found ten success indicators as follows: cost, tume.
quality, productrvity, cliant satisfaction, community
acceptance, society, health and safety mnovation and
emvironment. The success of construction projects for
this research was described by 6 indicators: time, cost,
quality, safety, client and commumty satisfaction and
envirenment as found i the study underaken by
Krajangsn and Pongpeng [11].

1.4 Hypothesis of the research

Improving mnfastruchire projects 1o be more sustamable
have become an important agenda for the owner because
wgnoring social and environmental 13uss can negaively
affectthe owner seputation and long-term ben=fits. Then,
mmplementing infrastructure sustamability assessment of
projects can munmmze these negative effects while
ephancing _the owmer  business  opporfunities,
competitivenessand status [3] Although previous
studies displayed ‘a possible relationship  between
sustamnabality of infrastructure and owner bensfits, the
relanonship has never been exammed Therefore, the
hypothesis was formed:

H1:  Sustamability of mfrastructure . directly
influences owner henefits.

Krajangsn  and =~ Pongpeng[11]  found . that the
sustamnabality of nfrastructure direcily influenced the
siceess of construction prejects. Based on thesz studies,

the hypothesis was estabhshed:
HI: Sustmnability of infrastructure dicectly
nfluences  success  of  construction

projects.

Herzmg and Schaltegger| [16] found ‘that ‘adophng

sustainable  success - criteria  can myprove - public
Acceptance, increase reputation, enhance
competiirveness, increase  iransparency. . motivate

employee, act as a benchmark for & compary. and
determine economic benefits from sustainable activities.
Previous studies show that thers may be a relationship
betwesn success measures of coastruction project and
owner benefits The hypothzsis was formulated to test
the relationship:

H3: Suwccess of construction projects directly
mfluences owrer benefits.

Several studies suggested that successful sustamable
construction creates both direct and mdirect benefits o
the owners. Direct benefits are minimized environmental
umpacts, lower or equal matial costs, raduced energy and
water costs; whule, indirect benefits are bettzr heelth and
safety of project improved comfort and
saticfaction of project users, mereasad productivity.
longer project lifespan, and improved project image [17-
18], From these studies. thers may be an mdirect
relationship between sustamability of infrastructure and
owner benefits through an intervemng role of success of

nsers,
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construction prejects. The hypothesis was szt to test this
role:

H4: There 1s an mndirect relationship between
sustamability of mfrastructure and owner
benefits through an mtervemng role of
success of construction projects.

J Structural equation madelling and
conceptual SEM model

Structural equation modeling (SEM) 15.a ynltivanate
statistical tool combining confirmatory factor, analysis,
multple regression analysis and path analysis to test a
hypothesis on the (either dir=ct-and wdirect. or both)
relationship of observed znd -latent . {unobserved)
vanables. Observed vanables carry the data that a
researcher can  directly measure. Whereas, latent
variables carry th= data that a researcher 1s mierested but
cannot directly measme. Variables in SEM can alse be
divided mito  exogeneus and endogenous  variables,
depending on the ditection of nfluence; Excgenous
variables are ndependert variables thar mfluence other
variables. Endogenous are dependeat vanables that are
influenced by other variables. In SEM. both exegenous
and endogzenous vanables, which can be observed or
latent, are considered [19].

4 Questionnaire for data collection

In order to test the hypothases. 300 queshonnaires were
handed to samples 1n ‘public and prvate sectors m Tha
construction mdustry. 371 complefed | questionnaires
were refurned, translating to a response gate of 74 %,
which 15 considered as excellent [20]. The samples were
asked to rate the significance level of each
criterion/indicator acconding to a Likert scale of 110 5.

3 Results and discussion

First, the measurement models were confirmed thai they
it the sample data fom the following zoodness-of-fit
criteria: p-value of 0236 (more than th= accpeted value
of 0.03), relative chi-square (3%/df ) of 1.029, goocness-
of-fit index (GEL) of 0.891 (more than the accepted value
of 0.09), and root mean square error of approxunation
(EMSEA) of 0.009 (more thant the minmmim value of 0)
[21] Te vahdate the conceptual SEM model. hvpotheses
HI. H2 and H3 were tested o exanune direct influsnces
among the latent variables as shown 1 Fig. 2. HI tested
that sustamabihity of mfrastructure directly influsnces
owner benefits. Hl was accepted because the p-value
was less than 0.03 with a regression weight of 063, H2
and H3 tested that sustamability of infrastructurs directly
mfluences the success of construction projects and that
the success of comstruction projects directly influences
owner benefits.

H2 and H3 were accepted becauwse the p-values
were less than 0.03 with regression weights of 084 and
0.26, respectively. Since K2 and H3 were zcceptad, this

mplied an existence of the ndirect influence between
sustamability of mfrestructure on owner benefits via the
success of construction projects. The 1adirect mfluence
was calculated by multiplying a regression weight of
084 (derived from the path of sustainability of
mfrastructure to the success of construction projects) by
that of 0.26 (derived from the path of the success of
construction projects to owner benefits). resulting m a
regression weight of (.22, Then. the regression weight
(representing the indirect influence on the path of
sustamability. of mfrastructure to  the success of
construction projects to ewner benefits) of 0.22 was
added to the regression weight (representing the direct
wfluence onthe path of sustamabihity of infrastructurs o
owner-benefit) of 0.63. producing the total ragression
weight  (representmg - the total mflvencz) of 083,
Obwicusly, the total influence was more than the direct
mfluence; thus. H4 was accepted The mfluences of
sustamnabaliry  of “mfrastructure on  th= suecess of
constiuction projects and on the owner benefits are

shown 1 Fig (Detaills of observed  wvamables
describing latent variables of critena can be seenm [11])
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Fig. 1. Final SEM modzl

The results demonstrate that sustamability of
mfrastrucrure has lugher direct wifluence on owner
benefits  regression weight: 0.63) than that of the
success-of construction projects on cwmer benefits
(repression weight: (.26). This remforces the behef that
mmplementation of the infrastruciure sustamability rasults
m not only higher level of success of construction
projects but also more owner benefits in terms of
environment, ecomomucs and society. The  owner,
therefore, should ancorporate sustamability concepts,
such a: preparation of flood risk assessment. waste
management plan, and ephancement of commmunity
accessibality mto the design of infrastructure. When the
success of construction projects plays an intervenmg role
between sustainability of infrastructurs and owner
benefits, the total mfluence was increased from 0.63 w0
0.8 (a combmation of direct mfluence [0.63) and
mdirect influence (0.22)). This demonstrates that
successful construction projects, as an  intervenng
variable, can generate long-term mdirect benefits to the
owner such as increased comfort and safety of project
users, and improved reputation of the ovwner.
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Abstract. Construction. is ‘one of industiies that have negative impacts on the environment.
Relevant orgamzations both 1n Thailand and other countries have been trying to minimize these
impacts. Developing green btinlding assessment systems.is-one of efforts m reducmg
environmenial impacts and using namral resources efficiently. Cusrently. there are many green
building assessment systems wath different objectives and assessment scopes in some details.
This could cause som= confision n selectng the smiable syst=m for the project m accordancs
with its envircnmental, social and econommeal contexts. This studyv was ammed to compare and
provide overview and components of these svstems. The companson resulis can be vsed as a
gudeline for farther development of green building assessment systems. It 15 found that most
major green bmlding assessment systems still concem oaly environmental 1ssues while newly
developed systems have includ=d social and economic issues i their criteria. Purthermors. the
system which 15 developed in one enviromment could not be used with fall capabalities in another.
This will lead to more research 1 developing the assessment system that 15 more comprehensive

and adaptabl= emough to be used effectively 1a varipus enviromment.

1 Introduction

Reahzing environmental mmpacts  from  construction
activities, relevant orgamzations in several counfries
developed building environmental assessment systens,
also known as green buildng assessment systems. m
early 1990s as mudelmes for design, construchion acd
performance assessment of green buldings. Leacing
systems care  Bwlding  Research - Establishment
Envirommental  Assessment . Method - (BREEAM),
developed by The Building Research Establishment Ltd.
Tom the UK Leadership in Energy and Environmental
Design (LEED), deweleped by US. Green Bulding
Council from the Unit=d Stat=s and Comprehensive
Assessment Syst>m._for Buili Envirermwent Efficiency
(CASBEE). deweloped by  Japan - Greznbmld
CouncilJapan Sustainable Building Consortiim from
Japan. Thess syst=ms are widely used both i thew ongmn
countries and abroad. Responding to this growing
movement, Thai Green Bwmldmg Council developed
Tha:'s Rating of Energy and Environmental
Sustamnability and National Housing Agency developed
Ecovillage Criteria in 2012 to encourage sustainable
construction practices 1n Thailand.

With  different systems and their different
objectives, assessment scopes, building types, users, life
cycle assessment, environmental, social and economic
1ssues, hesitation could occur 1a selecting the best system
to be used for the project effectively. Thersfore, efforts

have been made by academics and relevant orzanizations

: Cerrzsponding author: thenachoa@hotmail com
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m energy and environmental sectors to classify these
SyStems.

For instamce, ATHENA Instinte [1]classifies
butlding environmental assessment systems inte 3 levels.
while International Energy Agency [2] classifies them
wmio 7 levels according to their scopes of assessment,
such as product compensen tools, ife cyvele assessment
wools and whole building performance assessment tools.
Reynders and van Reekel [3] divided the assessment
tools mto 2 groups &s qualiative tools anc quantitative
tools. The qualitative tools were based on scores and
criteria. The quantiative fools considered life cycle
assessment, input and output of matenial uses and energy
consumption [4]

Currently, there are mcreasing numbers of bulding
envionmental _assessment  systems both local and
mrernational. Each system has different objectives and
assessment scopes. International systems are used svther
directly or as guidelin=s for green buildmg assessment
syst=m development in some countries. Haapic and
Vitamemn  [5] smdied 14 bwlding environmental
assessment tools mcluding quantitative, qualitatrve and
life cycle assessment toals to classify them according o
their scopes. They wer= comparad within the same level
with compzrison factors: assessed building types. users
of the tools, life cycle phases. databzse of the tools,
forms of assessment results.
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The research was concluded that:

1) The assessment tools were much different depending
on needs and puposes of development The
comparison 15 therefore very dafficult.

2} The tools users were unable to asssss reliability of
the tools and their results.

3) The tools covered different life cycle depending on
guidzlines and database used.

4) There should be an examinanon on faciors affecting
tools selection of the nsers.

Forsberg and won Malmborg [4] studied 5
quantitative  environmental assessment tools and
compared them to present thewr overviews and cument
status. - Some of these tocls.are already available and
some are mnder developmeat. The companison. factors
are: users of the tools; everall purpose, specific purpose,
assessed buildinz types. considersd ‘issues. research
dimensions, basis of comparison, scope of tools. result
presentation.

The research was concluded that:

1) The tools studied were developed from hfe cwele
analysis of buildings and matsnals used.

) Life | cycle assessment still had. difficulues m
environmern’al 1mpact assessmens

3) Selectmz scope of the assessment tools was
mmpertant deperdms of requured results.
4) Development  of qualitative  environmental

assessment tools basad on life cycle analysis to be
sustamability assessment tools should consider social
and economic issues as well.

Dimg [6] studied 20 emvironmental assessment
tools to present overviews and analyzed assessment
methods used 1n several countries. Their lnmitations were
examined and would be used as basis for improvemant.
Analysis results were as follows:

1) Using enwironmental assessment tools as desiga tools
— The tools were useful when wsed dunng design
phase but will be more useful of vse dunmg pre-
design phase.

1) Selecting appropriate projec: — The tools were less
usefill 1n selectmg the oroject options than assessing
the project design

3) Fmancial sssues — Fancial issues. should be
considered along mith environmental 1ssues.

4) Repional wariations = Most assessment tools were

developed zecording to their regional environmert.

Currently there 15 mo single tool that ‘can be used

effectively worldwide.

Complexity — Enviropmental assessment 1s a

complex task Devzloping a tool that has complete

coverage but stull sumple enough to use was
challenging.

Quantitative and qualiative data svaluation — Most

quantirative evaluation was performed in comparison

with collected data and standards. However
environmenral issues were mostly qualitative data.

Obtairang  accurate evaluation results was more

complex.

Weighting — Weighting should be adjusted on

project-by-project  basis to reflect development

objective.

b)

I

=51
Rty

7

R

(=]

8) Measurement scales — Measurament scalss use a
scorng svstem but there was no commeon basis mn
determining the score level of each assessment

With these hmuations. there should be a
development of assessment tool that could svaluate data
m varions dimensions. Smee construction was an activity
mvelving many complex decisions in environmentel,
social and economuc ssues. Developing sustamable
mdexes was an approach o address mmluple criteria m
decision-makings of the project. Renjinders and van
Roekel [3] studied compreh=nsivensss and adequacy of
envrenmental bwldng amprovement tools. The tools
were dinded into 2 main groups
1) Requirement type instruments — Requirement type

mstruments _of -the public and private sectors
currently had inadequate coverage en environmental
ssues. They tend to focus on emergy and water
CONSIMMPLON.

2) Guidance type instruments — Five guidance type
mstruments  studied  _had more coverage on
environmental 15sues.

However, from literatur= review it 1 found that
thers are few 1esearches comparing components of
leading green building assessment systems, which could
give the readers more understanding and could be vsed
as puidelines for forther cystem development and
improvement oa 4 Whole building: This study was aimed
to compare green buldmg assessment systems which
could be used on a whole buildmg. Six systems were
selected for comparisen to present their principles and
main. components. This. comparison was expectad o
asstst stakeholders in choosing the best system for the
design and construction of green projects effectively i
accordance with  thewr envitommental - social and
sconomic condstions. It could also be used 25 a guideline
m developing and improving the local green building
assessment systen.

2 Methodology

Ths research vsed a qualitative methed by exammng
components of green building assessment systems
obtamned from previous research works [3-6] and
websites of relevant orggnizations (1.e, manuzls of green
bulding assessment systems). Then, the data were
verified with data triengvelation method by consuliing
experts and practioners in this area whether the obtamed
contents are accurate. By examining the different sources
of data, the result of data tnangulation test showed that
all the daa from the three different sources (manuals of
green  building assessment systems, experts, and
practiioners) were consistent, which wverified the
obtamned data. After that. the venified data were analyzed
with component analysis to compare contextual and
methedological aspects. The processes are as follows:

1) Determining framework in szlecting systems: For
thus study, ATHENA Institute classification of green
building assessment tools were used as follows:

* level 1. Product  comparison
information sources

and

tools

209



MATEC Web of Conferences 192, 02027 (2018)
ICEAST 2018

hitps:i/doi.org/10.103 /matecconi/201815202027

¢ Level2: Whole building design or decision
support tools
¢ Level 3: Whole building assessment frameworks
Of systems
The qualitative tools in Level 3 were tools were selected
for flus study according to Regnders and ven Roekel [3]
concepts.
2) Selectng tools: Level 3 tools that could be nsed as
whole bulding design and construction guidelnes
and assessment tools were selected.
Determining  companison aspects:  From  the
assessment _framework for environmental, znalysis
proposed by Baumann and Cowell [7] as vsed by
Forsberg and Malmborg [4].1n their ‘study covening
contzxtual and methodological aspects were selected
and mmproved for this study as follows:
Contextual Aspects
* Assessment system dezvelopers
¢ Assessmentsystem users

3

I

# Assessment system categones
¢ Assessment bmlding types
o Assessment system scopes
Methodological Aspects
* Assessment dimensions
¢ Main assessment criteria
* Assessment result ratings
4y Analyzing information: The related mformation
and aspects were gathered and listed in comparison
tables.
5)  Summanzmg the study.

3 Results

Green bulding assessment systems meluded i ths
study are used locally and internationally. BCA Green
Mark, EEAM, and TREES are used at Iocally, mostly m
Asian countries] EREEAM. CASBEE and LEED are
usad mternztionally as direct implements and guidelines
for develcpment of other systems. Results from research
m their websites covering contextual and methodological
aspects for comparison are shown in Tables 1.

4 Summary

From the study, it 1s found that ‘green duilding concept
has been practiced for meore than 20 years o mitigate
envirenmental problems. from esastruction achivities.
The concept should be implemented in the project as
early as possible, from planning to design. construction
and operation phases to maximize its benefits. Green
building assessment systems n this study have smmlar
main assessment critena, such as site, energy efficiency,
water efficiency and indoor environmental quality. They
are the core concepts of every system. The assessment
procedures, users and types of bulding are also
practically similar.

However, comparing these systems to determune
which one 15 befter 15 stll difficult becauss ther
objectives, contextnal and methodological contexts are

different m details. The system that ig developed o

perform most effectively in one environment might not
be as effective 1n another: cue to environmental, social
and economic differences.

Apparently, LEED 15 the most widely-used system
m Thailand due o its populanty. coverage. proven
envirenmental benefits end added marketabality for the
certified project. Selecting the night system for the
project is quice complicated if the user starts to consider
sociall and economic beaefits i addition fo
environmental m lus local condition. Currently. there 15
no single system that can be used effectively to assess
sustamnability of construction 1 all environmental, social
and econemuc conditions. Further study 1s recommended
1o’ develop -the system that 15 comprehensive and
adaptable enough to be used with full capability in
variovs environment-as a solid guideline for sustamable
construction.
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Table 1: Comparison of Green Building Assessment Systems

A Comparison Aspeds
Systems Comtextual hethodological
Developers Users System Categories Building Types Scope Assessment Main Crtena Ratings
Dimensions
BCA Green Building and Owner, Developer, Mew Buildings, Existing | Residantial, Non- Dresign, Construction, Enviromment Climatie Respansive Green Mark
Mark Const mction Deesigner, Buildings, Beyond residential, Landed house, | O perateon Design, Building Evergy | Platinum, Green
Authority, Singapore, Contractor, Private Buildings, Occupant - Data centers, Healthoare, Perfommance, Resource Mark Gold™*, Green
2005 [8] sector Centngs Sehools, Offices, Stewardship, Smurt and Mark Gold
Restaurants, Retml, Super Healihy Building,
markets, Lahorataries Advanced Green Efforts
BEAM BEAM Society, Hong | Owner, Devel oper, Mew Buildings, Existing [ Residential, Commercial | Planning, Design, Enviromment Site Aspects, Materials Platinum, Gold,
Kang, 1996 [9] Diesigner, Contractor | Buildings, Intenar, Construgction, Aspeets, Eneagy U se, Silver, Bromae
Meighborhood, Bespoke Il ang pement, Water Use, Indoor
COhperati on & Envimonmental Ouality
Raintenace
BREEAM BRE Glabal, UK, Onwmer, Devel aper, Cammimumn hes, Ceffice, Retail, Industrial, | Planning, Design, Eniv Managemert, Helth and
1990 [10] Desi grver, Infrastueture, Mew Drata Centers, Eduation, | Construction, [n-LUse Wellbeing, Energy, Excellent, Very
Contractor, Building | Constmetion, In-use, Healtheare, Residential, Refurbishment Transport, Water, Waste, | Good, Good, Pass,
Manager, Temant, Refurbishment & Fitout | Mixed e, Other Materials, Land Use, Acceptable
Researcher Building s Follution, Innovati on
CASBEE Japan GreenBuild Owner, Devel oper, Mew Constroction, Residential, Flanning, Desig, Emvirorgment Built Environment Excellent, Very
Coungil Designer, Existing Buildings, C ommereial, Houses Constroction, Cuality: Indoor Environ- | Good, Good, Fairly
(JaGEC yJapan Contraetor, Private [ enovation, Markel Ml anagement, ment, Quality of Service, | Poor, Poor
Sustainable Building sector, Researcher Promaotion, Commercial Oyperation & Cutd oor Environment
Consortinm (JSEC), Interiors, Temporary M aintenmee Built Frviromment Load:
Jupan, 2001 [11] Construction, Heat Fnergy, Resour
Island, Urhan Materials, Offss
Dewvelopment, Citigs, et ¢ Envimonment
LEED 1.5, Green Building Omer, Developer, Building Design & R esidential, Dresipn, Construction, [ Environment, Logation and Trmspor- Platinum, Gold,
Coungil, UsA, 196 Diesigner, Comstruction, Migrior Commercial, Sshools, Orperati on & Soviety, Feonomy tation, Sustainable Sitg, Silver, Centified
[12] Contractor, Prvate Design & Construction, R etail, Eaata Center, M aintenance r Efficiency,
sector, Researcher Buil ding Opemtion & Warehouse, Hatel, Energy & Atmosphere,
Mamtenance, Healtheare, Home, Materials & Resourees,
Neiglborhood Commerctal Interior, Indoor Environmental
Development, Homes Building Core & Shell Cual ity, b ovation,
Regional Prionity
TREES Thai Green Building Owner, Developer, MNew Buildings, Existing | Residential, Cotmercial Enviromment Guilding Managenent, Platinum, Gold,

Coungil, 2002 [13]

Deesigner,
Contractor, Private
sector, Tenant,
Researcher

Buildings

Presign, Construction

Siteand Landscape,
Water Conservation,
Energy and Atmosphere,
Materinls and Resourees,
Indoor Environmental
Cuality, Environmental
Protection, Ginean
Innovations

Silwver, Certified
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