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ARzl gk M8 AE Aol JeTvkd 'S AV vk ek FeETHE
S AR Aotk o] Aol i -2 wuE SAGES wAFE Ol B3
A vhE | ok Z2AETE 22 ofolHolE Etetal, AR e A&
HM3tE 87de W, 2AEde] B ok Kraft(1997)= 2 71
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SO, ofojtjoirt AR AEHA FowH AN AAAE ZXE HAAE
Aol MA@ FrF BAyatA

AA LR+ ditdozE iy ZEAHE AN FiFos Bol st doh A

o=

2]
AR U9 T dEoly, 1E, skeAgd, 1EER 5 BE Ao Z2AE
ol 7]t oflg} Abgre] AR QAR A = 4 AT Love 5(2000)°]
w2, AALFE AT BAPE 6 U HEZQ] ojrAE HAE 5 Q)

T, AR AAREE T F A B o, SRHow A 5004
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2 Hammarlund, 1999).
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Table 21 Definition of desi

Busby (2001)

occurrences which were unexpected and which could
not be attributed entirely to chance

”»

or circumstances.. .

Bea (cited in
Atkinson 1998)

“...a departure from acceptable or desired practice on part
of an individual that can result in unacceptable or undesired
results..

Hagan and
Mays (1981)

“...a failure of the human to do a designed task within
specified limits of exactness, sequence or time.. .

”»

Kaminetzky
(1991)

deviation from the true value,

lack of precision,
variation in

measurement because of a lack of human
and mechanical perfection.. .”

Knocke (1992)

any departure from correct construction (including

checking and supervision) technical inspection; and absence

of adequate instructions for maintenance and operation of
the building.. .”

Reason and
Hobbs (2003)

the failure of planned actions to achieve their
desired goal, where this occurs without some unforeseeable

or chance intervention.. .”

(Source: Lopez et al. 2010)

23 AA L74 MNdH F&

A LR T

Lopez 5(2010)2 A

SL,

H(source)°l] ot
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Table 2.2 Conceptual taxonomy of design error

Input (or Encoding) failure
Lapse Storage failure
Output (or Retrieval) failure
Slip in any goal
Skill/Performance Execution | Slip in intent
based error Slip Slip in action specifying
Slip Slip in action execution
. Slip in perception
Evaluation L. .
. Slip in interpretation
Slip o . .
Slip in action evaluation
Mistake in any goal
Execution Mistake in intent
Rule/knowledge _ Mistake Mistake %n act%on specify-ing
Mistake Mistake in.action executing
based error : : -
) Mistake in perception
Evaluation . -~ .
! Mistake 'in interpretation
Mistake ] i i .
Mistake in action evaluation
Violation Non-compliance

A

SRE AT Aol vk
Wl ek AL He

AE Azko] 7ol afe}
LS BENATA R

A R Y

& S71HLove et al., 2011).
AHA B2 A Fokle

Dosumu ¥ Iyagba(2013)+
HE@AAZD 9 T4 =

Andi 9} Minato(2003)= 17te]
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H I:

E Influencing factors i Direct failures -
i 1

I : :
| Organizational Workplace ! Active Defences :  Outcome
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i ¥

i 3 i E > “Emorand [T .E‘_@ _E:E
[ 5 L6 S g || vioation i L FH ER
2e(]|2 | 25 poducing 11| Erorsand | kil kil

i c% = | S & || conditions in il yiolations by ;
HES| |[=| [E£8 theworking | 1: | ' designers ezle:k
it ad il = i 2s)25]
i &) 2 specific time i H B
i Ealle =a Exed =R =R :
i 1

|

Latent failure pathway | |

Fig. 21 A general structure of the mechanism of defective design causation
(Source: Andi and Minato, 2003)

Organizational Workplace Active Defences Outcome
factors factors failures
c E3
m
HiE
|
Active failure pathway - %ﬂ:ﬁ;‘;‘
HIE
28 |2 A
BllSE
== S
Latent failure pathway

Fig. 22 Active and latent failure paths (source: Andi and Minato, 2003)
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DAL, ol AElzE ZAES HiFe whEo], EF<S sH @ AKtrade

package) = Al&&}stAl gt

Organisation

Learning

Fig. 2.3 Propensity for error reduction through people, organization and
Project (Lopez et al, 2010)

Table 2.3 Propensity for error reduction through people, organization and

ﬁ'ect iﬁ et al 2010i

loss of biorhythm skill / performance based
Personal
adverse behavior violation./ non-compliance
inadequate. training / inexperience | skill performance based
ineffective utilization of computer skill/ performance based
Organizational
inadequate quality assurance rule / knowledge based
competitive professional fee skill / performance based
unreasonable client and end . . .
) violation / non-compliance
user experctation
time constraints skill / performance based
Project ineffective coordination and
. . . . rule / knowledge based
intergration of the design time
inadequate consideration toward
. rule / knowledge based
construct ability

_12_
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Assement of Project Requirements

1

Assignment of responsibilities to Design
Team Members

A 4

Identification of inputs and analysis of
various interfaces

<

<«

L

Consolidation of input

------ T

Space use and material study

”

h

Preliminary design and specification
preparation

A 4

Review, verification and quality check

A 4

Final design and specification

Fig.24 Flow chart of design
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Josephson® Hammarlund(1999)+= A8 2§42 #ejgAo A EYs= A gHe]
29 Fg2 ZEAEeE MAERE 78kt stk Josephsont
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G) FEAHEHE AA), (6) AEEZ (7) AH F (8) 718 ol ot shadch

oJE BF B AFL HALF b A /15T 1 ohe, FHAA, AHEA
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(2010) A 7o thgdt Alel is] vEHoR A STh AA L FUL
< FEYEA (1) HlelL BB &4, (2 MUY BAA %, (3) AR o)
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ZItl, 1eja 8) AAIRREY] RlaAAd 24 B 53 o8 ERSIAT
Ransom(1987)3} Burati 5(1992)2 AAHZ2AE FHz}o] ok 60% ©]do] AAH
ztol 710t Ae 2y FAdh Josephson Hammarlund (1999)0] w=w,
ZZAE A A M 8% 9T BFA(cient), HAHHEEAAET), AlF
2L AEFA, s 33 9A, 3 F5 JA, T3 AR T Z2AE o)
So] dtta sHTE ol ZRAEV AAE A Bk 4 FoztEe] d=
= Je= AR 7Y EH HEAS oy
3l ©]Z Table2.4°l A3
7o Q1S Lopez 5(2010)2, 1) AFE &9, )27 #d, H 3)=Z=2

1-0

ot o] gt
AE #d 5 A 7H=E 72 Aok §laL, As3tel 4ds] #dAdol %
il 3k thSunyoto$} Minato(2003)
IZF B =2 Zslol tis) AEZ v Tt
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to
it
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27] @Al 7IRlsks o2 Hal vk
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Table 24 Causes of desi

Australia | Lopez et al. (2010)
1. Loss of biorhythm Personal Sweden Josephson and Hammarlund
(1999)
2. Inadequate experience of Acharya, Lee et.al. (2006a)
. Personal Korea .
designers Park, Harrison Kwangho(2011)
Korea Acharya et.al. (2006a)
3. Wrong assumpti Personal
re ons e US | Haydle and Nikiel (2000)
4. Incompetent designers Gross Acharya et.al. (2006a)
Personal Korea

Human error Andy and Minato (2003)
£ hadeush . ; Sunyoto and Minato (2003)

- Inadequate Designers Personal Josephson and Hammarlund
Professional Education

(1999)

Y / ¥ Her, Borami et.al(2012)

) uate understanding o
Clont equae Organizational Busby (2001)

S requirement
e s red Tilley (No date)

7. Inadequate analysis of local ,Lee et.al.(2006a
”equae ysis . Koren Acharya : (2006a)
condition Park, Harrison Kwangho(2011)

Acharya et.al. (2006a)
8. Basic data taken Organizational K
c data wrongly T % 1 Her,Borami et.al(2012)
Korea Acharya et.al. (2006a)
Australia | Tilley & McFallan (2000)
9.Low design fee Organizational | Australia | January (2003)
UK Salter and Torbett (2003)
Australia | Lopez et al. (2010)
10. Inadequate understanding of
_ € Organizational Us Haydle and Nikiel (2000)
design concept
11. Inadequate quali Love et al. (2010
lequate quality assurance Oreanizational | Australia ve (2010)
from Consultant Lopez et al. (2010)
_ 15 _
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Table 24 Causes of desi

error (continue

12. Inadequate design revi Organizational Fon atal. (013
' © cesen review Awstralia | Love e al. (2008)
13. Reuse of specifications and Organizational Koea | Hanetd. (2019
details
14. Understaffing of Consultant Organizational Korea Han et.al. (2013)
15. Culture of Consultant’s L
iztion Organizational Sunyato and Minato (2003)
Lee, Nam-Jin(2011)
Korea | Tiley et al. (1997)
s
% Fox et al. (2001)
16, Quilty of desi . A . Atkinson (2002)
- Quulity of design fiirtation Organizzt ; Sinyoto and Minato (2008)
Manavazhi (2004)
e | P AL (000
Tilley (No date)
y Kim,Byeang Soo et.al(2004)
d Josephson' and Hammarund
17. Time constraint Project (1999
- e s Atkinson (2002)
= Lopez et al. (2010)
Tilley (No date)
18. Lot minite changss in the Project S Haydle and Nikidl (2000)
construction sequence
19. Change in construction schedule Project Us Haydle and Nikid (2000)
Horg  Kong Arditi et al.(2002)
20. Overlook analysis of Project B Chow and Ng (2007)
constructability B Lopez et al. (2010)
Tilley (No date)
. . Han etal. (013), Lopez eta
21. Inadequate Project Govarmance Project Korea

(2010)

“)Collection @ pknu
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Table 2.5 Effect of design error

Tilley et al. (1997)
ol RodD Paleeswaran et al. (2007)
1. Additional cost/resource Acharya et.al. (2007)
Nepal
Korea Han et al. (2013)
Kim et al(2004)
Tilley et al. (1997)
. Hong Kong Kim et al(2004)
2.Time delay Korea Paleeswaran et al. (2007)
Han et.al. (2013)
3. Loss of prestige of prafessionals Nepal Acharya et.al. (2007)
4. Lower Project performance Korea Han et.al. (2013)
5. Loss of Life Australia Lopez et. al. (2010)
6. Many .design changes in Tilley et al, (1997)
construction process
Tilley et al. (1997)
7. Reworks Hwang et al. (2009)
Love et al. (1997)
8. Coordination Problems Tilley et al. (1997)
o B|R
A5(80%) (68%)

AR

=K

Fig 25 Bfect of design error in design-build project in Korea (cited from Kim2004)
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g, AHHEEQE HAE Fdslor & SAE #8E Zart Utk Pilcher
1994)7F A A& nte]l olshd, MEAZE HEHW Fig. 2600 LERd npel o]
A7du)g2] 80/ %7k ABHLE o] GA A TS s dekA] X3 AR
o} FEre AAFAE AR olFdle AARE BAoU AAES IE F giA

THETE  Burati 5(1992)& A7l 5ol o3k 23Hg-o HA] Z2AE Hgo
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op ESZ
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100% Influence Costs E S 100%

Conceptual Planning
and Feasibility Studies
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Engineering
r)

| Procurement and Construction |
’
04 Startup
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- Maintenance
-

Level of Influence on Cost
Construction Cost

o, - o
0% - 0%
Start Project Time

Fig, 2.6 Relation between project cost over level (cited from Faisal H AHMuhammadi)
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[ Review of related literature ]

~ S

[ Result and Conclusion ] [ Design of study ]

(Cause, Effect, Strategy (Survey Instrumentation)

f |

[ Analysis of Data ] [ Population and Sampling ]

(Statistical program) (Subjects and Numbers)

Data Collection
(Empirical Study)

<Fig, 3.1> The research process
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3.1.2 A& FA}

1) A AEe A4

r?ﬁ

o] ATE 9
A (TxDOT,2008; Alarcon®} Mardones, 1998) 2 A #ke] 723 #5t ofyg} w3}
A 5 ek AALHFEE ERL Fxsle] AASAY. HEAE AT 53S
Hdaly] e 3 BRog MAst A WA FES SEAe] Al A Ko

H
43 A0 AAGHA] ARWE ohe, AMAYH] AHEE 25 T 5

AEZzARE o8 A'd(Dosumu$} Iyagba ,2013; Love et.al.2013),

ol W= Gl BF HEolT, A MA LR BA OFE AZUAS =
R I BFOR FHSEL. APUEEAS §iste] AH§E EFE <Table

e el A4 HE Hehls 9de] Ffelth 1 ~ 59 Likert Hwsb
FA, AMRE, 2 A ZEoIA Ashe AR} A4 FEF8Y] A HE
St SRA 1AL ATATL Ae) golh B FaAdl tF 5ol
Rzol wheh Zgstee A HALeFol AYBh FFel ol Fa(Fe)atA &
& BSAMRE T ] FAENH A2 Sk

<Table 3.1> Pattern of five iint Likert scale iu&stionnaire

1 2 3 4 5
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<Table 3.2> Descnﬁon of Likert scale

! Not Respondents have strong disagreement about the
Significant given statements in questionnaire
) Slightly Respondents commonly (somewhat) not agree with
Significant the given statements in questionnaire
3 No idea or Respondents want to be in neutral state (neither
Indifferent agree not disagree).
o Respondents commonly (somewhat) agree with the
4 Significant . . . .
given statements in questionnaire.
o Respondents strongly agree with the given
5 Very Significant . . .
statements in questionnaire.

2) AH AE 34

3) 23U BB

1) AT BE

_28_
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tolel& webA T A7+ BT F27]ek sLsta, 234 Al (experimental
design)oll 4], ATtoll we} ofg 7FA] A 2] (treatment group)oll we} ThFE %
HA717F S 4 Ath(Wikipedia, 2014).

R F2 2D 37], 51822 g A= o ot 2Pt 23
o] Arle ARE FHSSaAE ARtk ey, BRI =717} 20,000 ©)%
A Aol & FEFe FA Btk AFeE
< A7 LR/ SAE NEEE FASH AET SEHE S0l 2219 FA

dol 9g MES vehath o3} Mt AT BRel B 2AER}

S
(L
td
i)
i
lo
W
N
lo
rE
Lot
rir
rU.u
Al
B

mlo
rot

=

Qi
op

ol AT RS 20,0004 olFoR, 95% AlFFEF 3k W5 %E I
Hahd, oF 37799 AE-SHAY} FQ(Market,2014b)3le] 7541 o)) HEXE
Hj| 323} AT
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32 AREA YF

321 AEEA HAx}

1) 2443

T35 AZE Fig 329 2] Acharya(2006) 5°] AMES W RS o]&
Eipiied

2) A5 =38

Zhoh)7] flste] AEE Bl AFFH N ARE AHslr] st Z=3siit:

guntel Jleld Ane BAS) SAdte] sA=s mASRYEY g SO

>
H
k&
rlo

sgate] 2 HelA BEATEL 1, DHEE TF(A 2,
AIEL 3 B Aesiys Rosdr AEA SRR 54 T2 13(SPSS)
2 olf 2% Fhe EAME S AWHAAL Y ARE BT,

AAeRel A AAeFe FBLT BAs) S8 NeEA, BARA
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Data collected through
questionnaire survey

v

Calculating mean and ranking for
each group(party)

i

ANOVA tests

Consensus?

No

Levene's test

Equal variance?

Yes

Tukey's test Dunnett’s test

Practical difference
(d<0.05)?

> Factor analysis for : Overall

v

Results and Discussion

v

Develop reduction strategy
of design error

¥

Conclusion

Fig, 3.2 Flowchart of analysis process
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322 7|l BAF

1) A= AA

21 ¥ = (Reliability) & 2}

Z1 0 & Cronbach?]

Uehe

N

a e

FH I ATy JAFEA BHEAE T Atk Keytone (2001)0f 23}

L
=

glal gukg o2 Wl =rt 07

~
file)

Cronbach®] aZ}t&

Z3}3 Cronbach?] a2l& &

H X

o

- <2 31>

1+(n—1)-r

2) HEk

ol
J3

ﬂwﬂo

Np

il
—_

AT

S|

goz egAeoR Ao

ol

Likert

A

o2 IFEATE Mogey(199) 53 2 2

= A

i
o

TA=2 Likert
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2002)% Phua(2004)5< A¥A4ele] AP o= sy, b A7AEF 2o
AREE AFelx Bogtel Wlel AREHI dvkal skt webA o] W

ME WHEH7EE Y% -2 Table 3390 EAISH ZAAXH Likert 2 =3k H o)

o
o

L —

39 olold  FQa Wi(variable) D WFEAh ATHEA G s)EEe] Qe

l

RE WSE AA HAg A, AHEE 2D X232 18 o7 AYSYTh

Table 3.3 Category of acceptance of variables

1 1~ 3.0 Not accepted
2 3.0~4.0 Accepted
3 4.0~5.0 Strongly ‘accepted

# Source: Adapted from Awakul et al(2002)

i
of?
ot
flo
=
od.
ok
N

BAG u ALgEe] AT A0 R A0l B Ao e
a4 Likert H=rollo]gk HAERA G v HT b= AH&Stth

B HAEgk el M4 9AE S5 otk B 2AHEAE
el "ejshy] wie] the AFAEElE E9 A3 9 938 (Chan
etal 2001, Awakul et al 2002)3} PR7FA & - HHE ZopollAx de] AR

BN

H& dholth. Hagk(z)S otefe] 2 328 AAE

M

el AF2 FERRAE A7l SaSo] BRFRoE HE oy =8
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HtAA

Studente] t AL 271 WFE 712 SPAFG} A% FEAFE AR
Ao AP SYWFT g WFE Aol BRG] AolE AHHAA B

o) AR 5 Sl

it

5) ANOVA ZA

i

Al % ol SEAAFEY Fo3 Wl sl /A= Tl A
YA AE)E ANOVA(ELHR] #4HEA)S o83l AAskAth. ANOVAE
HZ AsFgES AAFoRE AYside FAHSE 2T ANOVAY

Q4 FAFS IKBFK AolE HERIE F FAolr SPds PR ol F
o7 e Bl velsl BT ke Y Helelx] g FHHE 2

hypothesis)& 71248t p#t& FAIA FY SAA frolaes Asted =30]

=™ (Minitab Help, 2000), AF7H-& 5 T 7178tk 7HdAA o] AHE-H
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ol pH Type 1 2R/E ¥ F Ae FES Uehliy 1 Zlo] AHY
W AT 71AE T pEkol AeaE AFTMES V148 &
e Folth BE {FoFFOoR 005(6%)7F AHEEIAEH ol p#kel 0.05
Hop ztod F57Hde 7147ds ofv]olth Fig332 ANOVA HAHAE et
W Aok

Calculate Mean score of cause and
effect of design error variables

Mean score >3.0?

REJECT
| as cause and effect of
__ design error variables

Compare Mean scores of groups using ANOVA

ANOVA significance?

Cheql(?ne‘an differences
(p value < 0.05)

. in sub-groups
—

No

y

ACCEPT
as cause and effect of
design error variables

Fig, 3.3 ANOVA test process

6) 44

Levene®] SEAMAA L 15 Bibo] FUSIHE 1
§Hof Atk ANOVAZA AT 1§1ke] Bl drke AT7Hde] 71248 A

A& 98t Levened TEAMIAAS +3T

e

a7t 9a 2Fr] FEL
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e 37 918 BAF Fmax® A8 The 4 349 Lo] EEY U
(Heiman, 2001).

Largest Sj
Fmax = L LR RRRLERRELERE . </}J' 3.4>
Smallest S;

oA7|A, 822 F4H EELE]AL A Bk (over all F-value)©o] r2l3HH(p < 0.05
TS 717 T (Coetzee, 2005). Fgkol p>0.062 Fiabdolet 7HA& TH=
NAFHA Tukey ARGl 153 Btk A4 2pol& 2Ash=t o]-&dn
TR TS MEAIATA ZSke A -9(p<0.05)0l= Dunnet®] CHAo] 1

w1t Bkel TAA Aol & AR skt ol 8T ©] HA= Fig. 340 YERd

Check mean differencesin
sub groups

|

Levene’s homogeneity of
variance test

-

Dunnett’s C
Tukey’s HSD test HSD test

Mean difference
Significant
(p<0.05)?

Yes

Check for practical
significance(d)

ACCEPT
as caue and effect of
design error cariables

Fig, 3.4 Homogeneity of variance and post hoc test process
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7) 4%H #9

ARH o S 2

Effect sizeg ©]&3to] 1HEIES] Hgk Alolo] zolE AT 4 Ank 74
oL AFAHoRE JIFE THAe FTEIF A9 AIE olsiEo]Hokiith
Fig.3.5v A4 9 (practical significance) 4. Ax}ol| thsl A3t Qloh

(1) Effect size

Check practical
Significance(d)

REJECT
As cause and effect of
design error Variables

Ignore statistical significance
{p) And ACCEPT as cause and
effect of design error variables

Fig. 3.5 Practical significant test process for mean difference

ES(ffect size)= 1H3+e] W gtel 271E€ 2AAsH] fs) AMgHe TAFS

AN

Baakel 7] JrpAel = el BdA|e zele) A71E HAAsk=dl AR

=
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The Table34®l 2} 35 2 2} 362 tAA AN Bdol(d)ol thE AT £

oS AAsh=t ARSIl 4] 3.6 ANOVAZ S 18l AR&-3HHCoetzee 2005).

Table 3.4 Practical significance formula for mean comparison

d= | Mean o — Mean g | + SDmax. for t test <2 35>

d=| Mean o — Mean g | + Root MSE (pooled SD) for ANOVA test.__<2] 3.6>

% Source: Coetzee(2005)

Mean A = 3 WA 1159 A+,

Mean B = F WA 159 B,

SDmax = ¥ IFY EFHxFT & %

Root MSE = root. mean-square error

Cohen (Coetzee,2005). 71| Zfolel izt {8 HAS #13l tha Table
359 #Zo] dAGE ALt d = 055 Hzt Aol g A
AR o= gtk

Table 35 Effect size for mean comparison

0.20 small effect
0.50 medium effect
0.80 large effect

# Source: Coetzee(2005)
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At o] A ES& ro Huigks Ak
Cohen(cited from Coetzee, 2005)°] A%

Table 3.69} Zo] r=0.3°0] AFRE AT}
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Table 3.6 Effect size for correlation
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Table 3.7 Factor analysis process

High correlation > 0.90 is not desirable to
1 Correlations avoid multicollenerity and singularity (Field,
2005)
1. Kaiser-Meyer-Olkin (KMO) test:
High value greater than 0.7 indicates that
factor analysis will yield distinct and reliable
9 Validity/ factors
Adequacy test | 2. Bartlett’s test(Reliability test):
Tests the null hypothesis that the correlation
matrix is an identity “matrix. (Desirable p
value <0.001)
1. Kaiser criterion (greater than 1 eigen value,
3 Number of sometimes greater than 0.8)
factors 2. Scree plot
3. Arbitrarily (As required)
Rotating the . 1
4 Common method varimax rotation
factors
= l. Communilaties test >0.50
Retaining ’
5 ; 2. Factor loading > 0.40
variables i )
3. Cross loading difference > 0.10
6 Interpretation Interpretation of each factors

4 FHEH

21 370 EAE FBA ()

rr

T 7he] AEAR) Mg Abole] BAE EANSHE
&A% (Keytone, 2001)°]t}.
BHATe FARE -1AAFE +1AL0] gre 7HAH, BE ZAAlT 04~0.9%
2 43t 43 (Keytone, 2001)E 7ML & ALE IHHTE FolFES
™

ARl ARG 170l A124F S A AFHE ek
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5 BE9 AY{=

KMO(The Kaiser-Meyer-Olkin)7d 82 g H S o]&ste] AlLkd FATF
o2 d7Ae] AR7E-aflENC AgTAE
A= FE 4 33l 712E FoL o B YRR L AAFo=A
FE A IS (Measure of Sampling Adequacy, MSA)E & = Ut} MSAH I+
0olA 5B 17kA19 HelE AL & Aoeu AR TE A=rb Qo =A S
HHA 0.70]%9] FolokstiMorgan¥ Griego, 1998, cited in Coetzee, 2005).

6 BBLAH
Bartlett®] ©-913) 2 A4 (sphericity) & 91848 oJ8F MsSe] Apagdol
HAWLAA oldA, F AFE] AT ESRHAAE APsHE FA/ eI B

AeolM 2E Hese] AV Sdc)d 2dM F2d 22409

t ARl S YomE QBN H8Y Warel gtk WFEE Al

Griego 1998, Coetzee 2005).
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Aad 23 5 n

41 A5 EA
411 LEA AR

1) E2A& +

o[o

2H1E oF 50% 2 AdZEe] H4 377m1e SHAIE Ar] 9I5ke] 800H] ©]/ge]
A5 =3 WEW 2oy vt = HEY 2 Yoo A
TANE A AdzAo] YHksl A 5 Qs = g 218 agste] vjRa)

il

Fl

<

Atk F 601 SHAE FHSALH ol SHHIEC] 50 % °o]FdS HAFE
=3

2 F7P $9A 5

o7PE SEA AlFARFS- Table 413 £th Table 4.10] <JstH $=266.6%,
202 WMEW255%), W6 %)= JEbh

Table 4.1 Mﬁi with r&si to couni

1 Korea 400 66.6 Nel
2 Vietnam 153 25.5
3 Nepal 48 8.0

Total 601 100.0
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SHAEY] £2%&F22E ThE Table 429 Zom AMHETF(EAAN] 35.9%
2 7V won ta AlEAEe] 331%0lal EEATE IFe] 283% 5 UERAS
o webs 3759 SEAMIEo] Histstt. EFE Table 43~60 WEhd HRoh 2
o] #7PER 371F] tiste] JERNAIL 371F<] 1/3(333%)4 REJTIAL Hol=
FA] paired t ABS T A FYEE(p)7F 06900 % TFZtol| FAEH| SO 2
o7} Stk wiRbEe] ZAHER 7yt o= SHAEe] Bl
o= & IFol 9fsf E4AII} AulEAe de AR Wt

Table 42 Type of affiliated organization

Owner Group 170 23 Others
Consultant Group 216 35.9 a
Valid Contractor Group 199 213}, 11
Others 13 y,
Total 598 99.5
Missing System 3 0.5
Total 601 100.0

Table 4.3 Type of affiliated organization in Korea

Owner Group 117 29.2 S GRRREF
Consultant Group 140 35.0 = T o G
Valid Contractor Group 128 32.0 o
Others 12 3.0
Total 397 9.2
Missing System 3 .8 peogs
Total 400 100.0 %
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Table 44 Tﬁ of affiliated orﬁi'ﬁtion in Vietham

Owner Group 38 24.8
Consultant Group 54 35.3
Contractor Group 61 39.9
Valid
Total 153 100.0
Table 45 T of affiliated organization in N
Owner Group 15 31.2 o
Consultant Group 22 458
Contractor Group 10 20.8
he 1 2.1
Valid Others
Total 48 100.0

Table 4.6 Paired le test

Parr 1) OPSeVed - | 650001 6.46861 | 2.28700| -4.45789 | 635789 | 415 7 | 690
Theoretical
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4) 32 T4

adroj ol wE} Table 473 o] FEEHOH, ol

WEAIEE F

ok
N
i

wgol ° % ok
Table 4.7 Tﬁ of owner ﬁ
Not Applicable 422 70.2 riva
Government 89 14.8 .
Valid Semi Government 55 9.2
Private Companies 20 3.3
Others 5 0.9
Total 591 98.3
Missing System 10 1.7
Total 601 100.0

5 DA 39

Table 4.80] W=, o] AR ZAAE 6 ~ 108 233<S 71X AE77F Ao
273% 2 FAH 9, TS 11~15T9) 21.1%, 16 ~20%3°] 16.8%, TS 203 ©]
AFol18.6% =24 6@ olAel AdAZE AA|e] 5% E AAGtIL YL HAFI

ATt
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Table 4.8 Range of industry experience

< b years 93 15.5

6-10 years 164 27.3

Valid 11-15 years 127 21.1
16-20 years 101 16.8

> 20 years 112 18.6

Total 597 99.3

Missing System 4 0.7
Total 601 100.0

6 Fo Z=AHE FFH

Table 499 w2, AFEZAbol HA3lt §HAL T HAE/FFHERE 276%, =
2/ u&s2Hokol 24.6%, FAREECk 231%, st Rokoll 10.6%, X3HE /2
T ool 98% Soz LERRTh

Table 4.9 ienced ject of respondents

Building/Apartments 166 27.6
Roads/Highways 148 24.6

Valid Railways/Subways 59 9.8
Watersupdly/Sanitation 64 10.6

Water Resources 139 23.1

Multiple Projects 17 2.8

Total 593 98.7

Mssing System 8 1.3
Total 601 100.0

_ 48 _
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7) SEA A9

SFAES 22 A 9)(Position Rank of Respondents in Organization)E At
St A3 A2 A AdA Yo oA FIHIA Y Z o] & A E|sHH Table 4103 &
=3

Table 4.10 Position rank of respondents in organization

Senior Level 84 14.0
Middle Level 264 43.9
Valid Junior Level 148 24.6
Others (Freelance) 98 16.3
Total 594 98.8

Missing | System 7 1.2
Total 601 100.0

8 Sl A3

Gk =AY 751.7:‘11(Positior1 of Respondents)%: Z A3 A3} Table 4113}
Zo] FAEC) 5692% 2 TS 2 AAet= Aoz e e 2wz}
E& o] &l ‘el SHE kA %}*% A0 2 e

fl
Mg
oo

Table 411 Position of respondents in:organization

Managing Director/CEO 11
Managing Chief

Chlef Englneer/ 8 4 1 O Others (International Director/CE0  Engineer/Project

PI‘OjeCt Coordinator CU““]’!::"“) 6% Coordinator
2%

Senior Engineer/ —
Construction Manager 26 13.33 N
Consultant Engineer 20 10.26
Valid Directors/Managers 7 3.59
Team Leader/ 9 4.62

Design Manager
Supervising Engineer 111 56.92

Others
(International onsultants) 3 1.54 .
Total 195 100 - Directors/Managers
Mssing System 406 Team “L;:::;?es.gn
Total 601 5%
_ 49 _
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9) 3HAe ZF EA(Particular Job Nature of Respondents)

Table 412= 24 §HAR=°] ZAWA F3T 2554 tiste] Aesiile
™ Table 4120 W2 AA AAYO/AFAF 29 %, = HAEAA Y 27.8%
2 FES eItk

Table 4.12 Particular job nature of respondents

Design Engineer/Architect 172 28.6 29.0
Supervision Engineer 165 27.5 27.8
Valid Planning Engineer 59 9.8 9.9
Others 198 32.9 33.3
Total 594 98.8 | 100.0
Mssing System 7 1.2
Total 601 100.0

10) AAeHF B3

THAEC] (AAILFE Qlste Fojdk ZRAETVF drj W IS T
2 dazl AR FARBIAA AALF APARE 2AZ AFE Table
4133} o] foFstqitt. ‘Table 413 &shH AL e475% 7t HAF77F AA
H ZEAE I3 APo-SleS BAFI o ol A tE B

&8l

rr

Table 4.13 Involvement in design error triggered projects

Not Applicable 35 5.9 5.9 Not A[;p‘%laicablg
Vali Yes 451 75.0 75.8
No 109 18.1 18.3
Total 595 99.0 100.0
Mssing System 6 1.0
Total 601 100.0
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1) AALHF i Z2AE

Table 414+ AAIR/ FEAEE Uehlle Z2AES A3t U9/ ofvt
E x22AEA HALFI} 312%= 7 =A
W olEsL o MEFeA M & SRAE AXsE Aol MU
Ao2 AztEn) vpAet Dol vehd wie} o] Mg /ol ZRAHE oizto]
N1%, E2/1EER ZZAEZFAALY] oF N6%7F BAILRFE BT A=
Ebstet.

N
i
o
ofr
ﬂF
pau)
o
ull
iv
o
T
I

r{r

Table 4.14 Construction project having design error case

Not Applicable 70 11.7 14.3
Building/Apartment

Road/Highways
(148) 137 22.8 | 28.0 92.6

Hydropower 15 2.5 3.1
Valid Irrigation 16 2.7 3.3
Water

Supply/Sanitation 52 8.7 10.6 81.2
(64)

Railway(s/gS)ubwayS 38 6.3 7.8 644
: L ) 4

Others 9 1.5 1.8
Total 490 81.5 | 100.0
Missing System 111 18.5
Total 601 100.0
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42 Yhd AALLHFH

421 A= AA

(o]
o)

Age] dBAES Flsr] Hsto] ABAE A T3 A 4571 9] W] o
3te]  Cronbach®] Alpha#ts ZHESH A7 Table 415 ¥ Table 4163 o]
0.931>0.702 F7HEAol AH&E 5 e Aoz UEsth

Table 4.15 Case processing summary

Cases Valid 559 93.0
Excluded (a) 42 7.0
Total 601 100.0

Table 4.16 Reliability Statistics

0.931 45

422 BALFAA HAF

ZF Yete] tigt AAIe /A tid 14 Fojo] A=E U4 Likertd =
o] HHF#E vu @t Table 417 2 Fig. 410 7 yetel M2 AxE Aelst
ATk 18]l Table 4.17 ¥ Fig 4.1 A EW ¥4 701, 7.03, 7.10,7.18,7.24,7.45
So] vt ol AjE oz ot & Ao yehgth 121 Fig 428 72 Y
2ol A 49 5719 W4E YeRd Zolth 3yt BFelA 7.4(FE e AAA

F-=5Lack of Skilled Staffs in Consultant Office) ¥ 7.06(71 2T EAMF-A2

o
H
re
)

o

s

AH-=Lack of Experience of Designer in particular job)°] #H&3E 1+ al

e € F Athts FdFolAs S22AN], EFAe] AANA R HANA

~

==
T
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o] Fuwztal, HWEWRH UZoixs ALHEM]

Fig. 432 Uehdsztel 529 A=E Ido= Yellisith
Table 417 Mean value of design error causes with respect to country

o AAHERS0

A

5.

7.01 | Schedule Pressure of Consultant 344 | 398 | 3.64 153 | 3.08 48 3.46 599
7.02 | Low Design Fee 386 | 399| 335 | 153 | 3.50 48 | 3.70 | 600
7.03 | Client's Strict Procurement Strategy 350 | 398 | 3.05 | 153 | 2.81 48 | 3.33 | 599
7.04 | Lack o Sdlled Sffs in Gonsutart Office 3.89 | 398 | 392 | 153 | 4.27 48 | 3.92 | 599
7.05 | More Staff Tum Over in Consultant 364 | 396 | 347 | 153 | 3.27 48 | 3.57 | 597
7.06 !;]a%';r‘t’l‘;j;‘f%‘g”w of Designer | 388 | 398 | 398 [153 | 427 | 48| 394 | 599
7.07 | Lack of Design Review by Consultant 3.69 398 | 3.88 163 | 4.23 48 3.78 599
7.08 | Lack of Coordination in Design Team 3.44 397 | 3.76 163 | 3.69 48 3.54 598
7.09 | Undear’Arbiguous spedification of Client 346 | 397 | 354 | 153 | 3.31 48 | 3.47 | 598
7.10 | Complex Requirement Of Client 356 | 394 | 3.24 | 153 | 2.83 48 | 3.42 | 595
7.11 | Introduction of New Technology by Consultant 354 | 395| 365 | 153 | 3.63 48 | 3.57 | 596
7.12 | Design Management Team Experience 3.62 | 400 | 3.76 153 | 3.77 48 3.67 601
7.13 | Design Professional’'s Education 3.31 400 ( 3.78 | 153 | 3.69 48 | 3.46 | 601
7.14 | kack of Communication in Consullant™\. 354 | 397 | 320 | 153 | 331 | 48 | 343 | 598
7.15 | Availability of Enough-Project Information 3.36 399 | 3.38 153 | 3:67 48 3.39 600
7.16 | Lack of Planning in Consultant Team 3.59 398 | 3.44 153 | 3.31 48 3.53 599
717 | Lack of Design Team Efficiencies 3.27 398 |-3.63 1563 | 3.65 48 3.39 599
7.18 | Inadequate Documentation by Consultant 3.13 | 398 | 343 | 153 | 3.67 48 | 325 | 599
7.19 | Inadequate Documentation by Client 319 | 398 | 326 | 153 | 3.08 48 | 320 | 599
7.20 | Lengthy Design Process 283 | 398 | 3.24 | 153 | 2.92 48 | 294 | 599
7.21 | Unrdigble Dedsion Meking of Gonsultart 3.21 397 | 3.46 | 153 | 3.50 48 | 3.30 | 598
7.22 g;rggﬁgﬂﬁgﬁ{m“ of Due Diigence | 335 | 398 | 375 | 153 | 3.83 | 48 | 3.50 | 599
7.23 | Rigid Attitude of Consultant 3.1 398 | 3.46 1563 | 3.25 48 3.21 599
7.24 | Over/Under Confident Consultant 3.1 399 | 3.15 153 | 3.69 48 3.16 600
7.25 | past Minute Design Change inifialed | 385 | 308 | 3.74 | 153 | 4.13 | 48 | 384 | 599
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Table 417 Mean value of design error causes with respect to country(continue)

Last Minute Design Change made

7.26 by Consultant 3.43 | 398 | 3.48 153 | 3.44 48 3.44 599

7.27 | Inadequate Assessment of the Project 3.23 | 399 | 3.48 153 | 3.71 48 3.33 600
Misunderstanding of Basics of

7.28 Engineering by Designer 3.23 | 398 | 3.54 153 | 3.56 48 3.33 599
Lack of Understanding of Design

7.29 Requirement 3.41 399 | 3.56 153 | 3.75 48 3.48 600

7.30 | Change of Construction Sequence 3.38 | 399 | 3.50 153 | 3.60 48 3.43 600
Lack of Awareness of Changes in

7.31 Scope or Requirement 3.27 | 398 | 3.50 153 | +3.50 48 3.35 599
Errors In Design Assumptions by

7.32 Designer 3.44 | 399 | 3.65 153 | 3.83 48 3.53 600

7.33 | Client Project Manager’'s Inexperience 3.50 | 399 | 3.54 153 | 3.56 48 3.52 600
Lack of Communications between

7.34 Client and Consultant 3.53 | 398 | 3.48 153 | 3.48 48 3.51 599

7.35 | Rigid Attitude of Client 348 | 399 | 3.63 153 | 3.40 48 3.51 600

7.36 | Incompleteness of Information-From Client 3.41 399 | 3.55 153 | 3.54 48 3.45 600

7.37 | Deficient Procedures 2.99 399 | 3.24 153 | 3.31 48 3.08 600

7.38 | Inadequate Given Design Time 3.81 BO7THL B 78 153 | 3.63 48 3.78 598
Lack of Identification of Project

7.39 Risks by Consultant 3.65 | 397 | 3.50 153 | 4.13 48 3.65 598

7.40 | Unclear/Ambiguous Requirement of client 343 | 396 | 3.53 153 | 3.48 48 3.46 597

7.41 | Insufficient Fund 3.23 | 399 | 3.48 153 | 3.33 48 3.30 600
Lack of Planning and Inspection of

742 Consultant 3.41 399 | 3.51 153 | 3.94 48 3.48 600

7.43 | Lack of Planning and Inspection by Client 3.44 | 398 | 3.42 153 | 3.56 48 3.44 599
Prepackaged Solutions for Design

7.44 and Specifications 354 | 399 | 3.75 153 | 4.19 48 3.65 600

7.45 | Gross Human Error from consultant 3.41 394 | 3.46 1563 | 3.02 48 3.39 595
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Fig. 41 Mean value of design error causes with respect to country
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Fig. 41 Mean value of design error causes with respect to country(continue)
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7.06 Lack of Experience of Designer in particular job 3.94

Overall

7.04
7.25

Lack of Skilled Staffs in Consultant Office 3.92
Last Minute Design Change initiated from Client Side 3.84

7.07
7.38

Lack of Design Review by Consultant 3.78
Inadequate Given Design Time 3.78

7.06 Lack of Experience of Designer in particular job 3.88

Korea

7.04
7.02

Lack of Skilled Staffs in-Consultant Office 3.89
Low Design Fee 3.86

7.25
7.38

Last Minute Design Change initiated from Client Side 3.85
Inadequate Given Design Time 3.81

7.06 Lack of Experience of Designer in particular job 3.98

Vietnam

7.04
7.07

Lack of Skilled Staffs in Consultant Office 3.92
Lack of Design Review by Consultant 3.88

713
7.08

Design Professional’s Education 3.78
Lack of Coordination in Design Team 3.76

7.04 Lack of Skilled Staffs in Consultant Office 4.27

Nepal

7.06
7.07

Lack of Experience of Designer in particular job 4.27
Lack of Design Review by Consultant 4.23

744
7.25

Prepackaged Solutions for Design and Specifications 4.19
Last Minute Design Change initiated from Client Side 4.13

Fig. 42 Top 5 Causes of design error with respect country
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(b)Comparison between Korea and Nepal

Fig. 4.3 Comparison to degree of agreement with respect to cause of design error
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Fig. 4.3 Comparison to degree of agreement with respect to cause of design
error(continue)
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Table 418 ANOVA result for cause of desii error with resi to couni

7.01 | Schedule Pressure of Consultant 4316 .014*
7.02 | Low Design Fee 13.375 .000*
7.03 | Client's Strict Procurement Strategy 14.611 .000*
7.04 | Lack of Skilled Staffs in Consultant Office 3.399 .034*
7.05 | More Staff Turn Over in Consultant 3.673 .026*
7.06 | Lack of Experience of Designer in particular job 3.952 .020*
7.07 | Lack of Design Review by Consultant 8.000 .000*
7.08 | Lack of Coordination in Design Team 7.936 .000*
7.09 | Unclear/Ambiguous Specification of Client 918 1400 | No difference
7.10 | Complex Requirement Of Client 14.611 .000*
7.11 | Introduction of New Technology by Consultant 826 1438 | No difference
7.12 | Design Management Team Experience 1.743 .176_| No difference
7.13 | Design Professional’s Education 15.635 .000*
7.14 | Lack of ‘Communication’in Consultant Team 6.776 .001*
7.15 | Availability of Enough Project Information 2.250 .106 | No difference
7.16 | Lack of Planning in Consultant Team 2.835 .060 | No difference
7.17 | Lack of Design Team Efficiencies 11.378 .000*
7.18 | Inadequate. Documentation by:Consultant 11.612 .000*
7.19 | Inadequate Documentation by Client 657 .519 | No difference
7.21 | Unreliable Decision Making of Consultant 4.586 .011*
7.22 | Carelessness/Lack of Due Diligence by Consultant | 11.694 .000*
7.23 | Rigid Attitude of Consultant 6.826 .001*
7.24 | Over/Under Confident Consultant 7.881 .000*
7.25 | Last Minute Design Change initiated from Client Side 2448 .087 | No difference
7.26 | Last Minute Design Change made by Consultant 110 .896 | No difference
7.27 | Inadequate Assessment of the Project 9.243 .000*
7.28 | Misunderstanding of Basics of Engineering by Designer | 6.372 .002*
7.29 | Lack of Understanding of Design Requirement 2.991 .051 | No difference
7.30 | Change of Construction Sequence 1.852 .158 | No difference

* denotes variables with statistically difference at 0.05 significance level
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Table 418 ANOVA result for cause of

7.31 | Lack of Awareness of Changes in Scope or Requirement 4.302 .014*

7.32 | Errors In Design Assumptions by Designer 4.746 .009*
7.33 | Client Project Manager's Inexperience 125 .882 | No difference
7.34 | Lack of Communications between Client and Consultant A27 .881 | No difference
7.35 | Rigid Attitude of Client 1.559 .211 | No difference
7.36 | Incompleteness of Information From Client 1.369 .255 | No difference
7.37 | Deficient Procedures 5.677 .004*
7.38 | Inadequate Given Design Time .668 .513 | No difference
7.39 | Lack of Identification of Project Risks by Consultant | 8.423 .000*
7.40 | Unclear/Ambiguous Requirement of client .587 .557 | No difference
7.41 | Insufficient Fund 3.442 .033*
7.42 | Lack of Planning and Inspection of Consultant 7.636 .001*
7.43 | Lack of Planning and Inspection by Client 430 .651"| No difference
7.44 | Prepackaged Solutions for Design and Specifications | 10.610 .000*
7.45 | Gross Human Error from Consultant 3.921 .020*

* denotes variables with statistically difference at 0.05 significance level

2) AFHA

Ughs Alole] ApolE dofRalxl Fr7ke] Aol g ste] yeigke] E4ke]
A4 AAES A% Levened A ALEAAS 335 TE Table 4.199) 2Js}H
P Aol BAIH O R {oAo] EASHA] ol Tukey AFSHAE

, WHA= Dunnett®] CHAS 38T

=

i

Rl
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Tabled.19 Test of ho:

1 7.01 | Schedule Pressure of Consultant 2.326 2 | 596 .099 Tukey
2 | 7.02 | Low Design Fee 8.325 2 | 597| .000| Dunnette’s C
3 | 7.03 | Client’s Strict Procurement Strategy .393 2 | 596| .675 Tukey
4 7.04 | Lack of Skilled Staffs in Consultant Office 1.959 2 | 596| .142 Tukey
5 | 7.05 | More Staff Turn Over in Consultant 3.491 2 | 594| .031| Dunnette’s C
6 | 7.06 | Lack of Experience of Designer in particular job .082 2 | 596 .922 Tukey
7 | 7.07 | Lack of Design Review by Consultant 5.900 2 | 596| .003| Dunnette’s C
8 | 7.08 | Lack of Coordination in Design Team 1.088 2 | 595| .337 Tukey
9 | 710 | Complex Requirement Of Client 9.849 2 .592| .000| Dunnette’s C
10 | 7.13 | Design Professional’s Education 5.468 2 | 598|..004| Dunnette’s C
11 | 7.14 | Lack of Communication in Consultant Team 2.340 2| 595( .097 Tukey
12 | 717 | Lack of Design Team Efficiencies 977 2 | 596 .377 Tukey
13 | 7.18 | Inadequate Documentation by Consultant 1.855 2 | 596| .157 Tukey
14 | 7.21 | Unreliable Decision Making of Consultant 7.713 2 | 595| .000| Dunnette’s C
15 | 7.22 | Carelessness/Lack of Due Diligence by Consultant 102 2 | 596 .903 Tukey
16 | 7.23 | Rigid Attitude of Consultant 2.964 2 | 596|..052 Tukey
17 | 7.24 | Over/Under Confident Consultant 2:331 216597 .098 Tukey
18 | 7.27 | Inadequate Assessment-of the Project 1.241 2 | 597 .290 Tukey
19 | 7.28 | Misunderstanding of Basics of Engineering by Designer 5.424 2 | 596| .005| Dunnette’s C
20 | 7.31 | Lack of Awareness of Changes in Scope or Requirement 2.509 2 | 596 .082 Tukey
21 | 7.32 | Errors In Design Assumptions by Designer 1.926 2 | 597 .147 Tukey
22 | 7.37 | Deficient Procedures 3.328 2 | 597| .037| Dunnette’s C
23 | 7.39 | Lack of Identification of Project Risks by Consultant 3.161 2 | 595| .043| Dunnette’s C
24 | 741 | Insufficient Fund 3.172 | 2 | 597| .043| Dunnette’s C
25 | 742 | Lack of Planning and Inspection of Consultant .076 2 | 597| .927 Tukey
26 | 744 | Prepackaged Solutions for Design and Specifications .924 2 | 597 .398 Tukey
27 | 745 | Gross Human Error from Consultant .859 2 | 592| 424 Tukey
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Table 4.20> Tukey2] ARFZAC o3 yelzte] gkl tigh thanlae]a,
Table 4.21-> Dunnett®] C] AR o3k Yehite] Hgkel digh gsvlad
o)},

Table 4.20 Multiple comparisons with Tukey test with respect to countries

1 Nepal Korea -.354 122
L1 Schedule Vietham | -557() | 1.391[.012 | 0.40
Korea | Vietnam -.203 .166
. Practically
7.3 Client Proc Nepal Korea -.690(%) o .000 | 0.55 sig.
Strategy Vietham -.240 | .397
Korea Vietnam .450(%) .000 | 0.36
. Nepal Korea .384(%) .026 |  0.41
14 Lack Skillet a 356 | .932 | .067
Korea Vietnam -.028 .950
Nepal Korea .391(%) .018 | 0.44
E-Ssib‘;‘]‘g'ﬁ of Bp " Wieiam 290 | .880 | .148
Korea Vietnam -.101 495
Nepal Korea 249 | 783 | .157
égohjei‘rfla(tigfn i Vietnam -.071 .880
Korea Vietnam | -.320(*) .000 | 0.41
7.14 Lack of Nepal Korea -.229 .303
Communication in Vietham 116 | 1.030 | 767
Consuiltant Team Korea Vietnam .345(%) .001 0.33
717 Lack of Nepal Korea .380(%) .016 0.47
Design Team Vietnam .012 | .806 | .996
Efficiencies Korea | Vietnam | -.368(*) .000
7.18 Inadequate Nepal Korea .539(%) .000 0.65 | Practically sig.
Documentation Vietham 235 | .830 | .263
Consultant Korea | Vietnam | -.303(%) .001 | 0.36
7.22 Carelessness/ | Nepal Korea ATT(") 005 | 048
Lack of Due Vietnam .082 | .991 | .873
Diligence Korea | Vietnam | -.395(%) .000 | 0.40
723 Ricid At Nepal Korea .139 .637
L.23 Rdic Atitude Vietnam | -.214 | 1.017 | 405
Korea Vietnam | -.353(*) .001 0.35
— 65 —

(-)Collection @ pknu



Table 420 Multiple comparisons with Tukey test with respect to countries(continue)

7.24 Over/Under Nepal Korea .582(*) .000 | 0.63 | Practically sig.
Confident
Consultant Vietnam 537(*) 924 .002 0.58
Korea Vietnam -.045 .875
7.27 Inadequate Korea .480(* .001 | 0.61 | Practically sig.
Assessment Nepal ) Y59
Vietnam 225 | .79 279
Korea Vietnam | -.256(*) .007 | 0.32
/1.31 Lack off Neoal Korea .234 228
reness o epal
Changes P "Vietnam | -.003 | .866 | 1.000
Korea Vietnam | -.237(*) .021 0.27
7.32 Errors in Design Korea .395(* .033 0.37
Assurplions Nepal )
Vietnam .180 | 1.061 .543
Korea Vietnam -.215 .073
7.42 Lack of Korea .529(* .000 | 0.66 | Practically sig.
Planning & Nopal (*) Y=
|nspecti0n Vietnam 428( ) .800 011 0.53
Consultant Korea | Vietham |  -.101 459
7.44 Prepackaged Nepal Korea .644(%) .000 | 0.69 | Practically sig.
Solutions
Vietnam A442(*) | 930 | .016 | 0.47
Korea Vietnam -.201 .073
7.45 Gross Nepal Korea | -.385(%) 025 | 0.41
Human Error
Vietnam | -.437(*) | .936| .018 | 0.46
Korea Vietnam -.051 .842
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Table 4.21 Multiple comparisons by Dunnett’s C tests with respect to countries

Nepal Korea -.360
7.02 Low Design .
Fee Vietnam 147 1.141
Korea Vietnam .507(*) 0.44
Nepal Korea -.371
7.05 More Staff .
Tumn Over Vietnam -.200 1.065
Korea Vietnam A71
Nepal Korea .536(%) 0.60 | Prac. Sig.
7.07 Lack of "
Design Review Vietnam .347 .891
Korea Vietnam -.189
7.10 Complex Nepal Korea -.725(*) 0.73 | Prac. Sig.
Requirement of Vietnam -.408 1990
Client Korea Vietnam 317()
7.13 Designer Nepal Korea .382(%) 0.42
Professional Vietnam -.097 .901
Education - Z "
Korea Vietnam -479(*) 0.53 | Prac. Sig.
7.21 Unreliable Negal Korea 256
Decision Making Vietnam .042 .942
Consultant Korea Vietnam -.243() 0.25
728 Nepal Korea .336
Misunderstanding of Vietnam 027 1.050
Basic Engg Korea Vietnam -.310(*%) 0.29
Nepal Korea .318
7.37 Deficient -
Procedures Vietnam .071 .835
Korea Vietnam -.247(%) 0.29
7.39 Lack of Nepal Korea AT73(%) 0.55 | Prac. Sig.
Identification of Vietnam .628(*) .856 0.73 | Prac. Sig.
Project Risks Korea Vietham .156
- Nepal Korea .108
I7:.:fn1dInsuf'f|C|ent Vietnam _144 1.026
Korea Vietnam -.252(*) 0.24
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424 HA 7Y EZ(Acceptance)

Table4.22= AA| 279 AQlo= QIAH M35 FolA 107} F5(7.03, 7.07,
7.10, 7.12, 7.18, 7.24, 727, 7.39, 7.42 9} 7.44) Ut FolgEdd 4o =
Aste] A7 Aol ALttt wEkA o] A= ©A 347e] e
AAeFAdoR =it A FAJCE Table 4229 o] Fed 3470
&5 T A 5 FES e Zo] 89kt al Fig. 4.49F o] YERYA

54 ol thgk AAAe] A3 F= (7.06 Lack of experience of
designer in particularly -assigned job)
2) AAHES] 7|52 HF (7.04 Lack of skilled staffsin consultant office)
3) Ao bFAIH AAM7 (7.25 Last minute design changes initiated by
Client)
4) AA &7 F44 (7.38 Inadequate design time)
5) W2 AAH] (7.02 Low design fee)

3.94
3.9 39
iy
|
3.84
3.8
3.78
3.7
3.7
3.6 —
3.5 T T T T
7.06 7.04 7.25 7.38 7.02
Lack of experience_ Lack of skilled_ Last minute design_  Inadequate design time Low design fee

Fig 4.4 Top 5 causes of design error
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Table 422 Accepted causes of design error

1. 7.06 | Lack of Experience of Designer in particular job 3.94
2. 7.04 | Lack of Skilled Staffs in Consultant Office 3.92
3. 7.25 | Last Minute Design Change initiated from Client Side 3.84
4. 7.38 | Inadequate Given Design Time 3.78
5. 7.02 | Low Design Fee 3.70
6. 7.12 | Design Management Team Experience 3.67
7. 7.05 | More Staff Turn Over in Consultant 3.57
8. 7.11 | Introduction of New Technology by Consultant 3.57
9. 7.08 | Lack of Coordination in Design Team 3.54
10. 7.16 | Lack of Planning in Consultant Team 3.53
11. 7.32 | Errors In Design Assumptions by Designer 3.53
12. 7.33 | Client Project Manager's Inexperience 3.52
13. 7.34 | Lack of Communications between Client and. Consultant 3.51
14. 7.35 |Rigid Attitude of Client 3.51
15. 7.22 | Carelessness/Lack of Due Diligence by Consultant 3.50
16. 7.29 | Lack of Understanding of \Design Requirement 3.48
17. 7.09 | Unclear/Ambiguous specification of Client 3.47
18. 7.01 | Schedule Pressure of Consultant 3.46
19. 7.04 | Unclear/Ambiguous Requirement of client 3.46
20. 7.36 | Incompleteness of Information From Client 345
21. 7.26 | Last Minute Design Change made by Consultant 3.44
22, 7.43 | Lack of Planning and Inspection by Client 3.44
23. 7.14 | Lack of Communication in Consultant Team 3.43
24, 7.30 | Change of Construction Sequence 3.43
25. 7.15._ | Availability of Enough Project Information 3.39
20. 7.17 |‘Lack of Design Team Efficiencies 3.39
27. 7.45 | Gross Human Error from Consultant 3.39
28. 7.31 | Lack of Awareness of Changes in Scope or Requirement 3.35
29. 7.28 | Misunderstanding of Basics of Engineering by Designer 3.33
30. 7.21 | Unreliable Decision Making of Consultant 3.30
31. 7.41 | Insufficient Fund 3.30
32. 7.23 | Rigid Attitude of Consultant 3.21
33. 7.19 | Inadequate Documentation by Client 3.20
34. 7.37 | Deficient Procedures 3.08
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425 83084

1) KMO ¥ Battlett7d 78

KMO(Kaiser-Meyer-Olkin) -}r|E]7}F 320 HA4S A7 918t ALEH]
=8 Sharma(1996) KMOZ}FeHH|E]7} 0.70]d¢]H wolsd 4= okal Absksd
o} 3485 tigk KMO$} Battlett?d -2 ¥+ A3} Table 4.23914 KMO#-2 0.7
o]l 0910utERH 24 A g7t QiAo HAES & F AUtk FeFE]
p<0.0001°]3tZA] Bartlett®] ©¢] 3 A (sphericity)S 821 4o o]&d W
TE9 YLl g A LG AT fFE Alolddl TAACE FolT W
b E2AS ‘R A 99 dEelr gde AL 714HER HaEE
Atololl= FATAZE EA8tAL 2%l BAS A8 5 QUrh.aRlEA S 935t
ZE 34325 ARRSI AL Table 424 QQ1EA) 2 _d HF Q1A gtolnh
Table 4.25% FHHZHdE4Rell 93 afls F=stAith Lfgko] 1014 7HA
= 8de FEeuen wigEasido] osf 67 adle ==dturh 1y o
At FENF oMaRl g FHEARE 54% S JERAITE 238 %l

o] AFAE WS P 0801 U157 AN S FE3t] T R4

70%°1d= FAES 3t Table 4.262 81214 7ot}

ali

Table 423 KMO and Bartlett's test

Approx. Chi-Square 6.422E3
df. 595
Sig. .000
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Table 4.24 Communalities

Variable Description Initial Extraction
SchedulePressure_7.1 1.000 7192
LowDesignFee_7.2 1.000 .789
LackSkilledStaffs_7.4 1.000 .689
MoreStaffTurnOver_7.5 1.000 .702
LackOfExpDesigner_7.6 1.000 714
LackOfCoordination_7.8 1.000 .756
UnclearAmbiguousRequirement_7.9 1.000 .767
IntroOfNewTech_7.11 1.000 621
DesignerProfessionalEducation_7.13 1.000 .742
LackOfCommunicationinConsultantTeam_7.14 1.000 T77
AvaibilityOfEnoughProjectinfo_7.15 1.000 .705
LackOfPlanning_7.16 1.000 .725
LackOfDesignTeamEfficiencies_7.17 1.000 .765
InadequateDocumentationClient_7.19 1.000 574
UnreliableDecisionMakingConsultant_7.21 1.000 .646
CarelessnessLackOfDueDilligence_7.22 1.000 722
RigidAttitudeConsultant_7.23 1.000 .723
LastMinuteDesignChangeClient_7.25 1.000 .845
LastMinuteDesignChangeConsultant_7.26 1.000 815
MisunderstandingOfBasicEngg. 7.28 1.000 .796
LackOfUnderstandingOfDesign_7.29 1.000 .764
ChangeOfConstructionSequence_7.30 1.000 677
LackOfAwarenessOfChanges_7.31 1.000 630
ErrorsinDesignAssumptions_-7.32 1.000 .801
ClientProjectManagerlnexperience_7.33 1.000 .758
LackOfCommunicationsClientConsultant_7.34 1.000 71
RigidAttitudeOfClient_7.35 1.000 .705
CompletenessOfinformationFromClient_7.36 1.000 .756
DeficientProcedures_7.37 1.000 774
InadequateDesignTime_7.38 1.000 687
UnclearAmbiguiousRequirement_7.40 1.000 679
InsufficientFund_7.41 1.000 .786
LackOfPlanninglnspectionClient_7.43 1.000 .700
GrossHumanError_7.45 1.000 692

Extraction Method: Principal Component Analysis.
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Table 4.25 Total variance explained

1 9.245 | 27.191 27.191

2 2.191 6.446 33.637 2.191 6.446 33.637 | 2.380 | 7.001 | 14.574
3 1.557 4.578 38.215 1.557 4.578 38.215 | 2.184 | 6.424 | 20.998
4 1.342 3.948 42.163 1.342 3.948 42.163 | 2.059 | 6.055 | 27.053
5 1.198 3.523 45.686 1.198 3.523 45.686 1.754 | 5.158 | 32.211
6 1.106 3.252 48.938 1.106 3.252 48.938 1.629 | 4.792 | 37.003
7 1.046 3.077 52.015 1.046 3.077 52.015 1.576 | 4.635 | 41.638
8 1.036 3.047 55.062 1.036 3.047 55.062 1.540 | 4.530 | 46.168
9 987 2.904 57.966 .987 2.904 57.966 1.500 | 4.411 | 50.580
10 .980 2.883 60.848 .980 2.883 60.848 1.374 | 4.041 | 54.621
11 .889 2.616 63.464 .889 2.616 63.464 1.355 | 3.985 | 58.606
12 .843 2:480 65.944 .843 2.480 65.944 1.267 | 3.726 | 62.332
13 .822 2.416 68.360 .822 2.416 68.360 1.256 | 3.694 | 66.026
14 777 2.285 70.646 17 2.285 70.646 | 1.239 | 3.644 | 69.670
15 766 2.254 72.900 766 2.254 72.900 1.098' | 3.230 | 72.900
16 692 2.035 74.935

17 674 1.981 76.916

18 .637 1.873 78.789

19 .628 1.848 80.638

20 610 1.795 82.433

21 575 1.690 84.123

22 534 1.571 85.694

23 513 1.508 87.202

24 491 1.445 88.647

25 487 1.431 90.078

26 469 1.381 91.459

27 448 1.319 92.778

28 432 1.271 94.049

29 .387 1.139 95.188

30 .383 1.127 96.314

31 .360 1.059 97.374

32 .339 .996 98.369

33 282 .828 99.198

34 273 .802 100.000

Extraction Method: Principal

Component Analysis.

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization.
a. Rotation converged in 49 iterations.
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Table 4.26 Results of factor analysis

7.36 | Incompletenessof_ | .777

7.35 | RigidAttitudeof_ | .735

7.40 | Unclear/Ambigu_ | .690

7.21 | UnreliableDecisi_ .681

7.22 | Carelessness/La_ .667|

7.23 | RigidAttitudeof_ .654

7.11 Introductionof_ 513

7.28 | Misunderstanding_ 791

7.29 | LackofUnderstan_ 767

7.30 | ChangeofConst_ 928

7.06 | LackofExperien_ ¥

7.04 | LackofSkilledSta_ .750

7.05 | MoreStaffTurn_ .605

7.32 | ErrorsinDesign_ .762

7.31 | LackofAwaren_ .568

7.13 DesignProfess_ AT78

7.14 | LackofCommuni_ .760

7.15 Availabilityof _ 674

7.25 LackMinute_ .804

7.26 LactMinute_ 122

7.33 ClientProject. 738

7.34 | LackofCommuni_ .635

7.43 | LackofPlanning_ .604

7.45 GrossHuman_ .549

7.16 | LackofPlanning_ .532

7.19 InadequateDo_ .410

7.01 SchedulePre_ .825

7.38 Inadequate_ .572

7.09 | Unclear/Ambigu_ 732 \

7.08 | LackofCoordina_ .695

717 LackofDesign_ .785

7.02 | LowDesginFee_ .832

741 Insufficient_ .766

7.37 DeficientPro_ 720
— 7 3 —
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426 22149

714 QAN de 291 11 NE4 89117 8301602 o] A
skt

Factor 1. &FAte] 293} o 4=

A WA acle] 74 8av 33Ee WS 39T S5 “Rigid attitude of
client 7.35, Incompleteness of information from client 7.36, a8al
zE
EHA g e BEHT ATl Belo] ol A BHIY 4

rr

Unclear/ambiguous requirement of client 7.40”°}t}, olelgt =& WHF

)

T2 o3 AA L (Design Error Caused by Unclear requirement by client)”
2 wWysict o] A= @ ATFelA Busby (2001) 2 Tilley (No date) etc &
o] Ad7AaFe} dAstal ga HofE.

Factor 2 : AAIZ=A| 2 vlHjo] o3t HA| w7

T HA 8<le) FAH8AE 379 WF, “Introduction of nmew technology by
consultant_7.11, Unreliable “decision making by the consultant 7.21 , Carelessess
lack of due diligence of project-7.22 % Rigid-attitude of consultant 7.23” 2=
TAEl Ao “Z=A2E wEl] o)t A 2F(Design Error Caused by
Consultant Weak Design Process"2hi= ©l5= % Han etal. (2013), Love et
al. (2008) etc5) ATATE HBAHE B

2
Ll
kl
%0
o

Factor 3:27|7]& Bl A& ols-=ol| o7t AA &7
Al A 8212 “Misunderstanding  of basic engineering 7.28, Lack of
understanding of design 7.299} Change of construction sequence 7.30” 3Z3s}al

Qo] “AHAZIE D AlFAE ool o3t AA 2R/ (Design Error caused by
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Lack of Understanding of Design Basics and constructability)” = ™3} 3T}

Factor 4 AA|ALS] 75 B AEF=el o AR

ul WA eRldEe AHHE 223 ddd Al o] Haer FAEANH. S
“Lack of skilled staffs_ 7.4, More staff turn over 7.5 % Lack of experienced
designer in particular job _7.6, “& Egetal o] “EAALY] TE B AAF
o oJg AHA L (Design error caused by lack of skill and experience of
Consultant Staff)” =2 W3}t Acharya etal. (2006a), Andy®} Minato (2003)%
ol A¥ATAAE & AYsFa-Ath

P

Factor 5: AAIAS] 8 & A28 9 A7 2 Fofl 93 o F
oAl WA QRlatE e Mo} WMF FAHUNT. = “Design professional’s

education_7.13, Lack of  Awareness of Changes 7.31, Errors in Design

A

Assumptions by Designer 7.82"5 3E3akal lo] “AAALe] ns % 2|2 FZo|
o3t 27 (Design error caused by lack of knowledge and education of
Consultant Staff)’ = ™3}t

Factor 6: AAHE] &% - HAHFZ G HAL R

AN WA F48%0E, F W, 5 “Lack of communication in consultant
team_7.13, Availability of enough project information_7.15" % /3% o|glo] “A
AW AA Y] &5 2 AR RS o3t AA 2 (Design error caused by lack of

communication and information)” = ™8™ 3%t}

Factor 72 =315 AAMZA N o7 A2/
g WA FAELedE 7 JHe W, S “Last minute design change by

client_7.25%} Last Minute Design Change made by Consultant _7.26” 7% o] )
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of “EFAE AAMT o3t AA 2 F{(Design Error caused by last minute
Design change)” = W33t ©]= Haydle ¥ Nikiel(2000)9] 727} J#4

< HojFa Utk

Factor 8529 AE Bl &FHF o AR

(O8]

A& HAl 748212 F /e “ Client project manager’s inexperience 7.33

¢} Lack of Communications between Client and Consultant_7.34” & 33%}5}

Kl

Ao A BE B AFHS YT A 2 F(Design error caused by Client’s

inexperience and communication)” = 8™ &} T

Factor 9 : A8 4 A5 u]H|d o3 AAF

ofF WA FHfcle 4l WA S

i

Lack of Planning in Consultant
Team_7.16, Inadequate Documentation by Client 719 ,Lack of | Planning and
Inspection by Client_7.43, Gross human error from consultant 445 "7 % o] U
of “A& 9 Amwuvlo] gt A 2 F(Design Error caused by Insufficient

planning and documents)” = 83} h

ot

Factor 10: A7t FAH 9] AA| 2 F

d WA 748212 F WF “Schedule pressure and inadequate design
time_7.01, Inadequate given design time 7.38"5 X &3}al lof “ A7 F-3
Aol o|g AA L F/( Design Error caused by Time Pressure )”oll ¢|§ AA 2/

2 {3AT) Josephson ¥ Hammarlund (1999), Atkinson (2002), Lopez et al.
(2010), Tilley (No date)To] AaAT2F 2 dA8kaL UHS HoJFal Utk

I
2
o
o
il
)
to
u

Factor 11: AAIH AT =4 F

3 WA 2L & Jie] WeE skl vk xdd W= “Lack of
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Coordination in Design Team 7.08"& 2Z3¥3stal lo] “AARAT =4 FFol
ol HA LW

(Design Error caused by Lack of Coordination in Design Team )
= skt

Factor 12: AA|IE ] 84 F o] o3 HAF

jics

S oA 2Qle @ Ao Mg

o3k

0
flo
2
Iy}
o
('
|
—
A
o
@]
e}

Design Team Efficiencies”

ok AALF

i
ke
ot
31'4
K
o

=

of “AARS A&AGF=o (Design Error caused by Team
Deficiency of Planning and Efficiency) “¢|gH2F= W3ttt

2k WM “ Low design
gt A 25 | (Design error

caused by low design fee)’® ™3Ik . o] BF= Acharya B! Lee (2006a),
an

Tilley % McFallan(2000), January (2003), Salter 2 Torbett (2003), Lopez et al.

(2010)59 ATAAS} LAFFS HoFal St

Factor 14 : Ag5-ol of%h A @ F/
vl A AL 3 JHY W, S “Insufficient  Fund_7.417-4 % o] 8o
ARl o7 AR

(Design Error caused by Insufficient
SFAT.

Fund)” = "

= “Deficient

iy

@ F(Design Error
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Factor 16 A" 78 8ol o7 A 2/

Ao Al HAl 2]le g 7o) WMeE Eetal e o] gR]lo] FEAtel wA|
+ FFE At W= “Unclear /Ambiguous specification of client 7.09 "& 3=
ghstal o] “AlA B o3k A 2 (Design Error caused by Unclear/
Ambiguous specification of Client)= WwH3IA T o’ 19 Fig. 459 Zo]
ERf AT

= 0 0 9 mM
= 0 0 O ™M
= O =~ 060 O T
= 0O ~ 60 O ™M

Y
N
w
B~

Factor 16 p—=p 4¢— Factor 5

Factor 15 P DESIGNERROR |&—— Factor 6

Factor 14 p————==>p) CAUSE FACTORS. [4¢=———— Factor 7

Factor 13 p—Pp 44— Factor 8

= 0O ~+~0 0 M
= 0O 0 0 ™M
= 0O 0 O T
= 0O =~ 0 O M

Fig. 45 Nlustrates the diagram of design error cause factors
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4.3 AT 93¢

431 A= HA

AA L7 G 227035l thste] 56899 SEAERE T3 AR AFE=H
4 (Reliability Test) ¢34 F<4<F 5%°ll4 Cronbach’s alphafdd-& & A3}
Table 4.27 2 Table 4.28° Yebd v}e} o] Cronbach®] alpha=0.912>0.7°] 2=
o] Atm+ AF BAS 8l A8 AHRE ¢ Ae ARYS BT T

Table 4.27 Case processing summary

Valid 568 94.5
Cases Excluded(a) 33 5.5
Total 601 100.0

a Listwise deletion/ based on all variables in the procedure.

Table 4.28 Reliability statistics

4.32 Bk

Table 429 % Fig. 4.6v= =7to] W& A LFI T N3t LikertH =0 Hgk
< HAFa Stk 337t HIEVES AALFIFTFer -
5 8.04)= ALfstaes Folshit

MEY (=289 7 UB(x =256)2] HE/FES 803WF(Loss of life of

A2g 278 ¥4+8.03
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=
B2 o] AE7FE(x =319 AW <EA(loss of life)ys AALFY FFo=
A2 SEATE WA A4k (8.04 loss of client property)ol]l THslA = WEY AE
7Fe(x =3.69) & =9 AE7Hx =330)2Etx X IA 1A= AeE U
Ebth o= AjAHAfdol thek =7EAIAS] 2lo] wF o2 AT ARS 7| REA]
A7EEo] A X3 Nepal AE7FE(x =2.94)& A7 FFoz Q1 3A
1

A7 ET 3HEeIAM &9l 57 S YERd

i

oFokth. Fig. 47% %

Table 4.29 Mean of effect of design error with respect to countries

8.01 | Delay in Completion of Project 3.71 395 | 3.82 163 | 423 | 48| 3.78 | 596
8.02 | Project Cost Increased 3.92 398 | 3.94 153 | 438 | 48| 3.96 | 599
8.03 | Loss of Life of People 3.19 395 | 2.89 153 | 2.56 | 48| 3.07 | 596
8.04 | Loss of Client Property 3.30 394 | 369 | 153 | 294 | 48| 3.37 | 595
8.05 | Inconvenience to End Users 3.36 395 | 3.38 153 | 3.67 48| 3.39 | 596
8.06 | Other Financial/Economic Loss to Client 3.45 396 | 3.88 | 153 | 3.90°| 48| 3.60 | 597
8.07 | Other Financial/Economic Loss to Contractor 3.59 394 | 3.63 |“153 | 3.69 | 48| 3.61 | 595
8.08 | Mismatch of Schedule 3.53 396 | .3.69 | 153 250 | 48| 3.49 | 597
8.09 | Excessive Reworks Frustrating-Contractors 3.45 396 | 3.71 153 | 350 | 48| 3.52 | 597
8.10 | Excessive Reworks Frustrating Client 3.16 394 | 374 | 153 | 358 | 48| 3.35 | 595
8.11 | Various Construction Conflicts 3.60 397 | 3.79 153 | 4.21 48| 3.70 | 598

8.12 | Sour Relationship between Contractor and Consultant | 3.33 39 | 3.36 | 153 | 356 | 48| 3.36 | 597
8.13 | Sour Relationship between Consultant and Client | 3.36 389 | 3.33 | 153 | 3.71 48| 3.38 | 590
8.14 | Sour Relationship between Client and Contractor | 3.39 395 | 327 | 1563 | 342 | 48| 3.36 | 596

8.15 | Loss of Reputation of Consultant 3.22 395 | 3.72 153 | 4.00 | 48| 3.41 | 596
8.16 | Loss of Reputation of Client Professionals 3.14 393 | 348 | 153 | 3.73 | 48| 3.28 | 594
8.17 | Loss of Reputation of Contractors 3.33 397 | 3.22 153 | 3.21 48| 3.29 | 598
8.18 | Personal Bitterness 3.44 395 | 3.50 153 | 3.52 48| 3.46 | 596
8.19 | Immature Termination of Contract 3.08 393 | 3.37 153 | 3.10 48| 3.15 | 594
8.20 | Chance of Losing Job by Consultant 3.12 395 | 347 153 | 3.69 | 48| 3.26 | 596
8.21 | Loss of Formal Communication between Parties | 3.22 392 | 332 | 153 | 327 | 48| 3.25 | 593
8.22 | Loss of Consultant Trust 3.23 393 | 3.67 | 153 | 3.71 48| 3.38 | 594
— 80 —
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— Overall 8.11
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—— Korea 8.11
— 8.07
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— 8.02
— 8.06
—— Vietnam 8.01
— 8.11
— 8.10

~— 8.02
— 8.01
~—— Nepal - —— 8.11
— 8.15
— 8.06

Project Cost Increased 3.96

Delay in Completion of Project 3.78

Various Construction Conflicts 3.7

Other Financial/Economic Loss to Contractor 3.61
Other Financial/Economic Loss to Client 3.6

Project Cost Increased 3.92

Delay in Completion of Project 3.71

Various Construction Conflicts 3.6

Other Financial/Economic Loss to Contractor 3.59
Mismatch of Schedule 3.53

Project Cost Increased 3.94

Other Financial/Economic Loss to Client 3.88
Delay in Completion of Project 3.82

Various Construction Conflicts 3.79
Excessive Reworks-Frustrating Client 3.74

Project Cost Increased 4.38

Delay in Completion of Project 4.23
Various Construction Conflicts 4.21

Loss of Reputation of Consultant 4

Other Financial/Economic Loss to Client 3.9

Fig, 47 Top 5 effects of design error with respect to countries
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Fig, 48 Scatter diagram of effect of design error with respect to countries
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Fig 48 Scatter diagram of effect of design error with respect to countries (continue)
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433 BALFIY Yzt BI5E B4
1)ANOVA £

ANOVAZXMZFE Table 4.30°1 Aejstaitt. 3=7lolA HAErt=clAl =ARE
A3} ol 5% A 8.01, 8.02, 8.03, 8.04, 8.06, 8.08, 8.09, 8.10, 811, 8.15, 8.16,
8.19, 8209} 8229 147l &=olA A2 FtA(THEA) Uebgth. webA o]
AllA AALFE dFem T F ok wEbA AFAA S FIL Favt

AT

Table 4.30 ANOVA result for effect of design error with respect to countries

8.01 | Delay in Completion of Project 5.543 .004* Post hoc test required
8.02 | Project Cost Increased 4.960 .007 Post hoc test required
8.03 | Loss of Life of People 8.459 .000 Post hoc test required
8.04 | Loss of Client Property 10.260 .000 Post hoc test required
8.05 | Inconvenience to End Users 1.541 .215
8.06 | Other Financial/Economic Loss to Client 10.379 .000 Post hoc test required
8.07 | Other Financial/Economic Loss to Contractor .244 .784
8.08 | Mismatch of Schedule 26.361 .000 Post hoc test required
8.09 | Excessive Reworks -Frustrating.Contractors 3.175 .043 Post hoc test required
8.10 | Excessive Reworks Frustrating. Client 15.479 -000 Post hoc test required
8.11 | Various Construction Conflicts 9.085 .000 Post hoc test required
8.12 | Sour Relationship between Contractor and Consultant .966 .381
8.13 | Sour Relationship between Consultant and Client 2.242 107
8.14 | Sour Relationship between Client and Contractor5 .728 .483
8.15 | Loss of Reputation of Consultant 18.294 .000 Post hoc test required
8.16 | Loss of Reputation of Client Professionals 9.807 .000 Post hoc test required
8.17 | Loss of Reputation of Contractors .683 .505
8.18 | Personal Bitterness .240 .786
8.19 | Immature Termination of Contract 3.367 .035 Post hoc test required
8.20 | Chance of Losing Job by Consultant 9.718 .000 Post hoc test required
8.21 | Loss of Formal Communication between Parties 421 .657
8.22 | Loss of Consultant Trust 9.942 .000 Post hoc test required
— 86 —
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2) ASAA
(1)EAre] 584 1A

Table 431 FBEXF] FAE 2olB AR AT AFHHY 48L HolF
I St} Table 4310 WeRd vie} o] 1470 & F FolgT 5% A4t
2do] gRE 801, 8.02 # 8112 Tukeyd] AFHAE, 8ol #4ke] 544
& WEAAZA 3= U GEEL Dumnettd] CAHS ST,

Table 4.31 Test of homogeneity of variances

1 | 8.01 | Delay in Completion of Project | 1.628 2| 593 | 197 Tukey

2 | 8.02 | Project Cost Increased 1.227 2 | 596 | .294 Tukey

3 | 8.03 | Loss of Life of People 12.337 | 2 | 593 | .000 | Dunnett's C
4 | 8.04 | Loss of Client Property 24125 2 | 592 | .000 | Dunnett's C
5 | 8.06 | Other Financial/Economic Loss to Client | 7.738 2 | 594 | .000 | Dunnett's C
6 | 8.08 | Mismatch of Schedule 55:798 | 2| 594 | .000 | Dunnett's C
7 | 8.09 | Bxcessive Reworks Frustrating Contractors | 30.489 | 2 | 594 | .000 | Dunnett's C
8 | 8.10 | Excessive Reworks Frustrating Client | 17.738 | 2 | 592 | .000 | Dunnett's C

9 | 8.11 | Various Construction Conflicts 2.547 2| 595 | .079 Tukey

10 | 8.15 | Loss of Reputation of Consultant 4.063 2 | 593 | .018 | Dunnett's C

11 | 8.16 | Loss of Reputation of Client Professionals | 16.780 2 | 591 | .000 | Dunnett's C

12 | 8.19 | Immature Termination of Contract 23.166 | 2| 591 | .000 | Dunnett's C

13 | 8.20 | Chance of Losing Job by Consultant | 10.946 | 2 | 593 | .000 | Dunnett's C

14 | 8.22 | Loss of Consultant Trust 7.578 2 | 591 | .001 | Dunnett's C
— 87 —
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Table 4.329} Table 4.33-2 Tukey®} Dunnett®] CHAl o3+ IEFH 4ol it
OEhlal AFRRHAANE oS3 QT Table 4.29 2 Table4.32¢) 2]3}H Nepal
8.

0l(delay in completion of project)® 8.02(project cost increased)®l|

-

Watel @aa WEY ARIFETE 493 9t o] A duaddAde @

o3 MEGAAIRRG dAF o3 2 IF= Teve dde 7 Utk

TErekiTh

Table 432004 AALFFaF 8.11(various construction. conflicts) UlZ((x
=421) SH=((x =360 HIEG(x =379)F= otk #olE YERULh HI=
A ETFEol of FEe BEe AALFIFOR A4S AINE vES ol et
| sl Aoz yeiwt AFA foldd dE 94 06322 gt uEhd
o2 & 8112 717k

Table 429% Table 4339] oJstd @FAMEok= 8§03(loss of life),

A

8.08(mismatch of. schedule), 8.15(loss of reputation of consultant), 8.16(loss of
reputation of client professionals) ¥} 8.20(chance: of 10sing job by consultant)ell
oA ulZd Adroret Atk Aol & LERAITE shAIRE 8.08% 8158 Al9lTh
02 @559 FEgAtelde 1o a7t glo] AR YFeE A
o} Table 4.330] &3t =724k Eok= 8.03(loss of life), 8.04(loss of client
property), 8.06(other financial/economical loss to client), 8.09(excessive reworks
frustrating contractors), 8.10(excessive reworks frustrating client), 8.15(loss of
reputation of consultant), 8.16(loss of reputation of client professionals),
8.19(immature termination of contract),8.20(chance of losing job by consultant)2}
8.22(loss of consultant trust)ell A HIEGH ATk 2fo|7}t e ASE e
stk o] A= gt WEe] dAdZope] o] SHA {Fo7 ztolvt &
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<= HoFa oy T8y AFA HAoA 'd'<05 o]BE fodlA AFTE -l
E Zboll 149] 2pol7t ol A7 dFor ettt

U3 PHoZ v HHEFE 8.04(loss of client property)@ 8.08(mismatch
of schedule)e WIEW H2Zoket 723k 2ko|7}F Ut Table 4330l o|stH o] &

50| Hytghll tig AFF Fo4 “d>05" olBE F gE AR IF

Table 4.32 Multiple comparison of means by Tukey test

. Nepal Korea .515(%) .003 |~ 0.49
8.1 Delay in
Completion Vietnam 406(*). | 1.055 .045 | 0.38 No Sig.
f Project
of Frojee Korea | Vietnam -.110 .502
) Nepal Korea .458(%) .005 | 0.50
8.2 Project
Cost Vietnam A434(*) | 0.913 .017 | 047 No sig.
| ed
fereas Korea | Vietnam -.024 .962
811 Various Nepal Korea 606(*) .000 063
tructi . o .
gonstruction Vietnam 417 | 0.962 028 | 043 | Pract Sig.
Korea . | Vietnam -.189 107
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Table 4.33 Multiple comparisons with Dunnett’s C test

) Nepal Korea -.632(*)
gggplléoss Of Life Vietnam ~326 | 1.391 No sig.
Korea Vietnam .306(*) 0.22
8.04 L Of Client Nepal Korea -.359
Property Vietnam -755(*) | 1.317 | 0.57 | Pract sig.
Korea Vietnam -.396(*) 0.30
806 Other Fi al Nepal Korea 444
. er Financial : .
Economic Loss Client Vietnam 1020 | 1.180 No Sig.
Korea Vietnam -424(%) 0.36
8.08 Mismatch Of Nepal Korea -1.028(*) 1.00
Schedule g Rap -1.193(*) | 1.022 | 1.16 | Pract sig.
Korea Vietnam -.165
8,00 Excessive Rede Nepal Korea .053
1 cessive Rewo ; .
Frustrating Contractors Vietnam -.206 |.1.168 No sig.
Korea Vietnam -.259(*) 0.22
. Nepal Korea 418
grzgt E\i)f%sscll\fgm Reworks Y -155 | 1.266 No sig.
Korea Vietnam -.574(*) 0.45
815 Loss OF oot Nepal Korea .782(%) 0.62
of Conssljltant "4 Vﬁetnam .281 | 1.255 Pract sig.
Korea Vietnam -.501(%) 0.40
816 Loss OF Reousl Nepal Korea .589(*) 0.48
. SS eputation : .
OFf Client Professionals Vietnam 246 | 1.210 No sig.
Korea Vietnam -.344(%) 0.28
8.19 | . Nepal Korea .025
.19 Immature - ;
Termination Vietnam -.262 | 1.368 No sig.
Korea Vietnam -.287(*) 0.21
. Nepal Korea .569(%) 0.47
8.20 Chance Of Losing Vietnam 217 | 1.204 No sig.
Korea Vietnam -.352(%) 0.29
Nepal Korea 479
?’rﬁt Loss Of Consultant Vietnam 035 | 1.372 No sig.
Korea Vietnam -.444(*) 0.32

* The mean difference is significant at the .05 level.
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N

EPN
- = E
A 1744 4 £=21 (Other financial/economic los

s to client)

5) Al AlsAhe] # =3t A<} (Excessive reworks frustrating contractors)

Table 4.34 Perceived effect of design error

1. | 8.02 | Project Cost Increased 3.96
2. | 8.01 | Delay in Completion of Project 3.78
3. | 8.07 | 'Other Financial/Economic Loss to Contractor 3.61
4. | 8.06 | Other Financial/Economic Loss to Client 3.60
5. | 8.09 | Excessive Reworks Frustrating Contractors 3.52
6. | 8.18 | Personal Bitterness 3.46
7. | 8.05 [ Inconvenience to-End Users 3.39
8. | 8.13 | Sour Relationship between Consultant and Client 3.38
9. | 8.22 | Loss of Consultant Trust 3.38
10. | 8.12 | Sour Relationship between Contractor and Consultant 3.36
11.| 8.14 | Sour Relationship between Client and Contractor 3.36
12.| 8.10 | Excessive Reworks Frustrating Client 3.35
13.| 8.17 | Loss of Reputation of Contractors 3.29
14.| 8.16 | Loss of Reputation of Client Professionals 3.28
15.| 8.20 | Chance of Losing Job by Consultant 3.26
16.| 8.21 | Loss of Formal Communication between Parties 3.25
17.| 8.19 | Immature Termination of Contract 3.15
18.| 8.03 | Loss of Life of People 3.07
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3.94)9} F71AA0] B HHEF(x = 3.78)2 UEl= Ae gutoz A Hof
o AAlLF ol ¥ B2 s TeEve e THIA Ak oy AT
N AR B BEA} AN ETAY Aztel A R A &4
S o= 2% FHEGT =Y AALFE AFAHAIKNE stlg ARAA
NF)= stAlstaL HetA T Wtk

/\

4.35 8212 (Factor Analysis)

Ao wE QAR FdIAFLES IgsEl] st ajJEAS FsHAT
4% (804, 808, 811 2 845) 2 SAEHE A FEoIA AT AAL
FEF R4 e 18Wge] distd KMO ¢ Bartlettdds o A
Table4.359F o] KMO=0.898>0.7, -2|8& p#kol 2o.H(p<0.001) WS Abo]
o frelAdel e AS YeiH o714 p=0.0002 p <0.0015 =HAA F
o2 ®WFgEol 82l BA Ajgsithas AS o v|gMorgan ¥ Griego 1998,

Coetzee 2005).

Table 4.35 KMO and Bartlett's test

Approx. Chi-Square 3937.655
df 153
Sig. .000

2 21A) gk (Communalities value)<= ©}2fl Table 4.36° & 2]atST.
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Table 4.36 Extracted communalities value

1. 8.01 Delay in Completion of Project 1.000 734
2. 8.02 Project Cost Increased 1.000 .760
3. 8.03 Loss of Life/People 1.000 673
4, 8.05 Inconvenience to End Users 1.000 .637
5. 8.06 Other Financial/Economic Loss of Client 1.000 .761
6. 8.07 Other Financial/Economic Loss Contractor 1.000 .663
7. 8.09 Excessive Reworks Frustrating Contractors 1.000 .829
8. 8.10 Excessive Reworks Frustrating Client 1.000 .845
9. 8.12 Sour Relationship between Contractor and Consuitant 1.000 729
10. 8.13 SourRelationship between Consultant and Client 1.000 721
11. 8.14 Sour Relationship Client and Contractor 1.000 727
12. 8.16 Loss of Reputation of Client Professionals 1.000 .813
13. 8.17 Loss of Reputation of Contractors 1.000 771
14. 8.18 Personal  Bitterness 1.000 .613
15. 8.19 Immature Termination 1.000 .666
16. 8.20 Chance of Losing Job 1.000 .683
17. 8.21 Loss of Formal Communication 1.000 122
18. 8.22 Loss of Consultant Trust 1.000 .666

Extraction Method: Principal Component Analysis.

N

Aol A =2Y3h

akel =717}

Table 437 Q184 ZAztolty A WA, fF3ke] 1 ol %
AEAbo] 58%0) B35t T).

Aol Ifge) TS oF 08014 V1FOE BAsl 79 291 FEAGD

St

ihd
s
rL
N
o~
=
lo
fo
o
o
Rl
)
)
32
2
EEI)[_:

ml
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Table 4.37 Total variance explained

1 6.676 37.087 37.087 | 2.809 15.606 15.606
2 1.472 8.179 45.266 | 2.115 11.749 27.354
3 1.229 6.826 52.092 | 1.934 10.743 38.098
4 1.101 6.117 58.210 | 1.728 9.598 47.696
5 .897 4.981 63.191 | 1.547 8.593 56.289
6 .845 4.695 67.886 | 1.539 8.548 64.837
7 .793 4.407 72.293 | 1.342 7.456 72.293
8 727 4.039 76.332
9 573 3.183 79.514
10 .546 3.035 82.549
11 483 2.685 85.234
12 A75 2.637 87.871
13 427 2.371 90.242
14 406 2.254 92.496
15 .384 2.132 94.627
16 .356 1.978 96.605
17 318 1.768 98.374
18 .293 1.626 100.000

Extraction Method: Principal Component Analysis.
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Table 4.38 Rotated component matrix(a)

8.21 | LossOfFormalCommunication .801

8.20 | ChanceOfLosingJob .705

8.22 | LossOfConsultantTrust .681

8.19 | ImmatureTermination .676

8.12 | SourRelationshipContractorConsultant 752

8.14 | SourRelationshipClientContractor .740

8.13 | SourRelationshipConsultantClient .687

8.06 | OtherFinancialEconomicLossClient .781

8.05 | InconvenienceToEndUsers .687

8.02 | ProjectCostincreased .835

8.01 | DelaylnCompletionOfProject .822

8.17 | LossOfReputationOfContractors .770

8.16 | LossOfReputationOfClientProfessionals .680

8.09 | ExcessiveReworksFrustratingContractor .784

8.10 | ExcessiveReworksFrustratingClient .781

8.03 | LossOfLifePeople .706

8.07 | OtherFinancialEconomicLossContractor .559
Extraction Method: Principal Component Analysis. Rotation Method: Varimax with

Kaiser Normalization.
Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 10 iterations.
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43.6 22149

FEAY OF 16%S AL 4] FEog FAR QJu “HAHHEHA A}

(Effect on reputation of consultant)” = ™3}t

Factor 2: T2 A EZFA 2} A * 5}

o) of 129%% A 37 FHOE THHo| Uu, “ERAEFelA B

ofj
St

Al A8} (Effect on relationship of project participants)'= 5% 5} T},

Factor 3: &FALe] E27& Ar4 £4
A B4k K 11%E AAS|AL 27 FEHSE o]FojH o “HdERte] 2

414 <=4 (Effects on client's comfort)” = T8 ™S}t

Factor 4 ZEHAE Az} 9 F7] I3F
T oF 96%S-AAfstaliz) dE o =g el gly “22AE UV} 8l

574 Q3 (Bffects on project elements)” = AT

Factor 5: A 9 A|FAL WA A5}
FTE4Y oF 9%E AAstaL 2| FEoE FAAFE Al IR U AJFA H

’d *]3HEffect on Reputation of Client and Contractor )" = ™8™} T}

Factor 6: 524/ Al ALY 247
FEAre] oF 85%F AASAL 27) FEom FAH QI LT AFAL
24 7¥( Client/Contractor Frustration)’ = ¥ 3}% T}
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Factor 7: A-ZAL] A4k 9 Qlwisa)
FE0) o 7% AASL vie] MEE TASe] U “AFA A4
Q1 &2 (Financial and life loss to contractor)”’® W3, o]& IHC

oFsl¥ Fig 4.9} 2Tt

ko w2

il

F1 Reputation k2 :f';‘:‘.’:;h"’ F3 Clients F4 Project
of Consultant kel Comfort Elements
Participants
8.19
Loss o 8.01

Formal = Inconvenience .
13 Delay.in comp.\ g5

8.21 Sour relation Project cost increase

Loss of Forma i 3 8.06
Other Financial

Need for Reduction
Strategy of Design
Error Effect

Excessive
reworks

Loss of life
8.10

Excessive reworks
frustrating clients

8.07

Other financial/
Eco. Loss to
contractor

Loss of reputation
of contractor

F5 Reputation | F6 Frustration F7 Financial
of Client and of Client and and Life Loss to
Contractor Contractor Contractor

Fig. 4.9 Diagram of design error effect factor ( F4 32 %)

o] M A= ofAlote] G, HIEW 9 ulF 3utetol| A o] Rl o] Auke}
E 3579 5% AAMNPEFE ekt 3 Uete] A 54 e b
EFH Table 4399} o] =& = ES} AR Hls| iz ow HdE ok
AAFop} Ax, nER WA AxALS o3, WEYS 72 (moderate) O
Ashs AMgloly vlZe B £5r =¥ A2 AZbEnh weha o] Al
Atololl A A7 H A LTI g vludA++= e

ek,

Al
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Table 4.39 Magnitude of economic capacity in construction part

13.04 8.33
100,188 | 50.21E6 96.204

Korea | oo Doy | B | mors | E10 6.39 KOSIS

(2013) (2013)

17.1 .
Viet 331,114 | 92.50E6 | E10 1,960 | 9.6E9 6% Vietnam

nam y . .o

et 2013) | (2013) ¢ Statistics

(2013)

17.92 www.kita.
Nepal | 141,181 | 29.89E6 624 1.1E9

E9 | o net

1 US$=1095.03KW(#) , KOSIS : = KOrean Statistical Information Service

ECOS : Economic tatistical System

O

_98_

€)Collection @ pknu



A 57 AALLFAA AAAA

51 A%z 44
ol A AHZRAEN A Fe AU FF thate] Thgdt AT i
AARE WS =gk ol AFelA = AR AU YT LAY

1, IRAE AYRte] 84 A5 ARG P 8 TS so] 24
QR ZEARI Acloltk A olgdk L /e ZRAES] EAN FAst vt

AT} AALRE o) B 0 e Aol §iAu, B Zahe Aol
=

ol gt A7} TRty wpEhA Fof o7l A3l ==l 2

o
a
e
lo
il
i
X

U 2 VA =7E aobd et Atk
=, HET 2 vz FE7EEC] of Aol #sH3ial Table 51 3! Table
52v 7 vebo FoAat 2 g A (affiliations) & WFERA LT
Table 5.1 Respondents with respect to country

Vaild Korea 66.6 66.6
Vietnam 153 255 255 92.0
Nepal 48 8.0 8.0 100.0

Total 601 100.0 100.0

Table 5.2 Type of affiliatons and country crosstabulation

Type of Organization Owner Group
Consultant Group 22 140 54 216
Contractor Group 10 128 61 199
Others 1 12 0 13
Total 48 397 153 598
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AESEAENA TFAE Al AFAHAEA)7E A=A AR B AA

AEsf o= Ak a7ARS EFANFOZA AAZAT N gk HA

3|yt Zo] F2Ad st A& AT 1A Fou WFA=

AAL Tl HE SEde AV dds 7HAA X

Table5.3001 4 2f67%2] SEA7E Aokl M HAxGFo] AARE E°17] Hsl
=

SorreEl Bl g 2S¢ % Uk webd ARG Lo Mol of

Ll

20 6]

o

S HoFa ok

Table 5.3 Response on contractual disclaimers

Valid - 192 31.9 33.2
No 387 64.4 66.8
Total 579 g6, 3 100

Not Answered 22 3%

Total 601 100

Table 54= 7|2FAH(A A8 Ae]27r =8¢l tiak d27te] SRdstoldt 3 1
2tel & SHArS 57998, o T =] AETb= 51%E AAskaL =) A
BV 78%7) o) ZRoliRitishe slos UeEnh WEYY vzHEsee 4
UehfollA zhke] nlgo] AR Wi%stAl Ueigth WEds u2H 2t
7HA AL = BA|(interaction) 2 AT of, ALY FAHIE F7] B
B AuE W) w2, WAt AMEEE Aok old =& sl
2235 AGHATAY A A7 A

TP, SRATS HALFY FAL WARA FA AMYPECI Hud

i

mlo
o
o
ﬂF
PO
o
ull
s
r (o]
v

WA} BUBES ARAR TYIA ATE Rele 22 FE A
U SolsteAE BUTh Wk AEHATA) oM A HuYRE S
A ks A%, APt dRE SN A WA Gk vigR S8

Akxt7t Bdaokdit), o] A4S “2l2~= H7Nrisk transfer)” 2}l 3T},
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Table 5.4 Disclaimer provision with respect to country

Yes 83 14.34% | 85 | 14.68% | 24| 4.15% | 192 | 33.16%

No 296 | 51.12% | 68 | 11.74% | 23| 3.97% | 387 | 66.84%

Total 379 | 65.46% | 153 | 26.42% | 47 | 8.12% | 579 | 100.00%
Not Answered 22
Total 601

21} Table 559041 AR (ABAY7E AA LT ke Aue] AHEE
REA e AL, ARRATANA eaa d7tE s Ao tiste] SuA
o) 54%7) BelHolA = ASE Uegth ot = AR 2 Feto] U

JE7

FYYRE WEAF AMUESL FHN kIS FATE

Table 5.5 Response for risk bearing party

Fully Agree 269 44.8 45.9
. Not Agree 317 52.7 54.1
Valid
Total 586 97.5 100
Not Answered 15 ’ )
Total 601 100

Table 562 SHEA=< =7l w2t EFsioith 3 vt & HZHd27lee
ALFY ABF gaads AFHAEA)AA Arkste A FiFo g widst
Hlgo] =4 AT AV BAHA-HE oA o] FojA L, I v TFATt
AT T AlEAAE AR WE AlFHYF7E Fadn ojAe] tiFEe
AEA R AR =E AA I, o] A, oGAl AlEAblAl A 7ol thel E 3]

(panelize)= 7+& & A&7

il

rr
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AZAFE ZFRScksls BAld MEEE ANE BFR AT @Re] AEs}
S AKHATA B DA FL A ER vlg] WFAsE APHE ]

QAT g BEE Fo ALFE ATt ZsloRRit= 270l 3l

S

& HZTh AR AARA HEel F B sldniE gL dAe

FE AR AT & 91 Roluk

Table 5.6 Role of contractor with respect to country

Fully Agree 189 | 49% | 66 43% 14 29% | 569
Not Agree 196 | 51% | 87 57% 34 71% | 317
Total 385 153 48 586

124 Table 57914 AlFAHAI AN AlF 41/ 599 FAIFEE S<lstar
THol BAE ARLF, FE, EYX|, BEx AR FAEHE ATES EFAA
FHEfoF =& T Atk FEAL 80%olEel o] A& 5o At ol= A%k
ZHAEADE g 5482 A o2 W stz A 24 EA4
o] ojtjol] EAfst=A 2 &1 _her et dofokst eyt deS ondrh

Table 57914 Alfxde TFael APAHENA oF-2 oz Husjord Ao
ofuet Al A AN AT thsted AAANA AAldl BRE A3t

N

He Aoz AFRHAUY ot Wow AALFE Q7 IFe AAE

AT
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Table 5.7 Response on Contractor’s obligation to check documents

Fully Agree 475 79.0 80.5
. Not Agree 115 19.2 19.5
Valid
Total 590 98.2 100
Not Answered 11 1.8
Total 601 100

BASHE Axsste =YL FE HOIH, SRS AL B
AEAHA B FAUS AR A A7 AL BFASE ANEEA ]
oo}zl Aokel o] 2FE AASE o] £ WES shAvk

Table 580141 oF 61%°] SGAE0] of xol TSI HAAE AAAY
of 3 2 AYS] Yt Aol olm WHoRE e Motk 1Y)
U ABATE FERAARke] Alokel A S "siAl & Aol B4 conflict)]
WA brf TR ANRES 559 AL AL AR tipartite) o] A2kl
o] 01 Aok,

Table 5.8 Response on provision of claim.pass to designer

Yes 359 59.7 61.5

No 225 37.5 38.5

Total 584 97.2 100
Not Answered 17 2.8
Total 601 100

Table5.9<= A2 A EAN7F vlE] AlFARS Rlsfokst=Alo thet Ad&ExAt
ANE BT ok 3 vt AEVHE- (84 %), FIEHT8 %), Y263 %)
< AlFRH A AN 7E ARl e AREAE glstal ARl wEatke) 4

23
=
MAl BRE HEshs Zo s HAFa ok oA BAleFe] %=

&
Al
&
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Table 5.9 Contractor verify details with respect to country crosstabulation

Fully Agree 325(84%) 120(78%) 30(63%) 475
Not Agree 64(16%) 33(22%) 18(37%) 115
Total 389(100%) 153(100%) 48(100%) 590

52 F7H0l& FEH=ZF

AALFE= AFYrework)Se Q2 313 FHoE ZZAES 4537 9
3 F7H8S e stk wEkA T AAILFok AAARIL-S FEdlof s
A AE2AS oL o] Z2AE AesHH Table 510 ¥ 2Tk Table 510914 &
Ao 2% AALF JIQske TS TFAE R okt oA
AABIAL, 36%= HEHEZ Fasfofgithe od-& UeRfIth o] Ad= A
ALFol tiste] HHHEEI FU]E Aglo] U BT Zolth whabA At
ol W H &= FEfolshe A2 HEseh A du 8o BExds IF
7ot AHHEALo] 8] A|okol] FTlef okst= 2o ® LrERRT

Table 51104 Z} vetel] mey 53] F7HRES sl ofd FARES A
3 el o] MEIFES oF 45%(170/375)2] SEA} A LRl tigh

F7p -2 WFEAE Rekslol Arkm 7S g AOE ekhth
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Table 5.10 Response on extra cost

Client 242 40.3 42.2
Consultant 207 34.4 36.1
Contractor 37 6.2 6.4
Client/Consultant 57 9.5 9.9
Valid Client/Contractor 3 0.5 0.5
Consultant/Contractor 2 0.3 0.4
All Parties 26 4.3 4.5
Total 574 95.6 100

Not Answered 27 4.5

Total 601 100

Hholl w7 oF52%(24/46)- ¢ BARE, BA| Q7o mE FUHES HA
HE zpilo] Fasloksls (A2 Ueth =t HEdE7bE | Abel o] o]
ztole= AAE E ti$t EHjE(could be attitude of Consultant. )l |[7]¢1eH= 2L
2 Hlo,

o] A¥= RS AFAAAE)S BFAR] 9ol 7%k o|mdth 1
B2 AREAB) el I 7 8- A Bgsfeldte ity 1y
SHA] 36%7F F7H&& BARMEVE FEEloRig . Asta dEol ol
ofgitt. o] A= AAMRE YA AAIF et Yol A5S orlstar A
ol W Hlge FEdorde ondtt. wehs TFEatel AH-E Afoldl= A

A HIE sEE 23e T Alofo] o] Folxofgith
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Table 5.11 Extra cost bearing parties with respect to countries

Client 170 | 45.3 | 62 | 40.5 | 10 | 21.5 | 242 42
Consultant 141 | 37.6 | 42 | 27.5 | 24 | 52.2 | 207 36
Contractor 28 7.5 8 5.2 1 2.20 | 37 6

Client/Consultant 36 9.6 14 9.2 7 15.2 | 57 10
Client/Contractor 0 0 3 2.0 0 0 3 1
Consultant/Contractor 0 0 1 0.7 1 2.2 2 0
All 0 0 23 15.0 4 23 6.5 26 5
Total 375 153 46 574 | 100

53 &7 B ¥ Hist B3dA A

Be AL 2Aewe AR H 37A A e Z=AE HEIUtE
olel g 7AW olzlo] ZAE uge FH THALE ohTh wlEtd o] o
Foll 7118 Hl&-2 A HRIEZ Aol ©). o] Aunl= afdx Egsial U
A7y e opsts Hl-golth RheF WEA7 HAHRE=RRE o] M-S 3t
A, o= ‘o F B repel mE AMHES J4F RIAAL ALY F I
TH(Wertz, 2004; Hartford, 2010). Table 51204 XK@ Ao Folsl= o429
75%7F o] AAo] HAHHENA Z fI¢te] B & oS HAF vt H2 A
zoAs o] BPAAS Hgslr] AlZgthWikipedia, 2014; Song et al.
2012; Mead, 2008; Russel, 1991; Home 1990; Kagan and Vander, 1986). 3}
ARL HEGOY U 5 NIRRT 2 ATNEETLlA o] AME AEsteAe
WA X 1y olg w7k SEAES EEAER ] AT FEl
A RS AS T Ue F& FHE st Zo® Uit
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Table 5.12 Response for etrors and omission policy of insurance

Yes 438 72.9 74.9
No 147 24.4 25.1
Valid
Total 585 97.3 100
Not Answered 16 2.7
Total 601 100

Table 5132 o] whel B tigh S5S #2435 Zolt}. Table5.139]
Uehd niel o] sk 73%, WIEW 84%, Ul 65%% hEE2 AE/IELS A
oF 2 T Wk ga AU oE B FoehS HojF a1 Qit)

=

Table 513 Responses for errors and omissions policy of insurance

Yes 284 73% 124 84% 30 65% | 438
No 107 27% 24 16% 16 35% | 147
Total 391 100 148 100 46 100 585

54 Scrum 233 &

Scrum RFZALAAE B aFAR £3, Z2AENT $H 2 SprintA &
S =7 o] FoJXTH(Wyss, 2014). Scrum®™ &2 Sprintoll 7|¥FS 73l Sprinte Al
o] A Tk L85 E 2~45319] vlg A Aotk v %
A 1) 7= A, 2) 24 2 A, 3) AAFHF)EAL 4) AL 5) B

EEIE) Y] 712 AAREAE 283
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541 AA A2}t A Scrum model d &

el AT e Av SAZ ol Fojdnt ol MY}l fE F o
& AV ARFS @t mebd o] Aol ostd BE WAL g
ook A% 4 7E (product)d] H4lsE & o

olg} o] ATAGL PuAA RIE AU APl Ytk WA HALF
A7e 918 T4l 2 Egol7lde] nbao 2 A8k Sorum &L

Scrum=8 & A A Hol G k= ojoket Faol wet Al AAS e
A sokd W Hae AHeltk ARES AF AL Axokiy, wEd A
2 B3 viee) WesaE AEST & Uk ol J5FH Adeln "e
FHOE st APREY L 8T _SEAOE & SUrhAssaf  and

Oll
i

AL-Muhammadi, 2007; Wyss, 2014; Jones, 2013).

Scrume Z 2o H-E T F2 2~4579 AJARER! “sprint”ell 7%k
shof Egtek AlzEle] i Bl AVNE BeEske Aotk

Scrume @2 AAAYZHE =FIal AAAYS wHEE QL Al 7]
stod, © A B A5zt VsxA R E Fote] Mo g deth A

R Aawes A4S

A% AL Al daE AHsgons BEs
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54.2 Scrum model3d-& GA|

Fig. 51°] Hol& R¥L ALRET} AAAAS s3str] Al bt dap=
4DA = o] Fo AU

(1) Stage 1 : &7 4 2 ¥ FA(Requirement analysis and team
formation)

Ryof| weh, ZRAE 7], TRAEMUARANARAYE Z2AE HH-S
Aereta, WFAY 7153 guprlsd 8 TARRS EA4skaL, ARSARY] 8 FAKE
of wigt 7|Ex AEe& FHlgkY “ZEAE Y AH(Project Definition
Documents, PDD)” & A§4kgtct.

o] A= tE FdHol A s7] Hsll ALERITE o] A= EYA B2
Moz A nHike} o] E2AEA ARkEojotd W AAESS
HHJohansson,2012). ©] T GAYA Z2AE Ho|] AT s|AtS 4
T Ue HAY 74 F(Business. Requirement Document, BRD)ol| 7|4lsto] =24
EQ e 7 A& 7 FolE A7

(2) Stage 2 : Al¥ 53 (Release planning)

ZRAERL 7]5 73] ¢(Feature Breakdown Session, FBS)olA tEAE &
ot @A FBSE 7HAaL, ZRAES 9Fsh] fste] Friei 2 ZeAE
FAAES Al Aoy st 715e FARILL Z2AERL FBSE 1185}
LZZAE Frofztol] Zgtsto] 39 HIE R} T2AEZAS FHI

Ag TP ] 7]3Htime-boxing nature)> ZEAHEA7} 9 ATAZF FAHS O

shabt] S48 Foh ZRAESYADS WA HAHe] A WA} A
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(3) Stage 3 : Sprint V|®(Sprint meeting)

ZEAERL sprint AlES THITE sprintE A2 AT AHO] 7] (set
of features)> ¢HdsoFd QFARIRI A& $AHEY  “ZF-EF(backlog)” &
25E Y2

SprintA|2HS 1%+ backloge  SprintAl &3] 2)E Fall AFHTh o] 3 oA=
327 SGRE7|E 9ske A 3F backlogse] ©H AAES AHE AFslof
ot 'S v W osprintset @R Sord Ade AAdokstal ©)ZlS sprint
backlogloll 7] &3l okttt sprintE G 8H=5<2t °FF% sprint backlogE W73
& o gl ol sprintEdt 8720l THES on[Rith vl sprintoll A, ®
< Ao g VbR AEEY S8, F 97 U AYH A5E 4ZESY
oJ & Fxsfokgtth RteF g FAIe] ofwgt ojfr 2 ¢hEEtAl K, aTANES
3 A F(product backlog) &2 HE0RIHE sprint 3]8& U AALE ]

-. Daily standup- sprint=§<k-Fidoly T2 AEZ]58o) w, 2<ie] 54 o

3 RSl s BgetE, o] ARF2 158< 2 RS T
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(4) Stage 4 : HFAHFE FF(Release of final product)

7} Sprint®] whArel] AaEo] FE 9 B o] Fo| A AL, e ¥ sprintE
T3tk AljkE 8l A(solution) 7]55-2] $F F-iZ(subset)THe] 7 sprintol| A &4

gtk AA 7S EESS AAE RER 23T FEAZGACA, si4

W] sprint & siifol] S3ih

N
off
@
=N
=
2
.
(@)
=2
o
=
(@)
NC)
rlo
[
il
2
lu

24 hour

mesting

Tirme Box
210 4 weeks o
developdesignand
drawings

Sprint P\, Final Design
Backlogs Sand Diawings
ready to submit
Yo Client

Stage 1 Stage 2 Stage 3 Stage 4

v

Product Backlogs

Fig. 5.1 Scrum model in design process (cited from Assaf and
AL-Muhammadi, 2007)

55 FAXL AT

AR, AkAHAFAH7H

.
]:]
WA AR tE FHYS AT AYS A gerthe B g

1o

STAGEGE EFAPOEA WAL HAAT e WAAYL e

Al 271
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EA, 77 AT g FH 8-S REsokslerhk

A, AHERETL Aol wigos HALR 8wl Ui AL SRS

A= s

A, FAsh ARHET} Akl ALFY T RS A% 7
AHENA Busord QIR-atel] drp Fojsh=rP
JE]3 Tk Akl ool whE-zalel olF s AujstiA AlekAl= zpAl

o] dF-E TS B DASHA| S & v & ok skl

=

i

SAA, AR AR SRS ANARRS Bolsha wHel EAE Aol
OF, ¥, HUX, Ex BFS WEAolA BASL AASF I Ak

N3 Hel Al A7k = Ao dupd Folsk=7} ?

AMA, WFA} AHHEA ] A Akt HAZAFS T FENYL

AAR A AN G QI of 2L T Solsierk

- 112 -
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562 N AAZEYH

AANA A sgete Aem & g e AAHEN o= Hx9
AlZb HlgS sk AAAgRIer ARR7IZE2 Fig. 52 Aok o] dA 3] A
T = Jos A4dn. Id dehd wiel o] om] g Mg
At AlZro] Aol wel Z2IpH]go] FojEo] MAFAH 8ol A Ho
t}h olE o83 AAM g B-F Eglo] QIS & 5 gtk wEha] =
ZAENA HI&S AZAT)7] siAe A AA7E vES Fsiordte 9
njetd AAM = Azl dgelg AT AAEl AAT FUS F

A A HAFANEE ZaAZ eSS4

oY
ﬂl?l'
_‘

M

Cost of

Quality
M Lost Opportunities
M Exceeding Requirements

50% . W Internal & External failure
M Appraisal
I B Prevention
Time
TODAY YEAR 1 YEAR 2 YEAR 3 YEAR 4

Fig5.2 Reducing the cost of quality (cited from John Bank)
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ok

57 7l€nSs 9

571 AA S 9 7es

X

o] A(1999)l] ©)FtH g Ropl 7A47)%5FS Fig 530141 9F o] 1987
W0l 63%, 1993 %) 65%, 1998 =0l Axl=rel Hlsl| 67%E YRt =gt
223(2005)° sk Fig. 540 YEeRd nie} o] r|EREE AM|EsEl

H Folo] mEW 200495 71%E YERN T L8] al Table 5140 Yehd
uhe} o] w28 (2013.7)2) 202U E 7R A (Rb[12070= =7}
Ag7)&]ol ostd S A7 EFEe A1) 79%S YERSch o
gA A o) dAZIETEe] AXS(HE)Y of 80% B R AdEERE HA
279 T3 AT s A F A AAFESe Bostr] fEiM e AEAYU A
AZbeol tigk wso] F stk 19983 FEH 20129714 S-guhete] A E ok
B E5Ees A= digt #l&2 JER ™ Fig 559 2ok

T‘

1:
J_

_ B Eneral Ievel

Road 68 71 74 Utilties

Brige 67 69 SN e ling

Tunnuel 68 68 70" Residentialbuilding

Water/Sewage 59 63 68  Highrise building

River 70 70 72 Plant
Seacoast 60 | 60 | 64 Dam o
Dam 66 67 68 Seacoast n1%7

Plant - 62 68 River

High rise building 62 65 68 Water/ Sewage

Residential building | 66 68 68 Tunnel

Inteligent building - 51 59 Bridge

Utilities 54 60 64 Road

General level 63 65 67 (; 1‘0 zL) 3L) 4‘0 5‘0 éo ;o 80

Fig. 53 Annual trend of technology level with respect to facilities
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Particular 1987 1993 1998 2004
Plan/ feasibility 60 60 63 70
Design 63 63 66 72
Bid -- 65 68 73
Construction 71 71 73 75
Operation/ management 60 63 66 70
Intelligent -- -- -- 69
Install -- -- -- 70
Average 64 65 67 71

w1987
m 1993
w1998

m 2004

Fig. 54 Annual trend of technology level in construction sector

Table 5.14 Level of construction technology with respect to countries

Korea \% ﬁ IEU ﬁ E })/ China

Level of | Techque | Level of | Techque | Level of | Techque | Level of | Techque | Level of | Techque
Techque | gap(year) | Techque | gap(year) | Techque | gap(year) | Techque | gap(year) | Techque | gap(year)

79.0 4.7 100 0.0 97.5 0.0 97.7 0.7 66.5 7.5

Level of technology of USA : 100
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100%

W Average
509% ﬁJ , I I I l year

1987 1993 1998 2012

90
¥ =0.0233¢ - 92.723x + 92169
RE=

BO
70

&0 L — —

50 - [,

a0 o : - - -

30

20 A . . e
10 F i " - e [

o g o Wy gy

1985 1890 1995 20008 2005 2010 2015

Fig. 5.5 Percentage of technological level of Korea to developed countries
572 7|€@F € ¢ u§ R =

799 5(2010)2] Aol 254 Fig. 5.60 e Hke} o] 7| el ulke}
Aot AR, A Y] el dAUojEd Zadk e =
S8 Faspl Ra glow, FA7dE AR Ve dAFE AYsh] S A
FFE T2 e o2 Yehd

=g 71ge] FY4F wetAE  Fig 579 el A AR “AlF 71E” 74l
AYAR” “ARd ML 771 A7 THESE Hofo] QIA|gge] ety &
& Zo= Ut o] Roko] mfo] Baghs & AUtk

ol HAALFIF AAYAT FREAA LF{FVF B etE o)) A7t H
o] AAH & FrANA EAZL DA AHS F2 AFA] BAS] WEe

ELJ
filo
o
fu)

r

Lo

2 AZEETh ol MANC AFARIL Fert ¥ BaFL WMEE Qozs

Az,
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140

120

100

BO 1 1

6.0

uiarge

O vedium
4.0

@ 3mall
'Total

0.0+ = =
* %

Fig. 5.6 Interest education program according to company size

18.0

16.0

140

12.0
10.0 1 7 DOResidential/Leisure facilities

1 - DGeneral buildings

80

BTrannsportation facilities

6.0
WPlalnt facilities

4.0

DPower/Energy Plant
2.0
BComplex/Land development
001 - T
&

Fig. 5.7 Program of relative interest according to main products
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58 &

581 AALFYUA &

e

|

Hﬁ

AN M HALF B Gl thskel 2

Fig. 5.8°] YeAT

3t A3} o]E Table 515 ¥

Table 5.15 Matrix of causes of design error and its effect on project

F1 Unclear requirement of client

F2 Weak ‘design process of consultant
F3 Lack of design basics and constructability
F4 Lack of skill and experience of consultant
F5 Lack of knowledge and education of consultant
F6 Weak communication and information
F7 Last minute design change

F8 Client’s inexperience and communication
F9 Insufficient planning and documents
F10 Time pressure to ‘complete design
F11 Lack “of team. coordination in consultant
F12 Team deficiency of planning and efficiency
F13 Low design fee

F14 Insufficient fund

F15 Deficient procedures

F16 Ambiguous specification

1. Bad-reputation of consultant

2. Bad relationship of project
participants

3. Reduced Client’s comfort
4. Project Elements impact

5. Bad reputation of client
and contractor

6. PFrustration of client and
contractor

7. Financial and life loss of
contractor

/Collection @ pknu
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' 4

| F1 Unclear F2 Weak design F3 Lack of F4 Lack of

i requirement Process Design basics skill and expert
7.35 711 7.28 \ 7.04 \

I Rigid Attitude

7.40
Unclear
requirement

73

7.36
ncompleteness
7.22

Carelessness

Unreliable
7.30

Introduction M}%derstanding’\La—},cgg‘j{ skill staf‘(\ S

7.33 Change of 3

Rigid attitude

7.14

7.25

Lack of Understand

Wlare staff
turn over
7.06

Lack of exp.

7.33

Design
professionals

Lack of comm.

Lack minute
design
Availability of .26

Client project
managers 5 .,
Lack of

—-----------------------\

| 7.31 =
55 Lack of

: Etrars i design Fwareness enough projeCt/\LaCk pnute [ s Al

I F5 Lack of F6 Weak F7 Last F8 Client's

I knowledge Communication Minute Design Inexperience

I F9 Insufficient F10 Time F11 Lack of F12 Team Deficiency of

Planning and Pressure to Team condition Plan
I /.16 .01
I Lack of Schedule \
Planning pressure
I 7.19 7.08 717
I Inadequate doc 7.38 Lack of co- Lack of design
7-43—_) Tnadequate ordination

I Lack of Planning 7.45

! — N

I 7.02 741 737 i

Low design Insufficient fund Deficient 7.09 I

I fee procedures nclear

I specification I

l F13 Low F14 Insufficient F15 Deficient F16 Ambiguous i
Design fee fund procedures specification '

\ b4

Cause

Collection @ pknu

’---------------

Effect Factor on Project

Bad reputation of consultant

Bad relationship of project
participants

Reduced Client’s comfort

Project Elements impact

Bad reputation of client and
contractor

---------------,

6. Frustration of client and
|
1 contractor
|
1 7. Financial and life loss of
|
i contractor
\

---------------’

Effect

Fig. 5.8 Cause and effect diagram of design error
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582 AAF ¥ ALAH

1) A4 2@ =AFAFNA Scrum=ZA| 2 A& (Application of Scum Process in
preparation design and drawings)-F1

2) AAAANA YDA NN FHLTAE 2 (Detail Requirement Documentation
in planning phase of design process)-F2

3) Z2=AHEA | A 5FH|(Prepare Project Definition Document)-F3

4) &3} ALAHEZL MARE A FAL S FH](Prepare responsive contract
document between client and consultant)-F4

S)AICfAFoll AALFH E & RPxd AU(Must include omission and
Error (O&E) insurance clause in the contract document)-F5

6) $HE AA7|&A a-&(Hire experienced consultant design engineers)-F6

7) 7o) B2 &Rl thE] 3-8{(Hire experienced ‘Client’s Representative)-F7

8) +713%] 71€A A1 S(Implement periodical professional training)-F8

9 Z=2AHEAS] AE(PDD) &3 AA 712 <A|(Increase understanding of
design basics by Project Definition Document (PDD)-F9

10) A1 2 A4 olsi(Understanding of Design Basics and constructability)-F10

11) AL &5 4 F X 1¥(Implement of communication and information
among participants)-F11

12) AAH7d ZF4(Reduction of frequent design change)-F12

13) AAT AA7]7t &1 (Adequate design duration)-F13

14) AATEFY AAH] FH(Adequate design fee)-F14
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Adz2AENA AALFAGNAS A 8FozA IO FFS e 2ol %

2AZ F Aok AEE A= A 7Fed Y Flg. 5900 YER AT

1) FAHE HAFJ(Reputation of Consultant be better)

2) ZT2AEZNZZE BAA X (Relationship between project participants is increased)
3) &R kS 7HClient’s comfort be better)

4) EFA} AR FAYBAIS A (Frustration of client and contractor is decreased)
5) &R 9 A A FAYEA-F57HClient and Contractor reputation be better)
6) T2AE QAFH 7 (Project elements impact is decreased)

7) AR 919 8 AiEA ZHA(Loss of life and money of contractor is decreased)

Effect Factor on Project

1. Rep ion of Cc be better

2. Relationship between project
participants is increased

3. Client's comfort be better

I 5 Impiemmt Periodical I | FIO Undertanding of Dmgnbm] decreased

\ Pﬁhvea:lfem l \){wﬁ;}. imaleman I

w

i

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

I . Client and Contractor reputation be

I better

1
>

1

1

1

1

1

I

~

6. Project elements impact is decreased

7. Loss of life and money of contractor
is decreased

[ —— .---—------;-_J

A
1
1
1
1
1
1
1
1
1
1
1
1
1
1

4, Frustration of client and contractor is :
1

1

1

1

1

1

1

1

1

1

1

1

1
-

Fig. 5.9 Strategy to reduce design error and its possible effect
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e ATl Uigh =99} AEAANE sofstd tha} 2t

1) AALF7 27 g2 Az A E7(disclaimer)ol] oJ3A AR}
(AIZAYA AZMAZ 4= gtk 2y AN SN BAIEA 9 22 Al%A
7o Aoy 752 LAY A FA EFAe AHEET} wFFH o= Adovt
LFE AYES = 2¥}E AdAd =S & EaUt Utk

)@= WEY % Yy BE ABES AGHAZAYTL AGENE
ST 0F EE Fo] Yk A A BFA EE AUHEA geiFoloket
gl Audos T4 ek o= vehg,

3) AAleFe A7l AHHENA AR + U=EF ALY A F(tripartite
contract) ©] 9| FOJAEE sfol3it].

4) LFA} AAHEE A 2579 digt IS FHE RESoksle A
o] A AkHAZTAYE AA L7 i IS 2 + glok

fAALTFE F=2 ALAHESY o3 A H =¥ wg 2o “27F %
T digk RPRFFo] A i HAHIYo=RE HHHEE BRI
T A= A= YEyt.

6) ¥ FH9 AAV H=F AAAEWES /iAo Besiy Ahd BHEE
AAnSE T3 AAAS FEE FIE 28Ut Aok
o] 293l EAISHHA Fig. 5107 o] YEeRAATH
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PLAN

® Finding design error and omitting
® Define deviation between actual and target
@ \Write statement of cause and effect of design error
®Prioritize
©
Evaluating result 2
g
2 29
1) =
— E [
E\ P
= . SE
= z E=5 iy
o ] o = = E T_U
L = b .2 i
O £ g 2 c = B 3
0 Pt m = =
— = U= C O o0
o o | 9 o w
l_ w /O C o Y E—
oA = - @
() = =
T 5 S 65 ac
6 C o Uy E =
g o ] = o -4
o = o= ]
W m o o C
s o
o £ oy
Y1 . =
o0 3¢
P
- =l
Ao
Reviewing s o
Potential solution
® Selecting best option
® Selecting best plan
® Evaluating options
@ Effect of design error

® Education

® [nsurance

® Communtion

® Contractor clause

CHECK

DO

Fig. 5.10 Design error reduction process
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o] Age] BAL PAMmBAEA HALEEAS PAE= Holtt E3
AdzaAENA AR o WA 1 9 2 APt 24
T} o] A ofAlole] 3utel, AR g Autmaael MEY 181 A7)
ahzel Yoo AMAAS wdetanh AR 9 Agd 9x|o] thakygo] AT
At Yurslsh=d =90 H7E I AEAE EAATY AENME
2 Apze] AL Esle] FHFAT NEZAARE BMG A gow) e
giﬁ t‘_/\}\q-

61 AALEF ¥

EHZAE B AA0 R 47 FES FRsle] EARMAT 107] =

]o

1. 7%l 571 AAlLR/FAML

Ao A 7)1 4= al, Y A 34k

D012 2 Aol B AR} 2

experience of designer in particularly assigned-job),

=+(Lack of skilled staffs in consultant office), 3)

(Last minute design changes initiated by Client),4) 23k
5) w2 AA¥|(Low design fee)= LESTE.

design time),

2. 3, HEY g Ul BRoA X
71EAHEE0] ARE AA|St e o R Slkalofk
& HEHEY AAHERSOE eyt

- 125 -

Collection @ pknu

S ol A

2) AHEES] &d AR
WA o] 5k HEAH A WA



3. ZAAZE AT jhey, sk e WlEY B Eo] =1 YlZelA =71
LHgEo] ARl 3Fd AAlFe dd2 FoiX Aol iz AAAe] 7
A5 HAAHEAS] " Ad FFo2 YEt =2 TFae] a4x
A3 AAE HE T dFAel gk BAE A oR o AdeHA st
kel MEEY dE2 ALHES} #dd EAE ¢ S8 Adske How
UERg T HIsssAl HIEES HE2EG diiFez Bea A4S HAHHERG
O A4siA whobsols Ao® Yehsith

4. 3WNFES o] &3 Qv AF e 22 167HA 9] A eFajle

52

)=

o

gt 8727 (Unclear requirement,) «2)AA Z2AM| 2> w]¥]( Consultant
Weak Design| Process), 3)87|7]& 2 AlF4A olsf|#-=(Lack of Understanding of
Design Basics and constructability),4)dA12k2] 75 2 A FFEZ(Lack of skill
and experience of Consultant Staff)5) AAAS] S F A4 FEZH(Lack of
knowledge and ‘education of Consultant Staff, 6)2AHS] 4 % BEH FK(
Lack of communication -and -information),7) =& & AAIR7( Last minute
Design change),8)'dFA A 2 A H = (Client's inexperience and
communication) ,9) A& % A5 F]H](Insufficient planning and documents), 10)
A AAZIZH Time Pressure), 11D)AAEYT =4 HZFH(Lack of
coordination in design team )12)AEAHS] HFEAF=(Team deficiency of
planning and efficiency), 13)%-2 AA¥] A|(Low design fee),14) Ap=F=Fol &
g+ AA| @ F(Insufficient  Fund)”,15)% X2 3H(Deficient procedures), 16)A%A1 &

W ol ofg HA 2 F 82l (Unclear/ambiguous specification of client)= @AATH.
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6.2 AALF I3
o] AT AUARE oA she 184FTe] WALFIFE T,

IS 1) SAFA7HE7HProject Cost Increased), 2)37]1A 4 (Delay in
Completion of Project), 3) Al2FZHAIZAHS  AAlH &4 5(Other
Financial/Economic Loss to Contractor), 4) &2+ ZAAH &4 5 (Other
Financial/Economic Loss to Client), 5) Al&AFY] #&=3F A2 (Excessive
Reworks Frustrating Contraetors) & & e T

2 9%, MEY B UB RN ZedeUst 4%, $7A9, 249 F/
49 ggos eha tgl 2 FRel e AFA] AYH AHH &8 L T

A ELAZE A€ ol HEEH vE2 A A A EH o=

3. ¥ AT FARYA 5& Yo HalAd Igo Yo
g wstel WEgw WEe Adtes) A = WA A0 AAE £a
HRHOE o 2 POz WolBele glom Urhdth £3 MEGS FHAL
B BFAY ARGEA S YBEG B 2 GO Azshsdl watel vz W

=

Eguch gAZ7le 4L o

4. 1871350 AALFIEFS ol&ste] adEd e T 23 vt 22 7

1) 1A E Erg J A 3}(Effect on reputation of consultant )
2) ZEAEZFAXTE] #A2tSK(Bad relationship of project participants ),
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3)
2

kel 42 A4 E4(Client’s comfort ),

Hil

E A7 9 F7] FFProject elements)
5) A W Al FAF WA A SHReputation of client and contractor )
6) WALl Al FAFe] #A (Frustration of client and contractor )

7) A&Are] A4 2 Q1% &4 (Financial and life loss to contractor)

6.3 A7 A7t

N

ARAR N HALFE AT e JetjRe WA ANEE 9 A
Abe] A R RE o) A Bz} I HAT] A28l T 2 AAFHA
oA A,
137120 2ol A scum@R} 282) AR A A NA P4 272 22
5) meAE Ao Ruuly BEAe AMREjolo] tjeA ok FE5) A

ol

oFAM ol AT B Tl TRk R S 6)d ol B AAVIEA 1L
€740l B8 dFA vl 11, 8) F71HU AEVF i, 9) ZE=AE A
Aol o3k AAZIE olsl 531, 10) AV B AlgAlelsl, 11) oAzt &% 9

ARFE, 12) HAWNA L, 32k AAAE IR, 14) FAAEF) AAN

HACF AZE A oot AEARE okt et 2k

1) AAeF o) P Aokxds Ae)ws)(disclaimen)ol JalA Aok
(NBANA 7AD&= gick T ASEHAIBAE BAEA 2L Ak
Fol Aol T WAT A A WFEAY ANYES} SEAoR Ao
k3

22 YR 5= 28-S A DEE Fof st

)e=T WEY D yEe] RE AEASLS AEHA TN} AR Bl
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3) AAILFY Ayt AHHENA dE2E + UAEF AR A K(tripartite

contract) ©] ©]FAEE & ofgitt.

4 BFAS} BHHEE M oFo U A FhE Hebsjopsis Ag)

o) QT AEHABAYE AT te B A = gick

SAAl LT F2 PERES o AAAR] ol w2} 2epxit}. “27 3l
FEPol gk BEAAo] A e Rl Ui HANJo =R E HLUHES 3T
T AL Aoz Yeldth

6) B FAS WAV AES A UERRS] o) Wesky #sist B
AARSE FA AN EEE BFE o) Ak
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Analysis of Causes and Effects of Design Errors of
Construction Projects in three Asian Countries

Kwon, Joon An

Interdisciplinary Program of Construction Engineering and
Management Graduate School Pukyong National University

Abstract

Design errors are mostly noticed in the many projects at the construction
stages rather than the design stages, the difference is only in the extent of
occurrence; hence, these errors are sometimes have serious consequences
in construction project 'systems, including various failures as well as
construction | conflicts. It is the seriousness of this error that must be
considered to determine its consequences on the overall outcome of the
project. So, main objective. of this study is to study the design error
problems in construction projects and this study specifically focuses on
underlying causes of design errors and their effects and ‘what strategies to
be taken to reduce the design errors iin, construction projects.

A literature study and an empirical study were conducted. The literature
study focused on causes and effect of design error in construction
projects. On completion of the literature study, a questionnaire was
developed to collect information on respondents’ demographic and project
related details, sources and causes of design errors, and possible measures
to reduce design error cause in construction projects. This study is based
on three Asian countries viz. Korea, Vietham and Nepal. These countries
represent the construction industry from highly developed country (Korea),
developing country (Vietham) and least developed country (Nepal). From
literature review 45 numbers of causes of design errors statements were
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devised. Similarly, 22 numbers of effects of design error were identified
and included in the research questionnaire.

SPSS, a statistical computer program was employed to analyse the data.
Various statistical tools such as Mean, ANOVA, Standard Deviation and
Factor Analysis have been employed to explore the underlying facts of
design error in construction projects. The mean tool was used to find the
overall acceptance of professionals for the perceived statements (variables)
regarding causes and effects of design error.

According to factor analysis results, the factors responsible for design
errors in construction projects are:

(1)Unclear requirement of client, (2)Weak design process of consultant,
(3)Lack of design basics and constructability, (4)Lack of skill and experience of
consultant ,(5)Ladk of knowledge and education of consultant, (Weak communication
and information, (7)Last minute design change, (8)Client’s inexperience and
communication, (9)Insufficient planning and documents, (10)Time pressure
to complete 'design, (11)Lack of team coordination in consultant, (12)Team
deficiency of planning and effidency, (13)Low design fee, (14)Insufficient fund,
(15)Deficient procedures and (16)Ambiguous specification

Similarly, Factor analysis carried out for effects of design errors revealed
following seven design error cause factors in construction industry:

(1) Bad reputation of consultant (2) Bad relationship of project participants
(3) Reduced Client's comfort (4) Project Elements impact (5) Bad reputation
of client and contractor (6) Frustration of client and contractor (7) Financial
and life loss of contractor

Cause and effect analysis was carried out to devise strategies to reduce
the design errors problems in construction projects. To reduce the design
errors problems in construction projects, following 14
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strategies[(1)Application of Scum Process in preparation design and drawings),
(2)Detail requirement documentation in planning phase of design process
,(3)Prepare project definition document), (4) Prepare responsive contract
document between dient and consultant, (5) Must include omission and error
(O&E) insurance clause in the contract document),(6) Hire experienced
consultant design engineers), (7) Hire experienced client's representative, (8)
Implement periodical professional training, (9) Increase understanding of design
basics by project definition document, (10) Understanding of design basics and
constructability, (11) Implement of communication and information among
participants, (12)Reduction of frequent design change, (13) Adequate design
duration, (14) Adequate designfee} have -been recommended and it is
hoped that by adopting those strategies reduction-of design error in civil
engineering construction projects can be reduced.

Key words: Construction Projects, Design Error, Construction Rework,
Contractor Frustration, Construction Claims
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