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A Performance Analysis of Risk Management for International Engineering Project

Jung, Wooyong' - Lee, Baul' - Han, Seungheon”

'Department of Civil and Environmental Engineering, Yonsei University

Abstract : In recent years, Korean engineering companies are actively entering into the international business, Although
international engineering project is known to have lower risk rather that EPC construction project, Korean engineering
companies’ international sales profit is not as good, Therefore, this study analyzes the risks that are predicted before bid
and actually occurred after award, In addition, this study shows the difference of risk depending on lump sum contract
and cost reimburse contract, Finally, this study analyzes the difference of risk according to civil engineering and
building engineering, This study provides industry to analyze risk more practically and helps academics to focus on risk

to be studied more in the future,
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Fig. 1. Int. Revenue of contractor and design companies

Table 1. Int. revenue of Korean design companies in ENR 225

. ; Korean Design Companies
Korean Design Companies (Excluding top 3)
Year Int. Market Int. Market
Revenues | share | Number |Revenues| share | Number
($ MIL) (%) ($ MIL) (%)

2015 1,587.8 1.9 12 218.4 0.26 9

2014 1,363.9 1.9 12 227.8 0.32 9

2013 1,020.2 1.4 12 192.7 0.26 9

2012 1,033.1 1.4 11 206.1 0.28 8

2011 789.7 1.2 7 71.8 0.11 4

2010 472.2 0.8 6 56.4 0.10 3

2009 272.2 0.5 6 61.1 0.11 3

2008 208.4 0.4 5 35.7 0.07 2

2007 184.7 0.4 7 50.2 0.11 4

webA 2 Atollafs thaat 22 A 4 7HAAL o
o}, A=, A4 EPC A= tRE XY ol g BollA] 5
Olsfost ejAa e QAE EEshaA} gt 55, A
& BlAm, a5 - AA| Blia, TPl oS gaaek A
Al g2=10) 2ol & FAso] 2laa pe|aas Hi T4
O & AA| obJ} Seh B4, AlokEAlel] me 2l2=10k AR

S50l W2 8 gATE Ao, Kk AlFAolar AR
o & 3f9] OMIM% ARAe] BlAaE AATERaLA gt

1.2 972 He| I Y

i ] At e RS Fig, 291 22 oAE wE
o 2} S| o] ARk vt Tk

AR, AU olE BjAT 2212 Jung(2011)2] B2 AAIA}
o] 717l glA= @213t Han(2006)2] 73719] 4ol gk

O

o1z} 12|al Lee(2012)2] A g|AT 91} 3T/HE H=3H
= A8 209 oA} 10¢1¢] sz ols] AR} QlgjHE =
3o 319 ollxUole) AFdol ubA| 2AS T}

A, AEA 24T} ZAR= Table 10014 AAgE A} 2+
o], EPC ARIE W3¥5kal 9l TOP3 dIx|yold JAl=
Alelatar QX Uels] AFE AFEOR k= SJAM] AR
= A= gl Ahj gl FFE Al BlaA

my

FI

N
o
o
rot
Hl
[
nx
il
o
o
ﬂ
r-||:|

& Hi18d M2 20174 32

of et 58L& -2 (FAA)olARE 2 (FAHA)9] gAE
(Likert) 55 =5 ARgSIGIOH, Hfo]u2o] o] 4=
H-go|u 3715 &l 7|3 8.4x0] sdsto] 09 4= 3
o §lZoll sfigzich

A, 319 AUl Ae] g]2m PAIRIE wefst
7] $ftod, A oS Blaa, a5 5 AR 2l Tejal
T g2 7k ZJolE =984 (Rank Analysis)S £3f &
A8k,

A, sfe] dIxUold ARdollA tiAor AN
BA 2K Lump sum Contract) W47} A8]HA| K Man—
hour based Cost Reimbursed Contract) ®r4]of] tiafia] 2]
=19] iAjo] o B A thEA| Yeh=A] Blasteith

CHA, sfje] EEQIx U o AR} 8l 2] AR Y o1
A Eelste] AkdoRd 2 WA O] Aol S vl st
A, ol= sfeArdollA FFE ST E AASte] Aol
A Hoh ddAer gag 945 xS 4 QlEs EH6)
Ak,

Literature review and expert interview

|

Questionnaire design and survey

'

0

T-test for risk importance according to contract types

|

[ Rank analysis for risk factor importance
[ T-test for risk importance according to product types

| N N S W S—

Fig. 2. Research process and methodologies
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Table 2. Sample projects

Respondents Countries Product
Carrier Num. Region Num. Name Num.
> 30y 4 Asia 35 Civil 29
> 20y 16 Middle East 9 Building 18

> 10y 22 Africa 3
=10y 5
Budget resource Bidder selection Contract
Name Num. Name Num. Name Num.
Public 22 QCBS 17 Lump Sum 24
Private Il QBS 8 Cost Re. 23
ODA 14 LCS 3

SSS 13

Etc 6
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Fig. 3. Sales profit of Int. engineering project
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Table 3. Overall project risk performance (Rank analysis)

Engineering project risk Predicted Risk (A) Actual Risk (B) Estimation Error (B-A)
Categories Risk factor Value Rank Value Rank Value Rank
1 |Civil war, terror, regime change 0.187 14 0.148 36 —0.038 50
Political 2 |Corruption and collusion 0.1 34 0.067 47 —0.043 51
3 |Change in law 0.172 20 0.234 25 0.062 27
4 |Imperfect institution 0.108 35 0.437 4 0.329 1
) 5 |Currency uncertainty 0.168 21 0.436 5 0.268 2
Economic -

6 |Interest rate uncertainty 0.043 46 0.067 47 0.024 33
Social&lnira 7 |Cultural difference 0.259 5 0.35 9 0.091 23
8 |Poor living environment 0.215 12 0.239 23 0.024 33
9 |Project management capability of employer 0.184 16 0.315 13 0.131 13
10 |Design accuracy provided by employer 0.141 25 0.407 6 0.266 3
Employer 11 |Un—enough specification provided by employer 0.495 1 0.507 2 0.013 42
12 |Unstable financing resources of employer —0.003 52 0.12 40 0.123 15
Q 13 |Administrative approval and licensing delays 0.417 2 0.508 1 0.092 22
C5D 14 |Informal request by employer 0.254 6 0.364 8 0.1 20
% 15 |Contractor's collaboration 0.159 22 0.311 14 0.152 9
Q_’ Contractor 16 |Contractor's work practice and routine 0.129 28 0.163 33 0.034 30
17 |Language communication with contractors 0.187 14 0.168 30 -0.019 47
18 |Contractor's construction capability 0.144 24 0.168 30 0.024 33
19 |Insufficient period for bid preparation 0.235 9 0.317 12 0.082 24
20 |Insufficient project period 0.23 10 0.301 15 0.071 25
21 |Unreasonable local contents 0.019 49 0.067 47 0.048 28
22 |Unfavorable retained earning transfer 0.053 45 0.049 52 —0.005 46
Contract 23 |Unfavorable tax and tariff treaty 0.101 37 0.12 40 0.019 37
24 |Unfavorable security clause 0.067 43 0.067 47 0 44
25 |Unfair payment condition 0.038 47 —0.024 55 -0.062 55
26 |Unfavorable design responsibility 0.058 44 —-0.018 54 —0.076 56
27 |Unfavorable payment currency —0.034 55 —0.087 57 —0.053 54
28 |Unfavorable claim and arbitration 0.101 37 0.082 45 —0.019 47
29 |Leadership of project manager 0.125 29 0.258 17 0.134 12
30 |Headquarter's support level 0.243 8 0.254 19 0.011 43
Organizational | 31 |Professional Engineer and Ph.D. level 0.174 19 0.344 10 0.17 7
32 |Collaboration and flexibility 0.101 37 0.23 26 0.129 14
33 |Communication capability within a organization 0.206 13 0.277 16 0.071 25
34 |Local network capability 0.106 36 0.331 11 0.224 4
Localization 35 |Information acquisition capability 0.077 40 0.096 44 0.019 37
36 |Host country's experience of project manager 0.125 29 0.245 20 0.119 17
37 |Overall localized level 0.145 23 0.245 20 0.1 21
38 |Insufficient resources plan 0.12 32 0.134 38 0.014 41
39 |Cost management capability 0.077 40 0.058 51 -0.019 47
40 [Schedule management 0.178 17 0.135 37 —0.043 51
5 Management | 41 |Claim management capability —0.019 54 —0.063 56 —0.044 53
< 42 |Contract management capability 0.14 26 0.258 17 0.118 18
5_: 43 |Document management capability —0.009 53 0.134 38 0.143 11
% 44 |Project management based on IT technology 0.029 48 0.173 29 0.144 10
= 45 |Similar engineering project experience 0.346 &) 0.378 7 0.032 31
46 |Design complexity and difficulty 0.13 27 0.149 35 0.019 37
47 |Estimation capability 0.178 17 0.197 28 0.019 37
48 |Value engineering capability 0.077 40 0.105 43 0.028 32
49 |Construction oriented design capability -0.038 56 0.082 45 0.12 16
50 |Inadequate understanding of standards 0.245 7 0.245 20 0 44
Technical 51 |Change order risk 0.225 Ihl 0.45 8 0.224 4
52 |Rework due to errors and defects 0.275 4 0.163 33 -0.112 57
53 |Owner's requirement difficulty 0.12 32 0.168 30 0.048 28
54 |Safety design difficulty 0.019 49 0.043 53 0.024 33
55 |Environmental problem design difficulty —0.048 57 0.115 42 0.163 8
56 |Physical uncertainty design 0.121 31 0.235 24 0.114 19
57 |Weather uncertainty design 0.005 51 0.216 27 0.211 6
Average 0.135 - 0.202 - 0.067 -
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Table 4. Engineering project risk according to contract type (t-test)

afiel AX|LofR Atgel 2lATasa] a2

Engineering project risk Predicted risk Actual risk
Categories Risk factor Lump sum | Cost re. Sign. Lump sum | Cost re. Sign.
1 |Civil war, terror, regime change 0.231 0.143 0.649 0.154 0.143 0.953
Political 2 |Corruption and collusion 0.077 0.143 0.779 0.038 0.095 0.803
3 |Change in law 0.154 0.190 0.880 0.231 0.238 0.977
4 |Imperfect institution —0.308 0.524 0.007** 0.731 0.143 0.017*
Economic 5 |Currency uncertainty 0.192 0.143 0.804 0.538 0.333 0.335
6 |Interest rate uncertainty 0.038 0.048 0.947 0.038 0.095 0.718
7 |Cultural difference 0.423 0.095 0.179 0.462 0.238 0.358
Social&Infra — -
8 |Poor living environment 0.192 0.238 0.815 0.192 0.286 0.690
9 |Project management capability of employer 0.654 —0.286 0.003+= 0.154 0.476 0.254
Employer 10 |Design accuracy provided by employer 0.615 —0.333 0.001 = 0.385 0.429 0.863
11 |Un—enough specification provided by employer 0.846 0.143 0.007** 0.538 0.476 0.795
12 |Unstable financing resources of employer 0.423 —0.429 0.002** 0.192 0.048 0.474
Q 13 |Administrative approval and licensing delays 0.500 0.333 0.451 0.731 0.286 0.067
(;2 14 |Informal request by employer 0.269 0.238 0.887 0.346 0.381 0.890
;—; Contractor 15 |Contractor's collaboration 0.462 —0.143 0.024+ 0.385 0.238 0.544
2} 16 |Contractor's work practice and routine 0.115 0.143 0.892 0.231 0.095 0.496
17 |Language communication with contractors 0.231 0.143 0.702 0.192 0.143 0.828
18 |Contractor's construction capability 0.192 0.095 0.665 0.192 0.143 0.828
19 |Insufficient period for bid preparation 0.423 0.048 0.095 0.538 0.095 0.029+
20 |Insufficient project period 0.269 0.190 0.737 0.269 0.333 0.782
21 |Unreasonable local contents 0.038 0.000 0.832 0.038 0.095 0.753
22 |Unfavorable retained earning transfer 0.154 —0.048 0.032* 0.192 —0.095 0.042x
Contract 23 |Unfavorable tax and tariff treaty 0.154 0.048 0.625 0.192 0.048 0.452
24 |Unfavorable security clause 0.038 0.095 0.440 0.038 0.095 0.440
25 |Unfair payment condition 0.077 0.000 0.639 0.000 —0.048 0.764
26 |Unfavorable design responsibility 0.115 0.000 0.228 0.154 —0.190 0.010%*
27 |Unfavorable payment currency -0.115 0.048 0.235 —0.269 0.095 0.025+
28 |Unfavorable claim and arbitration 0.154 0.048 0.340 0.115 0.048 0.516
29 |Leadership of project manager 0.154 0.095 0.791 0.231 0.286 0.802
30 |Headquarter's support level —0.038 0.524 0.020* 0.269 0.238 0.871
Organizational | 31 |Professional Engineer and Ph.D. level 0.538 =0.190 0.001 %= 0.308 0.381 0.713
32 |Collaboration and flexibility 0.154 0.048 0.524 0.269 0.190 0.676
33 |Communication capability 0.269 0.143 0.402 0.269 0.286 0.932
34 |Local network capability 0.308 —0.095 0.085 0.423 0.238 0.473
Localization 35 |Information acquisition capability 0.154 0.000 0.451 0.192 0.000 0.306
36 |Host country's experience of project manager 0.346 —0.095 0.044+ 0.346 0.143 0.332
37 |Overall localized level 0.385 —0.095 0.018+* 0.346 0.143 0.352
38 |Insufficient resource plan 0.192 0.048 0.452 0.077 0.190 0.507
39 |Cost management capability 0.154 0.000 0.137 0.115 0.000 0.112
40 |Schedule management 0.308 0.048 0.024* 0.269 0.000 0.009**
= Management | 41 |Claim management capability —0.038 0.000 0.740 —0.269 0.143 0.014*
< 42 |Contract management capability 0.423 —0.143 0.005** 0.231 0.286 0.761
3 43 |Document management capability 0.077 —0.095 0.325% 0.077 0.190 0.440
%? 44 |Project management based on IT technology 0.154 —0.095 0.039+* 0.346 0.000 0.002x**
- 45 |Similar engineering project experience 0.692 0.000 0.007*= 0.423 0.333 0.684
46 |Design complexity and difficulty 0.308 —0.048 0.016* 0.346 —0.048 0.016*
47 |Estimation capability 0.308 0.048 0.047+* 0.346 0.048 0.012*
48 |Value engineering capability 0.154 0.000 0.303 0.115 0.095 0.887
49 |Construction oriented design capability 0.115 -0.190 0.086 0.308 -0.143 0.014*
50 |Inadequate understanding of standards 0.346 0.143 0.352 0.346 0.143 0.371
Technical 51 |Change order risk 0.308 0.143 0.496 0.423 0.476 0.848
52 |Rework due to errors and defects 0.692 -0.143 0.001 % 0.231 0.095 0.474
53 |Owner's requirement difficulty 0.192 0.048 0.364 0.192 0.143 0.730
54 |Safety design difficulty 0.038 0.000 0.612 0.038 0.048 0.880
55 |Environmental problem design difficulty 0.000 —0.095 0.371 0.231 0.000 0.018+*
56 |Physical uncertainty design 0.385 -0.143 0.001** 0.423 0.048 0.023*
57 |Weather uncertainty design 0.154 —0.143 0.020* 0.385 0.048 0.014*
Average 0.243 0.028 - 0.251 0.154 -

= Correlation is significant at the 0.05 level (2—tailed).
=% Correlation is significant at the 0.01 level (2—tailed).
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Table 5. Engineering project risk according to product type (t—test)

afiel AX|LofR Atgel 2lATasa] a2

Engineering project risk Predicted risk Actual risk

Categories Risk factor Civil Building Sign. Civil Building Sign.

1 |Civil war, terror, regime change 0.226 0.125 0.618 0.097 0.250 0.432

Political 2 |Corruption and collusion 0.258 -0.188 0.065 0.194 -0.188 0.106

3 |Change in law 0.387 —0.250 0.010~* 0.387 —0.063 0.092

4 |Imperfect institution 0.032 0.125 0.782 0.484 0.438 0.863

Economic 5 |Currency uncertainty 0.194 0.125 0.744 0.548 0.250 0.179

6 |Interest rate uncertainty 0.065 0.000 0.657 0.097 0.000 0.557

) 7 |Cultural difference 0.484 -0.125 0.015* 0.548 0.000 0.028+*

Social&Infra - -

8 [Poor living environment 0.290 0.063 0.265 0.355 0.000 0.144

9 |Project management capability of employer 0.194 0.313 0.731 0.355 0.188 0.574

Employer 10 |Design accuracy provided by employer 0.065 0.438 0.246 0.419 0.375 0.868

11 |Un—enough specification provided by employer 0.581 0.438 0.613 0.548 0.438 0.659

12 |Unstable financing resources of employer 0.032 0.063 0.919 0.226 -0.063 0.171

g' 13 |Administrative approval and licensing delays 0.452 0.375 0.742 0.516 0.563 0.858
cgb 14 |Informal request by employer 0.226 0.313 0.707 0.323 0.438 0.664
gj—; Contractor 15 |Contractor's collaboration 0.258 0.063 0.498 0.387 0.188 0.430
2 16 |Contractor's work practice and routine 0.258 -0.125 0.066 0.226 0.063 0.434
17 |Language communication with contractors 0.258 0.063 0.415 0.226 0.063 0.492

18 |Contractor's construction capability 0.226 0.000 0.334 0.226 0.063 0.492

19 |Insufficient period for bid preparation 0.258 0.250 0.973 0.355 0.313 0.847

20 |Insufficient project period 0.226 0.250 0.922 0.355 0.188 0.491
21 |Unreasonable local contents 0.161 —0.250 0.026+ 0.226 —0.250 0.009+=*

22 |Unfavorable retained earning transfer 0.129 —0.063 0.053 0.161 -0.125 0.054

Contract 23 |Unfavorable tax and tariff treaty 0.161 0.000 0.479 0.258 -0.125 0.053

24 |Unfavorable security clause 0.097 0.000 0.207 0.097 0.000 0.207

25 |Unfair payment condition 0.097 -0.063 0.352 0.097 —0.250 0.032*

26 |Unfavorable design responsibility 0.097 0.000 0.336 0.000 0.000 1.000

27 |Unfavorable payment currency 0.032 -0.188 0.125 0.032 —0.375 0.017*

28 |Unfavorable claim and arbitration 0.129 0.063 0.570 0.097 0.063 0.755

29 |Leadership of project manager 0.194 0.000 0.402 0.290 0.188 0.655

30 |Headquarter's support level 0.290 0.063 0.380 0.387 0.000 0.049+

Organizational | 31 |Professional Engineer and Ph.D. level 0.258 0.125 0.584 0.452 0.125 0.113

32 |Collaboration and flexibility 0.226 -0.125 0.041* 0.355 0.000 0.068

33 |Communication capability 0.290 0.063 0.147 0.387 0.063 0.105

34 |Local network capability 0.226 —0.063 0.244 0.419 0.188 0.391

Localization 35 |Information acquisition capability 0.161 -0.063 0.294 0.194 -0.063 0.192

36 |Host country's experience of project manager 0.226 0.000 0.334 0.323 0.125 0.369

37 |Overall localized level 0.290 —-0.063 0.103 0.355 0.063 0.200

38 |Insufficient resource plan 0.161 0.063 0.625 0.258 -0.125 0.029+

39 |Cost management capability 0.097 0.063 0.755 0.065 0.063 0.979

40 |Schedule management 0.194 0.188 0.961 0.161 0.125 0.747

= Management | 41 |Claim management capability 0.000 —0.063 0.608 0.000 —0.250 0.166
@ 42 |Contract management capability 0.226 0.063 0.456 0.355 0.063 0.119
5_: 43 |Document management capability 0.065 -0.125 0.302 0.194 0.000 0.207
(7:? 44 |Project management based on IT technology 0.000 0.125 0.333 0.194 0.188 0.961
~ 45 |Similar engineering project experience 0.355 0.438 0.769 0.484 0.188 0.196
46 |Design complexity and difficulty 0.129 0.188 0.714 0.161 0.188 0.882

47 |Estimation capability 0.226 0.125 0.472 0.226 0.188 0.767

48 |Value engineering capability 0.065 0.125 0.701 0.129 0.063 0.655

49 |Construction oriented design capability 0.032 -0.125 0.406 0.226 -0.125 0.072

50 |Inadequate understanding of standards 0.258 0.250 0.972 0.290 0.188 0.667

Technical 51 |Change order risk 0.129 0.438 0.222 0.355 0.625 0.350

52 |Rework due to errors and defects 0.387 0.188 0.471 0.290 —0.063 0.071

53 |Owner's requirement difficulty 0.097 0.188 0.588 0.161 0.188 0.862

54 |Safety design difficulty 0.032 0.000 0.685 0.065 0.000 0.310

55 |Environmental problem design difficulty 0.000 -0.125 0.262 0.161 0.063 0.347

56 |Physical uncertainty design 0.161 0.125 0.833 0.226 0.313 0.626

57 |Weather uncertainty design 0.032 0.000 0.815 0.161 0.375 0.147

Average 0.187 0.068 - 0.266 0.094 -
* Correlation is significant at the 0.05 level (2—tailed).
= Correlation is significant at the 0.01 level (2—tailed).
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