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A Comparative Analysis of Risk Assessment Depending on International Project Types

Baek, Seungwon', Han, Seung—Heon', Jung, Wooyong®

"Department of Civil and Environmental Engineering, Yonsei University

Abstract : This study investigated checked risk level before bid, actual risk level after award, contingency, and cost
growth rate in the 124 international construction projects executed by Korean major companies, This study conducted
comparative analysis by product type using rank analysis, ANOVA and correlation analysis, As a result, plant and
civil projects have worse risk level than architecture projects not only in before bid but also in after award, Especially,
country risk is the worst risk in both plant and civil projects, followed by project risk and capability risk, Also, although
plant and civil projects reflect more contingency than architecture projects, contingency is not correlated with the
checked risk level before bid, Lastly, the cost growth rate is correlated with the actual risk level in all product types.
This study is expected to support in planning better practical risk management for international construction projects,
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» Characteristics of Risk Breakdown Structure (RBS)
in international construction industry

+ Research related to risk assessment in international
construction industry

Literature
Review

* 54 risk factors are classified into three group:

Questionnaire Country risk / Project risk / Capability risk
Design + Asked “Checked risk before bid™ and “Actual risk

after award”, “Contingency”. “Cost Growth Rate™

* Questionnaire survey was conducted on 153 Korean
contractors

+ 124 responses were valid and finally used

* Plant : 33 / Building : 24 / Civil : 67

* Kruskal-Wallis Test

+ Difference in means of
1) Checked risk level after award
2) Actual risk level after award

Variance
Analysis

* Kendall's Rank Correlation Coefficient
* Comelation between

1) Checked risk level before bid and contingency
2) Actual risk level after award and cost growth rate

Correlation
Amnalysis

Fig. 1. Research process
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Fig. 2. Risk breakdown structure
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Fig. 3. Sample of risk measurement in questionnaire

Table 1. Sample profiles

Parameter All Plant Building Civil
Product type 124 33 24 67
Project size

More than 1B$ 7 6 0 1
100M$-1B$ 48 27 8 13
10M$—100M$ 55 0 4 51
Less than 10M$ 14 0 12 2
Region
Asia 63 8 18 37
Middle East 34 16 3 15
Africa 16 6 1 9
America and EU 11 3 2 6

stEzMpa|8ts| =25 M0 Xs5 20198 98 |27



3.3 TZHME A=A}
ZZAE A AR Sl ALES] o] RE Hof 2870
)7]1900] 20018 5E 20154 Alolof| =833t 1537 =&
AE JHE SR}, o] 5 29719 AER|= gato] B
Ay Ao A FS5shokal ThE|o] EofA A Lls)
a1 FFHo R 124709 BES BAgFo R ARSI
AR o2 B FF, ofAof A, 10M$~100M$2] At
o] @kt (Table 1),

34 2|AF &M

# A 547) Bl a]lof diste] SHE,
S5 A A aa Gk s 3 AA|
A 7 AllE Bl BAshs Aol &, 3% 8

O& Pl 7hAoF sk 2l 8]l Wt ftolo), vk

Hoj|, Jung and Han (2017, 2018)1} U3t Hlojel= A}
L3l Qlon) theal e glag B9 apo)Ho] ot
Jung and Han (2018)2 &|9]EEA] ol thale] Y7k
IS 7R Ml IFoR s, AuErt o
ot 53 agR] 92 % 7He] gjAaa ] 52 v
3Tt Jung and Han (20172 547 2]A3 221, 12474
ZRAEO disto], 2laa AN, jAaa dagrt
&, g2a gAslE A4S =Sk, g QA 3
7} - 5 ofwe w7t Z2AE Aite] G o A
Ao Rt Aol

2 AtollAls EE HlolE7t HAE Ferluke] i
Aol FFHENE - 115 - B, —EZ*JE AR (I
A2 %), g2a fPEET7H Z2AE - Q)R o
OlHE WrilE ul A ZHolA HlolH 7 SEs] 2
A 9gaL, At o %vb_'—*} 7He 01'7\] Foato] B|EL
= HPHLE FAREAS AAIBE Hoj= R T 1
(Version 3.6.0)& ARg-3F9o™ F_‘ P‘:'* |i= Kruskal—
Wallis TestS ARE8FHoH, A2 Kendall's Rank

}

e

s

P

Correlation CoefficientE }%
Testi= Hlo[E9] £EE5
91 A1 sto] 24 2 Aolr} B ol Ael
L 11O & kyyuskal test TS ARESIITE TESE BALE
A A} 95% oA QoS urEsl= A 2
Apolofl frefgt zpol7k EAfSh=A HSTHLA } Bonferroni
Correction MethodE AME-8H] ARF-AAE AAIEILS

dunn. test S5 E-8-515It AR of] ARggH Kendall
s Rank Correlation Coefficient 3t =95 ©]85to] +
Wi 74 IS A5Rs YR cor BB A8l
o, A tau(o) 2 ~ 158 +17HA2] WskE Fhaick
T} 00l 7He4% 5 W4 7F ARRAE 928 oJula)

N
N
oo
rot
Hl
>
nx
il
o
o
ﬂ
r-||:|

& M20¢ M5z 20194 9

H, 19 7k 4 A, 1ol 7keeE Y

FHBAE 7L 2 QmRit

4. ARADY

=S %
4.1 B5E U M 2|23 HI}

1.5
T 1.0 ]
o
g
‘9 I
7}
205
Q
>
< = |
g JIENE
= 00 -L e im----------- T-- ==
he]
Q
>
Q
£-0.5
Q

1.0 E Plant & Building = Civil

All Country Project Capability

Fig. 4. Comparison of checked risk level before bid by product

Table 2. Kruskal-Wallis test result-Checked risk level before bid

ey [ BM;;‘m oIl | o ke
category | Plant |Building| Civil | squared| p_ _ _
® | ® | © PB|PC|BC
All 0.404 | —0.017| 0.268 | 18.021" | 0.000" | 0.676 | 0.011"

Country | 0.854 | 0.187 | 0.649 |16.173" | 0.000" | 0.645 | 0.021"

Project | 0.492 | 0.079 | 0.446 |11.345" | 0.007" | 1.000 | 0.016"
Capability | 0.036 | —0.245| —0.157 | 4.851 | 0.098 | 0.378 | 1.000

* The mean difference is significant at the 0.05 level
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Table 3. Detailed statistical analysis result of checked risk level before bid
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ES S3E oo 21237t HluEs

) . Plant(P) Building(B) Civil(C) Chi- P-value
Risk category |No. Risk factor
Mean |Rank| Mean [Rank| Mean |Rank|squared| P-B P-C B-C
N 1| Political instability such as civil war, regime change 0.970 9 0.167| 20 0.507 | 20 7.7777| 0.0167| 0.492 | 0.173
Por\ig\kcal 2 | Corruption, collusion, and underground deal practice 0.909 | 11 0.833 1 0.791 9 0.058 1.000 1.000 1.000
3 Imperfect institution related to construction 1.091 5 0.375 8 0.657 | 14 6.520"| 0.042°| 0.172 | 0.857
4 Uncertainty of interest rate 0.233| 33 0182 17 0.185| 32 0.568 1.000 1.000 | 1.000
S ECO’;Z?‘%" 5 Uncertainty of inflation rate 0552 21 | 0095] 25 | o0562] 17 | 1.844 | 0884 | 1.000 | 0540
% 6 Uncertainty of local currency 0.469 | 26 0217 14 0.333 | 26 1.446 0.688 1.000 1.000
Q 7 Difference in culture, customs, and routines 0.576 | 19 0.708 3 0.612| 15 0.332 1.000 1.000 1.000
8 Poor infra and logistics condition 1.061 6 | —0.250| 38 1.299 1 22.717°| 0.0007| 1.000 | 0.000"
Infra & social | 9 Staff supply difficulties in host country 0.750 | 15 0.130 | 22 0.403 | 24 5.612 | 0.056 | 0.404 | 0.552
risk 10 Material supply difficulties in host country 1.424 1 0.000 | 30 0.866 7 20.435"| 0.0007| 0.078 | 0.005"
1 Equipment supply difficulties in host country 1.031 8 | —0.304 | 40 0.697 | 12 19.677°| 0.000"| 0.413 | 0.001"
12 Subcontractor supply difficulties in host country 1.188 4 0.087 | 26 0.881 5 | 13.893"| 0.001°| 0.519 | 0.010°
13 Insufficient PM capability of employer 0.000| 39 | —0.478| 48 0.313| 27 8.925"| 0.287 0.648 | 0.009
14 Unstable financing resources of employer -0.031| 40 | —-0.435| 44 | -0.030| 38 3.870 0.276 1.000 0.183
Emr?s‘(k)yer 15 Administrative approval and licensing delays 0485 24 | —0261| 39 | 0881] 5| 224937 00207 0.129 | 0.000°
16| Insufficient social consensus for project necessity -0.281| 47 | —0.696| 52 | —0.485| 51 3.137 | 0.250 | 0.650 | 1.000
17 Informal request by employer 0.515| 23 0.478 6 0.791 9 4.009 1.000 0.368 | 0.286
18 Insufficient time for bid preparation 0.333 | 31 0.174| 18 0.254 | 28 0.330 1.000 1.000 1.000
19 Insufficient period for construction completion 0.970 9 0.500 o) 0.836 8 4.406 0.108 0.766 0.531
20 Design accuracy provided by employer 0.710| 18 0.727 2 0.678 | 13 0.306 1.000 | 1.000 | 1.000
- 21 Insufficient specification provided by employer 0.387| 30 0.565 4 0.455| 22 0.257 1.000 1.000 | 1.000
S 22 Unrewarded change in law 0.424 | 29 0.318| 10 0.348 | 25 1.523 | 0.867 | 0.829 | 1.000
?; 23 Unfavorable payment condition clause 0.062| 38 | —0.130| 35 0.061 | 36 0.535 1.000 1.000 1.000
2 C"ri”stlf‘“ 2 Unfavorable payment currency agreement -0.094| 45 | 0043 29 | 0111| 33 | 4447 | 1.000| 0111 | 1.000
25 Unfavorable security clause 0.133| 35 | —0.045| 31 0.094| 35 1.358 0.812 1.000 | 0.940
26 Unfavorable tax and tariff treaty 0.806 | 14 0.045| 28 0.538 | 18 10.714"| 0.004"| 0.792 | 0.026°
27 Unfavorable retained earning transfer 0.467 | 27 | —0.091 | 33 0.222 | 30 7.946"| 0.0167| 0.174 0.441
28 Unfavorable liquidated damage agreement 0.455| 28 0.087| 26 0.226| 29 1.977 | 0.483 1.000 | 1.000
29 Unreasonable requirements for local contents 0.871| 12 0.273| 12 0492 | 21 6.934"| 0.031"| 0.187 | 0.635
30 Unfavorable claim and arbitration agreement 0.484 | 25 0.130 | 22 0.111 ] 33 2.858 0.540 0.338 1.000
31 Unfavorable geographical accessibility 0.727| 16 | =0.130| 35 0.970 4 15.583"| 0.037"| 0.592 | 0.000"
Site 32 Geological uncertainty 0.727| 16 0.250 | 13 0.591| 16 3.791 0176 | 1.000 | 0.338
risk 33 Weather and climate uncertainty 1.364 2 0292 M 1.258 2 16.548"| 0.001"| 1.000 | 0.001°
34 Poor living environment condition 1.303 3 0.125| 24 1.091 3 14.8017| 0.001"| 1.000 | 0.003"
35 Insufficient cost management capability -0.531| 54 | —-0.458| 47 | -0.576 | 52 0.557 1.000 1.000 1.000
36 Insufficient schedule management capability -0.364| 52 | —-0.652| 51 -0.303 | 45 2.578 0.828 1.000 0.325
37 Insufficient quality management capability —-0.333| 50 | -0.375| 42 | -0.152| 41 1.901 1.000 0.951 0.686
38 Insufficient organizational management capability —0.031| 40 | —0.833| 53 | —0.591| 53 8.579"| 0.015"| 0.076 | 0.754
39 Insufficient resource management capability -0.032| 42 0.167 | 20 0.219| 31 3.098 1.000 0.238 1.000
Management | 40 Insufficient headquarters’ support level -0.303| 49 | -0.375| 42 | -0.333| 46 0.106 1.000 1.000 | 1.000
risk 4 Insufficient localization 0.545| 22 | —0.125| 34 | —0.379| 47 | 14.651°| 0.046"| 0.000"| 1.000
42 Insufficient language communication capability 0.212| 34 0.333 9 | -0.061| 40 4.538 1.000 0.269 | 0.248
o 43 Insufficient information acquisition capability -0.156| 46 | —0.455| 46 | —0.409 | 48 1.406 1.000 0.714 1.000
§ 44 Insufficient contract management capability -0.061| 43 | —0.435| 44 | -0.273| 44 2.636 0.353 0.706 1.000
% 45 Insufficient claim management capability 0.121| 36 | —0.045| 31 0.000| 37 0.654 1.000 1.000 | 1.000
> 46 Insufficient labor training capability 0.812| 13 0.435 7 0.515| 19 4533 | 0173 | 0.204 | 1.000
= 47 Insufficient design management capability -0.333| 50 01741 18 | —0.046 | 39 4.154 0.138 0.485 0.952
) 48 Insufficient estimation capability -0.062| 44 | -0.500| 49 | -0.185| 42 3.898 0.147 1.000 0.486
Tecmmieal g Overall construction method difficulies Z0300| 48 | —1.000| 54 | —0222| 43 | 4.783 | 0340 1.000| 0091
50 New construction technology difficulties 0.556 | 20 0.188| 16 0.426 | 23 2.949 0.258 1.000 | 0.744
51 IT based project management difficulties 1.033 7 0.208 | 15 0.727 | 11 7.4117| 0.022"| 0.868 0.108
52 JV's insufficient construction capability 0.097 | 37 | —0.208 | 37 | —0.455| 50 5.976 1.000 0.060 0.490
Pf{;ﬁer 53|  Nominated subcontractor's insufficient capability | —0.394 | 53 | -0.609| 50 | -0.621 | 54 | 1.976 | 1.000 | 0.488 | 1.000
54 Ordinary subcontractor’s insufficient capability 0.250| 32 | —0.333| 41 | —0.431| 49 9.516"| 0.198 | 0.006"| 1.000
= The mean difference is significant at the 0.05 level
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Fig. 5. Comparison of actual risk level after award by product

Table 4. Kruskal-Wallis test result-Actual risk level after award

Risk M(.aa'n - Chi- P-value
category | Plant | Building ivil | squared _ N _
® | ® | © P8 PC|BC
All 0.573 0.164| 0.438 | 27.7927|0.000" | 0.262 |0.002"

Country 0.740 0.260 | 0.696 | 14.739"|0.002" | 1.000 |0.005"

Project 0.640 0.300 | 0.598 | 11.246°|0.011"|1.000 |0.012"

Capability | 0.400 | —0.045| 0.108 | 17.899"{0.000" | 0.006" | 0.991

* The mean difference is significant at the 0.05 level
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Table 5. Detailed statistical analysis result of actual risk level after award

) ) Plant(P) Building(B) Civil(C) Chi- P-value
Risk category |No. Risk factor
Mean |Rank| Mean [Rank| Mean |Rank|squared| P-B P-C B-C
N 1 Political instability such as civil war, regime change 0.909 | 11 0.417 | 10 0.701 | 16 1.414 0.746 1.000 0.994
Por\i!\;:al 2 | Corruption, collusion, and underground deal practice 0.818| 16 0.625 4 0.985 5 1.021 1.000 1.000 | 0.969
3 Imperfect institution related to construction 0.848| 13 0.375| 12 0.701| 16 3.360 0.214 0.651 1.000
‘ 4 Uncertainty of interest rate 0.103 | 48 0.190 | 22 0.219 | 37 1.486 1.000 1.000 0.737
3 Ecofi;’l;“‘ca' 5 Uncertainty of infiation rate 0552| 27 | 0190| 22 | 0758| 13 | 3525 | 1.000 | 0.967 | 0.214
% 6 Uncertainty of local currency 0.406 | 34 0.565 7 0.318 | 30 0.048 1.000 1.000 | 1.000
& 7 Difference in culture, customs, and routines 1.031 7 0.458 9 0.612| 22 8.589"| 0.112 | 0.013"| 1.000
g 8 Poor infra and logistics condition 0.774 | 17 0.000 | 40 0.896 8 10.335"| 0.024"| 1.000 | 0.006"
Infra & social | 9 Staff supply difficulties in host country 0.906 | 12 0.130| 29 0.716 | 15 8.724"| 0.010"| 0.708 | 0.073
risk 10 Material supply difficulties in host country 0.848| 13 0.043| 37 0.940| 7 | 10.176°| 0.009°| 1.000 | 0.013"
" Equipment supply difficulties in host country 0.531| 28 | —0.087| 43 0.515| 25 6.121"| 0.056 1.000 | 0.100
12 Subcontractor supply difficulties in host country 1.156 3 0217 19 0.985 51 8.570"| 0.012"| 0.751 0.074
13 Insufficient PM capability of employer 0.844 | 15 0.591 6 0.657 | 19 0.879 1.000 1.000 1.000
14 Unstable financing resources of employer 0.281 | 40 0.091 | 31 0.273 | 34 1.123 1.000 1.000 | 1.000
Emr;ias\(;yer 15 Administrative approval and licensing delays 1.000 8 0.238| 18 0.896 8 5.053 0.092 1.000 | 0.163
16 Insufficient social consensus for project necessity -0.062| 53 | -0.174| 51 -0.136| 52 1.308 1.000 0.759 1.000
17 Informal request by employer 0.424 | 33 0.739 2 0.612 | 22 0.791 1.000 1.000 1.000
18 Insufficient time for bid preparation 0.697| 20 0.348| 14 0.657 | 19 0.925 1.000 | 1.000 | 1.000
19 Insufficient period for construction completion 1.515 2 0.625 4 1.284 1 4.880 0.086 1.000 | 0.289
20 Design accuracy provided by employer 0.968 | 10 0.909 1 1.032 3 0.005 1.000 1.000 1.000
- 21 Insufficient specification provided by employer 0.438 | 32 0.727 3 0.742 | 14 0.647 1.000 1.000 1.000
%. 22 Unrewarded change in law 0.656 | 23 0.292| 16 0.582| 24 2.921 0.276 0.753 1.000
2’ 23 Unfavorable payment condition clause 0.364 | 37 0182 | 24 0.455| 27 1.823 1.000 1.000 | 0.531
2 Corri‘s”kad 24 Unfavorable payment currency agreement 0007 49 | o0217] 19| o172] 39 | 0013 | 1.000 | 1.000| 1.000
25 Unfavorable security clause 0.129 | 47 0.091 | 31 0.246 | 35 1.015 1.000 1.000 0.942
26 Unfavorable tax and tariff treaty 0.688 | 21 0136 | 28 0.812] 12 9.993"| 0.028"| 1.000 | 0.006"
27 Unfavorable retained earning transfer 0.167| 45 0.091| 31 0.302 | 32 2.010 1.000 1.000 | 0.478
28 Unfavorable liquidated damage agreement 0.677 | 22 0.348 | 14 0.308 | 31 2.303 0.793 0.428 1.000
29 Unreasonable requirements for local contents 0.613| 24 0.182 | 24 0.292 | 33 8.776"| 0.097 0.012"| 1.000
30 Unfavorable claim and arbitration agreement 0.375| 36 0.182| 24 0.375| 29 0.711 1.000 1.000 | 1.000
31 Unfavorable geographical accessibility 0.576 | 26 | —0.130| 49 0.848| 1 10.137°| 0.104 1.000 | 0.004"
Site 32 Geological uncertainty 0.969 9 0.167 | 27 0.652 | 21 10.726"| 0.003"| 0.237 | 0.101
risk 33 Weather and climate uncertainty 1.613 1 0.542 8 1.209 2 8.688"| 0.0107| 0.554 0.098
34 Poor living environment condition 1.062 6 0.208 | 21 0.896 8 6.163"| 0.053 1.000 | 0.109
35 Insufficient cost management capability -0.031| 52 | —-0.333| 53 | —-0.379| 54 3.975 0.691 0141 1.000
36 Insufficient schedule management capability 0.152| 46 | —0.125| 46 | —0.108 | 51 2.874 0.741 0.289 | 1.000
37 Insufficient quality management capability 0.182| 44 | —-0.125| 46 0.015| 43 1.345 0.739 1.000 1.000
38 Insufficient organizational management capability 0.594| 25 | —=0.125| 46 | —0.030| 46 7.398"| 0.068 0.040"| 1.000
39 Insufficient resource management capability 0.200 | 43 0.292| 16 0.246| 35 0.473 1.000 1.000 | 1.000
Management | 40 Insufficient headquarters’ support level 0.091 | 51 0.000 | 40 0.031| 41 0.919 1.000 1.000 | 1.000
risk 4 Insufficient localization 0.303| 39 0.083 | 34 0.030 | 42 1.753 | 1.000 | 0.578 | 1.000
42 Insufficient language communication capability 0.281 | 40 0.083 | 34 | —0.091 | 49 6.084"| 0.582 0.041"| 1.000
o 43 Insufficient information acquisition capability 0.333| 38 | —0.091| 45 | —0.046 | 47 4564 | 0298 | 0.132 | 1.000
§ 44 Insufficient contract management capability 0.394| 35 | —-0.217| 52 0.061 | 40 71277 0.029°| 0.167 | 0.671
% 45 Insufficient claim management capability 0.500 | 30 0.000 | 40 0.182 | 38 4.594 0.179 0.189 1.000
S 46 Insufficient labor training capability 0.774 | 17 0.391 | 11 0.409 | 28 7.032"| 0.079 0.047"| 1.000
- 47 Insufficient design management capability —-0.062| 53 | —0.087 | 43 0.015| 43 0.516 | 1.000 | 1.000 | 1.000
) 48 Insufficient estimation capability 0.226| 42 | —0.167| 50 | —0.015| 45 5.047 | 0122 | 0.176 | 1.000
Tecrihs':('ca' 49 Overall construction method difficulties 1100 5 | —1125| 54 | 0667 18 | 11.837°| 0.004'] 1.000 | 0.008°
50 New construction technology difficulties 0.769 | 19 0.353 | 13 0.457 | 26 3.901 0.264 0.257 1.000
51 IT based project management difficulties 1.103 4 0.042 | 38 1.000| 4 | 13.188"| 0.001"| 0.789 | 0.008"
52 JV's insufficient construction capability 0.531| 28 0.042| 38 | —0.046| 47 8.461°| 0.395 | 0.011"| 1.000
Pfg';e' 53|  Nominated subcontractor's insufficient capability 0097 49 | 0130] 29 | -0.001| 49 | 1362 | 1.000| 0.937 | 1.000
54 Ordinary subcontractor’s insufficient capability 0.455 | 31 0.083| 34 | —0.138 | 53 12.812°| 0.265 0.001"| 0.598

* The mean difference is significant at the 0.05 level
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Fig. 6. Relation between checked risk level before bid and
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Table 6. Correlation between checked risk and contingency

e

HE A

==,

EX

O

Bt #fizid 2lASL} blmEA

R

® Plant © Building <@ Civil

60 -

40

20

Cost growth rate(%)

05 0.0 05 10 1.5 20
Actual risk level after award
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Table 7. Correlation between actual risk and execution cost growth

—_— Plant Building Givil _ Plant Building Civil
category T |p-value| <t |p-value| T |p-value category T |p-value| T |p-value| T |p-value
All 0.120 0.346 0.040 0.817 0.051 0.575 All 0.246 0.048"| 0.333 0.030"| 0.460 0.000"
Country 0.041 0.753 | —0.115 0.508 | —0.005 0.960 Country 0.075 0.554 0.167 0.286 0.428 0.000"
Project —0.055 0.671 | —0.102 0.552 0.040 0.661 Project 0.283 0.024"| 0.257 0.095 0.438 0.000"
Capability 0.195 0.131 0.244 0.156 0.059 0.518 Capability 0.260 0.0417| 0.395 0.0117| 0.27 0.002"

* Correlation is significant at the 0.05 level
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