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ABSTRACT

The characteristics of the construction project involved various stakeholders’ involvement from the planning stage until completion of
the object, which caused the uncertainty to increase. Successful construction projects require risk analysis and appropriate responses.
Therefore, this study aimed to confirm the influence of risk management factors on the success of river disaster prevention construction
in construction projects and the effect of moderating communication between stakeholders involved in the construction process. The
Delphi method was used to derive the risk management factors of the construction process. The survey used a snow ball sampling
method. For analysis, SPSS Statistic 20 and SmartPLS 2.0 were used. As a result of the study, the impact of risk management factors
on project performance was found to be large in the order of time risk, quality risk, cost risk, safety risk, and construction environment
risk. In addition, the impact of the communication moderating effect was large in the order of cost risk, quality risk, construction
environment risk, time risk, and safety risk. In this study, it was confirmed that communication between stakeholders related to river
disaster prevention work has a moderating effect that changes the ranking of impacts on project performance. This shows the
importance of communication in the construction process of river disaster prevention works. This study has important significance in
that it identifies the importance of risk management factors and communication in river disaster prevention works.
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Fig. 1. Research Model
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Table 1. Delphi Classification and Technical Analysis (Factor Analysis) (Phase 1)

Classification of 10 project field
representatives Risk Management Factors

Technical analysis (factor analysis, component)

1 2 3 4 5 6 7
Risk Details Cost | Time |Quality | safety | Desi . . .| Constru|Comple
Manage| Manage I\?Ianage manage mani; M(;ﬁst ]Sluahty N"[l“lme safety | Design ction ti01r1)
ment | ment | ment age| Vianage Vianage manage, manage manage |Manage
ment | ment | ment | ment | ment ment | ment
F1 Nonconformance Specification ~ ~ N
2 Differences in ]%esigr} Conditions and Site N N N
onditions
F3 Lack of budget v v v
F4 Lack of construction period \/ \/ v
F5 | Time delay due to weather conditions v v
F6 | Unreasonable construction subcontracting |  +/ ~ N
F7 A low bid v Y v
F8 Loss, damage or .theﬁ of materials or N N
equipment
F9 Weather and deterioration N ~
F10 Labor disputes and strikes N ~ N
F11 Design change v Y
F12 Improper construction ~ ~ ~
F13 safety accidents \ \
Fl14 Heavy equipment accident v v
F15 Insolvency of construct.i(?n management N N N 750
and supervision
F16 Relationship to Owner ~ N .840
F17 Lack of technical skills of construction N N N N 739
manager
F18 |Construction System and Practice of Client ~ 798
F19 Delayed decision of client ~ ~ 723
F20 A bad subcontract \ \ \ 763
1 Joint Contract Operati.on (Joint Venture, 76
Consortium)
) Bankruptcy of accounts, subcontractors N 819
and co-contractors
F23 Reduced labor productivity \/ < 737
P4 Project manager's orga.n.izational N N N N 709
management ability
F25 Architect Problem \/ v 764
F26 Complaint ~ ~ v ~ ~ 714
F27 License Delay ~ ~ 749
F28 Delayed delivery of facilities + Y v 740
F29 Insufficient supplementation y v 557
F30 Idle condition v 518 .630
F31 Incomplete Documents v .552 .590
F32 Safety during a.ccide.nt.s and collapses N N N N 77
while driving
F33 Improper Maintenance 537
F34 Incomplete construction drawing \/ .504
F35 Poor performance of the device N \ .901
F36 | Incompatibility of the purpose and results | + .862
F37 Convenience of maintenance ~ N 911
Pyl Delay in Payment .of Advanced Payment, N 887
Completion, Reserves
Fv2 Compensation delay \/ \/ + \/ .874
Fv3 Winter construction interrupted \/ .663
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Table 1. Delphi Classification and Technical Analysis (Factor Analysis) (Phase 1) (Continue)

Classification of 10 project field . . .
representatives Risk Management Factors Technical analysis (factor analysis, component)
1 2 3 4 5 6 7
Risk Details Cost | Time |Quality | safety | Design . . . |Constru | Comple
Manage | Manage | Manage | manage | manage MCOSt ]S[uahty N"[l“]me safety | Design ction tion
ment ment ment ment ment anage | vianage | vianage| manage | manage manage | Manage
ment ment | ment ment ment
ment ment
Fva Supply and. d.emand 1ml.)alance of N N J 727
subsidiary materials
Vs Insufficient capacity of construction N N N J N 73
manager
Occurrence of complaints about
Fvé business feasibility of residents v v v v 730
Fv7 Insufﬁcne':nt capac1t)f of heavy N N 706
equipment engineer
Non-cooperation and non-cooperation
Fv8 of related agencies v v v v v LK
Fv9 Contractor's failure to contract v \/ \/ .825
Fv10 Delay of Real Information v Y .859
Time and Attendance of Subcontract
Fvll Employees v v N v v .823
Fvi2 Subcontractor’ s Negllgencg, Delay, N N N N
and Service Suspension
Fvi3 Insufficient technical level of N N
subcontractors
Fyld Poor performa.n.Cf: of operating N J
facilities
Fvl5 Unfairness of the Terms ~
Fvi6 Unreasonable Dispute ReSOl!JtIOH N N
Procedures for Compensation
Fvl7 Rapid changes in new technology and N
new methods
Fvig Force majeure in operation and N
contract
Fvlo Headquarters Cr?dlt and Liquidity
Risk
Fv20 Preliminary adequacy
Rapid change in the construction
Fv2l system v v v v
58 Item Selection sum 51 43 37 24 18
Table 2. Total Variance Described (Phase 1)
Initial Eigen Value Extraction Sum Square Loading Rotation Squared Sum Loading
Component o . Cumulative o . Cumulative o . Cumulative
Sum | % Of Variance Rate (%) Sum % Of Variance Rate (%) Sum % Of Variance Rate (%)
1 23.825 41.077 41.077 23.825 41.077 41.077 12.228 21.084 21.084
2 7.275 12.542 53.619 7.275 12.542 53.619 8.269 14.257 35.340
3 5.816 10.027 63.647 5.816 10.027 63.647 7.210 12.431 47.771
4 3.717 6.408 70.055 3.717 6.408 70.055 6.955 11.992 59.763
5 2.249 3.877 73.932 2.249 3.877 73.932 4.543 7.833 67.596
6 1.750 3.017 76.949 1.750 3.017 76.949 4.228 7.290 74.886
7 1.548 2.669 79.618 1.548 2.669 79.618 2.745 4.732 79.618
8 988 1.949 81.666
9 974 1.679 83.345
10 .888 1.531 84.876
! ! ! !
58 .001 .002 100.000
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Table 3. Technical Analysis (Factor Analysis) (Phase 2)

Component
1 2 3 4 5 6 7 8 9
Factor Risk Details Cost | o nstruction Design C0n§truction Quality | Time Commu Proj ect safety
Manage manage | Environment | Manage | Manage | . . | perfor | manage
ment management ment | Management | ment ment nication mance | ment
F1 Nonconformance Specification .886
F2 | Differences in Design Conditions and Site Conditions .892
F3 Lack of budget 787
F4 Lack of construction period .842
F5 Time delay due to weather conditions 743
F6 Unreasonable construction subcontracting 790
F7 A low bid .831
F8 | Loss, damage or theft of materials or equipment .840
F9 Weather and deterioration .700
F10 Labor disputes and strikes 768
F12 Improper construction .568
F13 safety accidents 745
F14 Heavy equipment accident 751
F15 Insolvency of constmctli(?n management and 774
supervision
Fl16 Relationship to Owner 851
F17 | Lack of technical skills of construction manager | .785
F18 Construction System and Practice of Client .831
F19 Delayed decision of client 612
F20 A bad subcontract 671
o Bankruptcy of accounts, subcontractors and 715
co-contractors
F32 | Safety during accidents and collapses while driving | .631
F35 Poor performance of the device .888
F36 Incompatibility of the purpose and results .899
F37 Convenience of maintenance 932
Fv2 Compensation delay .870
Fv3 Winter construction interrupted 817
Fv4 | Supply and demand imbalance of subsidiary materials 871
Fv5 Insufficient capacity of construction manager .846
Fv7 |Insufficient capacity of heavy equipment engineer .819
Fvl2 Subcontractor's Negligenc.e, Delay, and Service 38
Suspension
Fvl3 Insufficient technical level of subcontractors .827
Fvls Unfairness of the Terms 746
Fvi6 Unreasonable Dis(;l)gﬁplzizzi?;;on Procedures for 793
Fv17 | Rapid changes in new technology and new methods .876
PP Achieved target exeillitiiso;qe?rte for the first half of 40
PP2 Higher pertbrrr;?:siehz?g];iﬁ(: ;f; ;r;vestment inthe 833
PP3 On-site accident ratetlcjiesc;eezied in the first half of 763
Cl Know about issues and share with others 817
Cc2 Active efforts to convey relevant information .860
C3 | Start conversations with others about related issues .865
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Table 4. Total Variance Described (Phase 2)
Initial Eigen Value Extraction Sum Square Loading Rotation Squared Sum Loading
Component Sum %- Of Cumulative Sum %- Oof Cumulative Sum %- Oof Cumulative
Variance Rate (%) Variance Rate (%) Variance Rate (%)
1 14.702 35.858 35.858 14.702 35.858 35.858 5.784 14.106 14.106
2 6.185 15.085 50.943 6.185 15.085 50.943 4.939 12.046 26.153
3 3.887 9.480 60.423 3.887 9.480 60.423 4.504 10.987 37.139
4 2.425 5.915 66.338 2.425 5.915 66.338 4.482 10.932 48.071
5 2.143 5.227 71.565 2.143 5.227 71.565 3.858 9.409 57.480
6 1.881 4.588 76.153 1.881 4.588 76.153 3.845 9.379 66.859
7 1.488 3.630 79.782 1.488 3.630 79.782 2.725 6.646 73.505
8 1.083 2.642 82.424 1.083 2.642 82.424 2.657 6.480 79.985
9 1.079 2217 84.642 .909 2217 84.642 1.909 4.656 84.642
10 .909 1.691 84.292
! ! ! !
41 .013 .032 100.000

S84 W 82l HAzH(Factor loading) 0.5 oS
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Table 5. Item Loadings and Validity

3.1 FgHao| Malg 3 Bl S
B oA Zgmsa AReS gl Belegle] 5, e

E3, 7uzelde] SARES tid #4442 7

g

i

Variable Operational Definition le)z(?dtiorfg AVE g(e)ﬁ(zlsiltt;z Crc/:ril;)izh’s
F1 Nonconformance Specification .890
F2 Differences in Design Conditions and Site Conditions 943
Design Risk | F3 Lack of budget .899 788 949 935
F4 Lack of construction period .883
F5 Time delay due to weather conditions 819
F6 Unreasonable construction subcontracting 917
Construction | F7 A low bid 921
Environment | F8 Loss, damage or theft of materials or equipment 973 .840 .963 955
Risk F9 Weather and deterioration 929
F10 Labor disputes and strikes .838
F12 Improper construction .809
Safety Risk | F13 safety accidents 954 .818 931 .905
Fl14 Heavy equipment accident 942
F15 Insolvency of construction management and supervision .896
F16 Relationship to Owner 902
F17 Lack of technical skills of construction manager 821
. F18 Construction System and Practice of Client .861
Cost Risk — - 743 959 953
F19 Delayed decision of client 877
F20 A bad subcontract 912
F22 Bankruptcy of accounts, subcontractors and co-contractors .839
F32 Safety during accidents and collapses while driving 779
F35 Poor performance of the device 946
Quality Risk F36 lncompatibilit?/ of the pur?ose and results .960 900 973 963
F37 Convenience of maintenance 961
Fv2 Compensation delay 927
Fv3 Winter construction interrupted 941
. Fv4 Supply and demand imbalance of subsidiary materials 942
Con;t;:lftlon Fv5 Insufficient capacity of construction manager 921 .838 .963 956
Fv6 Occurrence of complaints about business feasibility of residents .905
Fv7 Insufficient capacity of heavy equipment engineer .865
Fvl2 Subcontractor's Negligence, Delay, and Service Suspension 811
Fvl3 Insufficient technical level of subcontractors .829
Time Risk | Fvl5 Unfairness of the Terms .862 723 929 905
Fvl6 Unreasonable Dispute Resolution Procedures for Compensation .864
Fvl7 Rapid changes in new technology and new methods .883
e Know about issues and share with others .940
Commrlimcatl C2 Active efforts to convey relevant information 933 .872 953 927
¢ C3 Start conversations with others about related issues 928
) PP1 Achieved target execution rate for the first half of this year 938
Per];(r)(gﬁzlce PP2 | Higher performance compared to investment in the first half of this year 949 .891 961 939
PP3 On-site accident rate decreased in the first half of this year 945
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AZerddS HrlsciHair Ir et al., 2016).

SRS 2=V H5S $fell E3HIE=(Composite Reliability)
ghol 0.7 o), WA U FHE 98] FEAFEHAVE:
Average Variance Extracted) 7ko] 7[5x¢1 0.5 o}, Z=2¢}5}
dalgro] 0.7 oPFolH S =T-¢] 41F]4do] 3UtkFornell and
Larcker, 1981). £21457}, Table 59} 7o) BE ZAPZe] F=0}
& QG gho] 0.905~0.9630.2 71%X] 0.7 ooz AFde
otk BEAEEE 0.929-0.9730% 71EX] 0.7 oPFos 4
Tl thgk AlElee S0tk H S 3k 0.723~0.9000.2
HE Q10K 05 opdoZ M) ARl de S Eic) wegh
S gk JSEE S-S $I3) PLSe] REXER)
(bootstrap) F-2+s o}g3e] TNl ek 221 ARlgks 53t
QAci(Hair Jr et al,, 2016). Ler8 oz QQAAGEE 0.7 oS
A=, Q912Agk0] 0.876~0.9828 LR} Z43e] [
BRI SEEQICE FHHERIIS BE W] AVES] AlEt
gho] TR wispele] AR T Aok ghck(Hair Jr et al,, 2016).

¥

Table 63} 2Fo] 48, S7dwr52] AVES] AR gh& v
WS Al et v o) B VEREY =30tk

33 x0Ty "ot 2AM
Hair Jr et al.(2016)2 Adsiri<rol] oJaf) Arsl= HFHTe

2 AAER)E 10 %= AT 15 APES 7 A8
2le] R gko] 0.26 opdolw i, 0.26~0.130]% 5, 0.13~0.02
ot 3P = 371313tk FEA(Communality)e 2R3 o] 23t
5 VR, S5 (Redundancy) T2 ] FA FAES
2 AAS UepllEt] L gho] drolofof st shdck wgh,
TEEge] Auky A Fr1E 98 R Hitgkat 3549
Fgks Fek 3] AR grel 036 opPdolw “AF, 036~025¢1H
%, 0.25~0.10] 8 2 )39k Table 73} o] 4] A,
HEAgel ZrAE Auto) thl R72) 3he 52.0 %= Lfekdt:
TE)al S8 Fho] B geolal TR QIS R Hitgho]
0.5200]m, xR o] HAZ] AFP=r} 0.654= Fs stk

4, JNAS

4.1 7|271845 24

7Pd #5& PLS-SEME o] 8315t 4] FEolM 721
gt AZAGE T3l TFREYPY AR T oA S S8
WA 0 2 FE.S 35310 t-ghs Ak FE2ES) WH)(Hair
Jr et al., 2016)© 2 5,0003]¢] re-samplingS- 2IAJ5le] ZH2A)4=
-3k AESIRAnk frold A t-3ko] 111> 1.645o A=Al
9} 7Pdo] FrolettiHair Jr et al., 2016)= 271 whadsiirh

BX743}, Table 83 o] 78] 2]2=(5=0.134, t=1.918,
p<0.001), eF2]2~=1(£=0.109, t=1.946, p<0.05), L7}&]2~=(R
=0.189, t=3.030, p<0.01), FA==(B=0.170, t=3.418,
p<0.003), B7|2]2~=(5=0.402, £9.545, p<0.001)= ZZAEA
o] A2 S vH 71 12, 13, 14, 1-5, 178 A=k

whdo]] AAg]~=(8=0.017, t=0.151, p<0.447)} AJFe]~=

Table 6. Correlation Coefficient Matrix and Roots of the AVEs (Shown as Diagonal Elements)

1 2 4 5 6 7 8 9
1. COMMUNICATION 934
2. CONSTRUCTION ENVIRONMENT RISK | .120 917
3. CONSTRUCTION RISK 179 469 915
4. COST RISK 204 .680 .631 862
5. DESIGN RISK .047 519 312 489 .888
6. PROJECT PERFORMANCE .636 .092 116 .072 .085 944
7. QUALITY RISK 240 403 468 .369 .148 164 949
8. SAFETY RISK 126 .686 323 542 .546 .083 248 904
9. TIME RISK 379 -.056 -.055 -.066 -.024 535 .050 -115 851
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Table 7. Goodness of Fit Analysis

Variable R Square (R?) Communality Redundancy

Design Risk 788

Construction Environment Risk .840

Safety Risk 818

Cost Risk 743

Quality Risk 900

Construction Risk .838

Time Risk 723

Communication 872

Project Performance .520 .891 343
Average value .520 .823 343
Goodness of fit v (0.520 x 0.823) = 0.654
Table 8. Results of Hypothesis Testing
Hypothesis Path Co:f?':gent Stgrlr(:) arrd t-value A;; ?eitor

1-1 DESIGN RISK -> PROJECT PERFORMANCE -017 A11 0.151 Reject
1-2 CONSTRUCTION ENVIRONMENT RISK -> PROJECT PERFORMANCE 134 .070 1.918 Accept
1-3 SAFETY RISK -> PROJECT PERFORMANCE .109 .056 1.946 Accept
1-4 COST RISK -> PROJECT PERFORMANCE .189 .062 3.030 Accept
1-5 QUALITY RISK -> PROJECT PERFORMANCE 170 .050 3418 Accept
1-6 CONSTRUCTION RISK -> PROJECT PERFORMANCE .037 .054 0.681 Reject
1-7 TIME RISK -> PROJECT PERFORMANCE 402 .042 9.545 Accept

* > 1.645 (p <0.10), t> 1.960 (p < 0.05), t > 2.576 (p <0.01)

(8=0.037, =0.681, p<0.258)= Z2AEAT}o|| H(+)2] JIS
o) 2|7 gdo} 7H 1-13} 1-62 712k )ck
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& = Bl 7po] AERER 9_] 2= F2]221S Table 9949}
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Table 9. Result of Moderation Test of Communicatithe RM and PP Relationship

Construction Environment Risk

‘ Dependent variable: Project Performance

Step 1: main effects

Construction Environment Risk

B =0.029,t=1.654*

Communication

B =0.029, t=19.350%**

Step 2: two-way interaction term

Construction Environment Risk

B =0.309, t=2.143**

Communication

B =0.858, t=7.705%**

Construction Environment Risk x Communication

B =0.358t=2.162**

Safety Risk Dependent variable: Project Performance
Step 1: main effects
Safety Risk g =0.072,t=2.016*

Communication

B =0.631, t=12.299%**

Step 2: two-way interaction term

Safety Risk

B =0.251,t=2.140**

Communication

B =0.795,t=9.255%**

Safety Risk x Communication

B =0.260,t=1.836*

Cost Risk Dependent variable: Project Performance
Step 1: main effects
Cost Risk B =0.164, t =4.964%***

Communication

B =0.626,t=18.704***

Step 2: two-way interaction term

Cost Risk

B =0.493,t=5.205%**

Communication

B =0.973,t=10.983%**

Cost Risk x Communication

B =0.501, t=3.995%**

Quality Risk Dependent variable: Project Performance
Step 1: main effects
Quality Risk B =0.144,t=4.211%**

Communication

B =0.614,t=18.121%**

Step 2: two-way interaction term

Quality Risk

B =0.493,t=>5127***

Communication

B =0.893,t=11.307***

Quality Risk x Communication

B =0.497,t=23.728***

Time Risk Dependent variable: Project Performance
Step 1: main effects
Time Risk B =0.074,t=1.917*

Communication

B =0.599, t =14.413%**

Step 2: two-way interaction term

Time Risk

B =0.155t=1.685*

Communication

B =0.349,t=2.858%**

Time Risk x Communication

B =0.398,t=2.133**

The values were calculated through bootstrapping with 159 cases and 5000 samples
Indicates significance at the * p <0.10, ** p <0.05, *** p<<0.01 level of confidence
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