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Extraction and Analysis of Construction Phase Risk Factors
in High-rise Construction Project

Kim, Sooyong', Kim, Sunghyun®, Yang, Jinkook"

"Department of Civil Engineering, Pukyong National University
*Project Management Team, Jung Ang Engineering Co., Ltd.

Abstract : High—rise buildings construction project have various risk factors. Major risk factors are negative results such
as time delay and increase of costs, Therefore, this study was analyzed risk factors in construction stages of high—rise
buildings using by PROMETHEE technique, For this, this research were identified risk factors through experts Focus
Group Interview(FGI). And, PROMETHEE was used to setup evaluation standard for analysis of high—rise building
construction risks, Next, the standard of evaluation index calculation was composed by using the definition level in
PDRI, Preference function and evaluation index were identified through questionnaires, Through these processes, this
study has calculated the importance of high—rise building construction risks using by PROMETHEE technique, As a
result, high degree risk factors were as following. These are ‘Operation plan of material lifting ', ‘Outrigger & Belt Truss
Construction',' Foundation work plan of high—rise building’ and 'Considering a Structure concept of high—rise building',

Keywords : Preference Ranking Organization METHod for Enrichment Evaluation (PROMETHEE), Risk, Focus Group
Interview (FGI), High—Rise Construction
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Table 1. Overview of FGI participants

Division Position Position Career Field
. Building

Expert 1 H Company | Site Manager | Over 20 years construction
Expert 2 H Compan Director Over 20 years Mechanical

P pany ¥ Engineering
Expert 3 |H - G Company| Manager | Over 10 years CM
Expert 4 G Company Director Over 20 years CM /VE
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Table 2. Risk factors of high-rise construction

Division 5M Risk Factors

Planning lifting equipment

Preparedness plan for drop and accidental fall
from high—rise position
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Table 3. Definition of Evaluation Scale

Division Contents

Technology |Affecting factors including methods and applied technology
Management |during the construction period of high—rise project

Performance |Affecting risk factors about each category quality,
Management |performance of high—rise construction

Safety Risk factors in terms of the construction safety during the
Management [high—rise project period

Time Risk factors for time management such as time delay etc.
Management |during the high—rise construction project period

Planning of temporary equipment

Machines - -
Planning of concrete placing

Affected facility plan about wind speed and wind
pressure

Pressure control plans in the pipeline

Selection of curtain wall

Considering the construction stack effect

Reflecting the displacement of frame construction

Consider suppression measures of building wind

Lack of new technologies

Application of inappropriate method

Risk Measurement technology

Methods
Factors of Structure plan considering the high—rise building

High—Rise Footing plan according to the high—rise building

Building
Outrigger & Belt truss construction

Water cut—off plan for finish floor

Form system planning

Management of heat of hydration

Separated placement of frame

Energy consumption plan

Recovery plans of time delay

Management r— - -
Disaster preparedness plan in construction period

Long Lead Item

Material supply distribution plan

Materials  |Input plan of materials and equipment

High—strength concrete

Allocation plan of labor supply

Man

Lack of field experience of manager
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Table 4. Evaluation Scale of Project Definition Rating Index (PDRI)

Table 6. Overview of Survey Participants

Division Field Work Area
Architecture CM

Experience

Participant 1 Over 20 year

Participant 2 Mechanic Construction Over 20 year

Participant 3 Mechanic Construction Over 20 year

Participant 4 Architecture Construction| 15 year ~ 20 year

Participant 5 Mechanic Construction Over 20 year
Participant 6 Fire—fighting CM 10 year ~ 15 year
Participant 7 |Mechanic, Fire—fighting| Construction Over 20 year
Participant 8 Architecture CM 10 year ~ 15 year

Participant 9 Architecture Construction Over 20 year

Participant 10 Architecture Construction Over 20 year

Participant 11 Architecture Construction| 15 year ~ 20 year

Participant 12 Architecture Construction| 15 year ~ 20 year

Participant 13 Architecture Construction| 15 year ~ 20 year

Participant 14 Architecture Construction| 10 year ~ 15 year

Participant 15 Mechanic Construction Over 20 year

Participant 16 Mechanic Construction| 15 year ~ 20 year

X Participant 17| Electric, Fire—fighting |Construction Over 20 year
Score Evaluation Scale
; Participant 18| Electric, Fire—fighting |Construction| 15 year ~ 20 year
0 Not Applicable
— Participant 19 Electric Construction| 15 year ~ 20 year
1 Complete Definition
2 Minor Definition
. - o =10 -
3 Some Deficiencies %7}7]% QE-%L = A9gt /g"cvl:}—*]' A3 &
4 Major Deficiencies = Hrp7E = A V Typeo] te9l Ao = YERT
5 Incomplete or Poor Definition (Tab]e 7)
o7 Lo)| A= PDRIOA Q] Aol4=8 3H85fo] FAo) Table 7. Survey Result of Preference function by Evaluation Standard
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Table 5. Evaluation Scale Criteria h
U Type 1 2 2 0
Score Evaluation Scale
] i x
0 Risk factors are no occurrence.
] Risk factor is very low occurrence possibility. -
The impact on high—rise construction is very small. V Type i ' 10 13 9 10
) . o |
5 Rlsk.factor is Iow occgrrence possw‘bwllt‘y. 'm .
The impact on high—rise construction is small.
3 Risk factor has occurrence possibility. e
There are impact on high—rise construction. 1
Stairs Type - 5 4 4 6
4 Risk factor has occurrence high possibility. j i
There are high impact on high—rise construction. e A TR
Risk factor has occurrence very high possibility. P
5 o ) . :
There are very high impact on high—rise construction. Linear
3 0 1 1
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Table 8. Preference function type by each evaluation factors

Evaluation Standard Preference function type

Technology Management
Performance Management

1 High-rise construction

1

Safety Management
Time Management

* Risk intensity
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Table 9. Assessment data for calculating importance of high-rise

construction risks

Evaluation Standard | Technology |Performance|  Safety Time
Evaluation Factors Management | Management | Management | Management
Max/Min Max Max Max Max
01. Planning lifting equipment 3.842 | 3.211 4.158 | 4.000
02. Preparedness plan for drop and
accidental fall from high—rise 3.105 | 2.895 | 4.368 | 2.947
position
03. Planning of temporary equipment | 3.105 3.053 3.263 3.368
04. Planning of concrete placing 3.421 2.842 | 2.947 | 3.368
05. Affected faml\wty plan about wind 3684 3 684 3368 3105
speed and wind pressure
06. Pressure control plans in the 3737 | 3.421 3105 | 2.947
pipeline

07. Selection of curtain wall 3.895 | 3.789 | 3.421 3.737
08. Considering the construction 3047 | 3737 | 2684 | 2.895
stack effect
09. Reflecting the dl.splacement of 4011 3895 | 3.368 | 3.211
frame construction
10. Consyd(.er suppressmn measures 2947 5737 5684 | 2316
of building wind
11. Lack of new technologies 2.737 2.579 2.368 2.684
12. Application of inappropriate 3.000 3011 3000 | 3.5%6
method
13. Measurement technology 3.632 | 3.526 | 2.895 | 3.000
14. Svtructu‘re plaﬁ gon&denng the 4158 4053 3316 | 3.421
high—rise building
15. Footing plan according tothe | 4 458 | 4 000 | 3.368 | 3.579
high—rise building
16. QOutrigger & Belt truss construction| 3.737 | 3.895 | 3.526 | 4.000
17. Water cut—off plan for finish floor | 3.158 | 3.000 | 2.263 | 2.474
18. Form system planning 3.474 3.053 3.053 3.368
19. Management of heat of hydration | 3.368 | 3.158 | 2.263 | 2.842
20. Separated placement of frame 2.842 2.684 2.579 3.000
21. Energy consumption plan 3.158 3.316 2.158 2.632
22. Recovery plans of time delay 3.211 3.063 | 3.316 | 4.105
23. Disaster preparedness planin 5947 | 2.789 4963 > 684
construction period
24. Long Lead Item 3.000 | 3.105 | 2.474 | 3.000
25. Material supply distribution plan 3.053 2.789 2.474 3.632
26. Inpgt plan of materials and 3105 | 2.895 5895 3491
equipment
27. High—strength concrete 3.000 | 3.211 2.158 2.789
28. Allocation plan of labor supply 3.063 | 2.895 | 3.632 | 3.579
29. Lack of field experience of 3737 3474 3895 3789
manager
Preference function V Type | V Type | V Type | V Type
Weighting 0.25 0.25 0.25 0.25
Parameter m=>5 m=5 m=5 m=>5
4.3 MS K| At
A B A)4=0] ALRS thgat 22 ALY S Faf 05017l
o} W71 hClEae, e, e, Aol

digt % 2147 g o) BAARE 22} g,(a), g(b)RkT B
v, W3} d, = % 971A) ] 2ol @A LERATKTable 10),

Table 10. Preference index for calculating importance of high-rise construction risks

02. 05.
01. Preparedness 03. 04. Affected facility i 07. 0.8' ; 09' 10.'
. ; . Pressure ; Considering |Reflecting the| Consider
Planning | plan for drop | Planning of |Planning of | plan about Selection N .
r(ab) |t . h control ’ the displacement | suppression
ifting | and accidental | temporary | concrete | wind speed ) of curtain .
. . . . . plans in the construction| of frame | measures of
equipment | fall from high- | equipment | placing and wind L wall ) - ;
X e pipeline stack effect | construction | building wind
rise position pressure
01. Planning lifting equipment - 0.105 0.121 0.132 0.092 0.1 0.050 0.129 0.079 0.226
02. Preparedness plan for drop and 0.011 - 0.055 | 0.074 | 0.050 | 0.063 | 0.047 | 0.087 | 0.050 0.132
accidental fall from high—rise position
03. Planning of temporary equipment 0.000 0.029 - 0.026 0.013 0.029 0.000 0.053 0.008 0.105
04. Planning of concrete placing 0.000 0.037 0.016 - 0.013 0.021 0.000 0.037 0.008 0.095
05. Affected facilty plan aboutwind speed | o 0oy | 076 | 0.066 | 0.076 - 0.034 | 0.000 | 0.045 | 0.000 | 0.158
and wind pressure
06. Pressure control plans in the pipeline 0.011 0.058 0.050 0.053 0.003 0.000 0.024 0.000 0.126
07. Selection of curtain wall 0.032 0.124 0.103 0.113 0.050 0.082 - 0.082 0.029 0.208
08. Considering the construction stack effect | 0.032 0.084 0.076 0.071 0.016 0.026 0.003 - 0.000 0.129
09. Reflecting the displacement of frame 0.053 | 0.118 | 0.103 | 0.113 | 0.042 | 0.074 | 0.021 | 0.071 - 0.200
construction
10. Consider suppression measures of 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 -
building wind
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Table 11.¢" and ¢ of Preference

Evaluation Factors ¢'(a) $(a)
01. Planning lifting equipment 3.655 0.353
02. If:’r;er:arr]visshnfj:ep‘\;nsift?orr:jrop and accidental fall 5100 1 545
03. Planning of temporary equipment 1.100 1.308
04. Planning of concrete placing 1.003 1.516
05. g:;zcstﬁz facility plan about wind speed and wind 5055 0.737
06. Pressure control plans in the pipeline 1.511 1.108
07. Selection of curtain wall 3.061 0.292
08. Considering the construction stack effect 1.834 1.355
09. Reflecting the displacement of frame construction |  3.034 0.495

10. Consider suppression measures of building wind 0.163 3.424

11. Lack of new technologies 0.063 3.782
12. Application of inappropriate method 1.118 1.403
13. Measurement technology 1.400 1.226

14. Structure plan considering the high—rise building 3.292 0.371

15. Footing plan according to the high—rise building 3.429 0.279

FE— 14, Structure plan
01. Planninglifting considering the high-
equipment rise building
09. Reflecting the

. 15. Footing plan 29. Lack of field
16. Outrigger & Belt 3 displacement
et H grpringiothe experience of manager | | of ame construction

07. Selection of curtain

02. Preparedness_plan

for dne)'.))aargd a(;icremalll

fall from high-rise position
\

'
ion stack effect period
)‘ of labor suppl 4 inappropriate method
06. Pressure control ‘ technology '
temporary equipment

22. Recovery
plans of time delay
05. Affected facility

<

L] plan about wind
speed and wind
pressure plans in the pipeline 18. Form system '
planning
[ !
24. Long Lead Item
04, Planning of 26.Input plan of 25. Material supply
concrete placing Materials and equipment distribution plan 19. Management of
heat of hydration
2
21. Energy 27. High-strength 20. Separated 17. Water cut-off
consumption plan concrete lacement of frame lan for finish floor

10. Consider
ion measures [~

11. Lack of new
PP! bnolodi
of building wind

Fig. 1. PROMETHEE |
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Table 12. ¢ Calculation

16. Outrigger & Belt truss construction 3.468 0.242 SEEILE et ¢
17. Water cut—off plan for finish floor 0.213 3.168 01. Planning lifting equipment 3.303
18. Form system planning 1208 1187 02. :;eepsgii%iss plan for drop and accidental fall from high— 0555
19. Management of heat of hydration 0.532 2.418 03. Planning of temporary equipment ~0.208
20. Separated placement of frame 0.245 2.895 04. Planning of concrete placing -0.513
21. Energy consumption plan 0.450 2.871 05. Affected facility plan about wind speed and wind pressure 1.318
22. Recovery plans of time delay 2.095 1.005 06. Pressure control plans in the pipeline 0.403
23. Disaster preparedness plan in construction period 1.789 2.150 07. Selection of curtain wall 2.768
24. Long Lead Item 0.379 2.342 3.034
25. Material supply distribution plan 0.789 2.218 29 Lack of field experience of manager 2.845
26. Input plan of materials and equipment 0.805 1.700

27. High—strength concrete 0.316 2.889 4.7 PROMETHEE Il (X'_'li-"&ll _?_AI_'I —f._*—.?.l)

28. Allocation plan of labor supply 1.611 1.284 _@—%‘%ki)—] 1"/‘\} %k‘% 0]—%—3]"?1 @iﬂa(ﬂ —‘%&j—éﬁ’%(complete
29. Lack of field experience of manager 3.166 0.321
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R ; 15. Footing plan 14, Structure plan
o ?Ia""mg lifting A5 Outriggm & Belt ac(ordmg to the high- considering the high-
equipment truss construction rise building rise building

05. Affected facility
plan about wind speed
and wind pressure

29. Lack of field 07. Sele(tlon of curtain glgsp'f:cﬂ:mde“ of frame
experience of manager wall construction

DZ Prepaledness Plan 08. Considering the

22. Recover . dering

plans of ﬁ’r'y‘e delay a((:denm fa|| from  [—®] construction stack
high-rise position effect

06. Pressure control

_’ plans in the pipeline —|
28. Allocation plan

13 Measurement 18. Form system 03. Planning of
of labor supply te(hnology planning temporary equipment

26. Input plan of
Materials and
ui mem

19 Management of 21. Energy
heat of hydration 24.Long Lead Item consumption plan

04, Planning of
Ian |n zonslructlon H concrete placing

25. Material supply
distribution plan

12. Application of
inappropriate method

27. High-strength 20 Separated 17. Water cut-off plan :Ep;:;::z:r Msastires
concrete pla(ement of frame for finish floor of building wind

11, Lack of new
technologies

Fig. 2. PROMETHEE I
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