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Identifying Construction Engineering Tasks at the Design Phase
for Enhancing Constructability in High-rise Building Construction

- Focused on Temporary Work -
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Abstract

Due to the increase in the size of buildings and scale, the importance of construction engineering that reflects the
constructability from the design stage of the project is increasing. Especially, engineering efforts related to facilities,
equipment and construction methods for temporary work at the design stage can significantly contribute to improvement
of constructability and project performance. The purpose of this study is to derive construction engineering tasks on
temporary work at the design phase of the high-rise building projects. 27 preliminary tasks were firstly investigated
through literature review and experts’ group interview, and the necessity and importance analysis of each tasks were
then performed based on questionnaire survey. Most of the tasks related to plans on structural framework and lifting
equipment were analyzed as relatively more important ones. Lastly, 21 engineering tasks, which are classified into 5
factors, were proposed through factor analysis. The factors were determined as 1) structural framework, measurement
and circulation, 2) lifting equipment and pumping, 3) space zoning, 4) water supply, 5) temporary facility, electric power
supply and lighting. The results of this study can be used as basic data for establishing efficient work process of
construction engineering on temporary work at the design phase.
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Identifying Construction Engineering Tasks at the Design Phase for Enhancing Constructability in High-rise Building Construction -

Focused on Temporary Work -
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Table 1. Literature review on constructability

Authors

Category (Year) Contents
Proposed an innovative framework to
Othman facilitate the integration of construction
(6] knowledge and builder experience at the

design phase

Analyzed the factors influencing the
constructability of the design phase through
questionnaires

Lam et
al. [7]

PUaSKi presented a process model to utilize

constructability information at appropriate

) and
InternationalHorman time of the design phase

(2]
) Proposed constructability review process for
Fisher et officient use of the analytical tools for the
al. [8] improvement of the constructability
Fischer Classified the knowledge by construction
and  methods and structural elements to ensure
Tatum appropriate and specific constructability
(5] input

Yoon and Deducted factors affecting constructability
and verified impact of factors on
[11] productivity

Suggested BIM work process to support
constructability analysis from practitioners
viewpoint

Proposed a design process management
using dependency structure matrix
technigue that focus on information flows
between design activities and
constructability knowledge

Kim et al.
[12]

k et

) Parl
Domestic  al. [10]

Suggested a checklist for improving

Park et a cr )
constructability in steel structure construction

al. [13]

Presented basic directions for application of
constructability through analyzing the actual
condition of constructability in domestic
construction

Oh et al.
1]




Table 2. Literature review on construction engineering

Authors

Category (Year) Contents
Analyzed the safety of the structure
Jang et gng the distribution of crack stress
al. 141 through construction engineering
Described construction engineering
Son et tasks to efficiently construct a
Civil al. [15] cable-stayed —suspension hybrid
bridge
Analyzed the effect of duration
Kim et reduction and the structural behavior
al. [16] through the change of the construction
methods for temporary work
Investigated the applicability of
Lee et construction engineering for temporary
al. [18] works in the design phase through the
) questionnaires
Architectural o ) )
Shon Presented the direction of engineering
execution through case analysis of
and Jang ' ) ;
[17] construction engineering for temporary

work in the construction site
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Table 3. Preliminary tasks derived from literature review and group interview

Literature  Group
review interview
Temporary  Al1.1 Standardization and fire protection of the temporary facility v
facility A2.1  Location of temporary facility for disaster prevention and switching plan to permanent facility v
B1.1  Location of lifting equipment considering finishing work
B1.2 Selection of other equipment such as gantry cranes, monorails, forklifts, trucks
B1.3 Switching plan to permanent elevator and platform design
B14 Centralization of temporary systems for vertical transportation (temporary bridge, platform, Y
“"and ramp)
C1.1  Selection of core construction method and plan for formwork operation
C1.2 Plan for concrete pumping method
C1.3 Plan for rebar placing and splicing
C1.4 Plan for construction joint(C/J)
C1.5 Facade protection during structural framework
Ci6 quitioning and reinforcement of structural members according to the opening by installation of Y
" liting equipment
D1.1  Plan for measurement method and sensor installation
Measurement D1.2 Plan for access roads and pits for permanent measurement
and ) ) ) " )
circulation D2.1  Circulation plan for vertical lifting of resources by construction phase
D2.2 Separation between built and working zones
plan i
D2.3 Plan for evacuation routes and spaces
E1.1  Plan for heating and cooling system for integrated management
E1.2 Method for ventilation and dust reduction by working area during internal finishing
E2.1  Switching plan between temporary and main water tank according to water consumption
E2.2 Switching plan between temporary and main septic tank according to sewage capacity
E3.1 Size and location of the temporary fire fighting facility, and plan for the use of main facility
E4.1  Plan for installation time of wireless communication systems
E4.2 Design of the temporary access control system and CCTV layout
E5.1  Plan for temporary electric power supply and electrical room
E5.2 Plan for temporary distribution board and switching plan to main board
E5.3 Plan for lighting to prevent collision (tower cranes, airplanes, etc.)

Category  Code Preliminary engineering tasks on temporary work

L

Lifting
equipment

LK

Structural
framework

S

N
LA

SN N A

MEP

L K
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Table 4. Results on necessity and importance of tasks

Necessity Importance
Code Sl Rank Grade Sl Rank  Grade
AlA 0.739 19 H—M 0.730 19 H-M
A2.1 0.606 27 H-M 0.620 27 H-M
B1.1 0.849 2 Hx 0.852 1 H
B1.2 0.745 15 H-M 0.733 18 H-M
B1.3 0.843 3 H 0.846 3 H
B1.4 0.751 14 H-M 0.757 13 H-M
C1.1 0.852 1 H 0.846 2 H
Cl1.2 0.835 5 H 0.841 4 H
C1.3 0.791 9 H-M 0.812 7 H
Cl4 0.823 6 H 0.800 8 H
C1.5 0.745 15 H-M 0.751 16 H-M
C1.6 0.774 10 H-M 0.780 1 H-M
D1.1 0.739 18 H-M 0.754 14 H-M
D1.2 0.733 20 H-M 0.725 20 H-M
D2.1 0.841 4 H 0.826 5 H
D2.2 0.762 12 H-M 0.783 10 H-M
D2.3 0.814 7 H 0.800 8 H
E1.1 0.719 22 H-M 0.716 23 H-M
E1.2 0.728 21 H-M 0.725 20 H-M
E2.1 0.713 24 H-M 0.713 24 H-M
E2.2 0.629 26 H-M 0.643 25 H-M
E3.1 0.751 13 H-M 0.774 12 H-M
E4.1 0.719 22 H-M 0.716 22 H-M
E4.2 0.638 25 H-M 0.635 26 H-M
E5.1 0.812 8 H 0.817 6 H
E5.2 0.771 11 H-M 0.754 14 H-M
E5.3 0.742 17 H-M 0.742 17 H-M
Note: *H=High =H-M=High-Medium
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Figure 1. Importance—necessity analysis
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(b) Importance
Figure 2. Comparison of average values on each task by
groups
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Table 5. T-test results on E1.1

Category  Code Group Average(SD) t-value p
) Architect/CM  3.00(1.37)
Necessity E1.1 2493  0.015+
Constructor 3.77(0.99)
Architect/CM ~ 2.94(1.18)
Importance E1.1 3.053  0.003+*
Constructor 3.83(0.98)
Note : «P<0.05, =xP<0.01, SD = Standard deviation
3.5 szo_l-:r'M% 0|8 HFUT £5 ¥ EF
o1 2 X (Factor analysis)S T WS 7H] WAIA
TRA)E SA4st0] M50 vl o]F = 3 eAIES
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A ==H 20719 AR Yol o &Oli gABtaL
71 Adgiedrel A SAR 72 ARl ¢
off QQlEAE AAlsIler, Fa% ti]O]Eia npero &
SPSS 23.0& o|43}o] HAEIT)

WA BlleS AZsl] 98] BAA] QolEae A519
omn, Av} 34 s KMO2} Bartlett2] A%, 3542
so1sigich, KMOS9} Bartlett®] 784 AL aoliMo
2 AAE 1go] S HAsk= 2 0= KMOgE 19]
TPheSs, 1B Bartlettgl oolslze (05 njuto]H
o] At As omighct, 24 23, KMOgEE
0.793, Bartlett®] f-2jgHE2 p=0,0000% Ueh} &%
AILEO] golH A % ffwdo] AAREQ I o} e]ar gl
/\4 _r/do _r]?s}— _g_o Er:-ﬂil— _lj LL—.(PrlnCIpal

%

|

Table 6. KMO and bartlett’s test

Kaiser-Meyer-Olkin measure of Sampling

Adequacy 829

Bartlett's Test of Approx. Chi-Square 698.193
Sphericity df 210
Sig. .000
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Table 7. Communalities and total variance explained
Total Variance Explained
Communalities Compo Initial Extraction Sums of Squared Rotation Sums of Squared
nent Loadings Loading
Code Initial Extractio Total °/f:of Cumijlative Total o/.oOf CumiJIative Total %of Cumglative
n Variance Yo Variance Yo Variance Yo
Al.1 1.000 793 1 7554 35973 35.973 7.554 35.973 35.973 3.982 18.961 18.961
B1.1  1.000 .694 2 2.246 10.695 46.668 2.246 10.695 46.668 3.694 17.592 36.553
B1.2 1.000 545 3 1.574 7.495 54.163 1.574 7.495 54.163 2.312 11.010 47.563
B1.3  1.000 706 4 1.326 6.312 60.475 1.326 6.312 60.475 1.975 9.405 56.968
B1.4  1.000 641 5 1.186 5.646 66.121 1.186 5.646 66.121 1.922 9.153 66.121
C1.1 1.000 422 6 .928 4.417 70.538
C12 1.000 .603 7 .800 3.811 74.349
C1.3  1.000 736 8 .699 3.331 77.680
C1.4  1.000 .682 9 629 2.996 80.676
C15 1.000 .565 10 593 2.825 83.501
D1.1 1.000 712 11 577 2.748 86.249
D1.2  1.000 .691 12 A74 2.259 88.508
D2.1  1.000 .664 13 415 1.975 90.484
D2.2  1.000 551 14 .369 1.755 92.239
D2.3  1.000 623 15 325 1.550 93.788
E12 1.000 .539 16 .309 1.469 95.257
E2.1  1.000 796 17 .288 1.371 96.629
E22 1.000 725 18 210 1.001 97.630
E4.2 1.000 722 19 201 .958 98.588
E5.1 1.000 724 20 157 745 99.333
E53  1.000 750 21 .140 667 100.000
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Table 8. Rotated component matrix and reliability statistics

' ; Cronbach’s a if
Component Code Factor loading Cronbach’s a item deleted
D1.2 824 .886
C14 .768 875
D1.1 703 871
C13 640 .868
! D2.1 608 0.894 875
D23 569 .883
CiA 542 .897
C15 414 .887
B1.3 788 772
B1.4 773 .802
2 B1.1 721 0.826 774
B1.2 641 817
C1.2 .634 797
E4.2 810 0.559
3 E1.2 644 0.69 0.636
D22 .589 0.601
E2.1 .869 -
4 Eo2 800 0.76 -
Al1 .865 593
5 E5.3 .836 0.716 451
E5.1 .530 752
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Table 9. Final factors for engineering tasks on temporary work

Group Code

Tasks

D1.2
Cl4a
D1.1
C1.3
D2.1
D2.3
C11
C1.5

Plan for construction joint(C/J)

Structural frame work,
measurement and circulation

Plan for access roads and pits for permanent measurement

Plan for measurement method and sensor installation
Plan for rebar placing and splicing
Circulation plan for vertical lifting of resources by construction phase
Plan for evacuation routes and spaces

Selection of core construction method and plan for formwork operation
Facade protection during structural framework

B1.3
B1.4
B1.1
B1.2
C1.2

Lifting equipment and
pumping

Switching plan to permanent elevator and platform design

Centralization of temporary systems for vertical transportation (temporary bridge, platform, and ramp)
Location of lifing equipment considering finishing work

Selection of other equipment such as gantry cranes, monorails, forklifts, trucks

Plan for concrete pumping method

E42
E12
D2.2

Space zoning

Design of the temporary access control system and CCTV layout
Method for ventilation and dust reduction by working area during internal finishing
Separation between built and working zones

E2.1

Water supply E00

Switching plan between temporary and main water tank according to water consumption
Switching plan between temporary and main septic tank according to sewage capacity

A1
E53
E5.1

Temporary facility, electric
power supply and lighting

Standardization and fire protection of the temporary facility
Plan for lighting to prevent collision (tower cranes, airplanes, etc.)
Plan for temporary electric power supply and electrical room
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