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Analysis of Constructability Factors Affecting on the Productivity of Tall Building Construction
—With Focus on the Area of Steel Work—

Yoon, Hyunbo' - Kim, Yea Sang*
"Department of Mega Buildings and Bridges, Sungkyunkwan University

Abstract : Achieving high productivity and constructability are very important issues in construction industry.
Study on constructability have been conducted actively, and many researches referred that improving
constructability can enhance cost, quality, schedule, productivity and so on, However, there are lack of
quantitative analysis, since most studies have proved correlation between productivity and constructability using
questionaries and by case studies, Also, researches are mostly about specific detail scope of work to improve
constructability, thus it is hard to apply constructability factors on various work in construction, In this paper,
will deduct general factors affecting on constructability and evaluate effects of factors affecting on each work,
Furthermore this paper will verify impact of factors affecting on productivity by multi regression anlaysis using
actual data sets of high—rise building construction site,
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Table 1. Definition of constructability

Research

Insiiiuie Terms Definition

The extent to which the design of a
building facilitates ease of construction,
subject to the overall requirements for the
completed building

CIRIA Buildability

Constructability is the optimum use of
construction knowledge and experience
Cll Constructability | in planning, design, procurement, and
field operations to achieve overall project
objectives

Enhancing the realizability by reconsidering

Kyoto Production . .
in terms of ease of work, economics,

Univ Design . . .
stability of quality in design phase.

The integration of construction knowledge
in the project delivery process and

. balancing the various project and

ClIA Constructability . . .
environmental constraints to achieve the
project goals and building performances

at the optimal level

22 \MZdo|= Mt A+t

=] 9 1990d ) FHERE sfe] A3 - Edf
= Al*M oj2ef ¥RE At EaL o AFES
S Al AESE AlAES 9fe A E HE A

Al%*é AT, Fold A 9 84 E4e S
A el Wit AT 5 574 3789 Aol 7Pk |
801 S5 oFL Utk °]5]HQ201)9] A+t Aol
AelA Alg/d Aol thet A= ~ES Tidste] Yol
2h-gof| ol = Al

5/ A= A Al ok = Al el] 7
A= 7HAAL 9L 3 =
S At B el 54 340l T o
7} Eorom HAubA o g2 AL ES) SR H TS

T

oY) 7 AT A0 A o
_?_

j[ﬁ oM,
M %0 o
10
E

[0 fm rle orlo
.

stmziMpaets] =27 Ji5A 4s 2014 72 3]



ZESH ol tiel Ale S At ARl R Alsdell o o] AlgAd ik AARE 7R ARt Al Akl A
1 2= Q8153 GASKL Al o] Wall 2213t A7 = ARSI Aol 4, w1, vlES frelst
= WS sk, AAE] toluAE Bl A 45 Al Sz Ao= UEsiTh 75| BCAA d& 7Y
< H7I5E Aol Q)oK (Franky W. H. Wong et al, 2004) 9] In—house toolo|A] G712 1] Buildability Design
o= wes] Al FRF a8l S o=yt Aas) Appraisal System(°]5} BDAS)& 7Hsl3l=t] ol= =5
o] el z171o] jaHz o & gk et 3l 4121 417 (Laborefficient design)®] 42i7} #54
8 A5 the Table 29F ATt O 7 Q] WMo R A 4= olE Hsoles o

Table 2. Advanced research for constructability

satolet, d40] AL ke Fig, 13 2k,

Researcher Contents
Lee. H. C | Develope checklist for constructability review for office gc,’:;:;g s ss
(2011) building at pre—construction phase by questionaries. g:g:" Height 2.0
Kang. K. H Analyzing and contrasting between domestic cases Other 10
ot alg('201'0) with overseas case of new form work and new project
management mathod.
- — — — Wall 50
) By correlating quantitative measures, finding empirical
Sui Pheng ) ) ) . . Structure
Low(2001) evidence to support relationships between buildability,
structural quality and productivity in construction
— Curtain wall 1.0 Full Precast 1.0
Found out constructability issues that have been Dry Partition wall 1.0 iltee:’lﬂearg ;-0
it it .|
Kwon. D. H | continually genarated from high—rise office building PCPanel 0.9 StE;eI :ozfo,g
et al(2003) | and identified characteristics and importance, impact,
frequency aspect of the constructability
|dentified the major factors affecting buildability of
Franky W.H. | designs, and highlighted the need an principle for devising
Wong et al | a dynamic design management system for improvement Fig 1. Score Allocation of BDAS
of buildability.

Table 3. Constructability factors

Constructability Factor Cll CIRIA

Griffith and
Sidwell

Hon, Gairns
and Wilson

CPPM
(NSW)

BDAS

(BCA) ClIA

Design Phase

Simplification of Design o o

o

o

Modularisation

o o

Standardization of Design

[0} (o]

Allowable tolerance

Requirement for Cost, Quality, Time

Structure system

Time for below ground

Construction
Phase

Site Investigation

Method of Construction

Suitable material o

Site Layout

Use of Equipment

Sequence of work

Site Access and Egress

Time to achieve weather proof o

Reduction of work at height

o|lo|oOo|O

Preassembly work o

Project
Traits

experience of personnel

Early involvement of G.C

Type of Building

Size of site

Available Resources

Subsoil, location

Regulations, by—laws

Climatic Condition

olofo|o|O|O

Storage & Workplace o
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Fig. 3. Effect of factors on each work section
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Table 5. Definition of analysis variables
quut Input variables Unit Cemsiiusia sty Effect
variables factor
Depgndent Productivity ton/
variable person
Structure Nominal Structure system 414
System
No. of typical Rate Standard;atwon of 438
Floor design
Method qf Nominal Method pf 414
Construction construction
Number of T.C EA Use of equipment 4.29
Working day Rate Climate condition 41
/Calendar day
Independent Steel Ton
variable / Steel PCS Rate Modularization 4.24
Exist of tilted Nominal Simplification of 450
column design
Cycle time per Floor Method of
) 414
floor /Day construction
(log) Gross ) )
Floor Area (log) M2 Size of site 3.14
Building . Rate Site layout 3.47
coverage ratio
Table 6. Descriptive statistics quantity
. Standard
Input variables Average o N
Productivity 1.1751 0.2451 21
Structure System 1.2857 0.6437 21
No. of typical Floor/No. of Total Floor 0.7360 0.0640 21
Method of Construction 1.5238 0.6796 21
Number of T.C 2.2857 0.9562 21
Working day/Calendar day 0.7606 0.0762 21
Steel Ton/ Steel PCS 1.3178 0.5265 21
Exist of tilted column 0.0952 0.3008 21
Cycle time per floor 5.9810 2.3409 21
Total Floor Area 4.4847 0.2224 21
Building coverage ratio 0.3903 0.0545 21
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Table 7. Correlation analysis

Constructability Productivit Structure|Typical Floor# | Const. [Number| Working day | Steel Ton E;:ts;(;)f Cycle time|Total Floor cEE)Lj/IvleC:Iange
Factor Y System | /Total Floor# [method| of T.C |/Calendar day|/Steel PCS per floor Area e
column ratio
Productivity 1.000 0.198 0.567 | —0.306 | 0.376 -0.072 0.163 | —0.369 —0.333 0.358 0.115
Structure System 0.198 1.000 —0.045| 0.327| —0.139 0.107 0.636 | —0.148 0.130 —-0.589 -0.159
Np. of typical Floor
0.567 | —0.045 1.000| 0.007| 0.283 0.196 —0.095| —0.203 0.097 0.034 0.249
/No. of Total Floor
Method of
) —-0.306 0.327 0.007| 1.000| —0.165 0.742 0.184| 0.722 0.346 -0.515 0.080
Construction
Number of T.C 0.376 | —0.139 0.283| —0.165| 1.000 0.168 —0.231| —0.099 —0.306 0.593 0.120
Working day/
-0.072 0.107 0.196| 0.742| 0.168 1.000 -0.120| 0.514 0.315 —-0.284 0.044
Calendar day
Steel Ton/ Steel
PCS 0.163 0.636 —0.095| 0.184| —0.231 -0.120 1.000 | —0.080 0.150 —-0.296 -0.173
Exist of tilted
column -0.369| -—0.148 —0.203| 0.722| —0.099 0.514 —0.080| 1.000 -0.154 —0.061 -0.128
Cycle time per
Hoor —0.333 0.130 0.097 | 0.346 | —0.306 0.315 0.150 | —0.154 1.000 —0.433 0.422
Total Floor Area 0.358 | —0.589 0.034| —0.515| 0.593 —-0.284 —0.296 | —0.061 —0.433 1.000 0.140
Building coverage
ratio 0.115| —0.159 0.249| 0.080| 0.120 0.044 -0.173| —-0.128 0.422 0.140 1.000
Table 8. Examination of p—value
Unstandardized coefficient StandgrQIzed Collinearity statistics
Model coefficient t p—value
B Standard error beta Tolerance VIF
Constant -5.708 1.084 —5.264 0.000
Structure System 0.179 0.065 0.470 2.747 0.019 0.271 3.689
Np. of typical Floor/No. of Total Floor 1.904 0.402 0.497 4.732 0.001 0.719 1.390
Number of T.C -0.134 0.040 —-0.522 —3.338 0.007 0.325 3.077
Working day/Calendar day 1.973 0.548 0.613 3.603 0.004 0.274 3.648
Steel Ton/ Steel PCS 0.091 0.063 0.196 1.436 0.179 0.428 2.336
Cycle time per floor —0.069 0.016 —0.658 —4.257 0.001 0.333 3.007
Total Floor Area 0.891 0.204 0.809 4.359 0.001 0.231 4.329
Building coverage ratio 1.017 0.522 0.226 1.948 0.077 0.590 1.694
Exist of tilted column —0.467 0.120 -0.573 —3.887 0.003 0.366 2.735
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Table 9. Abstract of multiple regression model

Model R R2
1 0.955a | 0.913 0.825

Adjusted R2 | Standard error of estimate
0.1024920
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Model pvalue [V SEEIEE  aaafo] woj )t O0R PRHEIL), uhaky AR AioA
Tol VIF
o) 22917} YOt 8 HIEZSASE 2he PEL A
Constant 0.001
o] oo AE z1o] a7 1l okzl 27 ° ]
Structure System 0.046 0.204 4.908 lﬂg ‘l ﬂ sEeTET T H —6_“} > ]:—' _g‘_]—oﬂ T 10}7] Em
=} oz A o) 3) 220l
Np. of typical Floor/No. of Total Floor 0.001 0.678 1.476 =}l Ao ek, A o] A7 digk <= o
Method of Construction 0.988 0.054| 18.498 24 frolekE ol E416HA] eholel e BEskE
Number of T.C 0.012 0.299|  3.347 Alfslale= AAI7E B Q= A0 2 YERITH
Working day/Calendar day 0.008 0.248 4.030
Steel Ton/ Steel PCS 0.203 0.422 2.369 Table 12. Analysis of variance
Exist of tilted column 0.126 0.075 13.248 ogel S o | Reeee o7 Neen - e
Cycle time per floor 0.006 0.239 4.185 squares | freedom | square P
Total Floor Area 0.004 0.184 5.442 Regression model 1.097 9 0.122 | 12.761 0.000a
Building coverage ratio 0.112 0.515 1.941 Residual 0.105 " 0.010
Sum 1.202 20
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