KJCEM 15, 3, 038~046 www.kicem,or.kr (pISSN 2005-6095)
May 31, 2014 http://dx.doi.org/10.6106/KJCEM.2014.15,3.038

HIZE ASE SAl] M EA B SOl
- LEE30|E SAIE SAo= -

1 *

R

of

a1

o 02
0

e
Il n&

el

FJS

Rchinias ey

oV

An Analysis and Improvement of Free Form Building’s Construction Productivity
- Focused on Exposed Concrete Work -

Lee, Eun-Young', Kim, Yea-Sang”
! Department of Mega Buildings and Bridges, Sungkyunkwan University

Abstract: The Global’s top five Design Firms selected from BauNetz a German architectural magazine in 2007 designed free
form building design which was 25% of the overall design by 2006-2010. Free form building is a landmark of the city and
the country so its social and economic impacts are very large. In case of Korea, free form buildings such as Tribowl in
Incheon, KINTEX Exhibition hall 2 and Dongdaemun Design Plaza have increased. However, those the increase in design
trends and, the needs due to the lack of free form building design and construction management experience, free form
building projects can't be expected to profitability and have a number of problems after completion. Especially, there are
many excessive quality problems and the rising cost due to design changes frequently and lack of experience and data.
Thus an initial plan regardless of considering of free form building’s characteristics can be a huge risk because of the
difference with the plan and actual projects, yet there aren’t free form building project’s performance data and case studies
related to productivity. In this study, through selection of low-construction productivity works and an analysis of the work
process and productivity data, hope to propose an actual field productivity of free form building and the ways to improve
productivity.
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Free Form Building Construction Work

Construction work which has big risk
because of Free Form shape
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Step 1. Analysis of Free Form Building Construction Work
Process

Prediction Work which has Big Risk
Case

Step 2. Analysis of Free Form Building Construction Site Risk
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Compare Free Form Productivity to Construction Standard
Production Unit System
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Construction Productivity Improvement Strategy of Free Form
Building

Fig. 2. The Flow of the Research
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Table 1. Productivity Hindrance Factor From the Literature Review
) Kim.Y | JungH | ParkJ |Shahriyar
Hindrance Factors ‘9 Og ‘W ,Osya
1 Shortage of skilled labor (0] O (0] O
2 |Lack of Worker's responsibility| (0]
3 Lack of skxl\ll\?ozs;fgrgpenence of 0 o
4 | Lack of Worker's motivation | O 0 ) 0]
5 Frequent breaks O (6] O
Labor 6 Worker's physical exhaustion 0
due to overwork
7 Poor use of mgltiple shifts or o
overtime
3 Ignoring or not soliciting
employee input
9 | Absenteeism and tumnover O
1 Difficulty of Design O
. 2 |Poor drawings of specification] O (0]
Eagi?:ggriﬁg 3 Design in disregard of o
Constructability
4 | Design change frequently O
1 lack of quality control O O
2 | Poor management system (0]
3 | Poor construction methods 0O (0] (0]
4 | Lack of pre-task planning O (0] O O
5 Impractical Schedule (0] O
6 Waiting for instructions O (0] O O
Construction| 7 Poor communication between o)
Manage office and field
-ment | 8 Poor logistic plan 0 0
9 Work interference O 0]
10 Supervision delay O (0] O
11 Safety O (0] O
12| Change order and rework (0]
13 Inspection delays (0] O
14 Congested work areas (0] O
|egamemires] 0 | 0 | 0 | o
Material | 2 Lack of material 0O (0]
Equigment 3 Equipment breakdowns O O
4 Sub-quality material O
5 |Lack of proper tools &equipment O O
1 Locality of Site O O
2 | Lack of Workforce training O
3 Poor work environment (0] (0]
4 Local union and politics (0] O
Others | 5 Project uniqueness 0] 0]
6 Strike (0]
7 Weather condition O O O
8 Underground Structure O
9 |Lack of cost control accounting O
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Table 2. Characteristic of Free Form Building Construction

Stage Characteristic of Free Form | Exposed |  Exterior Interior
9 Building Construction Concrete | Panel Work | Finishingwork
Extracting of 2D Drawings from
BIM Model L L 1
PRD
Increase of Resource to PY P
Produce Material and Delivery
Mock-up Test for Quality and
PRE Forming Technology L L L
CON Arising New Work Process [ ) [ [ J
Lack of Work Repetitive [ )

3 PRD: Production Stage, PRE: Pre Construction Stage, CON: Construction Stage
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Table 3. Analysis of Exposed Concrete Productivity Management Risk

Table 4. Exposed Concrete Formwork’s Productivity Analysis of Each

» Planed Actual
Activity
Schedule | Manpower | Schedule |Manpower
Rib making 12 20
Fom 670 2162
o wor Install 15 2
Reinforcement 9 150 12 360
Ready mixed concrete 7 16 9 36
Rib making 12 18
fom 720 2310
- wor Install % K
Reinforcement 12 140 15 176
Ready mixed concrete 4 24 5 7!
Rib making 18 42
Fom 1120 2560
wo Install 10 11
B-3
Reinforcement 7 105 il 209
Ready mixed concrete 5 20 6 33
Rib making 14 2
rom 240 712
wor Install 17 28
B4
Reinforcement 18 140 2 163
Ready mixed concrete 6 20 9 66
Result
Schedule Manpower
Activity
min. {max. avg. min. | max. avg.
Rib making 15| 23 18
Formwork 23 | 32 29
Install 13| 16 15
Reinforcement 12 | 15 13 12 | 24 1.8
Ready mixed concrete 13|17 15 17 | 33 24
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Building
Building 3D Modeling Actual C.S.P.US.
Quantity 2,381.6m2
Manpower 2162 1120
B-1 Productivity [0.91 manpower/m2 O.47manpower/m2
Free Form
Productivity 1.94
Index
Quantity 1,136.3m2
Manpower 2310 534
B-2 Productivity |2.03manpower/n|0.47manpower/m?
Free Form
Productivity 432
Index
Quantity 1,814.6m2
Manpower 2560 852
B-3 Productivity | 1.41manpower/n?|0.47manpower/m?
Free Form
Productivity 3
Index
Quantity 1,79.8m2
Manpower 712 846
B-4 Productivity O.4Omanpower/m2 O.47manpower/m2
Free Form
Productivity 0.85
Index

% Exposed Concrete Formwork’s Productivity of Construction Standard Production Unit
System (short for C.S.P.U.S) = 0.47(Formwork Carpenter 0.23+Helper 0.24)manpower/m?
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Fig. 8. Rb Shop Drawing

Fig. 9. Education for Casting
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