ELSEVIER

Available online at www.sciencedirect.com

sc.ENCE@D.RECT.

Building and Environment 40 (2005) 1472—1478

BUIIDINGIAND
ENVIRONMEN]

www.elsevier.com/locate/buildenv

Improved productivity using a modified table formwork system for
high-rise building in Korea

Gwang-Hee Kim®, Sung-Hoon An®, Hun-Hee Cho®, Deok-Seok Seo?, Kyung-In Kang™*

aDepartment of Architectural Engineering, Mokpo National University, 61, Dorim-Ri, Chunggye-Myon, Muan-Gun,
Chonnam 534-729, Republic of Korea
bDepartment of Architectural Engineering, Korea University, 5Ga, Anam-Dong, Sungbuk-Gu, Seoul 136-701, Republic of Korea
“Division of Architecture and Ocean Space, Korea Maritime University, 1 Dongsam-Dong, Yeongdo-Gu, Busan 606-791, Republic of Korea
dDepartement of Architecture and Civil Engineering, Halla University, San 66, Heungup, Wonju, Kangwon 220-712, Republic of Korea

Received 6 January 2004; received in revised form 17 May 2004; accepted 18 June 2004

Abstract

Recently, construction of high-rise buildings in Korea has increased. However, the traditional formwork has disadvantages, such
as low productivity, labour intensiveness, and long cycle times. Formwork is one of the largest cost components of a concrete
building’s structure, and is a factor with significant impact on construction duration. This paper proposes a modified table
formwork system (MTFS) that can improve construction productivity, reduce labour requirements, accelerate construction
schedules, and significantly reduce construction costs. A case study was performed to verify the validity of the MTFS by comparing
schedules and costs of the MTFS with those of the traditional formwork system (TFS).
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1. Introduction

Construction investment is generally 3-10% of a
nation’s gross domestic product (GDP) [1,2], and
construction investment in Korea is 15% of the GDP
[3]. Therefore, productivity improvement in the con-
struction industry is more influential in improving GDP
than it is in any other industry [1].

Although construction companies have placed a high
priority on productivity to enhance their profits and
ensure competitiveness since Korea’s economic crisis in
1997, the productivity of construction work in Korea is
half that of other OECD countries [4]. The prevalent
reason is that those who work in the Korean construc-
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tion industry are not informed on the value of time and
modern systems and techniques [5]. Conversely, high-
rise residential building construction has recently been
booming in Korea, and Koreans are showing increasing
interest in such buildings, probably because the shift of
population to the city centre has created demand. To
respond to this need, construction companies must
make more effort to improve productivity in high-rise
building construction.

The various factors of construction productivity
improvement are divided into headquarter-type factors
and site-type factors. Headquarter-type factors include
elements such as planning, scheduling, and estimating,
and site-type factors include elements such as materials,
labour, and methods [6]. Among these site-type factors,
construction method is a significant one, having impact
on construction productivity [7]. Furthermore, O’Con-
nor and Davis [8] suggests that innovative methods are
required to enhance construction productivity during
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field operation, methods that might be applied to areas
such as the sequencing of field work, temporary
construction material/systems, hand tools, construction
equipment, constructor-optional assembly, temporary
facilities directly supportive of field methods, and post-
bid constructor preferences.

Among possible innovative methods, modification of
the formwork system of high-rise buildings is worth
considering, for two reasons. Firstly, its efficiencies
accelerate the construction schedule, and reduce costs
during construction, enabling early occupation of the
structure, and improving related jobsite productivity [9].
In addition, formwork is one of the largest single cost
components of a concrete building’s structural frame
[10], and one of the factors that has an impact on
construction duration [11]. It may constitute 35-60% of
the total cost of a concrete building’s structural frame
[12]. Secondly, although the traditional formwork
system (TFS) is now the most widely used in building
construction in Korea, its use involves problems such as
labour intensiveness and long cycle periods of up to 10
days per floor. For example, the structural frame
construction period for a 40-floor residential building
in Korea is about 14 months, while in the US the same
building takes about 7 months—a difference of about 7
months [5].

This paper introduces the modified table formwork
system (MTES) as a solution to the low productivity of
the TFS used in high-rise building construction. The
main objective of this paper, therefore, is to propose
MTFS as a way of improving productivity, accelerating
construction schedules safely, and delivering significant
savings in construction costs. The feasibility of MTFS in
terms of both time and cost saving is presented through
a case study.

2. Improved productivity of formwork system

This study examines a residential building with five
basement floors and 40 above-ground floors constructed
in Seoul, Korea. However, the building could not be
completed within the estimated duration and cost
because the work for improving the bearing capacity
was not included in the original construction plan.
Improving the bearing capacity was found to be
necessary after tests of the bearing capacity of the soil
had been conducted following excavation works.

This factor extended the schedule and cost, since the
site conditions had changed [13,14]. However, residen-
tial building units are normally pre-sold before con-
struction commences, and the cost of units is based on
the status of construction in Korea. Therefore, if the
residential buildings are not completed by the scheduled
date, the developer and the contractors will face claims
from the tenants. And if the construction costs are not

met, construction cannot be completed within the
targeted cost.

To solve this problem, the productivity of the
formwork, which influences the total construction
duration and cost, had to be improved. The traditional
form system—planned to be applied for slabs and
beams—was selected for review to improve productivity.
The flying form system, which is imported, and has been
used recently in some high-rise buildings for accelerating
construction schedules, was considered, but it was
excluded from a solution because it was so expensive
that it could increase construction costs [15]. Therefore,
modification of the formwork system was begun while
parts of the framework were being processed in the
substructure, because the original construction duration
and cost were estimated on the basis of the TFS. This
modification was focused on deceasing the labour and
using the equipment—such as auto-climbing system
(ACS) formwork—considering the total process of
formwork, including the form assembling, stripping
and moving/lifting [5].

3. Modification table formwork system

The MTFS consists of a deck form, including a joint
filler strip, a stripping deck with a small hydraulic
forklift, and a lifting deck.

The deck forms (Fig. 1) are assembled into units,
called decks, for forming concrete slabs and beams, and
into joint filler strips for minimum interference between
reinforcing bar works and formworks. After the
concrete has been placed and cured sufficiently, the
deck forms are removed unit by unit, and moved to
upper floors in the building where they are reassembled
for reuse. The deck form consists of various structural
components, such as plywood decking, joists (rectan-
gular pipe), stringers (combination of rectangular pipe
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Fig. 1. Deck form.
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