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A B S T R A C T

Modular prefabrication technology promotes off-site manufacturing of modules and on-site assembly by im-
proving the construction efficiency, safety and productivity. However, the joining of individual modules needs
special connectors that must be fast to install and robust enough to ensure structural integrity. The restrictions
on the overall dimension and weight of the modules for lifting and transportation provide the impetus to develop
a more efficient structural module system that is lightweight and fast to install. This paper discusses the design
and construction challenges of existing modular construction of high-rise buildings and provides solutions to
resolve these challenges. A novel lightweight steel-concrete composite system is introduced to reduce the weight
of the module without compromising the strength and stiffness. To increase the available headroom, a slim floor
system is proposed to reduce the floor-to-floor depth and ensure the integration of buildings service within the
structural zone. High strength concrete is used as an infill material for tubular columns to maintain the same
column size to avoid complex joining details involving modules with different column sizes. Long-span steel
concrete composite modular system is proposed to reduce the number of joints and columns for fast track
construction. A fast and easy joining technique is developed to ensure fast installation of modules. Inter-module
joints are modelled as semi-rigid to capture the realistic joint behaviour in global analysis to ensure the struc-
tural integrity and overall stability of the building.

1. Introduction

Conventional construction methods that use cast in-situ structural
elements and brick walls are still widely used due to relatively low
labour cost in some countries. However, the low productivity of such
construction methods have impeded economic growth in construction
and they are losing their financial advantage with increasing labour
costs [1]. At the same time, expanding urban population calls for more
high-rise buildings. Coincidently, a good design practice of high-rise
buildings is to embrace simplicity, standardization, repetition, and
economy of scale. This renders the high-rise buildings to be intrinsically
modular by off-site factory production [2–5].

To overcome these challenges, modular construction has been en-
couraged in Singapore whereby building modules are constructed off-
site before being assembled on-site to form a building. Prefabricated
Prefinished Volumetric Construction (PPVC) is a specific type of mod-
ular construction where the internal elements of the modules (walls,
floors and ceilings, mechanical, plumping and electrical, etc.) are pre-
finished before the modules are installed [6]. With the advantages of
higher construction speed, productivity and quality control, modular

construction has been adopted in many sectors of the building industry,
such as residences, hotels and hospitals by several countries over the
last 20 years.

In recent years, Singapore has also shown great effort to promote
modular construction in local projects to achieve productivity im-
provement in terms of construction time and manpower. Since 2014,
the use of modular construction in selected public residential projects
has been made mandatory [7]. Its benefits have been proven in the
successful launching of pioneer modular construction projects in Sin-
gapore: (a) Crowne Plaza Hotel Extension, Changi Airport, and (b) NTU
North Hill Residence Hall as shown in Fig. 1. It is reported that both
projects have achieved time savings of up to 6months and on-site
manpower savings of up to 40%. These projects give confidence to the
industry, government, and public on this new technology. It is projected
that by 2019, 35% of newly launched housing board projects will be
built using modular construction. Table 1 summarizes the current
modular construction projects in Singapore.

The idea of modularization is compatible with the design of high-
rise buildings which encourages design standardization and repetition.
Currently, the cost of modular construction is approximately 15% more

https://doi.org/10.1016/j.istruc.2019.02.010
Received 28 November 2018; Received in revised form 15 February 2019; Accepted 15 February 2019

⁎ Corresponding author.
E-mail address: ceeljy@nus.edu.sg (J.Y.R. Liew).

Structures xxx (xxxx) xxx–xxx

2352-0124/ © 2019 Published by Elsevier Ltd on behalf of Institution of Structural Engineers.

Please cite this article as: J.Y.R. Liew, Y.S. Chua and Z. Dai, Structures, https://doi.org/10.1016/j.istruc.2019.02.010

http://www.sciencedirect.com/science/journal/23520124
https://www.elsevier.com/locate/structures
https://doi.org/10.1016/j.istruc.2019.02.010
https://doi.org/10.1016/j.istruc.2019.02.010
mailto:ceeljy@nus.edu.sg
https://doi.org/10.1016/j.istruc.2019.02.010





























	Steel concrete composite systems for modular construction of high-rise buildings
	Introduction
	Modular construction and its limitations




