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Prefabrication technology is not new to the construction industry and has been in use for many
years. Prefabrication permits components to be assembled in the factory under strict quality control
before its installation on site. A prefabricated bathroom that integrates many trades can be employed
to achieve consistent and high quality workmanship in a building.
This section features prefabricated bathroom systems currently used in private residential projects in
Singapore, their advantages and contributions to high build quality.

5.1.1

Prefabricated metal panel wall system

A typical prefabricated bathroom comprises a 100mm thick concrete base slab, four surrounding
walls of galvanized metal plates internally, dry wall partition externally and rock-wool insulation inﬁll.
It may weigh about 3 tonnes and the full bathroom assembly, including sanitary ﬁttings and ﬁnishes
are produced at a factory in a controlled environment.

Fig. 5.1- Assembling bathroom in a factory environment: Allows proper coordination and achieves better quality.
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• Key assembly activities in factory

Fig. 5.2a - Base concrete slab casting.

Fig. 5.2b - Arrange wall tiles for ﬁxing with glue
adhesive.

Fig. 5.2c - Metal panels mount on wall tiles.

Fig. 5.2d - Fix metal panels to base slab.

Fig.5.2e - Carry out M&E installation & testing.

Fig. 5.2f - Pack and deliver to site.
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• Quality and other features in prefabricated
bathrooms
- Consistent and quality workmanship
In the conventional system of constructing
a toilet, many trades include concreting,
brickwork, waterprooﬁng, screeding, tiling,
plumbing, electrical works, components, etc
have to be properly sequenced and coordinated
on site to avoid delays. There is greater
difﬁculty in achieving build quality as the work
of some trades may be damaged by others
in the process. The multiplicity of trades also
creates uncertainties on the project duration.
With prefabrication, the quality of the ﬁnished
product can be better assured with greater
consistency.

Fig. 5.3 - Better quality and consistency in
prefabricated components.

- Tile joint consistency
Inconsistency in tile jointing is one of the most
frequent non-compliances encountered in
wet method construction particularly for wall
tiles. This is substantially reduced when dry
installation method like prefabricated bathrooms
is employed. In this method, the tiles are placed
horizontally on a leveled platform and spacers
are used to ensure consistent joint widths.
Epoxy glue is then applied on both the tiles and
metal panels, and the panels are then mounted
on the tiles. The wall tiles exhibit consistent
joint widths after drying.
Fig. 5.4a -Tiles are placed on a leveled platform
with spacers and glue adhesive.
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Fig. 5.4c - Consistent tile joints achieved in dry
installation.

- Less lippage or unevenness
In a typical wet method construction, lippage or unevenness in wall tiling is frequently the result of
unskilled workmanship. More skill is required when the tiles are placed vertically on walls using
adhesives. This dependency on skilled labour is reduced in prefabricated construction where the
tiling work is set out horizontally on a leveled surface and ﬁxed to the metal plate using a thin layer
of glue adhesive. The chance of lippage or unevenness is very much reduced if good quality tiles
without manufacturing defects are used.

Fig. 5.5a - Tiles are ﬁxed to metal panels with a
thin layer of glue adhesive.

Fig. 5.5b - Flat and even tile surface ﬁnish.
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- No de-bonding or hollowness
Hollowness or de-bonding of tiles arises primarily due to improper workmanship or incompatibility
between the substrate/tile and adhesive. In some cases, inadequate tensile strength of the adhesive
may cause de-bonding. In prefabricated bathrooms, glue adhesive is used instead of normal
adhesives. The bonding strength of such adhesive is much greater than cement-based adhesives
and this reduces tile hollowness or de-bonding.

Fig. 5.6 - Use of glue adhesive reduces tile hollowness or de-bonding.

- Ease of forming gradient in base slab casting
Most wet areas including bathrooms need to be built with a gradient towards the ﬂoor trap to
discharge waste and prevent water puddling. Typically, the gradient is formed during ﬂoor screeding
using cement-sand mortar. In some situations e.g. protrusion of concealed pipes on the ﬂoor, it may
be difﬁcult to form the required gradient using the base screed. As a result, the correct gradient is
formed using tile adhesives when laying the tiles. However, this is not a good practice to form the
required gradient.
In prefabricated bathrooms, the tiles are laid directly on the concrete slab without screed. The
correct gradient is formed by the mould and the concrete casting is carried out while the mould
is in reverse position. After curing and removal of the mould, the base slab is turned to its original
position. Therefore no screeding is required and consistent adhesive thickness can be maintained
when laying tiles. The ﬁnal gradient is also precise according to design.
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Mould
Concrete

Gradient

Floor trap

Fig.5.7 - Floor tiles are laid without screeding. The required gradient is formed while casting base slab.

- Non-critical path erection
Prefabricated bathrooms can be hoisted by a
tower crane and installed after completion of
structural slab castings. It can be considered as
a non-critical path process since its fabrication
and installation does not affect other concurrent
activities on-site as in conventional wet trades
method. The bathroom is simply supported on
the structure and the whole installation can be
executed rapidly in a tidy manner.
Fig. 5.8 - Bathroom is lifted into place by a tower
crane after completion of structural work.
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Fig. 5.9a - A cantilever platform is used to rest and
direct bathroom into place.

5.1.2

Fig. 5.9b - Simply supported connections secure
bathroom in place.

Prefabricated bathroom with precast concrete wall

Prefabricated bathrooms are produced using thin precast walls with a solid base as a frame. This
standardization allows close quality checks before installation. Careful planning, sequencing and
inspection of trade works are carried out in the factory to achieve the required quality. The following
images show the sequence of important activities in the process.

Fig. 5.10a - A standard mould casts precast base and
walls together for better water-tightness.

Fig. 5.10b - Precast frames are cured before
starting other trades.
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Fig. 5.10c - Apply waterproof membrane and
water-ponding test.

Fig. 5.10d - Checkered internal surfaces for
installing tiles without basecoat.

Fig.5.10e - Final ponding test for completed
bathrooms.

Fig. 5.10f - Install sanitary ﬁttings and accessories.

Fig. 5.10g - Delivery and installation by tower
crane.

Fig. 5.10h - Less intensive manpower needed
during installation.
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Fig. 5.10i - Tidy and dry construction process.

Fig. 5.10j - Quality internal ﬁnish.

The advantages of this system include:
• Mould can be used for repeated production.
• Time spent in unfavourable weather conditions at construction site is minimized.
• Reduce on-site assembly.
• Increase installation efﬁciency and speed of construction.
• Improve buildability and productivity.
• Increase social and environmental beneﬁts.
(safe and healthier working environment through less site work).
• Service pipes are concealed during casting of structure for better reliability, performance and
aesthetics.
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Prefabricated bathroom and integration of bay window

It is not uncommon for bay windows to be integrated with prefabricated bathrooms. This further
reduces the number of trade activities on site that includes bay window installation. The weight of
such integrated units, about 6 to 8 tonnes each, are heavier but the production, ﬁtting, testing and
ﬁnishing works can all be carried out in a controlled factory environment leading to better quality
product and workmanship.
The images below show the key sequences in fabrication and installation of the integrated system:

Fig. 5.11a - Precast base and bay window unit.

Fig. 5.11b - Apply waterprooﬁng on metal wall panels.

Fig. 5.11c - Erect panels on base slab.

Fig. 5.11d - Apply waterprooﬁng on ﬂoor and wall
joint.

Fig. 5.11e - Install tiles on panels with special
adhesives.

Fig. 5.11f - Install window frames.
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Fig. 5.11g - Long-bath installation.

Fig. 5.11h - Floor tiles installation.

Fig. 5.11i - False ceiling erection.

Fig. 5.11j - Install window inner frames.

Fig. 5.11k - Install sanitary ﬁttings.

Fig. 5.11l - Water-ponding test.
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Fig. 5.11m- Delivery to site.

5.1.4

Fig. 5.11n- Install by tower crane.

Key considerations in prefabricated systems

To maximize the beneﬁts of using prefabricated bathrooms, the project team should consider
integrating such systems during the early stages of the project (concept and scheme design). Once
the scheme design has been ﬁnalised, there is limited scope and value in exploring prefabrication
options. In fact, it may cause disruptions to the original design and this can delay the project.
Large prefabricated sections require heavy-duty cranes capable of handling and precise maneovreing
to place it in position. A proper sequence of erection and inspection should be established to ensure
quality in fabrication and installation. When adopting metal panel wall systems, attention has to
be paid to the strength, corrosion-resistance and treatment of joints on the panels to avoid future
malfunctions.. Furthermore, proper guidelines should be given to end-users when they wish to retroﬁt
tiles and other ﬁttings in the bathroom in future.
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Recent trends in Singapore show wider
adoption of dry construction methods like
internal drywall partitions in substitution for
wet trades like brickwork and plastering. The
following section describes the quality features
of drywall partitions, its use, advantages
and contributions to improved workmanship
quality.

Fig. 5.12 - Internal drywall partitions: Increasingly
used in residential buildings.

5.2.1

Features of drywall partitions

• Sustainable building material
Drywall partitions are produced mainly from
recycled materials available from many sources
and uses low energy in the production process.
It is therefore environmentally friendly and
contributes to sustainable construction. Some
brands of drywall partitions are certiﬁed as
green building material under Singapore Green
Labelling Scheme (SGLS).
(Ref: http://www.sec.org.sg)

Fig. 5.13 -From
Some brands
of drywalls are certiﬁed
Made
Recycled
Material
as green building material.
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• Light weight and strong
Drywalls are light weight leading to signiﬁcant reduction in dead loads. This allows designers to
design for lighter structures and foundations, leading to savings in structural cost. The wall system is
able to resist high impact forces and it can support loads such as TV, cabinets, shelves, etc. attached
to it.

Fig. 5.14 - Proper anchorage system facilitates mounting of TV, shelves and cabinets on drywall partitions.

• Enhance productivity
Drywall systems are faster to erect in contrast
to traditional construction methods such as
brick and block work. The productivity rate is
15-20m2 / manday compared to about 4-7m2 /
manday for brickwork. The partitioning works
can be completed faster leading to improved
construction duration.

Fig. 5.15 - Increased productivity & reduced
construction time.
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• Ease of installation and quality outcome
The method of installation is fast and efﬁcient.
Alignment and verticality can be controlled
easily at the outset during setting out and stud
erection. The stud system facilitates alignment
of the boards in the same plane. A ﬂat and
smooth surface is achieved by applying only a
thin coat of plaster putty and sanding it before
painting.

Fig. 5.16 - Ease of installation.

Setting out

Stud erection

Run concealed services

Installation of drywall system
as internal partitions
M&E ﬁxing & rockwool
insulation

Painting
Fig. 5.17 - Stages of drywall erection

Prepare for painting

Close other side
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• Neat concealment of services
Penetrating walls and concealment of services
are inevitable in construction works. Generally,
end-users prefer service pipes, cables
and trunkings to be concealed otherwise it
would affect the aesthetic appearance of the
building.
In drywall partitions, the two layers board
system can conceal many services without
hacking and damage. Penetration through the
boards can be achieved with neat cuts unlike
conventional wet methods of construction
where hacking (ref Fig. 5.20) and patching up
are often messy and untidy and may lead to
unwanted consequences like water seepage,
hollowness, etc.

Fig. 5.19 - Installation of concealed services.

Fig. 5.18 - Neat penetration of services.

Fig. 5.20 - Hacking to conceal conduits in a brick
wall.
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• Better acoustic performance
Provision of insulation like rockwool between
the boards enhances the soundprooﬁng and
acoustic performance of drywalls. The sound
transmission class (STC) value of brick or
concrete walls is typically about 40. Drywalls
with rockwool insulation can achieve better
STC values of 45-50.

Fig. 5.21 - Rockwool insulation enhances acoustic
performance.

5.2.2

Quality trends in internal ﬁnishes assessments

Internal wall ﬁnishes is one of the elements assessed under CONQUAS. The pie chart shows noncompliance data on internal wall ﬁnishes collated from private residential projects assessed under
CONQUAS from 2005 to 2007. Among the 5 items assessed, the most frequent non-compliances
are in ﬁnishing and joints. The frequency of such defects are generally higher in cement-based
plastered walls.

Jointing (32.8%)

Alignment & evenness (11.2%)
Cracks & damages (6.4%)

Hollowness (8.2%)

Fig.5.22 - % Defects distribution for walls of private buildings.

Finishing (41.4%)
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A separate study on projects (see Chapter 8) with high CONQUAS scores reveals that adopting
drywall systems signiﬁcantly reduced the non –compliances on internal walls. The quality of the
ﬁnishing works that can be attained is better than conventional plastering works.

5.2.3

Quality features in drywall partitions

The following highlights the inherent advantages in drywall systems leading to better workmanship
quality.

• Minimize defects on wall finishes
Rough surfaces and inconsistent paint ﬁnishes are the most frequent non-compliances in plastered
walls. The smoothness, consistency and texture in paint work are very much dependent on the
substrate surface. If the substrate is smooth and not wavy, it will be easier to achieve good paint
work either by roller or spray method. Drywall systems present an even board surface which can be
prepared easily with a thin layer of putty and sanding it before painting.

Fig. 5.23 - Smooth drywall substrate surface aids
good paint ﬁnish.

Fig. 5.24 - Consistency in ﬁnished surface.
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• No plaster hollowness
In conventional brickwork, thick coats of plastering may be required to compensate for bricks not
properly laid and to get a balanced smooth ﬁnish. This often results in hollowness and de-bonding
when the plaster work is too thick or not carried out properly. In drywalls, only a thin layer of skim coat
is sufﬁcient to get a smooth surface. There is no risk of hollowness or de-bonding.

Fig. 5.25 - Thick plaster coat is main cause of
hollowness in conventional masonry work.

Fig. 5.26 - No hollowness risk in drywall
skim coat.

• Less alignment and evenness defects
During erection of studs for drywalls, alignment and verticality can be easily controlled. Once the
studs are properly installed, the boards can be ﬁxed on them evenly. There is no need for thick
plastering to get an even surface.

Fig. 5.27 - Alignment and verticality are controlled
when erecting studs.

Fig. 5.28 - Less occurrence of mis-alignment and
unevenness.
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• Less wall joint defects
In wet plastering works, more manual skill is required to make a joint between two straight walls
notwithstanding the use of additional aids like angle and inner beads to achieve a neat joint. This is
due to difﬁculties in trying to combine two or three layers of plaster together. In drywall systems, only
a thin coat of joint compound is required as straightness and alignment are controlled during stud
erection leading to neat and straight joints at wall intersections.

Fig. 5.29 - A thin corner-bead helps make corner
straight.

5.2.4

Fig. 5.30 - A neat and straight internal wall joint.

Examples of good practices in drywall construction

To derive maximum beneﬁts from using drywall systems to achieve workmanship quality, it is
important to pay attention to certain details.

• Details to prevent cracks at joints
Hairline cracks may appear over time at
drywall joints. This is particularly so after the
air-conditioning is in use. Such cracks can
be prevented if proper installation and joint
treatment are observed.
According to a manufacturer’s recommendation,
in addition to following a proper method of stud
and board erection, a joint tape should be
provided to bridge the joints of the drywall before
the skim coat is applied. This will control the
movement between the boards and prevents
cracks from forming. It is also recommended
to avoid horizontal joints on the boards. An
appropriate paint system (silicone based)
may prevent hairline cracks from appearing in
certain cases.

Fig. 5.31 - Joint tape and joint compound to
reduce risk of cracks.
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Cracks can also appear at the joint between two different materials due to differential expansion
and contraction of the materials and temperature changes.
To prevent this, some projects use a drywall board to cover the RC surface (see Fig. 5.32).

Conventional detailing

RC Column

Drywall
Potential crack

Drywall
Joint tape

Proactive detailing

RC Column

Drywall
Drywall board

Joint tape

Drywall
Joint tape

Fig. 5.32 - Drywall board covers RC column to prevent cracks at joint.

This detailing will minimize the appearance of cracks at joints. In addition, the whole premises will
have a uniform ﬁnish and it is also easier to carry out the subsequent works like application of joint
compound and painting. However, this detailing may reduce the space in the room (by the board’s
thickness of about 12 to 19mm).
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• Additional supports for door frames and large openings
To prevent distortions and sagging of openings, the studs need to be stronger to cope with the weight
of the door and forces caused by slamming. Typically this would involve boxing the studs or sleeving
them with a channel, as well as including timber inserts. The standard details for forming door jambs
are illustrated in Fig.5.33, although other suitable timber framing assemblies may be required to
adequately support heavier doors. For large openings, a stronger lintel (Fig.5.34) may be required. It
is also important to ensure openings are accurately formed to prevent uneven gaps or creaks caused
by movement between ill ﬁtting members.

Plasterboard
Boxed or Timber insert
Steel Studs

Boxed or Timber insert
Steel Studs

Door frame

Fig. 5.33 - Additional timber inserts strengthen door frames.

Top track

Intermediate stud

min. 150mm

Boxed or timber insert

Fig. 5.34 - Timber insert at top acts as lintel for door frame.
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5.2.5

New trends in use of drywalls

• Drywall cladding over RC wall
In some projects, the whole inner RC surface areas are clad with drywalls to have a uniform ﬁnish
throughout the unit. In practice, RC walls require a skim-coat ﬁnish while drywalls require a joint
compound ﬁnish. Adoption of this method is to avoid using two different ﬁnishing materials for different
surfaces in the same unit. This system will reduce the internal area slightly and increase the cost.
However the surface appearance and paint ﬁnishes will be consistent throughout the unit.

Fig. 5.35 - Drywall cladding over inner perimeter
of RC walls.

Fig. 5.36 - Uniform surface ﬁnish throughout the
premises.

• Board partitions in wet areas
Some boards are now fabricated with moisture resistant properties and are suited for use in wet
areas. The boards are also coated for bonding with tile adhesives and waterprooﬁng membranes
and are resistant to mould growth. It has a homogeneous structure that impedes de-lamination under
moist conditions. Although widely compatible adhesives are available in the market, it is a good
practice to carry out compatibility test prior to use. In addition, installing studs on concrete kerb in wet
areas is also a good practice to prevent consequences from stagnant water.

Fig. 5.37 - Stud erection on a concrete kerb in wet
areas.

Fig. 5.38 - Drywall partition with waterprooﬁng
membrane.
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The concealed services in wet areas like water and sanitary pipes can be installed without untidy
hacking and patch-up. This is a faster and less cluttered process. However, the use of board systems
for wet areas is only a recent trend and its performance should be further monitored and evaluated
based on end-user feedback.

Fig. 5.39 - Installation of wall ﬁnish on board
partition by using adhesive.

5.2.6

Fig. 5.40 - A completed toilet with wall ﬁnish on
board partitions.

Other considerations in drywall partitions

To achieve maximum beneﬁt in drywall construction, the manufacturer’s guidelines should be strictly
followed during the installation process. Some detailing may need to be revised to suit the project
and this should be clariﬁed with the supplier or specialist professionals. It is also advisable to provide
an instruction manual to the end-user illustrating, among other things, how to anchor and install TV,
cabinets or shelves on the board partitions.

