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Abstract: Scaffolds can be categorised into access scaffolds and support scaffolds based on its functions: access
scaffolds and support scaffolds. Regardless, both are only consent to be used when it follows requirement set forth
by the government in order to protect the workers’ safety and health. Due to increased demand for scaffolds
manufacturers try to compete with each other by developing various type and sizes of scaffolds. Unfortunately, the
usage of these modern scaffolds such as All-Round Modular Scaffoldings are rather limited due to its deviations
from the BS 1139 standards. This study aims to determine the distribution force on the All-Round Modular
Scaffolding determine its suitable duty category based on the BS1139 guidelines. Standard parts of ARMS from
manufacturer was used to build one storey x 1 bay (sizing 3 m x 3 m) structure and was assembled by authorised and
professional contractor. The structure was then put through load test. The load was placed on top of the working
platform and the deflection of the components was measured. The findings reveal that the structure as well as the
individual platform can support loads up to 500 kg with no crack or permanent deformation observed after the test.
By referring the BS1139 standards, the All-Round Modular Scaffolding is surpassing the requirement for general
and heavy-duty scaffold with distributed load on platform recorded to be 2.67 kN/m? and concluded that the
additional length of the components does not compromise the working purpose of the scaffolds.
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1. Introduction

Scaffolds are generally temporary structures mainly used in construction to support loads, including humans,
equipment, and work material. Scaffolds can be categorized into two types depending on their purpose: access scaffolds
and support scaffolds. Access scaffolds are used to support light to moderate tools and usually attached to work buildings.
Support scaffolds are scaffolding that support concrete or construction base. This type of scaffold is designed to support
heavy loads [1,2].

Scaffolds are typically built of slender members composed of high-strength cold-formed steel tubes. Manufacturers,
on the other hand, have slightly varying configurations of scaffold components (units). Regardless, the components
shared the same characteristics. Scaffolds components are basically consisting of vertical members, horizontal members,
and braces [3,4]. Figure 1 shows the basic parts (components) of scaffold.

*Corresponding author: mshukriy@utem.edu.my 49
2021 UTHM Publisher. All rights reserved.
penerbit.uthm.edu.my/ojs/index.php/jamea


http://penerbit.uthm.edu.my/ojs/index.php/jamea

Yob et al., Journal of Advanced Mechanical Engineering Applications, Vol. 1 No. 1 (2021) p. 49-55

Fig. 1 - Basic parts of scaffold [5]

Scaffolds can be used from one level (lift) up to many and can be built to many bays and rows depending on its need.
The height of a single lift is usually between 1 — 2.5 m; meanwhile, the bay could be sized between 0.7 — 2.5 m [3]. Due
to their assembly flexibility, the scaffolding system can be built in various shapes to meet the work areas and geometries.

For light use, aluminium is widely used nowadays due to its light behaviour compared to steel. Interestingly, bamboo
and timber has been used as scaffolding in several countries in Asia since the past until today [5,6]. However, this natural
plant is unable to be reassembled and reused as many as steel and aluminium scaffold. Maintaining the integrity and
strength of bamboo is also more challenging as each tree might possess different behaviour depending on its growth area
and environment. Moreover, since scaffolds structures are flexible as prefabricated and assembled tailored to the working
geometries and conditions, the components are reusable from one job to another. Thus, the components sometimes
possessed imperfection(s) and might jeopardise the structural integrity [4,5,7-11].

Besides imperfections that occur due to repetitive use, their other factor that was causing failures and jeopardise the
safety of operators and others such as overload usage, unstable structure, obstruction during operation and human error
[1,3, 4,8,11-13]. Therefore, overload and unstable structure are classified as the main contributor to the failure of the
scaffold structure. Furthermore, as the scaffolds are susceptible to the load more that the materials can handle, bolts
holding the structure with building may crack and rupture, while the vertical member will present with buckling before
break [4,8,10,11,13-15].

Buckling typically occurs at the beginning of the failure before the structure collapsed. For a single lift and bay,
buckling is easier to notice than a larger structure; hence, it is relatively hard to notice buckling signs during operations.
Sometimes, the yield and strength of a structure are differs compared to one single component. Thus, the researcher
suggested that computer-aided software such as Finite Element Analysis and experimental study called load test can be
used to determine the deformation of structure to project the factor safety of a structure or component [11,15-17].

In order to reduce the failures and fatalities, there are regulations provided by the authorities to be followed by the
contractors. Many research focused on assessing the risk, safety, and health involving the scaffolding works [15,18-20].
Standards developed by regulated bodies such as British Standard (BS) since previous decades act as guidelines and
highlight the requirements for material, acceptable loads, and factor safety. For scaffolding, standards such as BS 1139
was developed under the direction of the Civil Engineering and Building Structures Standards Policy Committee. The
BS 1139 standard is part of series specifying requirements for designing, constructing, and testing equipment for use in
scaffolding and other temporary structures [22]. These guidelines have been referred throughout the world to maintain
the safety and health of the workers and related parties.

In Malaysia, Construction Industry Development Board (CIDB) is the Government Agency entrusted to enforce the
Malaysia Standard mandated on the importation of construction products listed under the Customs (Prohibition of
Imports) Order 1998 Amendments 2003, 2004 & 2009 through the issuance of Certification of Approval (COA).
Therefore, the scaffolding design shall comply with several standards and acts such as MS 1642 — Part 1 to 5 and Factory
and Machinery Act 1967 (Act 139 — Scaffolds). Based on the act provided, the factor safety for scaffolding is 4.0 [21-
26].

The Department of Occupational Safety and Health (DOSH) has regulated the standards requirement for the usage of
scaffolds. This regulation referred to the BS 1139 Standards, where the minimum imposed loads of the scaffolds will
determine the type of duty of the scaffolds. Table 1 shows the service loads for the working platform based on BS 1139
— Part 5: 1990.
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Table 1 - Service loads for working platform [5]
Minimum Imposed Loads

Duty Use of Platform Distributed Load
on Platform
Inspection and Inspection, painting, stone cleaning, light 0.75 kKN/m?
very light duty cleaning and access
Light duty Plastering, painting, stone cleaning, glazing and 1.50 kN/m?
pointing
General- A general building including brickwork, 2.00 kN/m?
purpose window and mullion, fixing, rendering,
plastering
Heavy duty Blockwork, brickwork, heavy cladding 2.50 kN/m?
Masonry or Masonry work, concrete blockwork and very 3.00 KN/m?
special duty heavy cladding

With the rise of construction industries, scaffolding manufacturers also scale up their products to compete. Therefore,
besides providing stronger and sturdier components, a longer beam was also proposed (up to 3 m). However, the
knowledge on scaffolding more significant than 2.5 m x 2.5 m is rather limited and unfamiliar yet. Thus, this study intends
to determine the load distributed on the All-Round Modular Scaffolding (ARMS) of 3 m x 3 m by using load test on the
assembled single bay-one story structure and on one unique platform to determine the distributed load and its suitable
type of duty.

2. Methodology

In this study, the scaffolds structure tested was already build by a reliable and professional contractor. The type of
scaffold used is steel All-Round Modular Scaffolding sizing 3 m x 3 m. ARMS is an industrial standard for modular
scaffolding, which has to surpass the standard conventional scaffolding. ARMS provides higher design flexibility and
adaptability than traditional scaffold dies to its versatile locking and assembling mechanism. This type of scaffolding is
vastly used nowadays, especially in power stations, refineries, plants, arenas, bridges.

The ARMS are bolt-fee, and it utilises ring lock ideas by having the rosette built on a vertical standard by sliding
wedge head over the rosette holding the vertical and horizontal component together. A truss ledger was installed around
sides under the standing platform with additional support of diagonal brace on all vertical components to support the
structure. Table 2 shows the comparison between the ARMS and traditional tubular and coupler scaffolding given by the
supplier.

Table 2 - Comparison between ARMS with traditional tubular and coupler scaffolding

Type of Scaffolding All Round Modular Tubular and Couplar based
Scaffolding (ARMS) on BS 1139
Outer Diameter (mm) 48.30 48.30
Wall thickness (mm) 4.00 4.00
Tensile Strength (N/mm?) 527 449
Yield Strength (N/mm?) 452 402

Double Clamp 6.25

Positive Joints (kN Rosette 22.72
ositive Joints (kN) osetie Swivel Clamp 6.25

Figure 2 shows the ARMS build for the test. In order to assess the durability and distributed load on the platform, a
load test was conducted. To collect the deflection of the structure, one dial gauge was installed at the bottom centre of
the working platform, and two dial gauge was installed on vertical components (in X and Y direction). For individual
platform assessment, only one dial gauge was installed at the centre of the platform. The dial gauges installations for the
whole structure and individual platform are shown in Figure 3 and 4, respectively.

The deflection of the beam was recorded on every 100 kg and 20 kg load added for structure load test and individual
platform test, respectively. The displacement recorded were then plotted against the load subjected.
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Fig. 4 - Dial gauge installation for individual platform

3. Finding and Analysis

The loading condition during the test are shown in Figure 5. The data collected during the whole structure and
individual platform load test are plotted into a graph as shown in Figure 6 for the whole structure and individual platform.

The maximum deflection recorded for the whole structure test is 6.13 mm meanwhile, the individual test is 34.84
mm. By referring to the BS 1139 — Part 5, clause 5.2.7 where “When subjected to the concentrated load specified in 5.2.3
the maximum deflection of any decking component shall not exceed 1/100 of the span of that decking component”.
However, the mentioned clause 5.2.3 explaining the “structure must support load for an area of 500 mm x 500 mm”. It
also explained that “ when the platform contains any independent decking component less than 500 mm wide, the
concentrated load shall be reduced for this component in proportion to the width” [22]. In this case, the platform size is
250 mm x 3000 mm, where the maximum deflection for 250 mm x 250 mm should be 1.25 mm or less.
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Fig. 5 - Actual loading conditions for (a) whole structure (isometric view); (b) whole structure (front view); (c)
individual platform (front view)
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Fig. 6 - Dial gauges reading for (a) overall structure performance; (b) individual platform performance

From Figure 6, it can be seen that the components deflected as the load added. By looking closely at Figure 6, gauge
2 and 3 shows a small increment meanwhile gauge 1 shows a large increment as the force increases. The horizontal
components that are perpendicular to the force show bending behaviour. It was the same behaviour observed on the
individual platform in Figure 6. This is because both gauge 1 (whole structure and individual platform) received force
perpendicular to the component’s direction.

Unlike the horizontal components (platforms), the vertical components only show a slight deflection on X and Y
directions. Since the force acting on the components is parallel to the component’s direction, the component undergoes
buckling. Assuming that the structure is perfectly straight, the force acting on the components was around 1250 N on
each vertical column. Thus, resulting in a small deflection recorded.

As explained previously, by referring to clause 5.2.7 Part — 5 of BS 1130, the maximum acceptable deflection for
the used platform area is equal or less than 1.25 mm. Thus, for the tested platform, the maximum allowable deflection is
15 mm. Projected from Figure 6 (b), the maximum acceptable load acting on the platform is approximately 2000 N.

However, by analysing the deflection behaviour, the ARMS structure and components able to withstand up to 5000
N force without reaching the plastic deformation. Regardless, the deflection for both vertical and horizontal components
was believed to be in the elastic region. This is because as the load removed from the structure and platform, the structure
back to its original position. A visual inspection conducted after the test shows no signs of crack, bend, or wear.

To obtain the distribution load on the platform (kN/m?) was calculated as follows:

Distributed load on platform (kN/m?) = Load xGravity

Area (1)
Where Area is 0.75 m?, load applied is 200 kg.
The distributed load on the platform for the ARMS structure are approximately 2.67 kN/m2. The distributed load on
the platform is proven to surpass the requirement by DOSH (from Table 1) for service loads BS 1139 on General Purpose
(2 kN/m?) and Heavy Duty (2.5 kN/m?) [5].
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4. Conclusion

Based on the analysis, it can be concluded that the ARMS 3 m x 3 m structure is safe to be used as a heavy-duty
platform by comparing it to DOSH standards on BS1139 scaffolds. However, dully noted that the findings only consider
distributed load on platform and deformation with no other external factor such as moving loads or extreme conditions.
Regardless, it is safe to say that the ARMS 3 m x 3 m is safe to be used under right compliance despite the size being
slightly bigger than BS1139 traditional scaffolds.
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