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Abstract

The implementation of safety and health measures on building should be addressed during their life cycles to
improve the occupants’ quality of life. Review of literatures shows that the design and management systems of
building safety and health should be an integral part of all building systems. Otherwise, they may pose safety and
health hazards to the occupants and affected the performance of polytechnic buildings in Malaysia. The objective
of this paper is to propose a Building Safety and Health Modelling (BSHM) framework for polytechnic buildings
in Malaysia focusing on the factors affecting the safety and health performance of a building. A through
literature reviews of current safety and health practices related to buildings and facilities are briefly reviewed
from journals, thesis and articles books in order to interpret the BSHM from a global perspective. A
comprehensive BSHM framework consisting of two categories and six main variables was developed to address
the variables for theory and implementation. Hopefully, the findings of this study can leads a basis for evaluating
BSHM effectiveness and the development of practical assessment scheme to evaluate the safety and health of
polytechnic buildings.
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Introduction

More effort is necessary to boost this application especially towards the safety of buildings. The safety
of new and existing buildings must be well planned to ensure that its occupants can live in it safely.
Comprehensive ways, tools and concept must be develop to determine performance indicators and
criteria for safety and health building, focusing in general on the prevention of safety and health
problems. The development of frameworks will intend to guide research efforts consolidate past
research and to construct a relevant concepts and theory of the systems that can serve as a common
point of reference and integrate them into descriptive or predictive models [1]. It is hoped that such a
structured approach will enhance better communication with shared understanding in which
effectiveness research can build in specific areas.

There are numbers of unpleasant incidents, which occur due to failure of design, structural,
materials used and maintenance problems. Reports by Lai [2] revealed the ceiling collapse at the
Serdang Hospital’s main lobby and to worsen the cases of roof collapse at Sultan Mizan Zainal Abidin
Stadium after a year officially opened to host the 2008 Sukma Games [3]. Thus, the Housing and
Local Government Ministry is responsible the implementation of Uniform Building By-laws towards
sustainable development in Malaysia. Efforts are being made to provide a robust basis for policy
development to make Malaysian buildings more safety, health and environment-friendly. The
amendment of the By-laws will incorporate green building technologies and features include building
materials and architecture [4]. Therefore, a safety and health framework will be created and planned
according to local design, construction quality, climate, environment conditions and the use of existing
buildings in Malaysia. Furthermore, the comprehensive and efficient framework can support building
policies, regulations and maintenance [5,6,7] to provide detailed safety requirements and regulations
with clear guidance for easy implementation by designers, architects and building managers.
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Concept Of Safety And Health

Health is an important aspects for the wellbeing of individuals and society, which may
contribute for economic productivity and prosperity. The Constitution of the World Health
Organization (WHO) defines health as "A state of complete physical, mental, and social well-being
not merely the absence of disease " [8]. The WHO concept of health, became significant for measuring
building health quality involving the complete state of physical, mental, and social well-being. The
definition of healthy building, based on the relevant literature, be summarized as one that protects
occupants from hazardous material, building-related physical and mental illnesses and capable of
protected occupants and public from death and physical injury during its entire life cycle [9,10]. Wong
et. al [10] developed a tool to measure health and safety of residential buildings and defined indoor air
quality, thermal comfort, lighting quality, space, water supply, sanitation handling, sound and space as
components of health. This model divided health into six areas, allowing it to be used as an assessment
scheme to quantify the health and hygiene performance of residential buildings.

A more comprehensive research and practice have been developed and used to address all
relevant health and comfort issues. Bluyssen [11] developed a framework of health and comfort with
the goal of creating healthy and comfortable conditions for the people living and working. He
proposed a measurement framework divided into four models includes human being, border indoor-
outdoor, control and total life-cycle management (Figure 1). The framework classifies indoor
environment factors into indoor air quality, thermal comfort, acoustical quality and visual or lighting

quality
o 7T N ® o™\
o E— - ~

Human being Border indoor— Control Total life-cycle
outdoor management

Performance indices A sustainable Performance on End-user
Integrating (conscious | envelope that demand, focused system
and unconscious) guarantees a high anticipating engineering of
health and comfort basic level of health | wishes and needs | the indoor
aspects and comfort during different environment

activities and over

time

Figure 1: Framework for health and comfort [11]

A safe building is a built environment that safeguards its occupants and the general public as a
whole from physical, psychological, or material harms originating from the built environment, aims to
reduce injuries and deaths, and hence, encourages the positive well-being of humanity [12]. He
defined structural failures, falling objects, fire hazards, building services failures, and special hazards
as components of built environment hazards. Smith and Petley [13] defined hazard a potential threat to
humans and their welfare and risk the probability of a hazard occurring and creating loss. Furthermore,
an assessment and standardisation of approaches to measuring housing hazards are important to make
worthwhile improvements to the health, safety and sustainability of housing [14]. Prior to proposing
an assessment designed for measuring the performance of buildings, he defined the structural defects,
ineffective waste disposal, adequate safety from falls, fires and lighting as components of hazards.



Building Safety and Health Framework and Variables

The implementation of safety measures should be addressed in the design stage process.

Therefore, much literature [15,16,17] pointed out building design and management play an important
role in building safety. Al-Hamoud and Khan [15] also highlighted the unnecessary hazards in
buildings design can be reduce much more easily at the drawing board than would be the case after the
fact corrective action. They identified that the designers will be aware of such safety requirements in
the design process if clear rules exist and are enforced.

In Malaysia, numerous intelligent buildings have been built over the years since the Multimedia
Super Corridor (MSC) was introduced by the government in 1996. Intelligent building is considered
as one that incorporates the best available concepts, materials, systems and technologies [18]. The
demand for safe, healthy and comfort living environment and requirement has increased dramatically,
thus sustainable development and management must have engineering, managerial, financial and
intelligent features and capability to respond to the rapid changing pace of technology in design and
management [19]. The management system of building safety could be divided into technical
management and administration management [20]. The quality of operation and management
approaches appears to be the most critical factor should consider in order to improve the health and
safety conditions across buildings [19]. In this regard, building factors are grouped into two main
categories, namely design and management

Hierarchical Structure of safety and health building factors is to give preliminary idea on what
past researchers had discovered the factors that contributed to the building safety and health
performance. A safety and health framework should be comprehensive enough to address all relevant
safety and health issues. However, it needs to be concise enough in order to present building safety
and health factors in a systematic manner. There are 11 scholarly research papers selected for this
study and 24 safety and health factors of building performance were found in the study. In this
context, the safety and health framework in this paper focuses on practical implementation classified
into two categories namely design and management. Among the two categories, design and
management is then further divided into five categories include architecture, building services,
external environment, operation and maintenance and management approaches. Therefore, this input is
useful for developing the questionnaire to determine the relevancy of these factors according to local
design and construction quality, climate, environment conditions and the use of existing buildings.
This following discusses each variable within two categories as described in Figure 2 and Table 1.



Table 1: Literatures of Building Safety and Health Framework
(Source: Summary from literature)

Dimension

Category Building Factors / Variable




Figure 2: Variables of building safety and health framework



Architecture. Issues of architecture have long been and widely addressed by many researchers.
In 1984, Banham emphasize human needs and environmental concerns must be considered an integral
part of architecture, systematically explored the impact of health and comfort engineering on the
design of buildings and the minds of architects [11]. Bokalders and Block [21] highlighted building
sustainability must take a broader changes in architecture, construction and spatial planning to reduce
environmental, safety and health impacts of a buildings. Therefore, the focus of architecture is not
only on the aesthetic aspects, should be in combination with a certain structural solution or style and it
must enclose space in which certain activities can take place, safely, comfortably and efficiently.

Variables within the architecture category consists of means of escape, means of access,
amenities and fire resistant construction. For the purpose of effectively architecture process, Al-
Hamoud and Khan [15] proposed systematic safety compliance checklist with the safety requirements
includes the design of fire extinguishing systems, smoke detectors, stairways and handrails, minimum
width of courts, exterior finishes and number of exists and exit access distances and dimensions.

Building Services. Evaluation studies have shown that indoor environment of building is the
importance factor that affect the safety, health and comfort of occupants. Thus, health and comfort
improvements for managing the indoor environment quality has been emphasized such as thermal
comfort, lighting quality, indoor air quality and acoustical quality [11]. For example, good indoor air
quality always related to ventilation and air-conditioning system components and emission of certain
products, such as construction and furnishing products and heating. Lai [22] suggested the building
services installations for safety, health and comfort should work together with the operation and
maintenance parties to ensure the designed conditions of the installations be properly delivered and
maintained in its life cycle. He suggested, the installations of building services includes electricity
system, lighting, ventilation, air conditioning, water supply, drainage, fire services installation, gas
supply, lifts and escalators.

Lai and Yik [23] highlighted, an assessment of building services conditions are important in the
context of safeguarding the safety, health and well being of people, and protecting the environment.
Systems of building services which are electricity, fire service, lifts and escalators, gas supply, water
supply and ventilating systems tend to be maintained in serviceable condition if they are regularly
inspected according to the legal requirements [23]. Further evidence in connection to the relationship
between overall health and safety and development scale has illustrated by Wong et al. [10] in
connection with building services. They identified large developments performed better in terms of
buildings services because the flexibility in adopting better building services design and adequate
funding in building maintenance and management.

External Environment. The term environmental hazard refers to all the potential threats facing
human society by events that originate in, and are transmitted through, the environment [13]. They
identified the major categories of environmental hazard are natural hazards (floods and landslide),
technological hazards (hazardous materials, Industrial failures, unsafe public buildings and facilities)
and context hazards (environmental degradation and air pollution). In this manner, safety and health
measures introduced to protect occupiers from external environment which can introduce additional
hazards within the home.

Three perspectives in this framework include Emergency Services, external hazards and
environmental degradation. Wong et al. [10] proposed an assessment method that identified a building
factor of influence the health and safety performance. BQI assessment method are concerned with
external environmental change, consists of density, adjacent use, air quality, aural quality, visual
obstruction, thermal comfort, proximity to special hazards and proximity to fire station.

Technical-Operation & Maintenance. Isa et al. [24], provided a review of the relationship
between good maintenance practice and good conservation practice literature. Prior to proposing a
building best maintenance practices guidelines, they defined the criteria as follows: 1) clear
maintenance policy, 2) systematic maintenance programmes and priority, 3) produce an accurate
building assessment and condition, 4) updated information and data integration system. Further
evidence in connection to the operation and maintenance (O&M), Lai and Yik [23] suggested that
maintenance practitioners should continuously update their knowledge and be abreast with any



amendments in regulatory controls. They identified damages could arise due to negligent of their legal
responsibilities and liabilities. For ensuring compliance with relevant acts, maintenance work shall be
referred by a competent person, a competent worker [7], a competent examiner, a registered specialist
engineer and a registered specialist contractor.

Many authors agree that the assessment of structural conditions as major security factor to
improve the health, safety and sustainability of building [5,6,12,14,23,25]. Furthermore, the major
security factors in use of buildings includes ageing of building structure, hidden dangers brought in
use of buildings by design and construction, new constructions impact on surrounding existing
buildings, security risks brought by the building peripherals, decoration and transformation of
buildings [23]. Moreover, because of historical changes and development of economy, few users made
destructive decoration and transformation of buildings. These behaviours lead few buildings appeared
structure crack, tilt and collapse [5]. In this regard, regional department of building management play
an important role to strengthen the security management of buildings [26].

Administration - Management Approaches. Besides design quality, the quality of
management approaches in buildings is influential to the health and safety of residents. It is known
that the government of Malaysia and private asset owners have created numerous infrastructure and
building assets over the years. The government of Malaysia has started to take holistic approaches to
creates the effective engagement of Total Asset Management in the 10th Malaysia Plan (2011-2015)
that leads to asset development and management plan proposal to improve the service, comfort and
safety to the public [27]. According to Lai and Yik [28] who conducted the study to evaluate the
quality of facilities management services in residential buildings in Hong Kong found the functionally
quality of the facilities is dependent on the quality of their operation and management. They analysed
five aspects of facilities management services include security, cleaning, repair and maintenance [7],
landscape and leisure and general management.

Today, the implementation of safety management systems (SMS) has become popular to
tackling occupational safety and health challenges continuously and improving control on factors
influencing health and safety [29]. The empirical investigation performed by Bottani et al. [29]
attempted to prove whether the performance of safety management systems adopting and non-
adopting companies statically differs and found that the implementation of SMS can bring substantial
benefit to a company. They defined the criteria encompass company’s attitude to define safety and
security goals and communicate them to employees, update risk data and performing risk analysis,
identify risks and define corrective actions and developing employees training programs.

Conclusion

Building safety and health literature was intensively reviewed and analysed in this paper in order to
address building safety and health variables for theory and implementation. Finally for the conclusion,
hopefully at the end of this study a safety and health framework affecting the safety and health
performance of polytechnic buildings will be used by researcher, contractor, building owners,
maintenance and management services providers. A quantitative evaluation methodology based on the
proposed framework is under development by the writers. The methodology will be able to predict and
understand the role and formation of individual variable and their relationships among each other. For
further study, the development of safety and health model can be used as an assessment framework,
process and benchmarking tool for building performance evaluation in terms of safety and health.
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