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Abstract  Ergonomic requirements in a building must 
be reliable. They must meet the safety, health, comfort and 
convenience requirements specified in the building rules, 
including the ergonomic safety requirements in a 
traditional Balinese building. Traditionally, the Balinese 
utilized their body size to gauge their building's size. 
However, changes in technology and people's lifestyles 
have already influenced building techniques. To what 
extent are ergonomic aspects still used in novel Balinese 
architecture and building structures? This article examined 
recent buildings in Bali, integrating architecture, 
construction, advanced technology and traditional building 
components. This article analyzed the proper building 
design and structural system that addresses the ergonomics 
of the house, the indigenous knowledge of the people, and 
the advancement of technologies through fieldwork, 
literature study, interviews and structural analysis using 
SAP 2000. This study discovered that, traditionally, 
Balinese people utilized their bodies to determine the scale 
of their buildings, both in terms of space and structural 
components. As living standards and technology improved, 
they have begun to forsake the usage of body parts in 
measuring buildings. Nowadays, buildings have been 
designed using meter basis measurement, removing the 
ability to identify the building's owner using the owner’s 
body as the basic standard for measurement. They also 
abandoned conventional structural techniques in favor of 
reinforced concrete systems, especially for non-religious 

buildings, because reinforced concrete frame structures 
supported by brick walls are more secure than wooden 
frame structures. However, the integration during the 
planning process between architecture and structural 
design process has still been performed. 

Keywords  Ergonomic, Anthropometry, Building 
Structure, Balinese Architecture, Structural Analysis 

1. Introduction
The requirements of an ergonomic in a building must 

meet reliability, including safety, health, comfort, and 
convenience, as a regulation in the law on buildings [1], 
including the ergonomic requirements of safety in a 
building related to building structure safety [2] and the 
occupants’ satisfaction [3]. The term ergonomics was 
coined in 1949, but activities related to it had emerged 
decades before. The ergonomic considerations were also 
part of the transformation of human culture 4000 years ago 
when humans built simple objects like stones to aid hands 
in accomplishing their jobs [4], including the ergonomic 
factors in the traditional Balinese building practices. This 
article investigates the rule of traditional components to 
handle the ergonomic requirement and the new demand in 
transforming the building style and system in Bali to 
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determine the usage of ergonomic elements in traditional 
Balinese buildings and their change. 

Ergonomics is a science and study of fitting tools, 
workstations, and jobs to users. It is a goal to avoid bad 
postures that might cause musculoskeletal problems by 
reducing ailments, often resulting from tool use or a poor 
work environment [5]. There has been a substantial amount 
of academic research on ergonomics, which shows how to 
design in a way that is advantageous to humans [6]. 
Ergonomics has become part of science, art, and 
technology to balance or harmonize all facilities used 
during physical and mental activities to improve the overall 
quality of life [7], [8]. Multidisciplinary ergonomic 
disciplines are well suited for application to all activities in 
the activities’ environment, including in every stage of 
product development and production, and incorporated 
into every product development and production stage. 
Similarly, to how efficient product functions, the 
ergonomic technique seeks to increase physical comfort, 
human productivity, safety and improve worker well-being 
on all levels [9]. Therefore, the safety aspects become 
important to fulfill ergonomic rules in a building.  

In order to address this safety aspect, the integration of 
architectural and structural design components becomes 
extremely necessary. Designers must organize the 
available facilities by analyzing the viability of numerous 
functional alternatives and architectural forms to meet the 
ergonomic requirements. In this context, the architectural 
aspect, which must be functional and aesthetically 
beautiful, is closely related to the structural analysis 
process [2]. When selecting a structural system for use in 
an architectural design process, it is vital to examine its 
ability to accommodate various functional approaches. The 
integration process must be completed to accommodate the 
spatial interweaving of multiple functions, span, height, 
load, dynamic impact, opening size, and other structural 
system parameters. These factors are interrelated somehow, 
and satisfying each component is concurrently [2]. Various 
function spaces such as swimming pools, meeting rooms, 
parking lots, and public areas require a unique design grid, 
and imposing different standards is an essential 
consideration in a building design process. Each 
circumstance has its own set of architectural functions and 
requirements. Differences in operation and requirements 
are inextricably linked to the building's structural system, 
which serves as the foundation for all other investment 
considerations, whether economy or ergonomics.  

The integration between architecture and the structural 
system has already been applied by the Balinese people for 
their buildings. A Balinese building has been constructed 
by the layout and spatial arrangement of socio-cultural 
activities, which is based on the asta kosala kosali 
principle of design. Among the notions employed in 
designing a building production according to the anatomy 
of its owner’s human body (anthropometry), this 
measuring model is tied to the element of ergonomic 
requirements [10]. However, the advance of technology 

and the new standard of life requirements have driven the 
transformation of the Balinese buildings that have changed 
the nature of the Balinese building practices [11], [12].  

This transformation has raised the issue of reconfiguring 
the architectural pattern and structure, raising questions 
about the ergonomic matters in recent building productions. 
Do building productions that have recently been built in 
Bali still have a traditional ergonomic aspect? Current 
technology, requirements, and standards about the human 
life cycle, including virus outbreaks, present a challenge 
for planners, architects, and structural engineers to produce 
a building that meets ergonomic requirements, occupants' 
basic needs, and the adoption of traditional technology 
architectural practices. To what extent can traditional 
notions help to the development of recent buildings that 
meet ergonomic requirements? This paper will explore the 
design integration of architecture and structure and 
advanced technology and traditional components of 
buildings in current building practices in Bali. By doing 
fieldwork, conducting a literature study, conducting 
interviews and structural analysis using SAP 2000, this 
paper investigates the appropriate architectural design and 
structural system that address the ergonomics of the 
building, the indigenous knowledge of the people, and the 
advance of technologies. 

2. Ergonomics, Architectures and 
Building Structures 

A recent academic study emphasized the critical nature 
of workplace design, which has a considerable impact on 
the ergonomics of building designs [13]. In this context, 
ergonomics is defined as a discipline that bridges human 
and automated work, with the primary objective of 
optimizing working conditions while taking human 
capabilities and performance constraints into account in a 
building [14]. Ergonomic principles are very significant in 
a building to provide places for repetitive activities, tasks 
that demand frequent raising and lowering actions, and 
jobs that involve handling heavy objects [15], [16].  

The primary goal of ergonomic building design is to 
align work processes with employees' physical and 
psychological well-being and create buildings that 
facilitate the ideal arrangement of workpieces and tools in 
manufacturing and logistics [17]. In comparison to 
implementing a technology-centered workplace design, 
constructing a building design as a space for 
human-centered activities has the advantage of providing 
people with more comfort while performing their tasks. 
Humans who do their actions in an ergonomic building 
benefit from the usability, maintenance, and safety given 
by the design of the building's area [18]. 

The application of ergonomics in buildings positively 
affects productivity, comfort, and protection for safety and 
health [14], [19], [20]. In this context, the positive effects 
of ergonomics are related to economic productivities, 
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where proper ergonomics produce better economics [21] 
and reduce the risk of injury by creating correct handling 
movement in a building design [22].  

The numerous studies that have been conducted 
demonstrate precise results on how building contributes to 
the development of an ergonomic building [23]. Numerous 
contributions concern guidelines for building elements, 
including the required space dimensions, distance 
requirements, and building capability requirements, all of 
which are closely related to critical aspects of building 
structures. However, there is still a dearth of ergonomic 
considerations in methods that use the processes that must 
occur within a building as a starting point for architectural 
design [23], [24]. Despite the positive results of 
ergonomics early involvement in the building design 
process [25], [26], this critical aspect contributing to the 
development of ergonomic design is still somewhat 
unusual in building design. 

The ergonomic approach is founded on observing the 
relationship between humans, systems, and the 
environment from an anthropocentric perspective. 
Although human factors in architectural design are not new, 
the model of designing on a human scale is merely a slogan 
because architects have traditionally considered only a few 
aspects of the human factor, primarily the average body 
size or stereotypical behavior of occupants [27]. Thus far, 
no attention has been paid to differences or mental aspects 
of perception and cognition processes at the level of an 
individual's function, level of independence, or 
psycho-physical well-being [28].  

Throughout architecture's history, various buildings 
have been embellished with structures that demonstrate the 
function of the human body's proportions as a design 
reference. It is predicated on the belief that a beautiful form 
allows users to live a better life [27]. In this case, a complex 
three-dimensional system must consider the concept of 
anthropomorphic space to ensure that the design of a 
building is consistent with its primary living function and 
results in an optimal strategy. 

This anthropocentric model has already been used in 
many traditional communities. However, this model has 
just gradually gained attention for recent buildings since 
the 1960s owing to the bioclimatic approach and 
regionalism in architecture [29]. This approach interprets 
the human body as a complex system of physiological and 
psychological responses to the built environment. 
Environmental psychology is also advancing, which has a 
significant impact on the model of physical regulation [30]. 
This model strongly supports the use of physical 
environmental parameters, human physiological 
parameters, and perceived well-being in the process of 
setting technical standards for comfort in the built 
environment [31]. Additionally, since the early 1980s, 
various Universal Design concepts have emphasized 
human diversity in order to define how the built 
environment and products should be rendered in order to 
produce aesthetics and be entirely usable by all, regardless 

of age, ability, or status in life [28]. 
In general, the structural system of an architectural 

design is not only a vehicle for architectural form but also a 
critical factor in formulating a facility's operational spatial 
plan. The structural planning of the building significantly 
impacts the development of an ergonomic architectural 
design [2]. Architectural planning has a significant 
influence on the structural system chosen, as structural 
design optimizes system space and zoning, affects the 
layout of space and interior spans, and thus has a 
significant impact on the building's ergonomics. 

3. Materials and Methods 
This paper investigates the integrated relationship 

between ergonomics, architectural, and structural aspects 
of the traditional Balinese building and its transformation. 
According to traditional Balinese rules, a hundred Balinese 
pavilions in Balinese houses were measured and compared 
to the owners' body size (owners' anthropometric). The 
subject's anthropometrics (body size), more precisely, the 
size of the body parts concerning the dimensions of the 
house components, were measured. This anthropometric 
was determined using a Super 686 anthropometer with a 1 
mm resolution. The structural components' dimensions 
were then determined and compared to the rules of 
Balinese architecture known as asta kosala kosali to ensure 
that the buildings were constructed according to the 
anthropometry system.  

After establishing the anthropometry of the structures 
for performance-based planning, a structural investigation 
was conducted, followed by a maximum horizontal 
deviation analysis. The ratio of the maximum horizontal 
deviation of the top to the height of the building is used to 
define this structural performance. The traditional structure 
was compared to the contemporary building structure. 
Additionally, response spectrum analysis was employed to 
conduct an additional investigation on the structural 
analysis of conventional tempered buildings. The SAP 
2000 program was used to perform a dynamic analysis of 
the response spectrum in accordance with SNI 1726:2019. 
The response spectrum method is a technique for analyzing 
building structures that use an earthquake spectrum. The 
earthquake spectrum is a curve that represents the 
relationship between the period of the building structure 
and the acceleration value of the building itself when 
subjected to earthquake loads. 

The traditional Balinese pavilion models were then 
analyzed using SAP 2000. During this structural evaluation, 
several aspects were examined, including static and live 
loads, which were the primary components used to study 
the building's structure. Due to the building's location 
within the ring of fire, earthquake loads had a significant 
role in determining the structure's stability. After that, the 
structural analyses of traditional pavilions were compared 
to those of pavilions with a concrete frame construction 
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supported by bricks. The building's performance was 
determined by calculating the average maximum 
horizontal deviation of the building's top. 

4. Ergonomic Aspects in the 
Traditional Balinese Building 

 
Figure 1.  The Tri Angga Principle on the Form of Structures. 

Traditional Balinese buildings are composed of several 
concepts that are implemented in a single structure. The 
first concept concerns the pavilions' shape and division. In 
this scenario, the space and building patterns are divided 
into three sections called tri loka, inspired by the tri hita 
karana philosophy. The top world (swah loka) is for God, 
the intermediate world (bwah loka) is for humans, and the 
lower world (bhur loka) is for demons [12], [32]–[34]. The 

notion then results in the tri angga, a physical split of the 
human body in which the world is divided into three 
traditional values, namely utama, madia, and nista, or a 
head, a body, and legs. Utama, or the head, refers to the 
highest, loftiest, or most sacred value; madia, or the body, 
refers to the center or neutral; and nista, or the legs, refers 
to the lowest, most profane value [35]–[38]. This idea was 
then applied to the buildings’ structure (Figure 1). 

The ergonomic concept that underpins the Balinese 
building approach is based on the anatomy of the property 
owner's body (anthropometry). Following its philosophical, 
ethical, and ritual foundations, this concept is incorporated 
into the construction of Balinese buildings [10]. Based on 
the ergonomic concept, each space in the Balinese 
buildings is measured using a different section of the 
owners’ body (Figure 2). Each space in the Balinese 
buildings is measured using a different section of the 
owners' body (Figure 2). The buildings' width and length 
are measured in depa alit or depa agung (A). This module 
is defined as the distance between the middle fingers tips 
and the arms extended to their maximum length. 
Additionally, the pavilions and details of the building are 
measured using a variety of hand and finger compositions, 
including guli, cengkang, lengkat, and musti (C). Finally, 
the distance between pavilions is calculated using the 
length of a foot called tapak and the wide of a foot called 
tapak ngandang (B) [36], [37], [39], [40]. The units of 
measurement are derived from the asta kosala -kosali, a 
document containing ancient Balinese architectural rules 
and presenting that the ergonomic concept has been 
applied for the traditional Balinese building.  

 

 
Source: Adhika 1994. 

Figure 2.  The Size of the Human Body as the Basis of Measurements for the Built Environment. 
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The fundamental philosophy of a Balinese building is 
that all structural components are constantly visible, with 
no hidden features. This philosophy is referred to as the 
structure's honesty [41]. Roof, column, and structure frame 
elements and other components should demonstrate and 
convey their function and construction materials. They 
serve not only as structural components but also as 
adornments. The beauty was not achieved via 
ornamentation but through the arrangement of elements in 
accordance with their duties and roles in supporting the 
building (Figure 3).  

 

Figure 3.  Honesty of a Roof Structure. 

This traditional structural system supports the safety 
aspect of the building that is a part of the ergonomic aspect 
in the Balinese building. The Balinese building planning 
details various aspects of the building’s arrangement, 

beginning with the architectural plan, structure, pillars 
(columns), floor, walls, roof, and ending with the interior 
(internal layout). Building columns, as structural members, 
aim for a unified and rigid connection with a connecting 
beam from one column to another as an element of the 
building's upper part that is supported by the foundation. 
Building materials are adapted to technological 
advancements in construction through proper processing 
and completion, and the benefits of asta kosala kosali 
determine the size of each structure components [35], [42]–
[44]. 

As a part of the ergonomic features of the building, 
particularly in terms of safety, a highly efficient frame 
system is used to distribute vertical loads by columns 
called saka (5) and horizontal loads via beams called 
lambang (3). On the roof, the building structure is 
composed of rafters called usuk (2) that have been 
measured and calculated under traditional methods to 
ensure that they are strong enough to support the roof’s 
weight. A ridge beam called petaka (1) at the top of the 
structure, which acts as a binder of rafters (usuk), plays a 
significant function in supporting the weight. These 
traditional structural components provide stability of the 
building in which the primary function of structures in 
buildings is to transfer all the loads acting on objects and 
provide sufficient rigidity and reliability [2]. According to 
traditional ergonomic principles, these structural functions 
are exhibited in the traditional Balinese structure erected 
from top to bottom. The load from the roof is transmitted to 
the beams called lambang and then to the column called 
saka supported by canggah wang (4) (Figure 4).  

 

Figure 4.  The Balinese Structural Components. 
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The rigidity and reliability of the Balinese building’s 
structure have presented the safety of the building in which 
the safety factors are a part of ergonomic components. 
From the results of the 3-dimensional analysis using the 
SAP 2000 software, the greatest horizontal variation of the 
top of the building and the height of the building has a 
stress ratio of 0.778. This stress ratio shows that traditional 
Balinese building structures are robust enough to withstand 
earthquakes, indicating that traditional Balinese structures 
made of wood and light materials are both horizontally and 
vertically safe and can endure earthquakes. Balinese 
building structures, which on average use wood and 
bamboo, are relatively light and have a collapse rate of 
only 5-8% due to earthquake shocks [45].  

The structure’s ability to face the earthquake shock is the 
function of the building to ensure the safety of the 
occupants. This safety consideration is included in the 
ergonomic building requirement, which states that 
ergonomics benefits productivity, comfort, and the 
protection of people's safety and health [14], [19], [20]. In 
this term, the safety of the building is one of the essential 
elements to fulfill the requirement of ergonomic buildings, 
including using the owner’s body (anthropometry) as a 
standard to measure a building. 

Anthropometry in an ergonomic building is vital for 
product and spatial design development. The use of 
anthropometric is the way to design products for optimal 
comfort, safety, and functionality. It is essential to modify 
the anthropometrics of the user to accommodate every 
functional design to increase the user's ability to use it and 
reduce bad outcomes. To create the traditional Balinese 
building structure, the Balinese use the part of their body as 
the basis of the measurement standard. Based on the 
Balinese building philosophy, the idea behind the Balinese 
measurement method for construction is rooted in the 
owner's body (anthropometry). In this system, the distance 
from the column to the others is determined from the 
multiples of rai (Figure 5). This measurement system is 
also for the height of the column and other parts of the 
building's structure. At the last multiples, an excess called 
pengurip is equal to the owner's middle finger width [35], 
[40]. 

Column dimensions are determined by applying the 
appropriate approach rules in the traditional Balinese 
buildings. According to Balinese customary law (asta 
kosala kosali), the dimension of saka is measured based on 
a traditional module called rai. This size module is 
determined by the size of the owner's hand clasped with the 
thumb pointing upwards called amusti that is around 9-12 

cm [10], [35], [37], [39], [40]. This module is then used to 
determine the column's height, in which the column height 
of a traditional Balinese building is 22 x rai. The number 
22 (twenty-two) is derived as a hereditary value for 
determining the height of a column capable of 
withstanding the compressive strength of wood for 
traditional building columns, and addressing the occupant 
activities’ comfort (Figure 5). Using the part of the owner’s 
body (anthropometry), the Balinese building guarantees its 
residents can do their activities in the building safely and 
comfortably.  

 

Figure 5.  The Measurement of Column (Saka). 

Saka is supported by canggah wang (Figure 5). It is an 
essential component in the structural system of Balinese 
buildings that can support the structure from a load of an 
earthquake. This can be seen from the structure analysis 
using SPA 2000. Based on the dynamic analysis, the 
deviation of the structural system without the canggah 
wang, when struck by an earthquake, is 17.86 cm (on the 
x-axis direction) and 16.35 cm (on the y-axis direction) 
(Figure 6). On the other hand, the deviation (wobble) of the 
structural system supported by the canggah wang is 7.99 
cm in the x-axis and towards 6.36 cm on the y-axis. 
Therefore, the canggah wang can improve the behavior of 
the structural system, in which the deviation becomes 
smaller when hit by an earthquake, to reduce the possibility 
of failure. This can increase security for residents of the 
building.
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a. The structure without canggah wang 

 
b. The structure with canggah wang 

Figure 6.  Comparation Analysis Earthquake Loads in Structure with 
and without Canggah Wang.  

5. The Application of Ergonomic 
Aspects in the Contemporary 
Balinese Building 

The ergonomic system in buildings has made the 
Balinese aware of their traditional knowledge. In this 
condition, the idea has recently emerged to apply 
indigenous wisdom to human and environmental problems, 
hoping that it will be more readily accepted by the 
indigenous community, such as the tri hita karana 
philosophy. 

However, Balinese culture has changed to fit its 
inhabitants’ changing needs and lifestyles. The increased 
living level has influenced numerous facets of Balinese life, 

including construction methods. While old construction 
procedures relied on anthropometric systems, 
contemporary buildings employ meter-based measurement 
standards, with the building often adhering to international 
norms. The anthropometric system has been abandoned 
and just used for ritual buildings such as temples, 
household temples, or pavilions for ceremonial activities. 
From 121 traditional houses that have been transformed in 
Ubud, the cultural tourism village in Bali, 90% of 
non-ritual buildings have not used the anthropometric 
system. For the new generation of Bali, the new system is 
easier to implement in which the people helped architects 
or designers use international standards for the size of the 
building components (Figure 7). The use of such a 
measurement system has caused discomfort for the 
Balinese since the body's size is different. Comfort for 
someone who is not quarantined will also comfort others. 
Therefore, using an anthropometric system based on the 
occupant's body's size as a reference for a measurement 
system is essential, especially for housing or private 
workplaces. 

The new structural technology has been used in many 
parts of the buildings, such as the use of concrete and walls 
as a part of structural systems. Traditional Balinese 
buildings used wood-frame structures with walls that 
served only as partitions; the new structure model is a 
concrete-frame structure supported by walls that serve as 
structural components. Interactions with foreign cultures, 
and the unfolding transformation of social and cultural 
relations among the local people, have a significant impact 
on accepting a new tradition [46], including structural 
system practices. 

This transformation is related to the four dimensions of 
architecture and structure that have mutual relations. The 
four dimensions are three spatial dimensions and time. This 
relation is the problem of the transience of building. The 
buildings are aging in several aspects: technical, functional 
and aesthetic, in which the average building life is around 
one hundred years [2]. After this time, every object – 
except monumental structures – has lost its utility in terms 
of space requirements, technology, strength and structural 
requirements, and architectural style. In these aspects, 
modernization has altered people's lifestyles, including 
many aspects of socio-cultural life in Bali. Being modern 
for the Balinese is associated with meeting the new 
standard of living [47], in which being modern means 
meeting the needs of the people in the modern era to 
present the owner personal self-expression. 
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Figure 7.  The Plan of a Building Used Meter Basis Measurement. 

To communicate personal self-expression [48], the new 
standard of life has encouraged people to adapt their 
buildings to the new needs and demands. There are two 
options for an old building in adaptation and 
transformation: modernization or demolition. This 
quandary manifests itself in a categorical form at the end of 
the life of the building, but the entire period is a formation 
process spread over many years (investment preparation, 
design, and realization) due to the constant need to adapt. 
However, this transformation is related to the possibility of 
continuous modernization due to changes in human needs, 
lifestyles [11] and working behaviour [49], so for some 
things whose construction period has expired, a decision 
for radical changes must be made [50]. In this context, the 
solution chosen must become adaptable as possible to 

allow the maximum transformation of the building's 
structure and architecture. 

The change of people’s demands has also changed the 
typology of the building. Traditionally, most buildings 
were wood-frame structure systems in which the buildings 
were primarily open spaces without walls or walls on one 
or two sides, and have already changed to enclosed room 
buildings to accommodate people’s desires to perform 
individual activities privately in enclosed rooms. The need 
for enclosed rooms has produced a new building typology. 
This new typology is broader than a traditional pavilion. 
This construction has led to an increase in space demands 
that require more prominent buildings. Unlike traditional 
pavilions, such buildings produce potential problems 
related to the safety of the building structure. An essential 
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aspect of selecting a structural system is accommodating 
the functional schemes required to accommodate occupant 
activities. In designing these structural systems, the spatial 
interweaving of architectural functions with structural 
performance needs varying parameters of the structural 
system for span, height, load, dynamic impact, opening and 
size [2].  

The ratio of the top's maximum horizontal deviation and 
the building's height is defined as the relationship between 
these two quantities. Traditional buildings, primarily 
constructed of timber frame structures, are currently being 
phased out in favor of brick and reinforced concrete 
structures. The ability of a structure to withstand 
earthquake loads can be determined by its most significant 
horizontal deviation. Using SAP 2000, the results of the 
3-dimensional analysis of the four traditional buildings and 
four new building models obtained that the average 
maximum horizontal deviation of the top of the building is 
2.965 cm with a building height of 375 cm for traditional 
buildings (Figure 8-a) or with a ratio of 0.008. Meanwhile, 
buildings with a concrete structure system supported by 
brick walls (Figure 8-b) which are usually called modern 
traditional buildings [51], produce an average maximum 
horizontal deviation of the top of the building of 0.193 cm 
with a building height of 375 cm or a ratio of 0.0005 (Table 
1). The average performance of contemporary buildings 
increased by 14.56%. 

 
a. The traditional building structure. 

 
b. The contemporary building structure 

Figure 8.  The Traditional and Contemporary Building Structure. 

Table 1.  The Structural Analysis Comparison 

No Traditional 
Building 

Contemporary 
Building 

Maximum horizontal 
deviation (average) 2.965 cm 0.193 cm 

Stress Ratio 0.008 0.0005 

According to this rise, the new structural system 
performs better when subjected to an earthquake, making it 
safer for tenants to dwell in their buildings. Therefore, the 
building addresses the ergonomic requirements, especially 
the safety aspect. One of the most critical problems is 
integrating architectural and structural aspects to determine 
the optimal structural system for selecting the functional 
layout used in the building. In this case, the introduced 
classification enables a direct relationship between 
structure and function at the level of an idealized schema. 
The integration of the construction system with the 
functional layout and architectural form is required before 
starting and designing a building.  

In order to perform this critical function of ergonomics 
in a building, architecture and structural systems must be 
fully linked to ensure a more functional layout and 
optimum space, considerably improving the ergonomics of 
space solutions. The structural design of contemporary 
buildings in Bali, Indonesia, should consider that Indonesia 
is prone to earthquakes due to its geographic location. This 
region is a collision zone for tectonic plates from the 
Pacific, Indo-Austrian, and Eurasian plates. A 
seismic-resistant structure must be constructed and studied 
to comply with existing rules, utilizing dynamic analysis of 
response spectra to mitigate the intensity of the 
earthquake's impacts. 
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The reaction spectrum in Bali is depicted in Figure 9, 
based on the online Applications Indonesia Design 
Response Spectrum 2019 and the Indonesian National 
Standard [52]. This picture illustrates the relationship 
between the structure's vibration period and its maximal 
response to a particular earthquake. Indonesian building 
rules have been modified to incorporate the Maximum 
Considered Earthquake Response (MCER) for a uniform 
ground condition and the Design Basis Earthquake (DBE). 
The most recent edition of the Indonesian building codes is 
(SNI) 1726-2019 [52]. The DBE level was used to conduct 
the subsequent inquiry into the SAP 2000 program. 

 

Figure 9.  Response Spectrum Curve for Earthquake Loading. 

Following that, based on Indonesian National Standard 
(SNI) 1726-2019 [52], seismic loading data were used to 
analyze the fundamental sliding style. This standard was 
used to compare the structure's dynamic and static 
responses. The dynamic reaction in the x and y directions 
(3064,73 and 3075,14, respectively) was more significant 
than the static response in those directions (2212,23 and 
2211,24, respectively) (Table 2). This information suggests 
that the structure is stable due to the earthquake. 

Table 2.  Basic Sliding Styles 

Earthquake 
Force Direction 

Dynamic 
Earthquake Static Earthquake 

X direction   3064,73   2212,23  

Y direction  3075.14   2211,24 

However, the need for an anthropometry system to 
produce ergonomic buildings has already made Balinese 
aware of their local wisdom to use their traditional 
practices to measure the size of the buildings. This 
measurement system can create ergonomic buildings to 
accommodate their activities and personalize their 
demands and lifestyle. Along with the times, ergonomic 
building requirements have given rise to applying local 
wisdom in dealing with human and environmental 
problems, hoping that the local community will more 
readily accept it. Nevertheless, some of the values in local 

wisdom have been forgotten and eroded by new 
technologies that may be considered more sophisticated. 
Some traditional building practices need to adopt new 
technologies to provide a better sense of security and 
comfort about the ever-changing building safety 
requirements. In this case, the structural system used needs 
to be adjusted to provide a better level of building security 
without eliminating local wisdom that is owned by 
combining the new system with the old system.  

6. Conclusions 
The ergonomic rules must be dependable, meeting the 

standards for safety, health, comfort, and convenience 
stipulated in the building regulations, including the 
ergonomic rule of safety in a traditional Balinese building. 
Traditionally, the Balinese used their body size to estimate 
building size. Ergonomics is the science of matching tools, 
workstations, and jobs to users by eliminating symptoms 
caused by improper tool use or a suboptimal work 
environment. Based on the owner's body, the Balinese 
construct buildings using anthropometry principles. 
Traditionally, each space in a Balinese building is 
measured by a distinct body part. Therefore, buildings 
measured using the owner's body are more harmonious and 
comfortable for their occupants. 

Many aspects of Balinese life, including architectural 
practices, have been influenced by modernity. Architects 
now use meter-based measurements, which are an 
international standard, rather than anthropometric 
measurements. Because people's bodies vary in size, using 
a measurement system like this has made it difficult for 
designers to provide different size standards for each 
design. It is necessary to use an anthropometric system 
based on the inhabitants' body size as a reference for 
measuring, especially in houses or private workspaces. The 
novel structural technique has been used in various 
structural elements, including concrete and walls. 
Traditional Balinese buildings were built with wood-frame 
structures and partition walls, whereas the new structure 
model is built with concrete-frame structures and structural 
walls. SAP 2000 was used to conduct a three-dimensional 
examination of four classic buildings and four new 
building models. 

As a result of the requirement for an anthropometry 
system to develop ergonomic buildings, the Balinese have 
already become aware of their local wisdom, which 
includes using their traditional methods to measure the size 
of the structures. Some old building practices will need to 
be updated with new technologies to comply with new 
building safety regulations. This adoption will create a 
better sense of security and comfort regarding the 
constantly changing building safety regulations, which will 
benefit everyone. 
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