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ABSTRACT

The Indonesian Earthquake Centre has discovered two fault zones in Surabaya, causing a 6.5 magnitude earthquake in 2017. Since
Indonesia lies in the ring of fire area, the national government has stipulated several earthquake-building regulations. However, with no
history of significant earthquakes, Surabaya has no strict local building regulations to reduce the new risk. Previous studies indicate that
simple buildings in Surabaya are the most vulnerable during any earthquake events. Simple buildings, as permanent and semi-
permanent constructions, dominate in the category of residential buildings in Surabaya. Furthermore, vulnerable buildings are the
primary cause of fatalities and injuries during earthquake events. Consequently, the revision of current local building regulations is the
key milestone to reduce the earthquake risk in Surabaya. This paper evaluates current local and national building regulations by using
content analysis of in-depth interviews and focus group discussion data, and then proposes adjustments to the local regulations to
increasing the resilience degree of constructions in Surabaya. The modifications on current local regulations are mainly related to the
shape of the building and the material used for facades and building safety analysis (load factor analysis and collapse scenarios).

1. INTRODUCTION Province, Surabaya experiences a steady economic
growth indicated by IDR 57.37 trillion (4.03 billion

In 2017, the Indonesian National Earthquake USD) of investments in 2018 and 13.95% land

Centre released an earthquake risk map containing two
potential faults zones in Surabaya, namely Waru and
Surabaya Faults, which are part of the Kendeng Thrust
(Pusat Gempa Nasional [PUSGEN], 2017; Koulali et al.,
2016). These faults can cause a 6.5 magnitude
earthquake, thus placing Surabaya City in East Java
Province at risk (Fig. 1). As a centre of development in
the eastern part of Indonesia, especially in East Java

conversion into built-up areas in the period 2001-2015.
Furthermore, the city allowed the construction of 27
high-rise buildings in 2012, and this number continued
to increase up to 85 in 2015 (Effendi, 2018; Zulkarnain,
2016; Pamungkas et al.,, 2019). These developments
show the importance of Surabaya as a critical city in
Indonesia. Regarding the potential earthquake hazard,
Pamungkas et al. (2019) indicated that Surabaya has a
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low level of resilience to earthquakes from the
institutional perspective (score 2.58 out of 5). The
leading causes for this low resilience are the limited
experience with this type of issue and the fact that this
hazard has only recently been recognized. Furthermore,
the city scored very low in the case of another sub-
indicator: the integration of risk measures in housing
plans and policies (1.68 out of 5). In addition, many
buildings in Surabaya are prone to earthquakes,
increasing this risk. Irawan et al. (2019) and Riyanto et
al. (2020) conducted building assessments via RViSITS

Q
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EAST JAVA PROVINCE

and found that 21% of 98 high-rise buildings are
vulnerable. Meanwhile, about 33% out of 206 samples
of permanent construction buildings and 67% of 33
samples of semi-permanent construction buildings fit
into the wvulnerable category. About 40% of the
Surabaya area is the settlement where landed house
settlements (simple buildings) dominate more than
vertical houses (Firmansyah et al., 2018; Surabaya City
Government, 2015). As many as 85.7% of houses in
Surabaya are already permanent, whilst 8.5% are still
semi-permanent (Surabaya City Government, 2015).
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Fig. 1. Orientation of Surabaya City and the two fault zones crossing it (source: PUSGEN, 2017).

From an ideal perspective, plans and
regulations are crucial in reducing the impact of
earthquakes. Cross (2015) stated that even though
Concepcion, Chile was hit by the sixth-largest
earthquake ever recorded, fatalities were less than
1,000 because of effective building regulations. Munich
Re, NatCat Service 2013 from the World Bank (2015)
also noted that over the past ten years, high-income
countries with advanced building codes have faced 47%
of disasters globally, but only suffered 7% of disaster
fatalities. Srividhya et al. (2020), Ipong et al. (2020)
and Gautam and Chaulagain (2016) highlighted the
importance of building strength in minimizing the
impacts of earthquakes in many of the past earthquake
events. Therefore, the cities that survive from
devastating earthquakes are those that successfully
implement disaster resilient building regulations.

Understanding the new hazard, future
development, building vulnerability, and the ideal
concept of building regulations, Surabaya may have a
high risk of earthquake due to its significant number of
vulnerable buildings. Issuing permits to properly
constructed buildings can reduce potential fatalities and
injuries affected by collapsed buildings. Therefore, this
paper will assess current building regulations in
Surabaya, particularly regarding architectural and
structural requirements. Based on this assessment, the
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paper will propose improvements for building
regulations in Surabaya.

2. THEORY AND METHODOLOGY

The potential earthquakes in Surabaya may
cause severe damages to buildings. Tamara (2011)
concludes that significant earthquakes in various
countries can cause damages to buildings due to
inadequate regulation, making many buildings poorly
on the ground. This study refers to the theory of
building resilience, which means the ability of buildings
and their supporting elements to survive, recover
quickly from disaster stress and damage, and adapt to
changing circumstances (Barret and Constas, 2014).
These theories should be accommodated in public
regulation to be the primary reference for the city
dwellers to propose construction projects and for the
local government to enact the regulation in permitting
the building and earthquake risk reduction. The
modification of building regulations according to these
theories may reduce building vulnerability and become
part of making city resilience. Architectural and
structural requirements are the central concern of
building permit regulation, called Izin Mendirikan
Bangunan (IMB) in Indonesia. In the case of Surabaya
building permits regulation, building types are
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categorised as simple, non-simple, and specific. This
paper discusses only two types of buildings, namely
simple and non-simple. Tamara (2011) suggested that
structural design is the leading cause of the collapsed
buildings. In comparison, Giuliani (2000) viewed that

the architectural aspect of the building can reduce its
vulnerability to earthquakes. Therefore, these two key
aspects are the main subjects of discussion in this

paper, as presented in Table 1.

Table 1. Variables for building’s architectural and structural requirements.

Sub-
No. Aspect Variables Varil;bles Criteria Supporting literature
. Symmetrical building (e.g. Giuliani, 2000; Juwana,
Design square, rectangle, hexagon,
. 2005; Murty et al., 2012
complexity ete.).
Building Simple design characters
shape Design with regularity
Building's Building (Connectivity and Giuliani, 2000; Arnold and
1. architectural regularity similarity of building’s Riba, 1996; Juwana, 2005
aspects parts/shapes)
Ability to be separated
Ily/dilatation f
. . struc.tura ?,/ql atation for Giuliani, 2000; Arnold and
Dilatation specific building (the Riba. 1006: Juwana. 200
layout can be L, T, Z, O, H R ’ &
and U shape)
Calcul.ati.on Load fa.ctor analysis ‘to SNI 1726 (2012); Murty et
on building determine construction
al., 2012
structures types.
Light, sturdy and
Foundation integrated foundation to Juwana, 2005; Murty et al.,
plan distribute load factors to 2012
e Elements of the ground.
Building’s e . . .
building Sturdy, rigid and elastic
2. structural Column, beam, . . Juwana, 2005; Murty et al.,
N structures late plan structures (for high rise 2012
B LESE buildings) and integrated.
Roof truss plan Selection .of roof Juwana, 2005; Murty et al.,
construction 2012
Structural The use of light and flexible Juwana, 2005; Murty et al.,
Building material material 2012
material Fagadts The u§e of sturdy facade Baird et al., 2011
material material

This paper uses qualitative research by
exploring relevant secondary data supported by
stakeholders’ judgments. Mack et al. (2005) considered
this type of research important in making systematic,
factual, and scientific descriptions. Groat and Wang
(2013) added that interpreting all information from
secondary data (both from theory and regulations) can
be a conclusive source in this type of research.
Specifically, this paper utilizes content analysis to
uncover the main ideas from collected documents and
reach a logical conclusion on shared ideas or contexts
(Bungin, 2010; Krippendorff, 2004). Key literature and
standards, including the Federal Emergency
Management Agency (FEMA) and Uniform Building
Code (UBC), enrich the various ideas delivered by the
respondents. Since the paper aims to propose

improvements for building

regulations,

the two

objectives in this paper are to analyze the current
regulation gap and propose recommendations for
building regulation in terms of earthquake resilience
(Fig. 2).

The first stage of the analysis in this paper is to
understand the current regulation. Afterward,
representatives of six key stakeholders discuss current
regulations and their gap in reducing earthquakes risks.
The six key stakeholders are the Local Housing and
Settlement Agency - Dinas Perumahan Rakyat,
Kawasan Permukiman dan Cipta Karya Tata Ruang
(DPRKP CKTR), an urban planning consultant, a high-
rise building developer, the Indonesian Institute of
Architects - Ikatan Arsitek Indonesia (IAI) and
academics from urban planning, as well as civil
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engineering. The discussion results in the first draft of
the revision on the current building regulations.

Objectives
Finding the current regulation gap
Stages
Reviewing Identifying the current Confirming
theories and building regulations in Surabaya'’s current
practices for terms of architectural building regulations
determining and structural with stakeholders
research requirements at the consisting of permit
variables and national and local applicants and
criteria levels licensors
Method
literature review documentary content in-depth interview
analysis

Subsequently, the Surabaya government expert panel
for building permits discuss the draft.

Formulate the recommendation for
building regulation

Aim
Propose key

recommendation
for future
building
regulation
Identifying the Formulating the Discussing the
gap by architectural proposed
comparing the and structural concept with
current national aspects of Planning Expert
and local level building permits Team (TAP) and
regulation with to create a Building Expert
the criteria resilient city Panel (TABG)
documentary in-depth interview Focus Group
content analysis Discussion
documentary
literature review content analysis

literature review

Fig. 2. Steps in formulating building regulations to increase building resilience to earthquakes in Surabaya.

This expert panel consists of two teams,
namely Tim Ahli Perencana - TAP (Planning Expert
Team) and Tim Ahli Bangunan dan Gedung - TABG
(Building Expert Team). These expert panels consist of
11 experts in architecture, civil engineering, and urban
planning. Based on their task to evaluate building
permits, both teams were selected as the critical

J ‘{ O

3. RESULTS AND DISCUSSION
3.1. Current regulations

At the national level, the central regulation
related to building constructions is the Regulation of
the Minister of Public Work and Public Housing No.
05/PRT/M/2016 on Building Permits. At the national
level, SNI 1726 of 2012 also contains building
construction and design standards specifically for
earthquakes. These two regulations are the primary
references for local regulations in managing building
permits. Surabaya has three principal regulations used
as critical references for issuing building permits at the
local level, including the spatial plan. Based on the
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Fig. 3. Focus group discussion among TAP and TABG on 11 October 2019.

respondents for the Focus Group Discussion (FGD) in
the last phase of analysis. The two teams offered
effective responses for updating the
elaborated (Fig. 3).

After the discussion with TAP and TABG, the
formulation of building permit
finalized.

first draft

requirements is

Mayoral Decree No. 13 of 2018, simple buildings have
only 1-2 floors with a maximum land parcel of 500 m2.
In contrast, non-simple buildings have land parcels of
more than 500 m2, allotted for residential and non-
residential uses. Figure 4 illustrates current situation of
building varieties in Surabaya. Based on the local
regulation, current architectural requirements state that
building proposals must provide information on the
building design. Simple buildings must provide an
architectural drawing illustrated using manual sketch or
CAD. For the non-simple buildings, the architectural
drawing consists of more detailed information such as
the site plan, layout, top view, front view, cross-section,
and long section. There are no regulations on building
shapes and dilatation.
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The current structural requirements of buildings
stipulate that the proposal for non-simple buildings
must provide the load factor calculation of the building
structure; a foundation plan; a column, beam, and slab
plan; and structural material. However, the proposal

Fig. 4. Examples of (a) non-simple building, (b) simple building with permanent construction, (c¢) simple building with semi-
permanent construction (source: RViSITS building survey, 2018).

only needs to provide a foundation plan and a column,
beam, and slab plan for the simple buildings. All the
detailed structural requirements refer to SNI 1726 of
2012 and other relevant SNI to building structures
regulations.

()

Table 2. Relevant building permit regulations at the national and local level.

1. National Ministerial regulation
Indonesia National
Standard (SNI)
Local regulation

2. Local

Mayoral Regulation

3.2. Architectural requirements
3.2.1. Building shape

The national regulation regarding building
shapes is quite clear. The regulation suggests that all
buildings should have a symmetrical, regular and
simple design to reduce the potential impact of
earthquakes.

“Technical building requirements (...) include
architectural building aspects; a. (...) should be as
symmetrical and as simple as possible (...) b. the
building layout should be centric (...) c. building shape
(...) should be designed with consideration of
structural stability and resilience to earthquakes”
(Appendix in  Ministerial  Regulation = No.
29/PRT/M/2006).

Act Act No. 28 of 2002 on Buildings

Government regulation ~ Government Regulation No. 36 of 2005 on Buildings
Regulation of the Minister of Public Works No. 29/PRT/M/2006
on Guidelines on Technical Requirements for Buildings.
Regulation of the Minister Public Work and Public Housing No.
05/PRT/M/2016 on Building Permits.

SNI 1726 of 2012 on Technical Planning for Building Structures
Resilience to Earthquake.

Surabaya Local Regulation No. 7 of 2009 on Buildings jo
Surabaya Local Regulation No. 6 of 2013 on the Amendment of
Local Regulation No. 7 of 2009 on Buildings

Local Regulation No. 8 of 2018 on Surabaya Detailed Plan.
Mayoral Regulation No. 13 of 2018 on Technical Guidelines on
Building Permits.

The local regulation does not explicitly include
such clear guidance as in the case of national
regulations. Instead, the local regulations direct the
design linked to the characteristics of the surroundings,
especially in specific zones (such as the old town area).
The role of the building expert team is vital, since the
building norms will mainly consider the technical
considerations from this team:

“The mayor has the authority to enact the
architectural building requirements (...). The
requirements will consider the technical considerations
from the building expert team” (Surabaya Local
Regulation No. 6 of 2013).

Based on the in-depth interviews, the building
expert team has no particular concern for the building
shape. The local government considers that the national
regulation on building shape is too strict. Therefore, the
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local regulation does not refer to the provisions laid
down by the national regulation on the shape of the
buildings.

“Not all (national) regulations are relevant to
Surabaya. If it is too strict, we do not refer to it (...).
About building shape; we are not limited to only
squares or other shapes (specific regulation) (...)”
(DPRKP CKTR Surabaya, 09 April 2019).

A lenient discretionary approach in local
regulations is limited in responding to earthquake risks,
as Surabaya has no tradition in managing earthquake
risks. The new Indonesian earthquake map indicates
that earthquakes are a new threat in Surabaya. To
address this threat, symmetric, simple, and regular
building shapes are considered more resilient to
earthquakes than buildings with complex and irregular
shapes (Giuliani, 2000; Juwana, 2005; Arnold and
Riba, 1996; Murty et al., 2012). Arnold and Riba (1996)
suggested that a simple building shape with regularity
has a centralized building mass.

Figure 5 illustrates the proposed building
shape based on these suggestions. A centralized
building mass has low earthquake risk. Therefore, the
symmetric, simple, and regularity-related
considerations for the building shape are essential for
minimizing the impact of an earthquake.

The implementation of strict building shape
regulations is impractical. FEMA (2010) advised the
requirement of a load factor analysis for every proposed
building shape. A more flexible shape could be allowed,
provided that the building design has a proper load
factor analysis to minimize the risk. Based on the FGD,
this mechanism is preferred since it offers flexibility
while still providing disaster resilience.

“We will have difficulty in implementing the
obligation for symmetric and simple building shapes.
It will be difficult to achieve a good city landscape
(monotone/uninteresting value) if the buildings - as
one of the key factors of the landscape - are uniform
and only shaped like boxes” (Architecture Expert in the
Building Expert Team, 11 October 2019).

“T agree if the symmetricity, regularity, and
simple building shape are only a recommendation
rather than an obligation (...). For any building shape,
if the building structure calculation is OK, the proposed
building is still feasible (...) ensure that the building
structure design is still capable of coping with the load
of an earthquake” (Civil Engineering Expert in the
Building Expert Team, 11 October 2019).

Since the flexibility improves the applicability
of regulation, building permit requirements in Surabaya
should be modified. This paper proposes a simple and
symmetrical building shape as the primary requirement
to be considered when issuing a building permit. If a
proposed building has a complex, non-symmetrical, or
irregular building shape, the proposal should include a
load factor calculation for a potential earthquake with

6.5 magnitude. Local regulations should refer to SNI
112

1726 of 2012 and Regulation of the Minister of Public
Works No. PU 29/PRT/M/2006 to incorporate the
building shape criterion.
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Fig. 5. Simple, symmetrical, and regular building
shape considerations (source: Arnold et al. 1981; Arya et al.
2014): (a) simple building shape; (b) symmetrical building
shape; (c) regular building shape.

3.2.2. Dilatation

Dilatation refers to the structural division in
buildings to avoid the attraction force (vertically or
horizontally) from other parts of the building. Since
earthquakes can cause dynamic movements of some
parts of the building, dilatation can prevent other parts
of a building from being affected by the dynamic
movements of the earthquake. Juwana (2005)



Architectural and Structural Requirements on Building Permits to Reduce Earthquake Risk.
The Case of Surabaya, Indonesia
Journal Settlements and Spatial Planning, vol. 12, no. 2 (2021) 107-118

suggested that dilatation can avoid the cracking or
collapsing of building structures due to vertical or
horizontal movements. Dilatation is significant for
certain buildings such as long buildings, on uneven
land, high earthquake risk zones, and buildings with an
L, T, Z, O, H, or U layout. Figure 6 illustrates building
designs with dilatation.

(@)
1.

(b)

11

Fig. 6. Illustration of structural building division
(dilatation): (a) Building without the dilatation concept; (b)
Building with the dilatation concept.

Regarding national regulations, Act No. 28 of
2002 Article 14 and Government Regulation No. 6 of
2005 Article 24 regulate dilatation criteria. The
Regulation of the Ministry of Public Works No.
29/PRT/M/2006 discusses dilatation in detail. These
regulations require dilatation for buildings with T, L, or
U shape to avoid earthquakes or land subsidence
damage.

For the local context, Surabaya’s local
regulation does not explicitly refer to the national
regulations above. The Local Regulation No. 7 of 2009
on Buildings jo Local Regulation No. 6 of 2013 did not
explicitly regulate dilatation. Based on the local
regulation, the recommendations of the building expert
team (TABG) are the primary reference for permits
from architecture building norms.

“The local building structure and architecture
regulations still refer to the national regulation.
However, not all national regulations are relevant for
Surabaya (...) the feasibility of building architecture is
regulated mainly in the Certificate of Building
Functions (SLF), another process to be carried out
after obtaining the building permit (IMB)” (DPRKP
CKTR Surabaya, 09 April 2019).

An in-depth interview with a professional
architect showed that dilatation is vital to ensure
building resistance to earthquakes. Dilatation can be
advisable for simple as well as non-simple buildings. If
the proposed building has no dilatation design, it
provides structural calculations to accommodate the
earthquake load factor. Especially for non-simple
buildings, the proposed building should also include
building collapse scenarios due to earthquakes. The

collapse scenarios can illustrate possible real situations
in case of an earthquake event. Consequently, the
evacuation route can be planned based on these
collapse scenarios.

“Building shape (dilatation) can be more
flexible than the building structure, but the structural
calculation has to be correct, to resist the dynamic
force (...) dilatation in buildings is considered safer
(...)” (Architecture practitioner, 15 July 2019).

3.3. Structural building requirements
3.3.1. Load calculation

UBC (1997) suggested that every building must
have good structural strength to comfort the residents
and prevent structural failure and fatalities. Load
calculation is a mechanism to ensure that a building has
good structural strength. The relevant national
regulations for load calculation are Act No. 28 of 2002
Article 17 and Government Regulation No. 6 of 2005,
detailed in Regulation of the Ministry of Public Works
No. 29/PRT/M/2006. These regulations stipulate load
calculation to ensure that the building can
accommodate regular and accidental loading types. The
earthquake force is one of the examples of accidental
loading. SNI 1726 (2012) provides the technical details
for load calculation.

Surabaya’s regulations on load calculation are
in line with the national regulations. Local Regulation
No. 7 of 2009 jo No. 6 of 2013 also requires proposed
buildings to fulfil safety requirements, including load
calculation. Unfortunately, there are no detailed safety
requirements regarding potential earthquakes. In the
regulations, fire and thunderstorms are the two types of
regulated hazards.

“(...) Safety requirements include structural
strength, the ability to prevent fire and cope with it,
(...) thunderstorms (...)” (Local Regulation No. 6 of
2013).

The national and local regulations are
coherent in including load factor calculation as one of
the building safety requirements. DPRKP CKTR
Surabaya Agency stated that the agency refers to SNI
1726 (2012) to evaluate the building structure.

“We refer to current regulations (...) and the
good thing in the Building Expert Team meetings (is
that) we are advised to add (...) how the building
structure is planned, (...). For the (building) structure,
we always follow the SNI (1726) (...)” (A developer in
Surabaya, 02 April 2019).

In conclusion, the regulation on load
calculation is already in place as a precondition for the
local building permits. This paper proposes to include
load calculation precisely to anticipate the potential
earthquake risk as a response to the new hazard in
Surabaya.
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3.3.2. Building structure elements

The building structure consists of the lower
base structure (foundation) and upper base structure
(column, beam, plate, roof frame, and cover).
Tjokrodimulyo (2007) suggested that the main
objective of the building structure is to prevent collapse
due to an earthquake despite sustaining damage. UBC
(1997) stated that the principle of building design is as
follows, i.e., a small-scale earthquake will not damage
the building; a medium-scale earthquake will damage
the architectural parts, but not the structural parts; a
large-scale earthquake will damage the building’s
structural and non-structural parts, yet not causing the
building to collapse.

The national government has made special
arrangements on building structures to achieve the
objective above. Specifically, Act No. 28 of 2002 Article
17 and 18, Government Regulation No. 6 of 2005 Article
33, Regulation of the Ministry of Public Works No.
29/PRT/M/2006, and SNI 1726 (2012) are the key
regulations in Indonesia. Based on these regulations, all
building structures plan to be solid and stable to
accommodate loads. In the case maximum loads cause
buildings to collapse, the dwellers should still have time
to escape.

Based on the literature and the national
regulations above, building structures should be
earthquake resilient. Notably, the building may sustain
damage, but should not collapse. Furthermore,
buildings must remain standing to give inhabitants time
to escape. The regulations in Surabaya, particularly for
non-simple buildings, follow this central idea.
Specifically, Surabaya Regional Regulation No. 6 of
2013, Article 23 stipulates that the load calculations for
non-simple buildings follow the national regulations.

“All buildings must be planned to meet the
safety requirements. Safety requirements include
structural strength, the ability to prevent and cope
with hazards (...) (fire and thunderstorms). Structural
strength (...) follows the reasonable technical
standards (...)” (Local Regulation No. 6 of 2013, Article
23).

“(...) for IMB (building permits), all (local)
regulations (...) refer to national regulations. (...)
However, not all (some) regulations are adapted (for
the local context). For example, the structural
calculation is only applied for high-rise buildings (non-
simple buildings). For simple buildings, this
calculation is not required ...” (DPRKP CKTR Surabaya
City, 09 April 2019).

Unfortunately, the simple buildings (one and
two-story buildings) in Surabaya have no arrangement
regarding earthquake resilience. The local government
does not refer to the national regulation for simple
buildings, i.e., Regulation of the Ministry of Public
Works and Public Housing No. 05/PRT/M/2016. In the
Mayoral Decree No. 13 of 2018 on Building Permits, the
114

proposal for simple buildings does not require
structural calculations and drawings. Therefore,
Surabaya’s regulations should be modified specifically
for simple buildings. Moreover, the local regulations
should refer to the Ministry of Public Works and Public
Housing regulation.

“(...) Simple buildings, (...) do not need
structural calculations. But (simple buildings) must be
strong and have a strong connection among
structures. This arrangement has been regulated (...)
by the Ministry of Public Works. (Whether) Surabaya
has referred to it, I think Surabaya has not yet
(referred to it). The regulation for houses in Surabaya
is simple” (Civil Engineering Expert, 21 May 2019).

3.3.3. Building materials

Building materials are an essential element to
ensure a building’s earthquake resilience. The
Northridge Earthquake in 1994 showed that three-
thirds of building damage was related to non-building
elements (Baird et al, 2011). The Christchurch
Earthquake in 2011 showed a similar pattern, namely
that the typical damage to buildings related to non-
structural elements could cause potential harm to the
inhabitants. Furthermore, Baird et al. (2011) suggested
that the non-structural elements are more vulnerable
than structural elements in case of earthquake impact.
BMKG also mentioned that the most common factor for
injury during an earthquake is inhabitants exposed to
falling structural and non-structural materials (BMKG,
2010). Consequently, regulations on building materials
are essential to minimize the impact of an earthquake.

The primary national regulation is the
Regulation of the Ministry of Public Works No.
29/PRT/M/2006. Among its provisions we learn that
building materials should meet the safety requirement
as stipulated in the Indonesian Standard (SNI). The
safety requirement includes considerations for the
safety of the surroundings and its inhabitants.
Appendix II in the regulation of the Ministry of Public
Work states that building permits require high-quality
structural materials. On the other hand, Surabaya’s
local regulation does not explicitly refer to these
national-level regulations. Nevertheless, since SNI
applies to all Indonesian cities, all local governments
should follow these national standards.

The in-depth interviews and FGD with the TAP
and TABG in 2019 showed that both expert teams
understand the importance of regulations on building
facades to minimize the impact of earthquakes. The use
of glass, for example, may have severe impacts on
inhabitants during an earthquake. However, the
implementation of this regulation in Surabaya is still
questionable. No specific local regulation follows the
SNI on facade arrangements. Furthermore, local
experts still have different opinions on the importance
of facade regulations in minimizing the impact of
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earthquakes. They argue that some facades have
negative impacts on the inhabitants from an earthquake
risk perspective. However, fagcades can also give positive
contributions, such as providing an aesthetic value for
the building or efficiency for green buildings.

“(...) in Dubai, (...) for earthquakes, they
regulate the facade material of buildings. For
breakable materials such as glass, ceramics (...) the
inhabitants can be injured not by the structural
collapse of the building, but by a collapsed facgade, (...)”
(Architectural Expert, 15 July 2019).

“... Facade regulations should be considered.
Glass (for example) is considered hazardous material
causing impact during an earthquake. On the other
hand, energy efficiency or green buildings use glass as
one of the building materials (...)” (Architecture Expert
in Building Expert Team, 11 October 2019).

“.. now, we have difficulty regulating
building facade since the proposal can be changed and
(there are) no (local) instruments for this regulation.
This regulation can be proposed for future regulation
but should be applied in selected risk-prone (areas)”
(Civil Engineering Expert in Building Expert Team, 11
October 2019).

Based on the information above, the
construction of simple and non-simple buildings in
high-risk earthquake zones should comply with
building facade regulations. The facade regulation
includes structural materials that meet the SNI safety
requirements; facade materials should minimize the
potential impact of earthquakes, and the use of
vulnerable facade material should consider its location,
quality, and application of technology.

Table 3. Proposed modifications for the building regulations in Surabaya to minimise the impact of earthquakes.

Sub- Current local
No. ct Variabl P d ti
o Aspe ariables variables regulation roposed regulation
A simple building shape is advisable. The
Design No specific proposed building should fulfil the load
complexity regulation factor calculation to resist a 6.5 Mw
Building earthquake
shape A symmetrical building shape is advisable.
Buildine's Building No specific The proposed building should fulfil the load
. 2 regularity regulation factor calculation to resist a 6.5 Mw
1. architectural
earthquake
aspects . Qe 0 q q
Dilatation is advisable for simple and non-
simple buildings.
. . No specific A design without dilatation should include
Dilatation . g
regulation structural calculation and load factor
analysis. Building collapse scenarios should
be assessed for non-simple buildings.
Already i
Calculation 1:;: a}t] i Add the requirement that the calculation
on building P . specifically and explicitly addresses the load
national level
structures only factor caused by a 6.5 Mw earthquake
Already in Local regulations should refer to the
Elements of . . . .
buildin place, for non-  Minister of Public Works and Public
e 5 simple Housing No. 05/PRT/M/2016 for simple
Building’s structures i -
R IO building only buildings
’ aspects Structural Structural materials must follow SNT safety
P material requirements
Facade materials should be chosen to
Building No specific minimize the impact of earthquakes. Using
material Facade regulation vulnerable fagade material, the proposed
material building should justify why its facade is safe
according to its location, quality, and
application of technology

The discussion above resulted in two sides, the
ideal side and the practical side. The ideal side, from the
literature review, regulates each variable rigidly. From a

practical standpoint, the likelihood of implementing
this ideal side is minimal, mainly in terms of aesthetics,
economy, preferences of building owners, and other
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relevant perspectives, which resulted in a need for some
flexibility. The flexibility can be in the form of
combining some related variables. Building structures
calculations can be the primary reference. As long as the
building meets the criteria for calculating earthquake
load, other variables should still be flexible.

This paper has shown the urgency to modify
local building regulations to minimize the impact of
earthquakes. Most local regulations unspecifically
address the appropriate measures for minimizing the
impact of earthquakes. Regulations for simple buildings
are minimal, even though, in the case of many
earthquake events, this building type contributes to a
high number of fatalities and injuries.

The earthquakes in Palu 2019, Lombok 2018,
and Yogyakarta 2006 are examples of earthquake that
caused many fatalities and injuries because simple
buildings were not designed and constructed to
withstand this specific type of risk.

4. CONCLUSIONS

The new threat of 6.5 magnitude earthquake
identified by the National Earthquake Centre in 2017
has not yet been fully incorporated in the building
regulations of Surabaya. Simple buildings in Surabaya
are the most unregulated building type in terms of
minimizing the impact of potential earthquakes. In
many cases in Indonesia, the simple building type
significantly contributes to the number of fatalities and
injuries. Thus, this unregulated condition may increase
the risk in Surabaya. Consequently, the modification of
current local regulations should ensure that the
architectural and structural aspects of buildings
effectively reduce the vulnerability of buildings.

This paper proposes a set of modifications to
the current building regulations in Surabaya. Notably,
the proposed regulations demand a feasible and robust
calculation on the proposed building plans, namely, the
chosen types of building shape, dilatation, building
structures, and building materials. Currently, a set of
comprehensive building regulations exist at the national
level. Surabaya must follow these national regulations,
which have specific requirements stipulated for all
buildings in earthquake-prone areas.

Alternative and accommodative regulations,
including a precise directive regulation, are required to
ensure the practical application of the building
regulations in Surabaya. This paper proposes two
general mechanisms to improve them. First, Surabaya
should recommend building directions on building
shape, dilatation, and building materials. Second,
building regulations should include obligatory criteria
to ensure building safety, such as load factor analysis
and building collapse scenarios. These two mechanisms
are believed to have a high level of applicability and
effectively minimize the impact of earthquakes. Further
research is needed regarding the combination of
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variables in determining the building code to increase
building resilience to earthquakes.
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