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Abstract. Mosques in Indonesia are dominated by the use of domes, which are
widely believed to be a representation of Islamic architecture. However, the
history of dome use is inseparable from the reason of wide-span technology.
Unfortunately, the tradition passed down from generation to generation is its
form, not the essence of its wide-span technology. In fact, the inappropriate use
of domes caused the destruction of many mosques during the earthquakes in
Lombok and Palu in 2018. In designing mosques, architects should adhere to the
basic principle of the descent of Islam, which is to provide mercy for the universe
(rahmatan lil'alamin). This principle is translated in the design and construction
of the Annur Aceh Mosque in Lombok and the Nurulhasanah Aceh Mosque in
Palu in terms of wide-span technology to prevent interruptions in prayer lines,
empower the local economy, and use natural materials to reduce emissions and
even act as a carbon sink. This paper aims to reveal the design approach taken
and explain the various challenges encountered during the construction of the two
mosques..
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1 Introduction
1.1  Mosque Design: Reinterpreting the Use of Dome

The prevailing notion that the dome is the quintessential architectural element of Is-
lamic mosques is a misconception that requires deeper examination. This perception
stems from the prominence of domed structures in iconic Islamic landmarks like the
Dome of the Rock, but it fails to capture the true diversity and evolution of mosque
design across the Muslim world. Please note that the first paragraph of a section or
subsection is not indented.

Architects have often been asked to incorporate domes in the design of mosques,
perpetuating the belief that this architectural feature is a mandatory component. How-
ever, a closer look at the rich tapestry of mosque architecture reveals that the dome is
just one of many distinct styles that have emerged in response to local traditions, envi-
ronmental factors, and the changing needs of Muslim communities [1]. Mosques have
long been shaped by the complex interactions between religious, cultural, and environ-
mental elements. As urbanization accelerates, the mosque's role has expanded beyond
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its traditional functions, becoming a vital hub for social, educational, and even political
activities within modern cities. Consequently, as the Muslim population grows and be-
comes more urbanized, the design of mosques must evolve to address the changing
needs and expectations of their congregations [2]. The evolution of mosque architecture
has been shaped by a rich tapestry of cultural, religious, and technological influences.
Globally, the use of domes in mosque design has historical significance, as these struc-
tures were often associated with grandeur, stability, and the celestial symbolism of the
heavens. In Indonesia, the widespread adoption of dome-based mosque architecture can
be traced back to the influence of Ottoman and Mughal architectural traditions, which
were introduced during the colonial era. The technological advancements in dome con-
struction, particularly the development of wide-span techniques, have been instrumen-
tal in the dominance of this design approach, as they have enabled the creation of ex-
pansive, uninterrupted prayer spaces. The use of domes in architecture has often been
associated with the desire to achieve wide-spanning, column-free spaces, an aspiration
that has driven the evolution of dome construction techniques [3].

While the dome-centric design of mosques in Indonesia has become a recognizable
aesthetic, it has also posed significant challenges, especially in the context of natural
disasters and environmental sustainability. The structural vulnerabilities of conven-
tional dome structures have been exposed in earthquake-prone regions like Lombok
and Palu, where these buildings have suffered extensive damage. One case occurred at
the Nurulhasanah Mosque in Palu, where a single concrete column was installed in the
center of the mosque to support the concrete dome. This column disrupted the prayer
rows and obstructed the view of the Imam from several points within the mosque. When
the earthquake struck in 2019, this column was severely damaged due to the pendulum
effect.

Moreover, the heavy reliance on concrete and other energy-intensive materials in
mosque construction has raised concerns about the environmental impact of these struc-
tures.

1.2 Rahmatan Lil’alamin in Mosque Design

Islam is a religion of rahmatan lil'alamin, meaning it brings grace and prosperity to all
of creation, including animals, plants, jinn, and especially human beings. This concept
is emphasized in the words of Allah SWT in the QS. Al-Anbiya: 107, “And We have
not sent you (O Muhammad) except as a mercy to the worlds"[4].

The translation of "rahmatan lil'alamin" or "mercy to the worlds" can also be applied
to mosque architectural design that upholds effectiveness and efficiency [5], as well as
building safety and security [6]. The use of a specific structural system or building form
that ultimately becomes inefficient and even jeopardizes the safety and security of
mosque congregants also violates these principles. The use of dome structures to
achieve wide spans without obstructing the prayer rows is one form of implementing
the principle of rahmatan lil'alamin. However, if one insists on using a dome solely for
the sake of aesthetics and it requires columns that disrupt prayer rows or even pose a
danger because they are not constructed properly, then this goes against that principle.
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Furthermore, the principle of rahmatan lil'alamin should also serve as a foundation
for environmentally conscious and sustainable design. This means that mosque archi-
tecture should not only focus on aesthetics and functionality but also on its impact on
the environment and long-term sustainability. This principle not only underscores the
need for functional and aesthetically pleasing worship spaces but also demands that
mosque architecture be environmentally conscious and sustainable [1].

Environmentally conscious design involves the use of eco-friendly and renewable
materials, wise management of natural resources, and minimizing the carbon footprint
[7]. For instance, using building materials with low environmental impact, such as sus-
tainably managed bamboo or wood, can reduce deforestation and environmental deg-
radation [8]. Islamic architecture is architecture that embodies the qualities of Islam. It
is possible for architecture that did not originate from Islam to be considered Islamic if
it aligns with the concepts of Islam as outlined in the Quran and Hadith. Even though
it is not originally from Islam, green building can be classified as Islamic architecture
because it aligns with the Islamic concept that encourages humans to care for the Earth
[51[9]. Architecture is one of the human activities that is also framed within the scope
of worship to Allah SWT. Therefore, in practicing architecture, we should always be
guided by the Qur'an and the Sunnah. One key understanding is that Islam is a religion
of rahmatan lil'alamin, meaning it brings mercy, blessings, welfare, and benefits to the
entire universe. Hence, in practicing architecture, we should strive to make our designs
reflect this principle, creating architecture that is rahmatan lil'alamin for the environ-
ment in which the building stands, ensuring that it does not cause negative impacts
(mudharat) on the environment or lead to the destruction of the ecosystem in that area
[6]. Therefore, the use of organic materials aimed at reducing carbon emissions, or even
serving as carbon storage, and possessing low embodied energy can be considered as
part of the application of the rahmatan lil 'alamin principle. Of course, the use of these
organic materials does not negate the principles of ensuring that functions operate well
and that safety and security standards for the congregation are met.

By integrating the principle of rahmatan lil'alamin into environmentally conscious
and sustainable design, mosques can not only become comfortable and safe places of
worship but also contribute positively to environmental preservation and the well-being
of the surrounding community.

Based on various reviews of mosque manifestations that adhere to the principle of
rahmatan lil'alamin, this paper focuses on discussing the design approaches of mosques
in addressing wide span issues for the perfection of prayer rows and the use of natural
materials to reduce carbon emissions and as carbon sink.

1.3  Materiality: Bamboo and Timber

The conversion of bamboo and timber into a carbon sink is a crucial consideration in
the pursuit of sustainable building practices and mitigating the effects of climate
change. Bamboo, in particular, has garnered significant attention due to its rapid
growth, high strength-to-weight ratio, and remarkable carbon sequestration capabilities
[10][11] [12]. Bamboo, a versatile and resilient grass, has been utilized in construction



320 A. Widyowijatnoko

around the world, particularly in regions where it is indigenous [11] [13]. Its excep-
tional properties, including high tensile, bending, and buckling strength, make it an at-
tractive alternative to traditional construction materials such as concrete and steel,
which have a considerable carbon footprint [11] [14]. Edrees (2016) even advocates for
the use of renewable materials that are rapidly produced, affordable, and conducive to
innovation, like bamboo, as an element of the rahmatan lil ‘alamin concept [5].
Moreover, bamboo's ability to absorb and store large amounts of carbon dioxide
from the atmosphere is a significant advantage in the fight against climate change [12]
[15]. Studies have reported that the biomass accumulation potential of bamboo is much
greater than that of many fast-growing exotic tree species, making it a priority species
for carbon storage and sequestration [15]. Similarly, timber, derived from various tree
species, has the potential to serve as a carbon sink. The construction industry's transition
towards more sustainable materials, such as bamboo and timber, can contribute to the
overall reduction of carbon emissions and the mitigation of climate change [11] [12].
The quantification of the carbon sequestration potential of bamboo and timber is
crucial in order to understand the significance of building with these biomass materials
as carbon sinks. By understanding the amount of carbon dioxide that can be absorbed
and stored in every ton or cubic meter of bamboo and timber, researchers and policy-
makers can better evaluate the impact of using these materials in construction and de-
velop strategies to maximize their carbon sequest ration capabilities [11] [12] [15].

2 Design Approach

2.1  Annur Aceh Bamboo Mosque, Lombok: A Fusion of Architectural
Traditions and Structural Innovations

The 2018 Lombok earthquake caused the destruction of many buildings and resulted in
numerous casualties. One of the buildings that collapsed was the Annur Mosque in
North Lombok. The community was traumatized by brick and concrete construction
because many buildings made from these materials collapsed. Meanwhile, many tradi-
tional buildings made of wood remained standing.

The Provincial Government and the people of Aceh raised funds to help rebuild the
mosque and appointed the author as the architect and leader of the mosque reconstruc-
tion team. A lesson from this incident is that the community tends to be resigned and
gives the architect and the Aceh Provincial Government considerable freedom regard-
ing the mosque's design.

Although there was a proposal to build the mosque in the style of the Baiturrahman
Mosque in Aceh, Nova Iriansyah, the Governor of Aceh at that time, rejected it and
instead approved the architect's suggestion to build the mosque using bamboo. The first
step taken was to convince stakeholders that a mosque does not necessarily need a dome
and should instead have broader benefits as part of the rahmatan lil'alamin concept.

The choice of bamboo use has several reasons. First, bamboo is one of the most
sustainable materials and has numerous ecological benefits when grown and acts as a
carbon sink when used. Therefore, this material is highly suitable in relation to the rah-
matan lil'alamin concept. Second, the potential of bamboo is significant in Lombok, as
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can be seen in various places throughout Lombok and as stated by Darmayanto et al.
[16]. The use of local materials, which also means boosting the local economy in the
post-disaster region, aligns well with the rahmatan lil'alamin concept. The third reason
is the trauma experienced by the community due to brick and concrete structures that
have caused many casualties, making bamboo a more acceptable choice in terms of
earthquake resistance. The fourth reason is the architect's effort to make this mosque a
means of education and promotion for the use of bamboo among the community. Alt-
hough the potential of bamboo is significant in Lombok, its use is still limited to tem-
porary buildings or tools like scaffolding. Additionally, bamboo is still perceived as the
poor men’s timber. Therefore, this example of a wide-span building can serve as a good
promotion for the future use of bamboo. The final reason is the desire of the Aceh
provincial government to contribute the best and most unique mosque, which can sym-
bolize the care of the Aceh community for others.

After receiving a positive signal from stakeholders regarding the use of bamboo, the
next step is to design the building with this material to ensure it is convincing enough
to be built. The three design challenges for this mosque are as follows:

First, the architectural style of the mosque must reflect the local identity while also
embodying a modern design aesthetic. Bamboo, as a traditional building material in
many regions, can be leveraged to create a design that seamlessly blends the old and
the new [17].

Fig. 1. A Fusion of architectural traditions (rice-barnshape) and structural innovations (recipro-
cal frame + vector-active structure).



322 A. Widyowijatnoko

Secondly, the design must ensure that the use of bamboo does not hinder the achieve-
ment of a wide-span structure to accommodate uninterrupted prayer rows within the
mosque.

Finally, the challenge of ensuring a long service life for the bamboo structure must
be addressed through the principle of "preservation by design". This involves protecting
the bamboo from direct sunlight and rain exposure, as well as avoiding high humidity
levels that can accelerate deterioration.

The design approach for Annur Mosque in Lombok, Indonesia, represents a unique
blend of form analogy and exploration of vector-active and bulk-active structure-based
systems (see Fig. 1). The shape idea widely used in modern architecture in Lombok is
the analogy of a traditional rice barn, a common structure found in the settlements of
the Sasak tribe. This architectural analogy has been incorporated into the design of var-
ious government buildings, often in a more simplistic manner.

The rice barn roof shape resembles a tunnel, similar to the reciprocal frame shape
based on the da Vinci Bridge concept. Traditional timber mosque architecture, which
can be found throughout the Malay Peninsula, Sumatra, Java, Kalimantan, Brunei, the
southern Philippines, and the former kingdom of Champa in Cambodia, is characterized
by its small size, the use of timber as the primary building material, post and beam
method of construction, and decorated carved components [18]. The Annur Mosque,
however, departs from this traditional timber construction approach, instead embracing
a more contemporary design that incorporates bamboo as the primary structural mate-
rial.

Starting from the shape analogy of a rice barn, the bamboo structure exploration for
the Annur Mosque was generated from the author's extensive experience conducting
workshops on reciprocal frames using bamboo. This extensive experience has even led
to the discovery of a new structural system based on reciprocal frames that intersects
with tensegrity, called reciprocal tension or rection [19].

building structure concept

A \ \ B | c

A:RF DaVinci’s Bridge
bending-active structure

L B: Improved RF,

vector-active structure

C: Improved RF,
L vector+bending-active structure
Annur Mosque

Fig. 2. The evolution of Annur Mosque structure



Reinterpreting Mosque Design 323

Fig. 3. The interior of the mosque showcases the grandeur of the layered bamboo structure

However, the development of the mosque's design from the conventional reciprocal
frame did not lead to rection but rather towards a structural system that, according to
Engel's categorization [20], falls under vector-active structures. The Annur Mosque's
structure is a combination of both types of structures, creating roof rigidity with a lay-
ered structure. Ultimately, the Annur Mosque structure can be categorized as a two-
hinged arch structure (see Fig. 2 and Fig. 3).

2.2 Nurulhasanah Aceh Timber Mosque, Palu: Where Timber Technology
Inspires Awe

Not long after the earthquake hit Lombok, another earthquake, tsunami, and liquefac-
tion struck Central Sulawesi on September 28, 2018. The provincial government and
the people of Aceh once again managed to collect donations to rebuild one of the dam-
aged mosques in Palu. The success of the previous humanitarian project to design and
build a mosque in Lombok led to the author being entrusted with managing the donation
funds for the design and construction of another mosque in Palu. The Nurulhasanah
Mosque stands relatively close to the Palu Koro fault line. The main cause of damage
to this mosque was the concrete dome in the center of the mosque, which was supported
by a single column that was not strong enough to withstand the earthquake forces.

As part of the implementation of the concept of rahmatan lil'alamin, the choice of
using natural materials becomes the first option. The initial concept of this mosque uses
a bamboo or wooden structure with the application of a combination of hypar and
folded plate structures as shown in Fig. 4 and Fig. 5.

The hyperbolic paraboloid, commonly referred to as the "hypar," is a fascinating and
versatile geometric structure that has captured the attention of architects, engineers, and
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mathematicians alike. This unique three-dimensional shape is characterized by a sad-
dle-like form, where the surface curves in one direction and simultaneously curves in
the opposite direction, creating a delicate balance and a visually striking appearance.

initial design

Fig. 4. Image of the initial design

initial design

Fig. 5. Physical model of the mosque using hypar + folding structure

The idea of using hypar structures combined with folded plate structures has been stud-
ied for quite some time. This structure is easier to construct with round cross-section
bamboo because the orientation of the bamboo as beams does not matter. An assess-
ment of bamboo’s availability was also conducted with a field survey, but the results
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were not as expected. The bamboo potential in Central Sulawesi is not sufficient to
meet the needs. Moreover, the quality of the available bamboo was also not up to ex-
pectations. Assessments for procuring bamboo from outside the province but still
within Sulawesi, as well as from outside the island of Sulawesi, were also conducted,
but they were not feasible from a cost perspective.

The exploration to realize the idea of this structural system continued with a focus
on using wood. The rectangular cross-section of wood posed a challenge because if the
rectangular wooden beams were installed as usual, there would be sharp edges facing
the roof surface or resting on the main beams. The solution to mitigate this issue was
to use two boards joined together as shown in Figure 5. The subsequent challenge was
the roof covering. When it was decided to use asphalt sheets for the roof covering due
to their climate resistance, aesthetics, and the undulating shape of the roof, this roof
construction required plywood sheets as a base for attaching the asphalt sheets. The
question arose as to how much plywood available in the market with a thickness of at
least 18mm could be twisted to conform to the geometry of the hypar surface.

In the end, changes to the roof structure design had to be made after failing to find a
team of craftsmen willing to work on the design with the hypar and folding frames.
Simplification was done by eliminating the hypar surfaces and focusing solely on the
folded plate structure (Fig. 6). Generally, the rigidity of the roof shape was achieved
through the folds of rigid planes. The rigidity of each plane itself was achieved with a
lattice or grid system. These changes were then simulated in 3D images and also in
scale models (Fig. 7) to assess the constructability and the complexity of the joints in-
volved.

roof structure concept diversion

lattice hypar folding lattice folding
structure structure

Fig. 6. The change of the roof structural system
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Although simplification had been carried out, the design challenges for the mosque
remained significant because there was no precedent for a building of this size in Indo-
nesia. With a span of 20m x 20m, the dimensions of the beams used to form the grid
could not rely on standard market sizes. Therefore, a simple wood lamination system
needed to be introduced to create beams according to the required dimensions. Field
surveys were conducted to map the dimensions of beams or boards available in the
market. After considering various wood sizes available in the market and taking into
account the availability of materials, 30/300 mm boards with a length of 4 meters were
chosen as the primary raw material for the roof construction. These raw materials were
then used to create laminated wood beams with dimensions of 90/600 mm and 60/300
mm, with varying lengths.

Fig. 7. 3D model in computer and physical

3 Results and Discussions

3.1 Annur Aceh Bamboo Mosque, Lombok

Annur Mosque was successfully completed in 2019 after overcoming various chal-
lenges. The author, as the architect and the leader of the construction team, was fully
assisted by undergraduate and graduate architecture students from ITB in terms of de-
sign and construction supervision.

This mosque adopts a form similar to the rice barns of the Sasak tribe, using a semi-
prefabricated construction method. Unlike planar construction systems that create 2D
frames, the mosque's structure is divided into 2D frame modules (Fig. 8) that are then
assembled layer by layer. These layers form a two-hinged arch structure, which is a
combination of a reciprocal frame construction and a truss structure.
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The bamboo structure used for this mosque is capable of spanning 14 meters with a
length of 18 meters. At the front of the building, a two-story concrete structure was
built to serve as the entrance and to provide protection for the bamboo structure facing
east from direct sunlight and rain water. Visitors will experience a surprising effect
when entering the mosque, as the beauty of the structure can only be fully appreciated
from inside the building, after entering the ’concrete gate’ (Fig. 9 and Fig. 10). This
‘gate' also functions as restrooms and ablution facilities for the congregants, in addition
to providing additional prayer space on the upper floor.

Fig. 8. Erection of the first prefabricated planar module

- P

Fig. 9. Front elevation of the Annur Aceh Mosque

The foundation and concrete work were carried out by local contractors and workers.
Most of the bamboo was sourced from Yogyakarta, with only a small portion obtained
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locally from Lombok. The reason for this was the short timeframe for the need for a
large quantity of preserved bamboo and the still limited bamboo preservation facilities
in Lombok. Workers were also brought in from Yogyakarta, not only because of the
differing skill levels of bamboo workers but also because almost no local workers were
available due to the numerous construction projects following the 2018 earthquake.
From the perspective of applying the principles of rahmatan lil-alamin related to local
economic circulation, this is certainly not ideal. However, when viewed from the per-
spective of the mosque's overall budget, most of it was still absorbed in non-bamboo
work that involved the local community. In terms of CO2 absorption, the use of bamboo
for this mosque is equivalent to a saving of 3.2 tons of CO2.

W

”/’4.IIIII|

Fig. 10. Interior of the mosque, showing the structural layers of bamboos

3.2  Nurulhasanah Aceh Timber Mosque, Palu

The construction of Nurulhasanah Mosque took 21 months, with 4 months of delays
due to administrative issues, making the net construction time 17 months.

Despite the high level of difficulty and the large scale of the project, this mosque
was built primarily using local human and natural resources. The wood was sourced
from Palu and its surroundings, while the workers also came from the island of Sula-
wesi. The equipment used was simple, without heavy machinery such as mobile cranes.
The lamination technique used was a combination of wood adhesive and screws, with
the help of wood clamps as pressing tools. The four main beams that form the main
pyramid of the roof structure measure 90x600 mm with a length of 18 meters and weigh
nearly 1 ton (Fig. 11). These beams were lifted manually using tackle and pulley sys-
tems, without the aid of cranes (Fig. 12).

Although it has the same size as the previous mosque (20m x 20m), the new Nu-
rulhasanah Mosque does not have a column in the middle of the space, so it does not
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disrupt the prayer rows. Given the mosque's relatively close proximity to the Palu Koro
fault line, the mosque's wall structure is made of reinforced concrete that is not too tall
and has many folds to strengthen the building horizontally (Fig. 13). The concrete struc-
ture is fully tied together by tie beams but is not unified by ring beams because there
are three entrance openings and one mihrab, which would be compromised by ring
beams. Instead, steel truss frames are installed in these areas, which will later support
the wooden structure.

Fig. 12. Erection of main beams using tackles and pulleys
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The application of the principle of rahmatan lil'alamin in this project involved maxim-
izing the use of local resources, thereby contributing to the growth of the local economy
post-disaster. In addition to providing a better mosque space with improved aesthetics
compared to the previous mosque (Fig. 14), another major achievement is the CO2
storage in the form of wood, equivalent to 77 metric tons.

This mosque serves as an example to the people of Palu, demonstrating the possibil-
ities of their abundant wood resources. Currently, most timber is sold and shipped off
the island, resulting in a scarcity of modern wooden structures locally.

Fig. 14. A Fusion of architectural traditions
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An interesting point of discussion arises from the use of natural materials in both
mosques. The bamboo and timber structures have attracted Eurasian Tree Sparrows
(Passer montanus), which perch and nest within them. On one hand, this embodies the
Islamic principle of rahmatan lil’alamin — mercy to all creation. On the other hand, it
presents a practical challenge: how to maintain the mosque's purity for praying when
bird droppings soil the floor.

4 Conclusions and Suggestions

In the author's opinion, mosque design should be rooted in the fundamental principle
of Islam's purpose, which is to be a mercy to all creation (rahmatan lil'alamin). The
interpretation of this principle can be broad, but it must always adhere to the primary
principle of maximizing benefit and minimizing harm. If the use of a dome is intended
for creating a wide span or easy identification, it can be justified. However, if it risks
interrupting the prayer lines, which are of higher importance, or even poses a safety
hazard, it should be avoided. The most crucial aspect lies in the wide-span technology
itself, ensuring uninterrupted prayer lines and unobstructed views of the /mam or the
pulpit, of course, with the guarantee of safety and security for the congregation below.

Furthermore, the principle of rahmatan lil'alamin in mosque design should also be
seen as a means to empower the community surrounding the mosque by utilizing local
resources. Principles of sustainable development, such as energy saving, reducing car-
bon emissions, and acting as a carbon sink through the use of biomass for the main
building materials, are also very much aligned with this principle.
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