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ABSTRACT

Local knowledge could not be separated from the culture of the peopleredited it. The study of culture as
knowledge derives from the ideas that are explored continuously andntiynatgplied through the attitudes,
behaviors, and actions of the people in order to produce artifamtal knowledge of Javanese architecture
represents a great philosophy. It comes from the Javanese lifay thie Javanese construction of the house and
its surroundings, and the Javanese harmony and balance amsetf,tttee nature, and the needs of God. A real
mosque as a 'dwelling' requires comfortable conditions. The architectunesgjues is the result of constant
dialogue between human being and the environment. The architecture Ishduldccordance with the needs o
human being on the environment, including tranquility space wtiéying in the mosque. From local
knowledge point of view, mosque is the most dignified building; ititeaspecific design. The proportion of
shape, of roof, of columns, of floor, and of foyer exerts pdaicsize in line with local knowledge in order to
create quietness and audio comfort. Therefore, the mosque is highbtexkpo be a place for worship in a good
acoustic quality as can be physically proved through the Grand Mosdveggékarta. It has equipped with
high-quality level of sound clarity, good clarity of speech, anut@wiate level of reverberation which have met
its standards procedure.
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ABSTRAK

Pengetahuan lokal tak lepas dari budaya orang-orang yangiknegadya. Studi budaya sebagai pengetahuan
berasal dari ide-ide yang dieksplorasi terus menerus dan diterdakam sikap, perilaku dan tindakan untuk
menghasilkan artefak. Pengetahuan lokal arsitektur Jawa memilikfify@asq tinggi. Hal ini berasal dari cara
hidup orang Jawa di rumah dan sekitarnya, yaitu harmongsasi keseimbangan antara diri, alam dan
kebutuhan akan Tuhan (Alah). Sebuah masjid yang nyatgaethempat tinggal' sangat membutuhkan kondisi
yang nyaman. Arsitektur masjid adalah hasil dari dialog antarasie dan lingkungan. Arsitektur harus sesuai
dengan kebutuhan manusia terhadap lingkungan, termasul§g ketenangan saat berdoa di masjid. Masjid
dalam pengetahuan lokal adalah bangunan paling mulia dan mé@iékteristik desain. Proporsi bentuk
bangunan, bentuk atap, layout atau tata letak kolom, rencataa dam ruang foyer ada dalam ukuran tertentu
berdasarkan pengetahuan lokal. Hal ini membuat ketenangan damketan audial, sehingga masjid sangat
diharapkan untuk menjadi tempat ibadah dalam kualitas akustil paik. Masjid Agung Yogyakarta sudah
terbukti secara fisik telah memberikan kualitas akustik yang baik kd3ingejernihan suara, kejelasan
berbicara, dan waktu dengung seluruhnya memenuhi standar.

Kata kunci: kualitas akustik; pengetahuan lokal; masjid

1. INTRODUCTION
1.1. Local knowledge based on community awar eness of their abilities

Indonesia is a vast country with many islands and varieties in cultuohitécture is one aspect in
Indonesian culture because it is usually related to the system of $axidy, and religious rituals. Indonesian
society -in this case, the Javanese community in Surakarta and Ydgyiakspecifically discussed- has a way
of life with harmony between individuals and their environmentgh matural and social. Relationship with
other people is based on two roles, that are slave and master. Relationshigtuvthenvironment is based on
the existence of life in the cosmic universe as something organizedtraictured in a hierarchical manner
(Ronald, 2005, p. 5). Javanese community is aware that there isaealktonship between the way of life and
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where they live. There are four components that unite the close relatiotigttigyre trust, knowledge, social
ethics, and aesthetics. Javanese community believes that they live amdagrthewers, namely spiritual,
magical, macrocosmic, and microcosmic. Humans are in the midst of gheymower of God and the forces of
nature (the vertical axis), and between the power of human life itsethargbwer of his spirit (the horizontal
axis).

1.2. Traditional architecture

Generally, traditional architecture is constructed upon local knowledge and cultokaledige of local
community, as in the case of Javanese traditional architecture. Its concepisesngliefs and rituals that
appear to be closely related to both the space orientation and the spagaratofi. Even several functional
buildings besides residential buildings have detail structure and construction rulesav@nesé traditional
architecture concept is known as petungan. It contains measurement and calofilfti®marts of building,
especially the length-width dimension, pillars height, and the number ud (rafter). In addition, it also
contains the ratio and proportion in architecture (Josef Prijoton®%5)1%here are a lot of evidences supporting
the fact that space in Javanese traditional architecture is not value-free.

In traditional Javanese architecture, 5 types of buildings are knownréFigu mosque, joglo, limasan,
kampung and panggang-pe. Each type has a number of diffamtemts. Mosque has only two variants, tajug
and langgar. The characteristics of the other 4 types building and their saiantn the number, shape, and
length of wood construction of the roof and pillar. Mosque has dntial pillars. This shape distinguishes
mosques from other types of buildings which pillars are rectang@tarording to the local knowledge of
Javanese community, the four types of buildings were developed frerbasic type, namely the mosque,
especially of tajug variant. The developments were in the types of reckded by tajug, then joglo (from the
word tajug-loro), then the limasan (from the word liman sap),lasitly kampung. The last type arises due to
shortage, so it emphasizes simplicity in making roof (Josef Prijotd&85, p. 11).
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B Figure 1 Building typés of traditional Javanese architecture
Source: http://sketsasenja.blogspot.co.id/2011/10/kajian-historis-morfoksjie-agung_06.html

The important thing in traditional Javanese architecture is about structural sfdterbuilding. There are
two systems of building structures, namely the room plan ambdfiglan. Building plans emphasize length and
width of the room and layout of the building reinforcinggmdl. The proportion of building is not only physically
determined by size but also by the characteristics or pewatakan desires lhyiltling owner. Awareness to
bring good proportions through disposition is adapted to the tfriilling. Disposition is taken from the
length of the building, the pole height, and the number of rafiéxe are several terms in disposition, such as
sri (knowledgeable character), tapa (tempered hunger), lungguh (solattengrsedana (rich character), and
pugeran (trustworthy and steadfast character).

The ratio of length to width of main room plan in four typebuwifding is as follows:
Masjid type length : width=1:1
Joglo type length : width=3: 2
Limasan type length : width=5:3
Kampung type length: width=2:1

These ratios are in accordance with the ratio proposed by Palladio, an architecttduRenaissance in
16th century (Josef Prijotomo, 1995, p. 112). This indicatgsoier time human thought about the need of
habitable building comfort is always the same, especially in determination pisjzertions.
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1.3. The Grand Mosgue of Yogyakarta asatraditional mosque

Grand Mosque of Yogyakarta, better known as Masjid Gedhe Kauman, iasybsrri Sultan Hamengku
Buwono | and Kyai Fagih Ibrahim Diponingrat (the first religious leadéfamyyakarta Palace), as well as Kyai
Wiryokusumo as the architect. The mosque was built on Wage (Javaywstudday, May 29th 1773 AD or 6
Robi'ul Akhir 1187 Hijriyah (Islamic calendar). Grand Mosque of Yogyakiara central mosque that was built
in the center of Ngayogyakarta Sultanate. The mosque, standirg imaih square north of Yogyakarta, is one
of the national heritage building as stated in Monumenten Ordonante 2B&08 preserved by the Indonesian
Government.

This study was conducted in the traditional mosque as a cultural herithgghdfistorical value and is a
conserved building in accordance to DIY (Yogyakarta special province) @mveecree No. 186 / 2011. Figure
2 shows several parts of the Grand Mosque complex in Yogyakarta.

Serambi foyer of the Grand
Mosque )

Pajagan (post of Pagongan (house of gamelan, Gapuro (front gate of the
guardian soldiers m front of the | Javanese musical instruments, mosque)
mosque) m front of the mosque)

Figure 2. Several parts of the Grand Mosque complex in Yogyakarta
Source: Author’s document, 2015

Yogyakarta Grand Mosque was built on an area of 16,000 square metetiiding area of 2,578 square
meters. This mosque can accommodate up to 1,500 worshipers. $heenis still standing strong since it was
built, except for the foyer (serambi) of the mosque that experigededelopment in 1867 by Sultan Hamengku
Buwono VI because of the earthquake that tore it down. Spaciousiogew two times the size before the
earthquake hit. In 1933 shingle roof was replaced with thick andgstvimon (wavy) zinc plate. The walls of the
mosque were made of white stone structure that still survive until naavofiginal mosque floor was made of
black stone. Initiated by the Sultan Hamengku Buwono VI, the flédoyer and mosque was replaced with
Italian marble, respectively in 1933 and 1936. The foyer is still usedpseca of prayers and Islam-related
rituals. The mosque became the object of research as this research is expeetedltthat the acoustic
phenomena in it as part of intangible cultural heritage.

2. METHODOLOGY

In general, there are two kinds of research paradigms, namely qualitaitV quantitative. Research
paradigm is the view towards the research object, which will affect the reseatatdntete used. To choose
the right paradigm in research, it is necessary to understand the chafraeserarch to be conducted. The study
of The Grand Mosque of Yogyakarta has the following characteristics:

a. This study is on the acoustic performance of existing dpabe mosque. Conditions of space inside and
outside the mosque (foyer and yard) are natural without any enginéEnmgnosque still serves as a place
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of worship activities like prayer, community education, scientific assemblslamic studies, and other
activities as muamalah (community-related) worship activities. Thuspdlsgue is assumed to have a good
level of audial comfort.

b. The Grand Mosque of Yogyakarta as a research object is a traditional mogheepast, the construction
of mosques followed the rules of traditional buildings as local knowletige mosque is pristine except for
the floor and roof.

c. The research activities are acoustic measurements by instrument, follothedriigrpretation of
measurement results through observation and interviews with dsbesrmosque

Considering these characters of the study, the research paradigm chaderatisnalistic one, as a
consequence of the existing problem and research character. Resultsetetzegl will not only be sensible
empirics but also logical empirics. Acoustical phenomenon is a physical peeannso that the analysis used a
research methodology that put hypothesis proving as the firstTsigmrove the hypothesis, impulse response
was measured to look for acoustic parameters and soundscape emesgumNevertheless, the results still
require interpretation to reveal the truth behind physical phenomena as theotaamsmustic phenomena
formation. Interpretation of results was also conducted using noriephgienomena, which include history, as
well as religious and cultural activities of local communities associated katimbsque. Therefore, linkages
between acoustic phenomena and local knowledge of local communityuihthe mosque will be revealed.
This research combined quantitative and qualitative approaches. Quantitative reseamdnducted through
objective acoustic measurements, then the results will be interpreted in a descigtivative manner.
Sugiyono (2012) found that quantitative and qualitative methods winéchsed simultaneously will obtain more
comprehensive, valid, reliable, and objective data.

2.1. Quantitative Method

Quantitative methods in this acoustics research emphasis on measarimptise response. Measurement
of impulse response essentially aims to find the value of acqastieneters. From these measurements, we will
get an overview of interaction between the sound source with rirglotaces. It can be described in a time
sequence pattern of reflected sound energy at any point in the asomell as the reduction of sound energy at
any time or any information of reflected sound (Yanti, 2014). Atoysrameters in this study consist of;
reverberation time (RT or T), Early Decay Time (EDT), Clarity of speer Definition (D), Clarity of
discussion or Clarity (C) and Background noise.

The dependent variable in quantitative method is acoustic parameter, whereaegandent variable is
building and environmental setting of the mosque indoor. Supportsiguiments of quantitative method are:
Dodecahedron sound source; Omnidirectional microphone; Calibrator; AmpBfgal conditioning system;
Laptop with installed software of Realtime Analyzer (Yoshimasa-Japaipediand connecting cables. The
main instrument of measuring tools are shown in Figure 3.

e 2 ; v s ,“. “aa¥®, T2l oo A i
Figure 3. The main measuring tools (from left to right): omnidirectional microphomajdirectional dodecahedron, tools
setting, amplifier, and signal conditioning systefource: Author’s document, 2015

Measuring points are microphone positions inside the mosque witl pagtern and numbering as shown
in Figure 4. The microphone is placed at a height of 1.55 m frorioive(position of worshipers voice source
when standing in prayer) and the sound source (dodecahedeosijtuated at a height of + 1.55 m above the
floor (preacher standing position) according to ISO 3382-1. Itemasred that there was no other active sound
sources in the room like people conversation and electronic appliances.

95



1 =

Is Livas
Applying Local Knowledge

for Livable Space

o g o & o s

i

c 9 . . b |, $oun
e

o2 o3 o4 5 L]
. . . . ® L
5 o7 &8 8§ 16__ : H.,. .
. . . .
12918 14 2150, 1.®
- g 2 N i
#17 «18 «19 «26€ b
.‘-n - . o “§-sme0
o22 23 *24 25 "r-q =8 = 1
= - - . d. ( ' - 8
83

Figure 4. Pattern of microphone positions or measurement points
Source: Author’s analysis, 2016

The retrieval of data used realtime analyzer software (Yoshimasa, Japdtijnékaaalyzer is one of the
software to process the measurement results of indoor acoustingiars. After retrieval, the RTA performed
signal processing that produced acoustic parameters. The frequegeywas read on the graph as impulse
response of 63 Hz to 16,000 Hz and 1/3 octave filter. The data were anaty#sel middle octave band
frequency range of 1000 Hz in 1/3 octave bands, so the data was reitnidvedange of 890.899 Hz - 1122.462
Hz.

2.2. Qualitative Method

Instrument for qualitative methods are researchers themselves. Resulentifative methods need to be
interpreted using subjective qualitative methods. Qualitative methods emphasiasetts perception of the
condition of the mosque space and the activities in it. A questionnaire wasasisedmeasuring tool for
subjective evaluation. A list of questions used was related to the ¢ahfararing, speech intelligibility, clarity
of discussion, the clarity of the sound, and the selectioneofrtbst convenient places to pray and listen to
imam/khatib (preacher).

2.3. The Standard of acoustic parameters

Reverberation time (T30) as standardized by Mullan (1992) is 1.5 uhsktonds, by Mediastika (2005) is
0.5-1.5 seconds. Kayili (2005) standardized T30 based on the voluspace, so for this mosque of 7,200 m3
T30 is 2.1 seconds. The standard of speech clarity (choseraj@rpis C50>0 dB (Long, 2006), while standard
of music clarity (chosen for Holy Qur'an recital) is 0<C80<4 dB (L@@§6, p. 637), with +3< C80 <+8 for the
front row and 0< C80 <+5 for the back row. Standard of exce88r87% definition is 45 <D50 <70 (Mc
Mullan in Mediastika, 2005). Standard of Early Decay Time for spemmim is 0.648- 0.81 second. There is no
standard of background noise, but in general the standard is @B-®&nsler, et al., 2000, p. 364).

3. DISCUSSION
3.1. Traditional architecture supportsfor the formation of acoustic quality

A mosque is obviously a ‘dwelling’ in desperate need of a comfortatdition. The mosque architecture is
the result of human and environmental dialogue. Architecture must bedrdance with the needs of humans
on the environment, including space tranquility while praying imoaque. A mosque in local knowledge is the
most sacred building and so its sanctity must be well-maintained. Theneriof mosques is inseparable from
the existence of the palace. Architecture of Yogyakarta Palace is an exantple loést Javanese palace
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architecture, because it maintains the values of traditional Javanese philostiptogay. The existence of the
mosque needs to be studied further, especially about the inside acouditioasnThere is an assumption that it
was built by the influence of not only Javanese petungan but alsbatecters of Sultan Hamengku Buwono |
It can be understood because the Sultan had an architectural expertise.hHaanhigave thought abouteh
acoustic quality yet, since at that time there was no sound system availdbtmlg the human voice was
concerned. It was quite enclosed within the construction systenosfuas. Now it is easier to set up the
acoustic quality with modern sound system

3.2. Acoustic parameter s measur ement

This research used real sound impulses without sound systernmsotirer word natural sound. Sound
impulses from the dodecahedron loudspeaker will produce high anfidquency distribution and the value of
acoustic parameters of each frequency. Acoustic parameter values ob&imatstlate the performance of the
building elements that exist in the main hall of the mosque.

Impulse response measurement was conducted at 07.30 until 11.3@calrtime. This is the noisiest time
because usually the courtyard of the mosque is used for gptivities by Kauman Muhammadiyah elementary
school students. Children's activities are the source of noise. After the remeasti was done, a stage
entertainment was ongoing in the north of the square. This wathalsource of the noise. These noises did not
affect the tranquility in the mosque. It is proved by the resultofistic parameters measurements in Table 1
and calculated average acoustic parameters as listed in Table 2. The revarberatidefinition, sound clarity,
and background noise demonstrate compliance with their standards.

Table 1. Results of acoustic parameter s measurement in open mosgue (A) and closed mosgue (B)

A Measure Measure B
: ment | RL | T30 | EDT | c50 | ¢80 | Dso ment | RAL | T30 |EDT|Cs0 | ¢80 | D30
point point
1 R — 1. N 1 R -
- 1477 | 1125 | 1.79 | 4.52 | 57.76 1303 [ 1183 | 100 | 427 | 5872
2 L 2 L
3 R - _ 3 B
1233 | 0.652 | 641 | 933 | 790.12 3 i s | 052 | 7885
" o - T 1339 | 0695 | 645 | 93 8.8
5 L . i 5 L
1815 | 1.095 | 0.62 | 3.7 | s2.72 R > 7
. R = S 133 [1104] 018| 289 | 4887
7 R - - 7 R R - <
1.642 | 1.032 | 3.19 | 5.24 | 65.40 1442 | 1129 331 | 525 | 65.62
8 L 8 L
9 R m aa . | =
1717 | 1 | 234|490 | 6277 2 R lisoo| 1 | 15| 374 |ss18
10 L 10 L
11 L | 1765 | 1.242 [-046| 2.03 | 4671 1 L 1
> = = 2244 | 141 |040| 173 | 4714
- T 1583 | 1288 | 0.18 | 323 | 5106 :; i‘
o = 1568 | 1292 03 | 226 | 4813
2150 | 1.234 | 001 | 1.52 | 4472 14 3
L L L L 1 iss|1287] 026 | 257 | 513
16 R | 1765 | 1242 [-046| 203 | 4571 16 R | o e :
17 R R R N 17 R
1729 | 1174 | -1.15| 17 | 43.26 2128 | 1207 | -
3 T 3 T 2128|1207 | 19 | 086 | 30.18
1 R | omar [ 110 | 15| 23 [a112 19 E 1 ia7|127m |14 12 | 20
20 L 20 L
21 R 1.656 | 1.164 [-057| 260 | 46.73 21 R 1586 | 1142 | 072 | 237 | 4560
22 R - - 7 E
2039 | 1.135 | 025| 2.68 | 48.36 e 3 067| 2 3
3 2 3 = {1364 | 1146 | -067 | 238 | 4612
24 R _ B 24 R
1565 | 1.07 | 0.06 | 3.22 | s0.32 2 7 7 59
> 2 3 = T—{ 185 | 1182|078 275 | 4521

Source: Athor’s analysis, 2016
Table 2. Calculated aver age acoustic parameters

Acoustic _ ~ Background
T30 EDT Cs0 30 D50 .
Parameters Noise
1.7
Open 1,125 0,8 dB 3.6 dB 45.3% 534 dB
s
1.55
Closed i 125 0,5dB 3,26 dB 51,8% 51,6 dB
s
- 50> +3< C 5 <D5
Standard 21 0.7 €50-0 ) cso 4 _T’ 0 30-35dB
s 1.1 dB <48 <70

Source: Author’s analysis, 2016
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Figure5. Iso-acoustic of sound pressure level in open mosque (A) and closedeniB3qu
Source: Author’s analysis, 2016

The opening and closing of mosque grand hall show similardspatterns. The front part of the mosque
had a low sound pressure which noiseless space is only 39 dBtlvehmiddle reached 53 dB, and near the rear
entrance reached 58 dB. Background noise measurement resuisniaithhall of the mosque has an average
value of 52.5 dB.

Worshipers inside the mosque (36 male respondents aged 20r§pmeatly prefer noiseless spaces in the
front (66.7%) than in the middle (33.3%). Generally respondents felt thgumésquiet and the preacher’s
voice was clear (95%). Women (5%) were provided spaces in the badodall less quiet for their prayers
near the entrance. Based on the results of questionnaires, it appears thagthe caa still provide comfortable
"dwelling" for worshippers to stay for long time. The mosque thas Wuilt upon Javanese traditional
architecture and has a history of noble values, turns out to savedper@aning of a comfortable space to live
in.

The soundscape measurement was also conducted in the fdlierrnbsque. The sound pressure level in
the north side of the foyer is 48 dB. Figure 5 shows that ther fofythe mosque had a regular iso-acoustic
pattern like the grand hall. Noises around the mosque did not affect tiiericofmwvorshippers for long stay in
the foyer. Even they could comfortably and peacefully rest and sleeyp wating for prayer time (Figure 6). In
the front portico surrounding the mosque there is a founthiohwncreases the relaxed and restful feeling of the
worshippers as they hear the sound of gurgling water.

Figure 6. The north side of foyer forming a relaxed and restful place
Source: Author’s document, 2016
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4. CONCLUSION AND RECOMMENDATION

Yogyakarta privilege lies not only in the form of government, but #feo privilege of Yogyakarta

geoecology and noble values of society that must be well-maintainedl knowledge on the architecture of
Javanese community has provided a clear evidence that it has noble Tatu€sand Mosque of Yogyakarta is
a proof that local knowledge about the proportions of the buildingeshajimensions, as well as number of
pillars and rafters, had formed comfortable inside and outside spaces$bipyd he mosque has good acoustic
qualities. Acoustic parameters of sound clarity, speech clarity, and revenbenatowere in accordance with

their standard. Inside space in the mosque was shaped to allow quietngesship with more concentration.

The outside space was formed in order for worshipers to feel coméoatadh relax for a long stay to worship in

the mosque.
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