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Today, noise pollution is a major problem in the environment through
percussion sounds, and airborne and background noise in buildings,
resulting in lack of sound comfort and proper distribution of sound in
architectural spaces. According to the use of spaces, the degree of
importance of this issue is different. In open-plan offices, the presence
of unpleasant noise creates problems for users. For this reason,
speech privacy and speech clarity are of great importance and
attention in these spaces. The purpose of this study was to reduce
harmful reflections and proper distribution of sound in open-plan
offices. In this research, the acoustic indicators of materials and the
physical form of an open-plan office space were investigated. The
research was based on the correlation method and investigation of
architectural independent variables and acoustic dependent
variables. The selected sample was calculated by AHP method and
simulated in Edeon software in several administrative office stations.
Two different types of geometry (high-corner roof and low-corner
roof) with two different materials (polished materials and textured
materials) were investigated. Reading time (RT) and speech
transmission index (STI) were drawn and calculated in Edeon
software to create speech privacy. The results showed that the closest
figures to the international standards were obtained by using forms
with a higher number of levels and composite materials such as
(plaster and mineral fibres) which caused higher sound absorption
and speech clarity and an optimal increase in conversation privacy.
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EXTENDED ABSTRACT

Introduction

In contemporary architecture, one of the ways to create a new classification in office buildings
is to use open-plan office design. The idea of the open plan office was created to eliminate
administrative hierarchies and develop synergies. The purpose of this type of design is to create
diversity, adaptability, changeability and create a creative work environment in work
environments. Open-plan office designs attempt to increase functional communication between
employees by removing physical barriers that disrupt workflow and communication. In this
regard, removing physical boundaries means reducing privacy and distractions, and creating an
opportunity to increase close personal relationships between employees, leading to reduced
control over the boundaries of personal and work space. In addition to the strengths of open-
plan offices, factors such as speech interference caused by noise, annoying voice, lack of clarity of
speech and loss of speech privacy are important. Disturbing noises such as speech and laughter,
telephones ringing, the sound of stairs, the sound of ventilation, the noise of office equipment,
and the noise of cleaning all lead to people's lack of concentration and distraction. The
importance of addressing this problem shows the necessity of acoustic measures in open-plan
offices. The shape of the space and the amount of absorption of consumables can be considered
as the effective factors of architecture, the transmission of speech and time as acoustic factors. In
this research, using Odeon software, an office with an area of 400 square meters with 4 different
geometric shapes and 6 different materials on the roof was simulated. The graphs of speech and
reading transfer index were examined and the relationship between dependent and
independent variables was evaluated using the correlation research method. Comparing the
information available in the software in the form of a matrix by obtaining the speech
transmission index and optimal study time in open-plan offices to the result and determining the
optimal option were the main objectives of this research.

Methodology

In the present study, the research method used was quantitative; the hierarchical method
was used to reach the conditions and ranking of the variables, the elements and phenomena
effective in the clarity of speech were identified and classified using the Expert Choice software,
and the AHP method in the form of a survey and questionnaire distributed to 10 experts with the
preparation of alternatives and the results of sampling leading to the first priority of the plan of
open plan offices to be selected. Simultaneously, combined strategies were tested using the
correlation method, independent architectural variables (form and materials in the ceiling) and
acoustic dependent variables (reading time and speech transmission index) were measured.
This evaluation was conducted by simulation method in Edeon software. The comparison of the
relationship of the variables in the form of a matrix showed the result for the comfort of voice
and clarity of speech in the form and materials which can be recommended in planning offices.

Results and Discussion

In the present study, radial and cruciform, regional, cluster and environmental alternatives
were proposed for an office building, and by using the AHP method, a practical and common type
of environment was selected: the dimensions of the building being 15 x 27 meters in modular
form with a coefficient of 60 cm in the floor and ceiling. It was designed for practical purposes
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(dimensions of lighting and ceramics). The floor of the building to be made of ceramic with the
dimensions of 60 x 60 cm and the partition with a height of 1.50 meters made of MDF was
considered as one of the fixed elements of the research. The independent architectural variable
was divided into 4 different roof forms with 2 types (multi-corner design - no-corner design).
These forms were evaluated in 6 types of materials with 3 classifications (flat and grooved wood
- flat and patterned leaf plaster - cellulose fibers and mineral fibers).

Conclusion

Rectangular central pattern measuring 15x27 square meters, ceiling height of 4 meters,
ceramic floor, three plaster walls and one glass wall, and partitioning as fixed elements and
combining different forms in the ceiling and changing materials were modeled as elements with
24 patterns. In the results obtained from the Odeon software calculations in Table 1, referring to
the optimal speech transmission index of the combination of form and materials, 2.1.4 (soft
volumes and hollow plaster), 6.1.3 (multiple Proficient corner and mineral wool) and 6.1.4 (soft
sizes and mineral wool) had the most appropriate results.

Table 1. Comparison of the average speech transmission index at different frequencies in 10 workstations
and 24 research samples.

Mean Speech Transmission Index (STI) Model Row
0.754 2.1.4 Model 1
0.75 6.1.3 Model 2
0.756 6.1.4 Model 3

And based on the Reverbration time and reading in Table No. 2, the middle frequency of 500
Hz with the optimal time and reading, in which the combination of form and materials 1.1.1
(several quiet corners and simple plaster on metal nets (Rabbits)) and 1.1.3 (multiple busy
corners and plaster) Simple on metal nets (Rabbits)) has had the most appropriate result. Raw
materials without secondary acoustic interventions in the ceiling, materials such as composite
acoustic tiles (mineral fiber and gypsum) have a very high ability to absorb and isolate sound and
will have the best results for achieving speech clarity. The use of forms with a high number of
levels (rich) in any kind of corners and without corners (soft) will optimize the conditions of
voice comfort and speech privacy and speech presentation.

Table 2. Comparison of average time and reading in different frequencies in 10 workstations and 24
research samples.
8000 4000 2000 1000 500 250 125 63 Hertz Row
0.755 1229 1393 124 1321 1266 1466 1774 1.1.1 Average model 1
0.733 1174 1287 1243 1232 1124 1299 1.601 1.1.3 Average model 2
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