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1. Investigate reverberation time components in various dome types based on
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2. Examine speech transmission index and speech clarity in lecture spaces across
different dome geometries
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Introduction

Architecture distinguishes itself from other arts through its simultaneous consideration
of aesthetics, structural stability, and functionality (Song et al., 2016, p. 166).
Determining a building's form constitutes the most crucial task in architectural design
(Pefia et al., 2021, p. 1), as the initial building shape significantly impacts performance,
construction costs, daylight utilization, energy consumption, shading performance,
acoustics, functional accessibility, solar benefits, and other characteristics (Agirbas,
2019, p. 142).

Form-finding has become a key stage in conceptual design, as its outcomes inform
subsequent design phases, construction processes, and the building's lifecycle (Pefa et
al., 2021, p. 1). Recently, acoustic considerations have gained attention in non-musical
professional spaces such as libraries, offices, multipurpose areas, and lecture halls
(Cairoli, 2018, p. 167; Kaarlela-Tuomaala et al., 2009, p. 1423; Xiao & Aletta, 2016, p.
265).

The roof, as a fundamental architectural element with distinct geometric characteristics,
profoundly influences a building's sound quality (Vathiq & Shiri, 2020, p. 211) [In
Persian]. When speech signals propagate through space, sound waves interact with the
spatial geometry, causing measurable changes in acoustic quality components such as
speech transmission index, reverberation time, and speech clarity - ultimately affecting
overall acoustic performance (Munteanu et al., 2018, p. 331; Gramez & Boubenider,
2017, p. 39; Robinson et al., 2014, p. 55; Tervo & Tossavainen, 2012, p. 2).

The enduring stability of curved (domed) roofs in Iranian architecture makes them ideal
specimens for acoustic quality investigation. Understanding the relationship between
architectural components and acoustic performance is essential for effectively applying
dome roof patterns in contemporary architecture from an acoustic efficiency
perspective. Some researchers employ form simulations while controlling other
influential variables like materials (Abdou, 2003, p. 39; Ismail, 2013, p. 30; Oldham &
Elkhateeb, 2008, p. 200).

This study examines the acoustic components of lecture spaces across various dome
geometries. Architectural parameters (surface area, volume, height, height-to-span
ratio) and curve-fitting equations (curve slope and length) significantly impact
reverberation time, speech transmission index, and speech clarity. The research
primarily investigates: How do geometric and mathematical parameters of domes affect
acoustic quality components in lecture halls?

To address this question, the study establishes that dome parameters - including surface
area, volume, height, height-to-span ratio, curve slope, and curve length - significantly
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influence speech transmission index, speech clarity, and reverberation time
components. The research methodology is illustrated in Figure 1. Numerous studies in
architecture have addressed the topic of sound quality in domed spaces. These studies
can be divided into several categories based on their variables and research objectives.
A review of existing research shows that few studies have simultaneously examined
both the geometric and mathematical aspects of domed roofs from an acoustic
perspective.

Some researchers have focused on geometric characteristics (Farshad, 1977, p. 85;
Huerta, 2007, p. 211), mathematical properties (Capilla Tamborero et al., 2021, p. 3),
or combined geometric-mathematical approaches to determine optimal arch equations
using matrix-based curve fitting methods (Izadpanah, 2018, p. 41) [In Persian], as well
as proportional studies (Capilla Tamborero et al., 2021, p. 3; Feizolahbeigi et al., 2021,
p. 2).

Other research has examined geometry and proportions with an emphasis on acoustic
analysis (Ismail & Eldaly, 2018, p. 56; Inoue et al., 2009, p. 221). Regarding curved
roofs and acoustics, Sii and Yilmazer (2008, p. 21) simulated the domed roof of
Ankara's Kocatepe Mosque using Odeon software in 2008, analyzing its acoustic
characteristics. Mohd Arif (2013, p. 1) investigated the acoustic performance of
different roof shapes including domed, pyramidal, and flat forms. Kassim et al. (2014,
p. 1127) examined pyramidal dome geometry with acute angles in 2014. Eldakdoky and
Elkhateeb (2017, p. 8) studied the effect of dome shape and location on mosque
acoustics using computer simulations, finding that dome shape affects reverberation
time and speech clarity, with increased volume leading to reduced reverberation time.

While these studies have examined height-to-span ratios, curve steepness, dome types
and their placement in relation to acoustic quality, they have not simultaneously
addressed the mathematical aspects of arches (such as curve length and slope) along
with the physical characteristics of domes. This paper aims to examine the acoustic
quality of lecture spaces under various commonly used dome arches, based on curve-
fitting equations derived from traditional arch-drawing methods used by master
craftsmen in Persian architecture.

Conclusion

The roof is one of the key factors affecting acoustic quality in buildings. Domed roofs
offer advantages in structural stability and thermal performance. Given their superior
structural performance, it is necessary to improve their other functional aspects,
including acoustic performance. Reverberation time (T30), speech clarity (C80), and
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speech transmission index (STI) are the main factors determining sound quality from
an architectural perspective in large lecture halls. Increasing volume, surface area,
height-to-span ratio, arc length, and curve slope leads to increased reverberation time
and decreased speech transmission index and speech clarity. This indicates that as these
parameters increase, sound quality decreases. These findings are consistent with
previous acoustic research by Kassim, Yilmaz and Arif, and Eldakdoky and Elkhateeb.
Domed forms with similar volume, surface area, height-to-span ratio and arc length -
but with gentler curve slopes - demonstrate superior acoustic performance in terms of
reverberation time, speech transmission index, and speech clarity.
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