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When Heritage Meets 
Science: Unlocking the 
Acoustics of the Oud



The oud, one of the most iconic musical instruments 
of the Arab world, embodies centuries of cultural 
expression and artistic craftsmanship. Known for 
its deep and resonant tones, the oud is more than 
an instrument; it is a symbol of heritage and identity. 
Yet, like all traditional instruments, it faces technical 
challenges. Maintaining a balance between structural 
durability and rich tonal quality has always been a 
delicate task, traditionally entrusted to the experience 
of skilled luthiers. At Qatar University, we sought to 
explore how modern engineering methods can be 
used to understand and optimize the oud’s complex 
vibro-acoustic characteristics while preserving its 
authenticity.
The oud’s structure comprises several key 
components, each contributing to the instrument’s 
overall performance. In particular, the bracing, 
consisting of internal wooden supports glued to the 
underside of the soundboard, is used to distribute the 
tension from the strings and prevent deformation, 
warping, or cracking due to the tension of the 
strings. The strategic design and placement of 
braces ensure stable tuning, durability, and optimal 
vibrational characteristics, ultimately contributing 
to the instrument’s overall acoustic performance 
and longevity. Central to this research is the study 
of bracing systems. Historically, bracing design 
has relied on inherited craftsmanship and intuition, 
with little scientific evaluation. Our study bridged 
this gap by combining finite element simulations 
with experimental modal analysis to systematically 
evaluate fourteen different bracing configurations as 
shown in Figure 1.
To investigate the vibroacoustic behavior of the 
oud, a numerical analysis was performed using 
the Finite Element Method within the Analysis 
System (ANSYS) environment. A detailed three-
dimensional model of the instrument was constructed 
in SolidWorks and imported into ANSYS, where the 

orthotropic properties of Sitka spruce were assigned 
to replicate the soundboard material. As displayed 
in Table 1, Modal simulations were conducted to 
identify the natural frequencies and associated mode 
shapes of the instrument under realistic boundary 
conditions. These simulations focused particularly 
on the first vibrational modes, which play a dominant 
role in defining the tonal balance and acoustic 
projection of the oud. The finite element results 
provided quantitative insight into how internal bracing 
influences vibrational stiffness, mode distribution, 
and the efficiency of sound radiation.

Table 1: Computational modal analysis and validation with 
experimental results.
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Paramount to this research is the study of bracing 
systems—the wooden supports placed beneath 
the soundboard. These braces not only prevent 
structural collapse under string tension but also 
play a decisive role in shaping the tonal character 
of the instrument. 
 Each model was assessed against six carefully 
defined performance indicators that captured both 
structural and acoustic qualities. These included 
tonal clarity, vibrational balance, stress distribution, 
and acoustic projection. The findings revealed that 
bracing is far more than a structural necessity. 
Well-designed braces can dramatically improve 
tonal clarity, enhance projection, and extend the 
life of the instrument. Among the fourteen models 
tested, two designs—Models 6 and 11—stood out 
as consistently high performers. They offered the 
best balance between stiffness and resonance, 
making them promising candidates for professional-
grade instruments. Several midrange models, such 
as 3, 4, 8, 9, 10, and 13, also showed favorable 
results when evaluated under more flexible 
performance criteria, particularly in contexts that 
demand strong projection, such as concert halls. 

In contrast, traditional or poorly balanced bracing 
systems tended to underperform, revealing the 
limitations of conventional methods when tested 
against scientific benchmarks.
The societal and cultural significance of this work 
extends beyond the technical findings. By applying 
advanced engineering tools to a traditional craft, 
this research contributes to the preservation and 
evolution of a cultural symbol deeply rooted in the 
Arab world. It demonstrates how modern science 
can support the continuity of heritage, ensuring 
that the oud not only survives but thrives in 
contemporary performance contexts. This aligns 
closely with the Qatar University Research Strategy 
(2025–2030) under the pillar of Society, reinforcing 
national identity while promoting innovation in arts 
and cultural preservation.
In essence, this study demonstrates that the oud is 
not only a cultural treasure but also a dynamic system 
that can benefit from modern engineering insight. 
By merging craftsmanship and science, we open 
new possibilities for enhancing its sound, durability, 
and cultural relevance, ensuring that this cherished 
instrument continues to inspire future generations.

Figure 1: Fourteen different cases of Oud bracing structures.

18 Qatar University Research Magazine 
Issue 24,  February 2026




