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Abstract: The cognition of a good campus environment refers to the physical environment
formed by planning and design, considering the function, reasonable layout and atmosphere of
the space, and putting forward an implementation plan that can meet or exceed the teaching,
learning and life needs of teachers and students, so that the campus has perfect overall
characteristics. This paper takes university lecture halls as the research object, studies the spatial
sound requirements and tests the acoustic quality control of these spaces, and attempts to explore
the feasibility of using volcanic rocks as wall decoration materials. According to the
characteristics and principles of sound transmission, combined with the present situation of the
lecture hall and its original acoustic environment, a series of acoustic field experiments are
implemented. By means of computer software simulation, the advantages of volcanic rock as
wall decoration material in sound absorption effect and quality control are proved, and also its
effect is better than other materials. Obviously, the computer simulation software is an applicable
way in assisting the selection of interior wall decorative materials. Therefore, this study confirms
the sound quality characteristics of volcanic rock materials and provides a feasible reference for
those spaces requiring acoustic quality control in the future.

Keywords: Volcanic rock material; Lecture Hall; Acoustic quality control; Software

simulation; Campus environment
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Introduction

In the system of educational institutions, according to the different learning stages, levels,
needs and content provided, the educational objectives may be different, but the
requirements for the teaching environment are basically the same. A good learning
environment means that the environment formed by campus buildings has perfect overall
characteristics and atmosphere, and the various facilities provided in the planning and
design should be able to meet or exceed the needs of users in education, life, learning and
other aspects. Generally, a good school environment has positive impacts on the teaching,
learning, achievement, attitude, health, and behaviour of both teachers and students,
showing great significance [1, 2, 3, 4, 5]. Kennedy (2002) believed that the quality of
education provided by schools should be seen from the various facilities within them. For
example, 10 design points that consider student learning spaces include natural lighting,
sound, space, technology, ergonomics, maintenance, indoor air quality, safety, toilets, and
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roofs [6]. As a result, the school administration should pay special attention to these
problems. Castaldi (1994) believes that the basic elements of educational facility planning
should include adequacy, efficiency, economy, safety, health and comfort. In the
management of schools, special awareness should be raised to the environmental
composition of energy conservation, management, hearing, vision and other aspects [7].
Lackney (1999) studied environmental sound quality and came to the conclusion that
environmental factors affect students’ physical and mental health. In addition, in a
curriculum-based education system, environmental factors have a considerable impact on
the effectiveness of learning. However, factors of design, configuration, and adjustment of
teaching space, scale of facilities, and design of learning spaces, which are most frequently

argued by the educators and the public, are often ignored [8].

School is an architectural entity with scientific and rational thinking orientation. For the
physical environment of the school building, comfort and efficiency are two elements that
receive great concern. Because students need to spend a lot of learning time in the classroom
every day, the classroom lighting, color, noise, ventilation and other environmental
elements will have a direct and indirect impact on the teacher’s teaching and students’
learning, as well as their physical and mental health. In the campus environment, the
classroom is an integral part of the core function of the education building, and the comfort
of the indoor acoustic environment will directly affect the learning and communication
effect of teachers and students, and even the overall teaching quality. For architectural
design, architects usually focus on reasonable functional layout and the composition of
aesthetic decoration [9, 10] but seldom consider the comfort of indoor acoustic environment.
Background noise is the most basic scene-noise factor in the indoor sound environment
[11]. When the sound pressure level (SPL) of background noise is too high, it will affect
the sound environment and the listener’s feeling. The research results show that the
maximum allowable background noise level of the classroom is 50 dBA, which is also the

main reference of China’s national standard [12, 13].

Huan classified the specific noise [14, 15] and listed 11 common noise sources such as
traffic noise, activity noise and communication noise. In addition, reverberation time (RT)
has a significant impact on the indoor sound environment of teaching spaces [16]. Yongmin
et al. found the best RT for designing the classroom sound environment through
experiments. Their experimental method was to evaluate the acoustic environment by
adjusting the RT to obtain the average speech intelligibility. According to their experimental
results, when the classroom volume is less than 200 m® and the signal-to-noise ratio is not
less than 20 dB, the reference recommendation value of the optimal design RT is 0.6s [17].
Jie et al. conducted RT measurements in ordinary classrooms of 28 universities and primary
and secondary schools in China. The measured result is more than 1 s, so it fails to reach
the recommended value of the standard. In other words, if the RT in the classroom is greater
than 1 s, the value of speech intelligibility will be above 0.6. Based on this result, Chunyan
proposed that in a small ordinary teaching space, if the background noise in the noise
evaluation curve is less than 35, then the RT will be between 0.4-0.6 s. At the same time,
in larger classrooms with larger indoor background noise, RT should be between 0.8 and

1.0 s [18, 19]. Nebalek and Robinson found through research that the technique and
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composition of interior decoration will also bring certain changes to the indoor sound
environment, such as changing the way of sound diffusion in space. This approach can be
understood as adding acoustic or reflective materials to the indoor environment. Therefore,
they believe that when analyzing the indoor sound environment, the form and material of
furniture should also be considered. These research results show that with the increase of

indoor RT value, the score of indoor speech intelligibility will continue to decline [20, 21].

Alternatively, the sound quality of the interior space is closely related to the wall. When
discussing the application of architectural acoustics in architectural decoration, You
Tiangang (2022) pointed out that the upper wall of the auditorium should be able to
accommodate a large proportion of various sound absorbers. These variable absorbing
elements can be mechanically managed and operated by either an acoustic screen or an
active panel. This variable absorber design is widely used in modern acoustics, and most
concert halls apply it on the rear wall [22]. On the basis of optimizing the design of the
existing reverberation chamber, Liang Xinjian and Zhou Hongmei (2021) also pointed out
that the transformation of the internal wall can provide references for detecting the sound
absorption coefficient and noise reduction effect of different sound absorbing materials [23].
Xie Dong (2023), on the other hand, believes that the air sound insulation performance of
walls has a key impact on the comfort of indoor sound environment. Therefore, how to
optimize the sound insulation performance of commonly used wall structures is an
important task in the design of indoor sound environment. According to the characteristics
of the wall structure and the noise frequency band, the weight apparent sound insulation of
the wall can be significantly improved after sound absorption material is added [24]. It can
be seen that the wall treatment will optimize the acoustic environment of the indoor space to a

certain extent.

The main purpose of this study is to apply volcanic rock materials to the acoustic absorption
experiment of teaching and learning spaces. The simulation software for measuring sound
absorption is used as a tool to explore the possibility of sound control by applying this
material as an indoor wall material. The preliminary results show that volcanic materials
can achieve specific acoustic control effects through different spatial functions. In particular,
if the required sound absorption effect can be achieved in the educational space, it will be

able to improve the quality of the acoustic environment of teachers and students.

In this study, volcanic rock materials were tested in the teaching space by means of software
simulation. The final results show that volcanic rock materials have good sound absorption
performance, and the sound absorption coefficient is close to that of common sound
absorption materials. Therefore, it is feasible to use volcanic rock material as an indoor
wall material for sound control and it is necessary to further study the sound absorption
performance of volcanic rock material under different conditions and its application in
different spaces. At the same time, the durability and cost of volcanic rock material in its
practical application needs to be considered, to ensure that it can be widely used in building

construction.
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Materials and Methods

Volcanic Rock Material

In recent years, with the rapid development of China’s economy, China’s construction
speed has accelerated, and the production of building materials has also accelerated [25].
In the context of building a harmonious, energy-saving and environmentally friendly
society, the stone industry must eliminate products with serious radiation pollution and
backward technology [26]. The current consumption concept has shifted from the original
“surface” to “internal” and emphasizes the importance of environmental protection.
Although volcanic rock is only a grey material, it gives a feeling of elegance and richness.
Therefore, the use of volcanic rock in the interior decoration can not only achieve an elegant
and beautiful appearance of the space, but also reflect the quality required by the owner. In
this case, volcanic rock is undoubtedly the best choice for decorative materials [27]. In
addition, its environmental advantages make it a leading product in natural stone products.
The increasing focus on health and nature conservation will make volcanic materials the
dominant material in the market. Volcanic rock is a new product in the stone industry and
has many advantages. Particularly, it has both stone characteristics and its unique decorative
style and particularity. The comparison between basalt and marble stone shows that marble
stone contains higher radioactive substances. Therefore, in recent years, more and more
people have given up the idea of using marble stone for home interior decoration. In contrast,
basalt is low in radioactivity and can be safely applied in the daily life of humans for the

comfort of consumers [28].

Further, volcanic stone can resist weathering, withstand outdoor climatic conditions, absorb
noise, improve the sound environment, prevent light pollution with its pure color
characteristics, and improve the environment with visual factors in people’s daily work and
life. At the same time, it can also absorb water and provide heat insulation, is anti-slip,
improves the surrounding environment, plays the role of a “lung”, promotes the breathing
of the entire space, adjusts the air humidity, and improves the ecological environment. In
the field of architectural decoration, volcanic rocks maximize the concept of nature as the
center and environmental protection. In addition, hard volcanic rocks can be made into
ultra-thin slabs with a polished gloss of more than 85 degrees for outdoor wall and floor
paving. It can be widely used in a variety of archaic architecture, European-style
architecture, and garden architecture, which are highly praised by the decoration industry
outside China [29]. Ultimately, volcanic rock cast stone pipe has excellent abrasion and
corrosion resistance and can be used to replace harmful asbestos and glass products as well
as metal materials. Volcanic rock cast stone pipe is lighter than metal pipe and has the same
properties as the glass material, as well as nearly a century of service life. At the same time,
its toughness and elasticity are better than steel. Therefore, combined with interior space
design, this study discusses the characteristics of volcanic rocks in controlling the sound of

teaching space.
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Experiment Methods

Based on Zhang et al.’s research on the correlation between the application of volcanic rock
materials on indoor walls and acoustic quality control of indoor space [30], this study
attempts to make a deeper discussion and analysis. Thus, in this study, volcanic rock was
used as the main decoration material for indoor wall, and the sound absorption coefficient
was tested by computer software simulation. In this study, software tools such as AudioTool
and REW were used to measure and compare the RT sound absorption performance of the
rough-cast room decorated with hanging volcanic rock plates before and after renovation.
This test is calculated according to the Sabin formula in Figure 1 to obtain the mean sound
absorption coefficient and volume size. By comparing the acoustic absorption coefficients before
and after replacement, the possible acoustic absorption coefficients of volcanic plates are derived.
Finally, the estimated sound absorption coefficient of the volcanic rock plate is input into the
acoustic simulation software ODEON for acoustic simulation experiments on ordinary teaching

spaces.
oc=(0.161Xv)/(SXRT)

Figure 1. Sabine formula (provided by the author)

= First ofall, according to the principle and structural characteristics of sound absorbing
materials, the volcanic rock decorative surface materials on the market are selected.

The size is set to 0.6m X 0.3m.

= In order to test the sound absorption coefficient, eleven 1.2m X 0.6m volcanic stone

plates were assembled using a module of 0.6m X 0.3m, with a total area of 7.92 m’.

The test environment was set with its environmental noise below 30 dB, rough-cast
room was 44 m (L) x 29 m (W) x 2.7m (H), and the total space volume was
34.45 m’.

The sound classification of a balloon burst sound and electric sound was used in the

test.

The sound test tools are AudioTool measurement APP, REW acoustic measurement

software, Smart AR854 and other high-precision professional sound test instruments.

= The sound tool was used to measure the RT of the roughcast wall in the classroom
before and after the volcanic plate hanging, and the mean sound absorption coefficient
and volume were calculated. By comparing the sound absorption coefficients before
and after replacement, the possible sound absorption coefficients of volcanic plates

are derived.

= The last step is to use the obtained sound absorption coefficients of volcanic rocks
and input them into the acoustic simulation software ODEON to simulate the possible

sound environment in the teaching space.
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(a) Pre-transformation test - left (b) Pre-transformation test - mid (c) Pre-transformation test - right

Figure 2. Measuring spatial direction (provided by the author)
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Figure 3. The measured data by AudioTool at each direction (provided by the author)

Experiment Process

Tests Before Transformation

Tools: Balloon, AudioTool, REW acoustic measurement software, SUPERLUX ECM999,
SONY Ericsson A6 computer MAGNETICALLY SHIELDED, and Dell i5 laptop.

Method 1: In this study, balloons filled with gas were placed at three locations in the test
room and blasted separately. The cause of gas explosion was the rapid expansion of gas in
a narrow space, accompanied by the violent vibration of the gas itself, resulting in a huge
sound, because the sound was generated by the vibration of the object and propagated
through the medium. When the balloon exploded, the sound was caused by the sudden

expansion of the gas volume in the balloon and the violent vibration of the gas itself. Then,
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when the balloon exploded, the vibrations and sounds of the gas quickly disappeared.
According to the previous test procedure records, RT before its conversion was measured
by the audio tool. Figure 2 shows the measured spatial position and direction, while Figure

3 shows the data measured by AudioTool in individual directions.

Method 2: This study uses the SUPERLUX ECM999 to open the REW acoustic
measurement software through a computer connection, and the electric sound installed in
the software is used for testing. Finally, the obtained median, left, right, and post
vocalisation value are used to obtain the mean RT value of the four data points. Figure 4
shows the measured spatial position and direction, and Figure 5-8 show the data values

measured by REW acoustic measurement software in each direction.

(a) Median vocalisation

(c) Right vocalisation (d) Posterior vocalisation

Figure 4. The spatial directions of the measurement (provided by the author)
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Figure 7. REW parameters of right vocalisation before transformation (provided by the author)

63 Journal of Design Service and Social Innovation



Acoustic Quality of Volcanic Rock Material for Interior Space
Volumel, Issue3-4, October-December 2023 Control and Design: Evidence from Teaching Space

REW is free software, but if you can afford o please.

(5Po2.mas0 [ 455 Dwtorson | mpue | rwres 2| Go JTER 750 Dweey | curty | pecey | it | pach

: mnEojEO|EO

N—F—
AL ] P w o ww R L =0 T4 A e aaaw e

ECEO X050 E05E0E0CE0C|EC

7 — ] — T p— =)

T

i42)
5]

= EeNEEL%SOhe .3

(a) Pre-transformation test - left (b) Pre-transformation test - mid (c) Pre-transformation test - right

Figure 9. Measuring spatial direction (provided by the author)
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Figure 10. The measured data by AudioTool at each direction (provided by the author)
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Tests After Transformation

Tools: Balloon, AudioTool, REW acoustic measurement software, SUPERLUX ECM999,
SSONY Ericsson A6 computer MAGNETICALLY SHIELDED, and Dell i5 laptop.

Method 1: This study uses 11 volcanic rocks with the size of 1.2 m X 0.6 m installed on
four walls of the room, about 1 m high from the ground, and the distance between each
wall was 0.3 m. In the renovated room, the balloons filled with gas at three set points were
tested again in sequence. Figure 9 shows the measured spatial position and direction, and

Figure 10 shows the measured data value of AudioTool at each point.
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Figure 11. REW parameters of median vocalisation after transformation (provided by the author)
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Figure 12. REW parameters of left vocalisation after transformation (provided by the author)
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Figure 14. REW parameters of posterior vocalisation before transformation (provided by the author)

Method 2: The SUPERLUX ECM999 is connected via a computer, and the REW acoustic
measurement software is turned on to test the electric sounds installed in the software.
Finally, the median, left, right, and post value are used to obtain the mean RT value of the
four points. Figure 11-14 shows the measured data values of the REW acoustic

measurement software at the set positions in each direction.

Experiment Data

Table 1. Sound characteristics before acoustic transformation (drawn by the author)

Frequency/Hz 63 125 250 500 1000 2000 4000 8000

Average sound absorption
coefficient of the wall: 0.03 0.03 0.03 0.05 0.06 0.06 0.08 0.10
Sound absorption volume: 1.86 1.73 1.89 2.95 3.67 3.96 4.95 6.76
T60/S: 2.98 3.21 2.94 1.88 1.51 1.40 1.12 0.82
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Table 2. Sound characteristics after acoustic transformation (drawn by the author)

Frequency/Hz 63 125 250 500 1000 2000 4000 8000
Average sound absorption
coefficient of the wall: 0.03 0.03 0.03 0.06 0.07 0.07 0.10 0.12
Sound absorption volume: 1.91 2.02 2.02 3.58 433 4.74 6.38 7.50
T60/S: 2.90 2.74 2.75 1.55 1.28 1.17 0.87 0.74
Table 3. Calculated sound absorption coefficients of all frequencies of the volcanic rock material
(drawn by the author)
Frequency/Hz 63 125 250 500 1000 2000 4000 8000
Sound absorption
coefficient of the volcanic 0.04 0.06 0.05 0.12 0.14 0.16 0.26 0.20

rock material

The acoustic experiments in this study were all conducted in the same space. Before the
acoustic transformation, the actual measured values of T60 in the range of 500 ~ 1000 Hz
are 1.88s and 1.51s, respectively. The sound absorption volume of the tested object is
calculated by Serbin formula to be 2.95 and 3.67 respectively. After that, the acoustic
absorption coefficients of the wall before the test transformation are 0.05 and 0.06,
respectively. Through the change of the absorption coefficient, it can be seen that the
absorption ability of the original wall is relatively weak. The T60 values measured in the
range of 500 ~ 1000 Hz are 1.55s and 1.28s respectively after the wall is transformed in
the way of hanging according to the acoustic wave module. After calculation by Serbin
formula, the obtained sound absorption volume is 3.58 and 4.33 respectively, and the sound
absorption coefficient values of the transformed wall are 0.06 and 0.07 respectively. In the
range of 500 ~ 1000 Hz, the sound absorption coefficient and inversion test of volcanic
rocks are 0.12 and 0.14, respectively, indicating a certain sound absorption ability. However,
tests in conventional frequency bands showed poor, average and good sound absorption at
low (63-125 Hz), medium (250-2000 Hz) and high (4000-8000 Hz) bands, respectively
(Figure 15).

1.00

0.80

0.60

0.40
0‘20 J’A“‘-‘__A

63 Hz 125 250 500 1000 2000 4000 8000
Hz Hz Hz Hz Hz Hz Hz

Figure 15. Sound absorption coefficients of volcanic rock materials (drawn by the author)
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Results and Discussion

Through a series of descriptions of the field environment and explanation of test processes,
this study takes the lecture hall as an example, and uses relevant software to simulate the
test providing data for discussion. However, due to the lack of noise control in the field
environment, the results may be biased to some extent. Therefore, in the future, more
research should be implemented on the means of noise control in the space, so as to

effectively control the noise environment and ensure the reliability of test results.

Micro-porous Structure of the Volcanic Rock Material

Generally, the pore structure of volcanic rock material can be divided into four types:
coarse pore, slightly coarse pore, slightly fine pore and fine pore. According to the analysis
and research of the data of these material samples, the curve shape of their capillary

pressure and various characteristic parameters were statistically analyzed [31], and their

classification was as follows (Figure 16):
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Figure 16. Capillary pressure curves of the four types of porous structures of volcanic rocks. (Data

source: Wanfang)

Table 4. Sub-items of porous structure characteristics (Data source: Wanfang)

- . Average Maximum
T Structure . o Permeability (10 Average pore displacement
ype e Porosity / % _ . mercury
characteristics 3um/2) radius / pm pressure / ion/ %
MPa saturation / %
Coarse type Developed pore >10 >5 >1 <1 >90
Slightly coarse Comparatively 10~8 51 1~05 1~5 70~90
type developed pore
Slightly fine Comparatively §~5 1~0.5 0.5~0.1 3-8 50~70
type undeveloped pore
Fine type Undeveloped pore 5~3 0.5~0.1 0.1~0.05 5~15 <50
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= General morphology of the capillary pressure curve demonstrates the type of coarse
pore structure. When the average displacement pressure is less than 1 MPa, the median
mercury saturation pressure is low, the maximum mercury saturation value is greater

than 90%, and the average pore radius is greater than 1 pm.

= The capillary pressure curves of the micro-coarse pore structure are as follows: the
average displacement pressure is 1-5 Mpa, the median mercury saturation pressure is

low, the maximum mercury saturation is 70-90%, and the average pore radius is 0.5
~ 1 pm.

= The capillary pressure curve of the micro-pore structure shows that the average
displacement pressure is 3 ~ 8 Mpa, the median mercury saturation value is high, the
maximum mercury saturation value is 50 ~ 70%, the average pore radius is 0.1 ~ 0.5

um, and the curvature is small.

= The capillary pressure curve of the fine pore structure is shown as follows: the average
displacement pressure is 5 ~ 15 Mpa, the maximum mercury saturation value is less

than 50%, the average pore radius is 0.05 ~ 0.1 pm, and the bending is good.

Analysis of Sound Simulation Effect of Volcanic Stone in
Classroom

In the teaching environment of the school, in addition to the provision of regular classrooms,
it is necessary to provide lecture halls with special teaching purposes and functions. Due to
the large space volume of the lecture hall, and often the need to play audio and video, the
requirements for space sound quality control are much higher than the general classrooms.
Therefore, this study also included a sample test of the lecture hall and conducted a series
of experiments on the sound quality control of the lecture hall, considering how volcanic

rocks respond to the various needs of the lecture hall.

Basically, most lecture halls lack scientific consideration of indoor sound field design in
their construction process. According to the statistical results, most teachers and students
think that the sound quality of the rear part of the lecture hall with more than 150 people is
usually poor. Therefore, most of them believe that places such as lecture halls should be
acoustically treated to achieve a better sound field effect [32]. Chunyan [33] studied the RT
range suitable for classrooms which are under the condition of natural sound teaching and
found that the suitable RT range for small classrooms was 0.4-0.6s, while the suitable RT
range for large classrooms was 0.8-1.0s. Chen [33] believed that the space volume and RT
value of the lecture hall showed an increasing relationship when the space was not equipped
with any loading of furniture and other facilities. The mean RT for empty spaces was 1.31
seconds, while the mean RT for full spaces was 1.12 seconds. According to China’s “Civil
Building sound insulation design Code”, in the frequency range of 500-1000hz, if V >
300 m3, then the RT/ S <X 0.8 [32]. Along with the above literature, the RT value is the
most important factor affecting the lecture hall, and it is also a vital parameter describing
the indoor sound quality. Experiments have shown that prolonged reverberation can make

people feel unclear about the sound, reduce the speech clarity, or even make the sound
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unable to be heard. However, RT being too short can make people feel “silent” and the

sound will become unnatural.

14480

~

(a) Layout plan of the teaching space of the lecture room (b) Perspective of the teaching space of the lecture room

Figure 17. The spatial information of the lecture room (provided by the author)

Figure 19. Distribution plan of the sound source and measuring points (side view) (provided by the author)

Normally, RT is proportional to the volume of the room and inversely proportional to the
total sound absorption of the interior surface. The simulated lecture hall is a rectangular

space, 26.98-m-long, 14.48-m-wide and 5-m-high, with a volume of 1953 m3 and an
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ascending staircase slope (Figure 17). The wall finishes are made of volcanic rock and

the ceiling is a stepped wooden structure.

Acoustic Simulation of the Volcanic Rock Material on the Walls of the

Teaching Space in the Lecture Hall

The method of computer simulation adopted in this paper is based on the simulation
software ODEON, which is based on architectural acoustics. Methods of virtual sound
source and harmonic line tracking combined with sub-sound source are used to simulate

the computer sound field with visual and functional display.

Accordingly, the main simulation experiment of this study is to predict the characteristics
of the RT sound field in the teaching space of multifunctional lecture hall. The test sound

source is set as a non-directional sound and placed 1.5 m behind the stage curtain line.

Based on the above basic conditions and considering the test method of non-directional
ideal sound source OMNI, this simulation adopts a SO8 position point placed 1.5 m above

the ground, whose coordinates are (3.3,0,1.5).

Measuring points: In this test, 12 measuring points were set in the audience area, which

were all 1.1m away from the ground, as shown in Figure 18-29.

= £ < et

Figure 20. Distribution plan of the sound source and measuring points (layout plan) (provided by the author)
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Figure 21. Distribution plan of the sound source and measuring points (bird’s eye view) (provided by

the author)
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Figure 23. Perspective drawing 2 (provided by the author)
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Figure 24. Reflectogram of the side wall (bird’s eye view) (provided by the author)
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Figure 26. Reflectogram of the ceiling sound source (side view) (provided by the author)

Figure 27. Reflectogram of the ceiling sound source (3D) (provided by the author)

73 Journal of Design Service and Social Innovation



Acoustic Quality of Volcanic Rock Material for Interior Space
Volumel, Issue3-4, October-December 2023 Control and Design: Evidence from Teaching Space

34 126 metres

| | S

Fath <m>: 10.50

Figure 28. Reflectogram of the sound particles (bird view) (provided by the author)
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Figure 29. Reflection test figure of the sound particles (provided by the author)

Acoustic Simulation Results of Volcanic Rock Material

The RT calculation results are based on the calculation function that takes the average value
over multiple points. In this study, the acoustic field characteristics of the lecture room

space under two methods are as follows:

= The multi-point response method was used to arrange the number of measuring points
in the room, calculate the acoustic parameter values of these points, and then obtain
the average value and standard of the same sound quality parameters. The resulting

distribution characteristics of the sound field in the room are displayed in Table 5.

= The grid response method was used to divide the room space into grids and to study
the acoustic field characteristics of each grid in order to obtain the acoustic
characteristics of the whole room. In this simulation, the plane including the audience
positions in the teaching space of the lecture room was divided into units sized 2 m

X 2 m and located 1.1 m above the ground. The results are displayed in a colour grid.

*  An acoustic RT simulation of the volcanic rock wall was performed (S) (Table 5).
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Table 5. Acoustic RT simulation of the wall volcanic rock (S) (drawn by the author)

Octave band centre
frequency (Hz) 125 250 500 1000 2000 4000

Minimum value 2.95 3.02 2.33 2.13 1.90 1.28
Maximum value 3.06 3.11 2.44 2.24 1.98 1.34
Mean value 2.98 3.04 2.39 2.19 1.94 1.31

= The RT distribution diagram of six octaves ranging between 125 Hz and 4000 Hz in

the teaching space of the lecture room was obtained (Figure 30-35).

TG @ at15H >=327

LT DA

Figure 30. RT distribution in the teaching space of the lecture room (125 Hz) (provided by the author)
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Figure 31. RT distribution in the teaching space of the lecture room (250 Hz) (provided by the author)
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Figure 32. RT distribution in the teaching space of the lecture room (500 Hz) (provided by the author)
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Figure 33. RT distribution in the teaching space of the lecture room (1000 Hz) (provided by the author)
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Figure 34. RT distribution in the teaching space of the lecture room (2000 Hz) (provided by the

author)
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Figure 35. RT distribution in the teaching space of the lecture room (4000 Hz) (provided by the

author)

= Definition of volcanic rock on the wall D50.

Table 6. Simulated value of the definition (%) (drawn by the author)

Octave band centre

frequency (Hz) 125 250 500 1000 2000 4000
Minimum value 0.12 0.12 0.16 0.18 0.20 0.31
Maximum value 0.28 0.28 0.34 0.37 0.40 0.51

Mean value 0.20 0.20 0.25 0.27 0.30 0.41

= Definition D50 distribution diagram of six octaves ranging between 125 Hz and
4000 Hz of the volcanic rock on the wall (Figure 36-41).

DEO) atizshz >=

Figure 36. D50 distribution diagram in the teaching space of the lecture room (125 Hz) (provided by
the author)
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Figure 37. D50 distribution diagram in the teaching space of the lecture room (250 Hz) (provided by
Figure 38. D50 distribution diagram in the teaching space of the lecture room (500 Hz) (provided by

the author)
the author)
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Figure 40. D50 distribution diagram in the teaching space of the lecture room (2000 Hz) (provided
by the author)
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Figure 41. D50 diistribution diagram in the teaching space of the lecture room (4000 Hz) (provided by
the author)

= STIPA of the acoustic amplification system of the wall volcanic rock was obtained.

The speech definition was indicated by a single numerical value between 0 (bad)
and 1 (good).

Table 7. Simulated values of STIPA of the acoustic amplification system of the wall volcanic rock

(drawn by the author)
Minimum value 0.39
Maximum value 0.48
Mean value 0.43

Figure 42 shows a STIPA distribution diagram of the speech transmission index (speech

definition) of the acoustic amplification system in the teaching space of the lecture room.
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Figure 42. STIPA distribution diagram in the teaching space of the lecture room (provided by the

author)

= The statistical analysis of the volcanic rock wall material was carried out on the
simulation results of 12 measuring points, as well as the colour grid diagram of the

acoustic quality parameters in the room.

Thus, the acoustic quality of the room was predicted to a certain extent. The results are

summarised as follows:

The results show that the mean value of intermediate frequency RT (500Hz and 1000Hz)
of the lecture hall decorated with volcanic rock material is 2.29s, which is close to the 1.31s
calculated by Chen [34]. However, it is quite different from the standard reference value of
RT<:0.8 set in China’s National Code for Sound Insulation Design of Civil Buildings. Of
course, this also has a strong relationship with the volume of the lecture hall and the
construction technology of the wall decoration where the mean D50 measured 0.27,
although slightly below the design requirement of 0.5, but the speech clarity is significantly
poor. In addition, the average STIPA of its sound reinforcement system is 0.43, which is

also lower than the design requirement of 0.5.

Conclusions

In this paper, the physical characteristics and sound absorption coefficient of volcanic rock
are analyzed and measured, and the sound quality control of lecture hall is discussed. After
setting various assumptions and conditions of the experimental objects, the acoustic
absorption coefficients of volcanic rocks measured in this study are 0.12 and 0.14 in the
medium frequency range of 500 ~ 1000 Hz, and 0.26 in the high frequency range of 4000
Hz. All these data show that volcanic rock material has a certain sound absorption effect
when used as the decorative surface of an indoor wall. In addition, the results of acoustic
simulation also show that the volcanic rock surface material used in the wall of a lecture
hall with a teaching function is sufficient to meet the requirements of different users, and
has a certain degree of sound quality control, although the test simulation results show that

the system in the mid-frequency band sound absorption and reverberation performance is
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poor. However, the sound absorption and reverberation performance in the high frequency
bands are satisfactory. Consequently, the use of volcanic rock material as a wall decoration
has the opportunity to improve students” concentration and efficiency in classroom, which
is in line with the design of a good campus learning space discussed in this paper. Based
on the hypothesis and experimental equipment, this study can only use the existing
computer simulation software to implement the scheduled test items, collect data and make
an analysis. Therefore, this experimental method and procedure may have the following

limitations:

= Although the experimental process of sound absorption coefficient of volcanic rocks
conforms to the test principle of the reverberation chamber method, but the test is set
in an open space, and the sound may be affected by various environmental noises, so

the data may be slightly biased.

=  Because only the reverberation chamber method is used in this experiment, and no
comparison is made with standing wave method, the data obtained are relatively

simple.

= Since this paper only summarizes and discusses the experiment of sound absorption
coefficient of volcanic rocks, it lacks any discussion of related factors such as sound

reinforcement system and acoustic design.

Through the discussion of sound quality control in the early stages, the test experiment in
the middle stage and computer simulation at the end, the selection of wall decoration
materials in the teaching space has fully demonstrated the characteristics of volcanic rock
material, sound absorption coefficient and reverberation time. The experimental results of
this paper can be used as the basis for promoting the sound quality test of teaching space
in realizing the choice of wall decoration materials in teaching space design, to achieve
control of the acoustic quality, and then improve the learning efficiency of students. Due
to the physical properties of volcanic rocks, they can be used as decoration materials.
However, when the weight of the material is heavier, construction is more difficult.
Therefore, it is necessary to further consider how to effectively apply volcanic rock
decorative materials to indoor walls with control requirements for sound quality, and more
consideration should be given to wall structure and space design to accurately improve the
acoustics of teaching and learning spaces. All in all, taking this study as an example, the
test methods, experimental steps and simulation through computer software can provide a
valuable reference for the research and testing of acoustic quality control in teaching spaces,
in order to study and simulate the effect of other materials in spatial sound quality control,
expand the diversity of interior and interior wall decoration materials, and then create a

good acoustic environment in the teaching space.
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