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Abstract. This study uses the model of the airside concourse of a certain terminal building in China, which is
under construction, and compares the indoor reverberation time with six different indoor heights and different
situation of unoccupied and occupied indoor field. The results of the study show that due to the narrow design of
the airside concourse and the large number of glass curtain walls, the insufficient indoor sound absorption will
result in - in the case of unoccupied field - the reverberation time of the 500Hz at 20m height terminal lasts as long
as 7.2 seconds. With each 1m lower in height, the reverberation time increases by 0.16 seconds. The conclusion
of this study is that, in the case that the indoor sound absorption cannot be increased and the number of indoor
people is fixed, reducing the height of the terminal building helps to reduce the indoor reverberation time.
Keywords: terminal airside concourse, indoor acoustic environment, reverberation time

1. Introduction

In recent years, China’s economy has grown rapidly, and economic growth has been closely integrated
with transportation development [1]. In 2015, China proposed an initiative focusing on the development
of the “Belt and Road” [2]. In this context, China's aviation industry has grown from 142 civilian
airports, 284.41 million passengers per year in 2005 [3], to 229 civilian airports, 117.478 million
passengers per year in 2017 [4], which annual growth rate has been more than 10%. At the same time,
China’s “13th Five-Year Plan” (2016-2020) clearly states that by the end of 2020, China’s general
aviation airports will reach 500, including 260 civil airports [5], an increase of 31 from 2017. Under the
circumstances of such rapid growth, in addition to the development of the Green Terminal Standard [6],
we need to do more research on passenger comfort.

In 2014, the team conducted a survey of passenger comfort for seven major terminals in five
different cities across the country. The questionnaire includes seven items: indoor thermal environment,
light environment, acoustic environment, air quality, space satisfaction, space layout and facility
convenience, and comprehensive evaluation. In the 3,489 valid questionnaires within a year, the
passengers have the lowest satisfaction with the acoustic environment. In the subsequent feedback of
the acoustic environment, the indoor uncomfortable echo and the conversation are the main sources of
indoors noise. In the terminal building, the longest place for passengers to stay is the waiting area, and
most of the waiting areas are designed in the airside concourse [7]. At present, most of the international
researches on passenger comfort in the terminal are concentrated on indoor thermal comfort [8][9], and
there is little terminal indoor acoustic environment evaluation. Therefore, this study is aimed at the
simulation on the acoustical properties of one Chinese terminal building which is under construction.

2. Acoustics study on terminal building
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The existing research on the acoustics of the terminal is mainly about the noise generated by the aircratft.
The focus is on the exterior area of the terminal building, even the residential area outside the airport
[10][11]. Internationally, the Airport Development Reference Manual published by IATA and the Civil
Airport Project Construction Standard published in China all use sound insulation as the main
requirement of the acoustic design for the terminal building, which indicates that the past experience
has all considered the noise of the terminal is mainly from the aircraft. While the results of the passenger
comfort survey show that the passenger's dissatisfaction mainly comes from the indoor noise.

At present, there are few studies on the indoor acoustics of the terminal building directly, but the
indoor acoustic environment of large space building can be used for reference to analyze the indoor
acoustics of the terminal building. In 1984, T H Lewers et al. [12] studied the acoustical properties,
especially the relation between reverberation time and speech intelligibility of St. Paul's Cathedral. In
1992, Xiang Ruiqi et al. [13] improved the indoor reverberation time of the Beijing Olympic Stadium
and swimming pool through the sound absorption structure of the roof and side walls. In 2018, Chao
Wang et al. [14] examined the sound fields in extra-large spaces and found that in such spaces
inhomogeneous reverberant energy caused by uneven early reflections with increasing volume has a
significant effect on sound fields. In addition, same with the terminal building, the tunnel buildings also
need to ensure the clarity of the broadcast, such as what Sander J van Wijngaarden et al. [15] studied. It
is found from the above literatures that the indoor reverberation time will gradually increase when the
internal volume exceeds 100,000 m3, so it is necessary to pay attention to the indoor acoustic
environment effect of large space, which is also the research purpose of this paper.

3. Research approach

In order to understand what factors will affect the quality of indoor acoustic environment, the research
methods of this paper are questionnaire survey and its analysis, acoustic simulation of the airside
concourse of large international airports taken by the acoustic software CATT, as well as the analysis
of the simulation results.

Based on the previous research, we conducted a more detailed questionnaire survey of 142
passengers in one of the terminals, as shown in Figure 1 and Figure 2. The research uses auditorium
acoustics simulation software CATT, which can analyze acoustic parameters for various types of
buildings. The specific method is: use drawing software SketchUp or AutoCAD to import the building
to be simulated into the software, set the materials in the building and the corresponding sound
absorption parameters, calculate on various acoustic actions in the room through virtual sound sources
and acoustical line tracking of the software, and then simulate the acoustic parameters in the building
through simulation calculation, such as the sound pressure level distribution, reverberation time, speech
intelligibility, etc. In this study, the impacts of different heights of the terminal on indoor reverberation
time are especially compared to analyze the relation between the height of the terminal building and the
acoustic environment.
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Figure 1. Figure with questionnaire sample Figure 2. Figure with questionnaire survey on site.

4. Analysis on questionnaire results
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In the broadcast clarity study, only 44% of passengers felt that they could hear clearly (see Figure 3).
From the analysis of on-spot passenger survey results, the reason for poor indoor acoustic environment
may be people's conversation and indoor echo (see Figure 4). The reason for the poor performance of
the broadcasting system is that under a certain space, the reflection caused by the excessive indoor
reverberation time is too strong. Therefore, the design of the acoustic environment should be added to
the new airport construction, and the acoustic simulation should be involved at an early stage to improve
the indoor acoustic environment.
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Figure 3. Broadcast clarity felt by passengers. Figure 4. Source of noise considered by passengers.

5. Acoustical simulation

The research object of this study is a large international airport terminal building under construction,
which has a total area of 700,000 square meters. The specific location of this study is the waiting area
of the airside concourse, with an area of about 24,000 square meters. The software used is CATT, and
the modelling of the airside concourse is shown in Figure 5, in which the sound source is from 2.5m
heights, and the sound receiving point is shown in the same figure.
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Figure 5. South-facing airside concourse model (20m height).

With the same indoor area, this study respectively simulates different storey heights of Sm, 8m,
11m, 14m, 17m and 20m, and divides two different cases of unoccupied field and occupied field. Case
1 is the simulation of unoccupied field. Because the sound absorption coefficient of the materials used
indoor cannot be measured, the sound absorption coefficient of EASE is used in this study, see Table 1
[16]. Case 2 is the simulation of occupied field. The indoor situation is that the seat area is full of seated
passengers, and standing passengers account for 8% of the whole indoor area. After that, against the two
cases, this research compares the changes of indoor reverberation time (T30) under six different storey
heights.

Table 1. Sound absorption coefficient of each material in Case 1.
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Internal surface

125Hz 250Hz 500Hz 1kHz 2kHz 4kHz )
area ratio
ceiling 0.7 0.69 0.66 0.8 0.84 0.83 31%
glass 4mm 0.35 0.25 0.18 0.12 0.07 0.04 23%
floor 0.01 0.01 0.01 0.02 0.02 0.02 28%
Seat (artificial
0.23 0.34 0.37 0.33 0.34 0.31 5%
leather)
Interior wall 0.01 0.01 0.02 0.02 0.02 0.03 13%

Table 2. Sound absorption coefficient of each material in Case 2.

Internal surface area
125Hz  250Hz  500Hz 1kHz  2kHz  4kHz

ratio
Seat (artificial leather) with seated
0.2 0.2 0.33 0.36 0.38 0.39 5%
people
Person (standing) 0.13 0.33 0.44 0.42 0.46 0.37 8%

Figure 6 shows the indoor reverberation time of Case 1. Case 1 adds sound absorbing materials to
the interior seats, floors, side walls and ceilings. In this state: when the storey height is 20 m, the indoor
reverberation time of S00Hz is 7.2s; and when the storey height is 5m, the indoor reverberation time of
500Hz is 5.1s. Therefore, as the storey height decreases, the indoor reverberation time is gradually
reduced, on the other hand, the indoor height of the building is increased by 1m on average, that the
indoor reverberation time is increased by 0.16s.

Figure 7 shows the indoor reverberation time of Case 2. There is a big difference of tendency
between the occupied field and the unoccupied field. It can be seen from the figure that the tendency of
5m, 8m, 11m heights are the same: the reverberation time of 250Hz is low, the reverberation time of
500Hz~1kHz is flat, and the reverberation time of 2kHz is increased. With the storey heights of 14m,
17m, and 20m, the reverberation time tendency is: the reverberation time of 250Hz to 500Hz is increased,
and the reverberation time of 1kHz to 2kHz is decreased; in the 500Hz indoor reverberation time, the
reverberation time of S5m storey height is 1.96s, which is the highest in Case 2; in the storey heights of
8m~20m, the indoor height increased by 1m on average, the indoor reverberation time increased by
0.0275s.
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Figure 6. Reverberation time comparison, Case 1. Figure 7. Reverberation time comparison, Case 2.

Figure 8 shows the tendency of speech intelligibility. It can be seen from the figure that the
tendency of the unoccupied field and the occupied field are the same: the STI is the highest at the height
of 5m, and the ST1 is gradually decreased as the height is increased. Although the passengers themselves
are good sound-absorbing materials, the STI of the occupied field is on the contrary lower than that of
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the occupied field. The reason is that too many passengers lead to crowded space, and the voice of
conversation between people will also decrease STI.
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Figure 8. STI comparison of unoccupied field and occupied field.

6. Conclusion

In this study, it is learned from the passenger questionnaire survey that the passengers were dissatisfied
with the acoustic environment, through the acoustic simulation analysis of the terminal airside concourse,
the influence of the height of the terminal on the indoor reverberation time was compared, and the results
of the comparison were discussed.

The specific conclusions are as follows:

e According to the analysis of the survey results, most passengers are not satisfied with the clarity
of the broadcast; the passengers think that the first two sources of noise are people's conversation
and indoor uncomfortable echo.

e From the simulation results, it can be found that the voice of people's conversation and the
indoor uncomfortable echo become factors affecting the clarity of the broadcast, which are
caused by the excessive indoor reverberation time.

e The simulation analysis found that, within a certain height, the indoor reverberation time is
closely related to the height of terminal airside concourse: when the total storey height is less
than 14m, the decrease of storey height will significantly decrease the indoor reverberation time.
However, when the total storey height is more than 14m, the influence of the storey height on
the indoor reverberation time is gradually reduced.

e Comparing the STI results, it is found that in both situation of unoccupied field and occupied
field, the higher the height is, the smaller the STI will be. In the case of occupied field, the STI
is worse than the unoccupied field due to the crowded space.

It can be seen from the above analysis that the STI is lower in the occupied field than in the
unoccupied field, that is to say, the occupied field situation brings another problem, i.e. the conversation
between people becomes another important factor affecting STI, which also corresponds to the results
from the passenger questionnaire survey. Of course, we can increase the indoor sound absorption
materials to improve the STL but this will increase the cost, and the outer wall of this kind of large
terminal building is mostly glass curtain type, which is more difficult to be changed into the sound
absorption materials. Therefore, this study believes that reducing the height of the terminal building will
be the most fruitful way in the pursuit of energy saving, material saving and passenger comfort.

In conclusion, this paper studies the acoustic environment of the large-scale terminal building in
China, elaborates the relationship between the height of the space and the indoor reverberation time, and
the different results of STI in the unoccupied field and the occupied field. It has certain guiding
significance for the design of indoor acoustic environment of large-scale terminal buildings in the future.
Not only that, the terminal building discussed in this paper is the representative of today's extra-large
space buildings, and its height and space are more ambitious than the previous large space buildings.
Therefore, this research on the acoustic environment of the airside concourse of this kind of terminal
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building is also meaningful for the design of acoustic environment of extra-large space buildings in the
future.

Acknowledgement

Thanks to the 13th Five-Year Project from the Ministry of Science and Technology, “Key Technology
and Demonstration Project for Building Energy Conservation in Public Transportation Hubs”
(SQ2018YFC070121), the support of this project allows the research to proceed smoothly.

References

(1]

(2]

(6]
[7]

[12]

[13]

[14]
[15]

[16]

Shuai Shao, Zhihua Tian, Lili Yang . High speed rail and urban service industry agglomeration:
Evidence from China's Yangtze River Delta region [J], Journal of Transport Geography 64 2017,
174-183

Vision for Maritime Cooperation under the Belt and Road Initiative,
http://www.yidaiyilu.gov.cn/wem.files/upload/CMSydylegw/201706/201706200153032.pdf
China Air Transport Development Report (2005/2006).[EB/OL] Beijing: Civil Aviation
Administration of China (CAAQ), 2006[2018-03-31].
http://www.caac.gov.cn/GYMH/MHGK/ZGMH/201509/t20150923 1954.html

2017 Civil Aviation Airport Production Statistics Bulletin.[EB/OL] Beijing: Civil Aviation
Administration of China (CAAQ), 2017[2018-03-31].
http://www.caac.gov.c/ XXGK/XXGK/TJSJ/201803/t20180307_55600.html

Notice on the Development Plan of the "13th Five-Year Plan" Modern Comprehensive
Transportation System.[EB/OL] Beijing: Civil Aviation Administration of China (CAAC),
2017[2018-03-31]. http://www.gov.cn/zhengce/content/2017-02/28/content_5171345.htm

Yabo Yao, YanchiGuo. Green terminal standard[S]. Beijing. China Civil Aviation Publishing
House,2017.

Zhe Wang, Haitian Zhao, Borong Lin, Yingxin Zhu, Qin Ouyang, Juan Yu. Investigation of
indoor environment quality of Chinese large-hub airport terminal buildings through longitudinal
field measurement and subjective survey Evaluation of speech transmission in a road tunnel[J],
Building and Environment 94 2015.

Alkis Kotopouleas, Marialena Nikolopoulou, Thermal comfort conditions in airport terminals:
Indoor or transition spaces? [J] Building and Environment 99 (2016) 184¢199

Jacqueline Elhage Ramis , Emmanuel Antonio dos Santos, The impact of thermal comfort in the
perceived level of service and energy costs of three Brazilian airports[C], Journal of Transport
Literature Vol. 7, n. 2, pp. 192-206, Apr. 2013

Mustafa H. Arafa, T.A. Osman, Ibrahim A. Abdel-Latif. Noise assessment and mitigation
schemes for Hurghada airport[J], Applied Acoustics 68 (2007) 1373-1385

Deniz Sari Nesimi Ozkurt, Ali Akdag. Measuring the levels of noise at the Istanbul Atatiirk
Airport and comparisons with model simulations[J]. Science of the Total Environment 482-483
(2014) 472-479

Lewers T H, Anderson J S . Some acoustical properties of St Paul's Cathedral, London[J]. Journal
of Sound & Vibration, 1984, 92(2):285-297

Xiang Duanqi, Wang Zheng, Chen Jinjing, Acoustic design of the gymnasium and natatorium of
chinese national olympic sports center[J], Applied Acoustics Volume 34, Issue 4, 1991, Pages
267-279

Wang C , Ma H, Wu Y , et al. Characteristics and prediction of sound level in extra-large
spaces[J]. Applied Acoustics, 2018, 134:1-7.

Sander J. van Wijngaarden, Jan A. Verhave, Prediction of speech intelligibility for public address
systems in traffic tunnels[J], Applied Acoustics, Volume 67, Issue 4, April 2006, Pages 306-323
AFMG Technologies GmbH. EASE — enhanced acoustic simulator for engineers [ EB/OL ]

. http://ease.afmg.eu/



http://www.yidaiyilu.gov.cn/wcm.files/upload/CMSydylgw/201706/201706200153032.pdf
http://www.caac.gov.cn/GYMH/MHGK/ZGMH/201509/t20150923_1954.html
http://www.caac.gov.cn/XXGK/XXGK/TJSJ/201803/t20180307_55600.html
http://www.gov.cn/zhengce/content/2017-02/28/content_5171345.htm
http://ease.afmg.eu/

