Contents

1 Imtroduction ........... ... ... ... .. ... ... .. ...
Tetsuya Sakuma and Toru Otsuru

1.1 Computational Simulation for Sound Environment Design . . . . .

1.2 Progress of Computational Acoustics. . .. ................

1.2.1 Advent of Wave-Based Acoustic Analysis...........

1.2.2 Features of Numerical Methods . .................

1.2.3  Application to Sound Environmental Simulation. . . . ...

References . . .. ... ..

Part I Methods of Wave-Based Acoustic Simulation

2 Finite-Difference Time-Domain Method . ... ................
Shinichi Sakamoto, Hideo Tsuru, Masahiro Toyoda
and Takumi Asakura
2.1 Fundamentals . ........... ... .. ...
2.1.1 Basic Equations . ............ ... ... ... ... ...
2.1.2 Boundary Conditions. . ... .....................
2.1.3 FDTDQ2,4)Method . .......... ... ... .......
2.1.4 Stability and Dispersion Error . .. ................
2.1.5 Absorbing Boundary Condition. . . ... .............
2.2 Techniques for High Accuracy . .......................
2.2.1 Compact Finite Difference. ... ..................
2.2.2  Improvement of Time Integration . ................
2.3 Application to Vibroacoustic Problems. . . ................
23.1 Solid Modeling. . ......... ... ... ... ... ... ...,
232 Plate Modeling . . ......... .. .. .. . . ...
References . . . ... .. ..

3 Finite Element Method. . . . . ... ... ......................
Toru Otsuru, Takeshi Okuzono, Noriko Okamoto and Yusuke Naka
3.1 Fundamentals . ............ ... .. .. . ...

3.1.1 Sound Field Formulation by FEM. . . ..............
3.1.2 3-D Acoustic Elements .. ......................

AN B W W =

11

12
12
14
16
18
20
25
25
32
33
35
42
50

53
54

54
57

vii


http://dx.doi.org/10.1007/978-4-431-54454-8_1
http://dx.doi.org/10.1007/978-4-431-54454-8_1
http://dx.doi.org/10.1007/978-4-431-54454-8_1#Sec1
http://dx.doi.org/10.1007/978-4-431-54454-8_1#Sec1
http://dx.doi.org/10.1007/978-4-431-54454-8_1#Sec2
http://dx.doi.org/10.1007/978-4-431-54454-8_1#Sec2
http://dx.doi.org/10.1007/978-4-431-54454-8_1#Sec3
http://dx.doi.org/10.1007/978-4-431-54454-8_1#Sec3
http://dx.doi.org/10.1007/978-4-431-54454-8_1#Sec4
http://dx.doi.org/10.1007/978-4-431-54454-8_1#Sec4
http://dx.doi.org/10.1007/978-4-431-54454-8_1#Sec5
http://dx.doi.org/10.1007/978-4-431-54454-8_1#Sec5
http://dx.doi.org/10.1007/978-4-431-54454-8_1#Bib1
http://dx.doi.org/10.1007/978-4-431-54454-8_2
http://dx.doi.org/10.1007/978-4-431-54454-8_2
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec1
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec1
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec2
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec2
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec3
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec3
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec4
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec4
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec5
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec5
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec6
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec6
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec9
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec9
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec10
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec10
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec11
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec11
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec12
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec12
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec13
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec13
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec20
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Sec20
http://dx.doi.org/10.1007/978-4-431-54454-8_2#Bib1
http://dx.doi.org/10.1007/978-4-431-54454-8_3
http://dx.doi.org/10.1007/978-4-431-54454-8_3
http://dx.doi.org/10.1007/978-4-431-54454-8_3#Sec1
http://dx.doi.org/10.1007/978-4-431-54454-8_3#Sec1
http://dx.doi.org/10.1007/978-4-431-54454-8_3#Sec2
http://dx.doi.org/10.1007/978-4-431-54454-8_3#Sec2
http://dx.doi.org/10.1007/978-4-431-54454-8_3#Sec3
http://dx.doi.org/10.1007/978-4-431-54454-8_3#Sec3

viii

3.2 Efficient Computation with Iterative Solvers. . . ... ....
3.2.1 Linear System of Equations and Solvers . ......
3.2.2 Estimation of Required Memory. . ...........
3.2.3 Convergence of Iterative Methods. . . .. .......

3.3 Application to Exterior Problems. . .. ..............
3.3.1 Approaches to Exterior Problems . ...........
3.3.2 Dirichlet-to-Neumann Method . .............

References . . . ... ... .

Boundary Element Method. . . .. ....................

Yosuke Yasuda and Tetsuya Sakuma

4.1 Fundamentals . ................ ... . ... . ... ...
4.1.1 Frequency Domain BEM . .................
4.1.2 Time Domain BEM. ... ..................

4.2 Indirect Method and Domain Decomposition Method

421 Indirect BEM......... ... . ... .. ......
4.2.2 Domain Decomposition Method . . .. .........
4.3 Application of Fast Multipole Method . . . ... ........
4.3.1 Application of Iterative Method to BEM . . . . . ..

4.3.2 Fast Multipole Method . ..................
4.3.3 Fast Calculation of Matrix-Vector Products . . . ..
4.3.4 Implementation Considerations. .............
References . . ... .. .

Alternative Time-Domain Methods. . . ... .............

Takuya Oshima, Takashi Ishizuka and Kan Okubo

5.1 Linearized Euler Equation Method . ...............
5.1.1 Governing Equations. . . ..................
5.1.2 Discretization . . . .. ...
5.1.3 Computational Setup. . . ..................
514 Results. .. ... .o

5.2 Constrained Interpolation Profile Method . . . . ... .....
52.1 Formulation ...........................
5.2.2 Implementation.........................
5.2.3 Boundary Conditions. . . .. ................

5.2.4 Perfectly Matched Layer .. ................
5.3 Finite-Volume Time-Domain Method . .............
5.3.1 Finite-Volume Formulation ................
5.3.2 Rigid Boundary Conditions . ...............

5.3.3 Computational Setup. . . ..................
5.3.4 Results and Discussion . ..................
5.3.5 Computational Loads. . .. .................
References . . . ... . . . e

Contents

..... 61
..... 61
..... 64
..... 65
..... 69
..... 70
..... 70
..... 76

..... 79

..... 79
..... 80
..... 88
..... 92
..... 92


http://dx.doi.org/10.1007/978-4-431-54454-8_3#Sec4
http://dx.doi.org/10.1007/978-4-431-54454-8_3#Sec4
http://dx.doi.org/10.1007/978-4-431-54454-8_3#Sec5
http://dx.doi.org/10.1007/978-4-431-54454-8_3#Sec5
http://dx.doi.org/10.1007/978-4-431-54454-8_3#Sec9
http://dx.doi.org/10.1007/978-4-431-54454-8_3#Sec9
http://dx.doi.org/10.1007/978-4-431-54454-8_3#Sec10
http://dx.doi.org/10.1007/978-4-431-54454-8_3#Sec10
http://dx.doi.org/10.1007/978-4-431-54454-8_3#Sec13
http://dx.doi.org/10.1007/978-4-431-54454-8_3#Sec13
http://dx.doi.org/10.1007/978-4-431-54454-8_3#Sec14
http://dx.doi.org/10.1007/978-4-431-54454-8_3#Sec14
http://dx.doi.org/10.1007/978-4-431-54454-8_3#Sec15
http://dx.doi.org/10.1007/978-4-431-54454-8_3#Sec15
http://dx.doi.org/10.1007/978-4-431-54454-8_3#Bib1
http://dx.doi.org/10.1007/978-4-431-54454-8_4
http://dx.doi.org/10.1007/978-4-431-54454-8_4
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Sec1
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Sec1
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Sec2
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Sec2
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Sec8
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Sec8
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Sec11
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Sec11
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Sec12
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Sec12
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Sec16
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Sec16
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Sec21
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Sec21
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Sec22
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Sec22
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Sec23
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Sec23
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Sec32
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Sec32
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Sec35
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Sec35
http://dx.doi.org/10.1007/978-4-431-54454-8_4#Bib1
http://dx.doi.org/10.1007/978-4-431-54454-8_5
http://dx.doi.org/10.1007/978-4-431-54454-8_5
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec1
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec1
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec2
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec2
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec3
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec3
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec6
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec6
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec7
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec7
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec8
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec8
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec9
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec9
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec10
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec10
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec11
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec11
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec12
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec12
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec13
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec13
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec14
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec14
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec15
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec15
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec16
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec16
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec17
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec17
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec18
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Sec18
http://dx.doi.org/10.1007/978-4-431-54454-8_5#Bib1

Contents

Part II Applications to Architectural and Environmental

Acoustic Problems

6 Room Acoustics Simlation . .. ......... ... .. ... . ... . ....

Reiji Tomiku, Shinichi Sakamoto, Noriko Okamoto, Yosuke Yasuda,
Yoshinari Horinouchi and Kazuma Hoshi
6.1 Auditoria . ........ ... ..
6.1.1 Application of FDTD Method. . .. ................
6.1.2 Application of FEM and BEM . . .................
6.2 Seating Rows . . ... .. ..
6.2.1 Analysis with Layer Model Admittance. . ...........
6.2.2  Analysis with Seat Top Section Admittance. . ........
6.3 Reverberation Rooms. . . ........... ... .. .. .. .. ... ...
6.3.1 Comparison with Measurement Results . . .. .........
6.3.2 Descriptors for Diffuseness of Sound Fields. . ........
6.4 VehicleCabins . . ...... . ... . ... . ...
6.4.1 Boundary Conditions. . .. ......................
6.4.2 Numerical Analysis of Impulse Responses. . . ........
6.5 Partitions . ........ ...
6.5.1 Insulation Effect of Arrayed Partitions. . ... .........
References . .. ... ... . .

Noise Propagation Simulation. . . ... ... ... ... ............

Masahiro Toyoda, Takuya Oshima, Takatoshi Yokota,

Tomonao Okubo, Shinichi Sakamoto, Yosuke Yasuda,

Takashi Ishizuka, Yasuhito Kawai and Takumi Asakura

7.1 Outdoor Noise Propagation. . .. .......................
7.1.1 Influence of Wind. ... ..... ... ... ... ... ... ....
7.1.2  Efficient Calculation of Long-Range Propagation . . . . ..
7.1.3 Chained Simulation of CFD and LEE Method . . ... ...

7.2 Noise Barriers. . . .. ...
7.2.1 25-D Analysis Using BEM .. ...................
7.2.2 Numerical Examples . . ........................
7.2.3 Notes on Absorbing Boundaries . . .. ..............

7.3 Depressed Roads. ... ...... ... ... . . . ..
7.3.1 2-D Analysis Using FDTD Method. .. .............
7.3.2  2.5-D Analysis Using FDTD Method . .............
7.3.3 3-D Analysis Using FMBEM . .. .................

7.4 Building Facades. . . ........ .. ... .. ..
74.1 2-D Analysis Using BEM ... ...... ... ... ... ....
7.4.2 3-D Analysis Using FMBEM . . .. ................

7.5 Building Windows. . . . ... ... ..
7.5.1 Flanking Propagation Between Apertures. . . .........
7.5.2 Propagation Through Facing Apertures .. ...........

ix


http://dx.doi.org/10.1007/978-4-431-54454-8_6
http://dx.doi.org/10.1007/978-4-431-54454-8_6
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec1
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec1
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec2
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec2
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec3
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec3
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec4
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec4
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec5
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec5
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec6
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec6
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec7
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec7
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec8
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec8
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec9
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec9
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec10
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec10
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec11
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec11
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec14
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec14
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec15
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec15
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec16
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Sec16
http://dx.doi.org/10.1007/978-4-431-54454-8_6#Bib1
http://dx.doi.org/10.1007/978-4-431-54454-8_7
http://dx.doi.org/10.1007/978-4-431-54454-8_7
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec1
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec1
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec2
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec2
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec5
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec5
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec9
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec9
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec14
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec14
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec15
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec15
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec16
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec16
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec17
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec17
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec18
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec18
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec19
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec19
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec20
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec20
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec21
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec21
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec26
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec26
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec27
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec27
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec31
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec31
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec35
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec35
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec36
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec36
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec37
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec37

X
7.6 Floor Impact Sound. . ......... .. .. .. .. .. ...,
7.6.1 Solid Modeling. . .. ....... ... ... ... ... ... ....
7.6.2 Plate Modeling . . . ........ ... ... ... .. . ... .. ..
References . . .. ... ..
8 Acoustic Property Simulation for Building Components . . ... ...
Takumi Asakura, Yasuhito Kawai, Hisaharu Suzuki, Naohisa Inoue,
Tetsuya Sakuma, Hirofumi Onitsuka and Takayuki Masumoto
8.1 Absorbers....... ... ...
8.1.1  Assumption of Locally Reacting Condition . .........
812 AreaEffect ....... ... ... ... .. .. ..
8.1.3 Simple FDTD Model. . ... ........ ... ... .....
8.1.4 Layered Material FE Model . . . .. ................
82 Diffusers ... ... ... ...
8.2.1 BE Analysis of Surface Scattering . ...............
8.2.2 Calculation of Surface Scattering Indicators. . ........
8.3 Insulation of Windows. . . ....... ... ... ... .. .. ...
8.3.1 Analysis Using BEM. . ... ... ... ... ............
8.3.2 Analysis Using FDTD Method . . . ................
8.4 Acoustic Radiation from Loudspeakers ..................
8.4.1 Calculation Procedure . . ........... ... ... ......
8.4.2 Numerical Examples . .........................
References . . .. ... .. .
9 Auralization. . . ... ... ...
Takatoshi Yokota, Takumi Asakura and Takayuki Masumoto
9.1 Room AcCOUSLICS . .. ... i it
9.1.1 Multichannel Reproduction System
with FDTD Method. . .. ...... ... ... ... ... .....
9.1.2 Simulation of Room Impulse Responses . ...........
9.1.3 Effects of Sound Diffusers in Rooms ..............
9.14 Auralization of “Roaring Dragon™ ... .............
9.2 Noise Propagation . . . ........... .. ... i,
9.2.1 Auralization Method . . .. ...... ... .. .. ... ... ...
9.2.2 Simulation Results . .......... ... ... ... ... ....
9.3 Head-Related Transfer Functions. . . . ...................
9.3.1 Basic Examination . .......... ... ... ... ... ... .
9.3.2 Simulation Results . .......... ... ... ... ... ....
References . . .. ... .. .

Contents


http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec38
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec38
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec39
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec39
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec42
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Sec42
http://dx.doi.org/10.1007/978-4-431-54454-8_7#Bib1
http://dx.doi.org/10.1007/978-4-431-54454-8_8
http://dx.doi.org/10.1007/978-4-431-54454-8_8
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec1
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec1
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec2
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec2
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec3
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec3
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec4
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec4
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec8
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec8
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec13
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec13
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec14
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec14
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec17
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec17
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec20
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec20
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec21
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec21
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec26
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec26
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec31
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec31
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec32
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec32
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec36
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Sec36
http://dx.doi.org/10.1007/978-4-431-54454-8_8#Bib1
http://dx.doi.org/10.1007/978-4-431-54454-8_9
http://dx.doi.org/10.1007/978-4-431-54454-8_9
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec1
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec1
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec2
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec2
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec2
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec3
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec3
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec4
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec4
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec5
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec5
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec5
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec5
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec9
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec9
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec10
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec10
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec15
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec15
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec16
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec16
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec17
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec17
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec20
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Sec20
http://dx.doi.org/10.1007/978-4-431-54454-8_9#Bib1

2 Springer
http://www.springer.com/978-4-431-54453-1

Computational Simulation in Architectural and
Environmental Acoustics

Methods and Applications of Wave-Based Computation
Sakuma, T.; Sakamoto, 5.; Otsuru, T. (Eds.)

2014, XM, 324 p. 237 illus., 38 illus. in color., Hardcowver
ISEN: 978-4-431-54453-1



	Contents

