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Summary

The Shinkansen super-express railway system in Japan has greatly increased its capacity and has

expanded nationwide. However, many inhabitants in areas along the railways have been disturbed by noise

and ground vibrations from the trains. Additionally, the Shinkansen railway emits a higher level of ground

vibration than conventional railways at the same noise level. These findings imply that building vibrations

affect living environments as significantly as the associated noise. Therefore, it is imperative to quantify

the effects of noise and vibration exposures on of each annoyance under simultaneous exposure. We

performed a secondary analysis using individual datasets of exposure and community response associated

with Shinkansen railway noise and vibration. The data consisted of six socio-acoustic surveys, which were

conducted separately over the last 20 years in Japan. Applying a logistic regression analysis to the datasets,

we confirmed the combined effects of vibration/noise exposure on noise/vibration annoyance. Moreover,

we proposed a representative relationship between noise and vibration exposures, and the prevalence of

each annoyance associated with the Shinkansen railway.

Keywords: Shinkansen Railway; Noise; Ground vibration; Social survey; Annoyance
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Table 1 Outline of datasets.
Dataset * KNG95 KNGO1 FKO NGY KMM NGN
Date (FY) 1995-1996 2001-2003 2003 2004 20112012 2013
Location® KNG Pref. KNG Pref. FKO Pref. NGY City KMM Pref. NGN Pref.
Line © TSL TSL SSL TSL KSL HSL
Number of trains 4
Daytime (7:00-22:00) 234 265 142 249 112 62
Nighttime (22:00-7:00) 16 22 18 21 17 7
Method Visit-Mail ¢ Visit-Mail ¢ Visit-Mail ¢ Interview Visit-Visit©  Mail-Mail ¢
Housing type (DH; AB) DH DH & AB DH DH DH & AB DH
Annoyance unbearable ICBEN ¢ ICBEN ¢ ICBEN# ICBEN ¢ ICBEN ¢
Response proportion (%) " 72 57 66 58 45 45
Sample size 709 872 358 175 559 294

@ References for datasets (left-right): (3, 1, 2, 5, 10, 8); ® Kanagawa (KNG); Fukuoka (FKO); Nagoya (NGY);
Kumamoto (KMM), and; Nagano (NGN); ¢ Tokaido Shinkansen line (TSL); Sanyo Shinkansen line (SSL);
Hokuriku Shinkansen line (HSL); Kyushu Shinkansen line (KSL); ¢ Shinkansen super-express trains operate
between 6:00 and 0:00; © Distribution-collection method; f Detached house (DH); Apartment building (AB); &
International Commission on Biological Effects of Noise (ICBEN); " Response proportion of detached houses.
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Table 2 Relative frequency of distributions of demographic and housing factors (%).

Items Categories KNG95 KNGO1 FKO NGY KMM NGN
Male 14 47 49 39 41 56
Gender Female 86 50 50 61 58 35
Unknown 1 3 0 1 1 10
<30 6 3 7 4 4 3
30-39 10 12 7 5 4 4
40-49 31 17 10 10 12 9
Age 50-59 30 29 24 16 17 16
60-69 17 22 37 31 28 33
>70 4 15 15 33 33 34
Unknown 0 2 0 1 2 1
<5 years 14 17 5 9 6 4
Period of <10 years 12 13 9 5 11 10
residence >10 years 74 69 86 83 83 85
Unknown 0 0 0 3 1 1
Wooden 85 86 91 59 89 86
Housi Reinforced Concrete 1 2 1 23 3 2
e Steel frame 10 10 6 7 7 10
structure Others 3 0 1 6 0 1
Unknown 1 2 0 4 1 0
3. 2 BE-RIRTFE 60 NG9S
Fig. 1 12, KT —HEy D Lan & Limax © o) KNGO01
NENOFEEEOREE ~T, £T7—F kv b 55 ° .
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T, AR AL E RIS B LT, S &0 | NGN
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FRETH -7, KMM LT NGN (22T,
SISO AT ARLR 1 ik D TR D 7 o 7 © O FKO
71:’_ 275 ) LAS,max 75§ ﬁ*%};ﬂjf %) ) Lan ﬁd\ é < fcﬁ - T 40 4.5 56 5.5 60
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7o T2, Lan & [AIFEIZ, KMM K TN NGN O
Lymax 75§/J\ é Mmol-Z & 5i, ﬁ%ﬁ*ﬁ%#@i%g)%

Fig. 1 Relationships between the mean energy-based
index (Ldn) and mean maximum-based index (Lvmax)
for each dataset.
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Fig. 2 Comparison of the relationships between Ldn and prevalence of noise annoyance for each dataset. (a) Lian-%EA

relationships; (b) Lan-%V A relationships. Index of annoyance calculated from the rate of people who responded to the

most annoyed category (%EA); the rate of people who respond to either of the top two annoyance categories (%VA).
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Fig. 3 Comparison of the relationships between Lvmax and prevalence of vibration annoyance for each dataset. (a)

Lvmax-%EA relationships; (b) Lvmax-%VA relationships.
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Fig. 4 Comparison of the relationships between Ldin and prevalence of noise annoyance according to vibration
exposures: (a) Lan-%EA relationships; (b) Lan-%VA relationships. Low noise level group (LO-NL); medium noise

level group (MD-NL); high noise level groups (HI-NL).
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Fig. 5 Comparison of the relationships between Lvmax and prevalence of vibration annoyance according to noise

exposures: (a) Lvmax-%EA relationships; (b) Lvmax-%V A relationships.
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WL, 88357 A T v ADOBEAITIE, MR B,
MR I 30 AT, (E B & I LARE, La 13 38-42
dB, Lymax (3 MD-VL %, ZNZNEKELT I

extremely

— &L L7z, IREYT AT ADEEITIE, 5k
BROFEHES 7 TV — LR T E L, Lymax IE 33—
37dBDH T 2V —, Lgld MD-NL & L 7=,

Table 3 (Z/RT &Y, Lan? 48-52dB DI T
= U —"TI%, %EA, %VA & b2, 4 Xkt 1
FOREL, 2D S%EHEXMEOTRMES 1 %2
i 5%KETHE) Lz, 2073V —X&
D LanMREWVW2 ATV —T1h, REEDORER
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(5% KHETHE) Th o7, FFEIC, HI-VL &
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BlICE Mo, 2O DOREHIT, La S 48-52 dB
b HT2Y —TlX, Lan(£3842 dB DA T
Y —ZHRTRBET /AT U ARAEICEL,
INZ T Lymax WEEET /AT VALK LTHE
IRHEEN R RET LB R LTV D,

Table 4 |, Table 3 & [FAEROMH A ZRT, 372
OB, Lunax 2 4852 dB D7 TV — LD H K
LB L, %BEA, %VA £ biT, v XkiT 1
I HRELS, OIS %EHEXMO FRRMEDL 1
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Table 3 Logistic regression analysis of %EA/%VA due to noise.

Item Category %EA %VA
Odds Ratio 95% CI Odds Ratio 95% CI
43-47 1.204 0.542-2.676 1.627 0.938-2.823
Lan 48-52 3.988 1.889-8.421 4.704 2.762-8.014
53-57 4.780 2.171-10.524 5.459 3.062-9.732
58-62 4.922 2.026-11.957 7.319 3.689-14.519
Lvmax LO-VL 0.466 0.310-0.700 0.621 0.471-0.820
HI-VL 1.717 1.215-2.426 1.482 1.104-1.989
Sex Female 0.680 0.507-0.910 0.719 0.573-0.903
30-39 1.287 0.506-3.271 0.770 0.389-1.521
40-49 1.420 0.585-3.448 1.039 0.554-1.951
Age 50-59 1.708 0.733-3.979 1.254 0.692-2.272
60—-69 1.600 0.688-3.723 1.324 0.734-2.387
>70 0.751 0.308-1.832 0.604 0.325-1.120
Housing Reinforced Concrete 0.577 0.267-1.248 0.734 0.419-1.285
Structure Steel frame 0.882 0.521-1.491 1.044 0.705-1.547
Others 0.529 0.119-2.342 0.487 0.160-1.478
Constant 0.051 0.130
Table 4 Logistic regression analysis of %EA/%VA due to ground vibration.
%EA %VA
Item Category - -
Odds Ratio 95% CI Odds Ratio 95% CI
38-42 1.640 0.324-8.305 1.778 0.629-5.029
43-47 1.625 0.367-7.201 2.084 0.805-5.398
I 48-52 4.923 1.166-20.833 4.804 1.884-12.250
v 53-57 9.277 2.220-38.778 9.231 3.6381-23.422
58-62 15.659 3.709-66.111 11.804 4.569-30.498
63-67 13.215 2.982-58.557 17.126 6.261-46.843
La LO-NL 0.489 0.248-0.963 0.333 0.196-0.565
! HI-NL 1.775 1.259-2.502 1.470 1.099-1.968
Sex Female 0.721 0.535-0.972 0.621 0.490-0.786
30-39 0.887 0.353-2.231 0.720 0.359-1.443
40-49 1.379 0.589-3.231 1.157 0.611-2.189
Age 50-59 1.706 0.761-3.826 1.304 0.714-2.383
60—69 1.126 0.498-2.547 0.982 0.537-1.794
>70 0.824 0.352-1.929 0.608 0.324-1.140
Housing Reinforced Concrete 0.748 0.355-1.576 0.814 0.455-1.456
Structure Steel frame 0.842 0.491-1.443 0.863 0.567-1.314
Others 0.598 0.130-2.736 1.450 0.562-3.742
Constant 0.020 0.070
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-18-



5, [B—D Lymax 7 TV —THET D &, Li
DN L=, %EA, %VA &H 5 b %
WZHEIN U720 Lomax D F-HIME 50 dB 2 G de 1 7 =
J— (48-52 dB) TI%, %EA 1% 5% (LO-NL),
9% (MD-NL), KT8 14% (HI-NL), %VA IZ 7%
(LO-NL), 19% (MD-NL), } U} 26% (HI-NL)
Th o7,

60
(a) —A—LO-VL
50 1 ——mMD-VL
0 | —&—H-VL
E 30 o
2
20 A
10 1
0 . . . .
38-42 4347 4852 5357 5862
Ly, (dB)

MR BRER Y o ¥ —iF7EiH S No.41 (2018)

INLOREND, RE) IEETOZREREN
W iz Ly, Th2nkky, IEEhicxs
TLT ATV ADFIERNEL 72D 2 &0k
WTEXTe, Thbb, EFRAELV-LOEE
RENCRIFFICIR SN TV D EAIIE, 7T /A47
VADBERMENELD L ERETHHOT

H5,
60
(b) ——LO-VL
50 1 ——MD-VL
0 | —&—H-VL
<>( 30
e
20
10 4
0 . . . .
38-42 4347 4852 5357 5862
L4, (dB)

Fig. 6 Relationships between Ldin and prevalence of noise annoyance by vibration exposures: (a) Ldin-%EA

relationships; (b) Lan-%VA relationships.
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Fig. 7 Relationships between Lvmax and prevalence of vibration annoyance by noise exposures: (a) Lymax-%EA

relationships; (b) Lvmax-%V A relationships.
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