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Abstract

In this study, Noise and noise characteristics - originated from various sources especially from traffics adjacent to the roads,
were investigated in schools to create comfortable academic environment for students and contribute legislation. Every five
minutes, Noise levels(Leq, Lmax, Lmin, Ly, Lgo) were measured. Noise levels(Leq, Lmax, Lmin, Lo, Lgo) were measured. and
analyzed frequency for the noise attenuation effect to the wall (soundproof walls). The impact of road traffic noise was
measured to evaluate the TNI (Traffic Noise Index) was calculated. Measurement and analysis equipment was 01dB Symphonie
(France) measured using. The results showed that noise level of classrooms in five schools was exceeded the Noisy Standard

Criteria(55 dB(A)) under the School Health Law in 24 schools.

Key Words : Noise, Frequency, TNI

C&E‘
Mo o

3

At
ol

T Correspnding author. Email : kd5042@korea.kr
Tel : +82—51-888—-6816, Fax : +82—51—-888—-6817

. ERIFO] mAPH] 2

a8 A

T

N 12

S o o

FfF

N

52

-




0
D
—
m,
; =y
S .5 o o
B Xmﬁ.mmﬂ.._x.o
% : moﬂu__o.(l\_z
o 3 = Liﬂm_ﬁ
By S g e 7
= S . o Laﬂuﬁ}
. < @ /L\__o_vinqlln__w
H - o o EJrHLJ.__oxo
ofn [ @ @ oln X! { WA_W m_mrw |
4 o K &mﬁﬂ ~ g
o E . o 7%;_..“% 2
o0 ~ = #a_a__o
u W.._. :ounngu)mm
0 - b®E 8 X
5 ow o
N o %glyme_a
® e @Mvrmo )
x Ox Swor_]_maﬁo%m
oF ~ - e =2 8
T wqmm 4 ¥ IR 2L
f] [ o
m_l.._ T Tor m_v._->_o Mm il Hm o &e o 9 !
i Wz,_:_o% zumﬂﬁqxi :oxooﬁfﬁm
T T . s uAlﬂAr L A r 3£ B
= Eewfao@ N B ﬂhﬂi op 3 do = §
X o N I o @%%o__& Lﬁ7ﬂo HoE R 4 - S
S Famad ﬂEﬂp% SR EEa T - w4 E
n o W % o = = B oE B T R 4+ 8
OAL. Mﬂn_m < 9 7\on_ _In_ .W..m_l,._tﬂﬁ..r Xy
B il l%&ﬂ_a mW_]@iLd 1o_ﬂp%ﬂa% 2
Qﬂofov T Rl lu_xaou_zos_.qor AE@MzTAuL(l%_ﬂL.
_ N T T B o] o {F = " il of - iy IER = wo A X oo ho of T
S T N H o T w__le =r e _UT _ﬂ_ E! " _ o EE 5 o:u T < W.AU i
T Eo_nHmL_@ = 1.Mo_z E@@@%%Mﬂ%ue&s it
5o dEhT Jq‘_xweg};fa Lt;,u__po T 2T =z
P oo T N il m%_ﬂ::aa awmmﬂ%m_w%uﬂemm  ©
! ! X * | = < ; ~ T~
Bk i%m%ﬂ 0 Hq%m%%m R Ezémﬂ 4
MR = Hy® g zo%zbéxul TR L B g
o XO o — B X n__x o 0._ KO T ~o <N ST W T Z0
T B X° < ™ 5 -~ X r Al {F il o PR N o = o o = -
o g = 1N o o ny o 2 2 o o W ERR Gl o S o <
JEE PHEET % aﬂAngﬂ ﬂﬂﬁosl.x);w@mng i
TEET sozoi SRLERUC ﬁ]}ﬂ -
b o m_.m w_ﬁ T M omﬂ«m = i T %0 LY R B N W_- ok wr ﬂ o E NG mm_.,_m 4 .7_-
— = s B o .
o T wm_o_n%ﬁo_@ mm%m@v%mﬂot q Aﬂ%ﬂz%o_nwﬁﬂmﬂ%ofm
%wgmﬂ S .__Amm_mmmqﬂwu ﬂowww;ﬂi:fo%%%aamﬂ
ool X _la . o ~ .n_r o, o N B o .ﬂ Mu Nr m\L . el :.’w ol ML o ﬂ]u o~ " v ™
ggawmg¢¢y%w maaawaw% gg%mqwa$1%x%mgm}
Lo} E_E, u ~N O~ ,ml,.rﬂmo__o r ...ooru L.WWH.D!..IMLIUHH_B ].__OIL
A e wyﬁaa%gg y¢M%ﬁgﬁowwy_Mﬁ%y =
ﬁuourm%%ﬂﬂu. Euon_Lmam_Wmn_é%wmnbﬂz.x 20
w5 H o Hlo o Tom R o X g s w o= o of %0
N oru QL B o__”_ =l ..nnD.H ) _.E o il :.L L] BT w OE _.E 0 = I.__._ __A_ﬁ
o T % Aﬂ%ﬁm_x _U.Tqﬂurméz%,i -
L%O@__iﬁzﬂ E r=om ok
o Nr B 9| Sy U w 9 i
5Urm‘_.__m01\_..w _N_ . o X =~ .rﬁ
XMﬂoELdlﬂoZFu 100
B = )
B s



196 AEST B - oot dus

Table 1, Environmental standards (Noise Criteria) [unit : Leq dB(A)]
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Table 2. Noise in the classroom after opening windows [unit : Leq dB(A)]
classroom(lower floor) classroom(high—rise) Mean

Schools date Leq Lmin Lmax Lgo Lio Leq Lmin Lmax Lg Lio Leq

Kaegum elementary school 08/20 55.2 479 61.8 499 580 56.6 496 63.3 51.4 59.2 56
Kaewone elementary school 08/23 55.2 50.3 64.3 51.1 581 553 492 624 51.8 574 55
Gudeok elementary school 07/29 499 42,6 59.6 449 526 543 489 70.2 50.7 56.0 52
Jwacheon elementary school — 08/27 472 39.0 574 415 495 476 420 53.6 43.1 50.6 47

Daesa elementary school 10/13 445 39.0 545 416 46.3 50.0 445 615 46.2 52.2 47
Dukmoon girls' high school 08/10 476 372 54.2 409 51.4 490 419 583 443 51.1 48
Dongnae girls' high school 08/13 53.8 39.0 61.5 432 582 543 41.8 598 44.8 58.1 54

Myeongho middle school 04/29 42.2 359 595 36.8 44.1 497 385 621 41.6 52.0 46
Bongrae elementary school 08/30 51.6 429 63.3 44.2 54.1 483 458 595 46.6 49.3 50
Bonghak elementary school 05/07 54.2 47.2 73.1 494 552 507 433 61.3 458 523 52
Busan Tourism high school 08/19 50.6 45.3 61.8 46.8 52.6 520 47.7 689 48.8 52.8 51

Buheng middle school 10/20 50.7 445 62.1 465 525 51.2 443 603 476 553 51
Seongdong middle school 10/19 499 424 657 438 51.8 564 522 642 541 582 53
Centum high school 08/16 479 437 583 447 49.0 491 444 614 455 489 49
Aloysius middle school 10/18 58.2 50.0 672 527 60.6 51.2 423 657 459 534 55

Yeongdo girls' high school 08/09 38.5 323 558 345 40.0 424 385 576 39.2 430 40
Janglim girls' middle school 08/12 58.5 47.8 631 488 625 53.6 487 59.6 495 56.6 56

Jang—an middle school 10/14 425 349 544 378 450 470 395 56.0 42.1 50.0 45
Changshin elementary school ~ 08/06 49.4 428 60.3 439 522 50.8 458 599 469 53.0 50
Jungang middle school 10/21 57.6 48,5 66.9 51.7 603 595 506 705 545 622 59

Chungryol elementary school — 08/26 51.6 43,5 60.1 455 54.6 534 452 63.6 47.6 556 53
Hakjang elementary school 11/11 53.7 474 65.6 487 56.4 518 46.9 62.6 47.9 53.7 53
Hwamyeong high school 08/18 58.0 47.0 624 520 61.2 553 437 639 500 57.7 57
Hwamyeong middle school 10/29 58.7 49.9 71.8 523 61.6 593 50.8 70.8 53.6 62.3 59

Min 385 323 542 345 40.0 424 385 53.6 39.2 430 40
Max 58.7 50.3 73.1 527 625 595 522 708 545 62.3 59
Mean 51.1 434 61.8 455 53.6 52.0 452 623 475 54.2 52
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Table 3, Noise in the classroom after closing windows
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[unit : Leq dB(A)]

classroom(lower floor) classroom(high—rise) Mean

Schools date
Leq Lmin Lmax

Loo Lio Leq Lmin Lmax Lgo Lio Leq

Kaegum elementary school 08/20 41.8 36.7 57.8
Kaewone elementary school 08/23 447 40.0 68.7
Gudeok elementary school 07/29 419 31.5 58.6
Jwacheon elementary school 08/27 40.9 352 61.4

Daesa elementary school 10/13 33.8 26.8 49.1
Dukmoon girls' high school 08/10 38.3 27.6 49.0
Dongnae girls' high school 08/13 385 29.6 48.6

Myeongho middle school 04/29 36.7 29.5 51.1
Bongrae elementary school 08/30 384 36.0 504
Bonghak elementary school 05/07 441 345 57.1
Busan Tourism high school 08/19 43.8 36.4 594

Buheng middle school 10/20 45.6 38.4 61.8
Seongdong middle school 10/19 41.2 35.1 554
Centum high school 08/16 36.4 32.2 46.7
Aloysius middle school 10/18 50.9 435 61.2

Yeongdo girls' high school 08/09 32.4 26.9 44.2
Janglim girls' middle school 08/12 41.1 35.6 54.6

Jangan middle school 10/14 40.7 29.2 59.1
Changshin elementary school ~ 08/06 369 320 52.6
Jungang middle school 10/21 44.3 36.9 54.6

Chungryol elementary school — 08/26 459 350 61.3
Hakjang elementary school 11/11 455 42,6 53.2
Hwamyeong high school 08/18 34.8 27.2 48.2
Hwamyeong middle school 10/29 42.6 359 544

38.2 428 419 385 46.3 371 401 42
40.7 43.2 430 379 529 39.8 450 44
33.4 444 398 339 50.6 36.1 417 41
36.3 415 39.2 345 543 354 398 40
28.3 36.3 360 314 501 327 376 35
29.9 405 438 36.3 62.8 382 447 41
31.2 41.7 401 309 50.8 329 431 39
31.6 38,6 345 281 476 299 369 36
36.6 39.6 40.7 349 53.6 364 426 40
376 475 387 322 514 345 405 41
384 46.6 446 375 587 389 475 44
40.5 47.8 49.1 399 61.2 424 508 47
36.8 427 484 426 627 448 505 45
33.3 373 361 31.8 451 328 381 36
46.7 53.0 50.9 383 687 42.8 528 51
28.3 346 331 293 50.8 299 34.0 33
36.5 426 442 404 50.8 414 459 43
33.8 41.2 46.1 34.1 54.6 39.8 495 43
328 36.6 36.1 323 472 33.6 375 37
39.8 46.9 48.2 405 577 431 51.1 46
38.1 48.6 457 364 614 38.6 475 46
43.3 474 451 414 572 423 46.8 45
29.8 36.7 38.0 304 49.7 329 40.5 36
37.6 454 432 36.7 553 387 459 43

Min 324 26.8 44.2
Max 50.9 435 68.7
Mean 40.9 339 549

28.3 346 331 281 451 299 340 33
46.7 53.0 509 426 687 448 528 51
35.8 42,6 41.9 354 542 375 437 41




wAASE ™I}

R A A ) S7HASE(Leq) s Table 2. of Uheh
W kel ol WA AZo] A9 38.5~58.7 [dB(A)]S] W]
2 B 51.1 dB(A), WA AFoA+= 42.4~59.5 [dB(A)]9]
W9l W 52.0 dBA)E UERdTh R Ale] AEat
W% @Ale] B4R Aol Bt 0.9 dBA)Z 2 Ao|S

+

UERHA] gkt made] Aol ASHeg 25ert #4
Al A0l Bt 7S (Leq)= 21
7P = dehten, g=eart 40

Table 4, Noise attenuation effect of windows
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[unit : Leq dB(A)]

after opening

after closing

Noise attenuation effect in windows

Schools window windows  VOreEe altenuaton - attenuation oy (1ype)

Kaegum elementary school 55.9 41.8 49 14.1 25.2 double pane
Kaewone elementary school 55.2 43.8 50 11.4 20.7 "
Gudeok elementary school 52.1 40.9 47 11.2 21.5 "
Jwacheon elementary school 47.4 40.0 44 7.4 15.6 "
Daesa elementary school 47.2 34.9 41 12.3 26.1 ”
Dukmoon girls' high school 48.3 41.1 45 7.2 14.9 "
Dongnae girls' high school 54.0 39.3 47 14.7 27.2 "
Myeongho middle school 45.9 35.6 41 10.3 22.4 "
Bongrae elementary school 49.9 39.6 45 10.3 20.6 ”
Bonghak elementary school 52.4 414 47 11.0 21.0 "

Busan Tourism high school 51.3 44.2 48 7.1 13.8 single pane

Buheng middle school 50.9 47.3 49 3.6 7.1 double pane
Seongdong middle school 53.2 44.8 49 8.4 15.8 ”
Centum high school 48.5 36.2 42 12.3 25.4 "

Aloysius middle school 54.7 50.9 53 3.8 6.9 single pane

Yeongdo girls' high school 40.4 32.8 37 7.6 18.8 double pane
Janglim girls' middle school 56.0 42.6 49 13.4 23.9 ”
Jang—an middle school 44.7 43.4 44 1.3 2.9 "
Changshin elementary school 50.1 36.5 43 13.6 27.1 "
Jungang middle school 58.5 46.3 52 12.2 20.9 "
Chungryol elementary school 52.5 45.8 49 6.7 12.8 ”
Hakjang elementary school 52.8 45.1 49 7.5 14.2 "
Hwamyeong high school 56.6 38.0 47 20.2 35.7 "
Hwamyeong middle school 59.0 43.2 51 16.1 27.3 "
Min 40.4 33.1 37 1.3 2.9 ”
Max 59.0 50.9 53 20.2 35.7 "
Mean 51.6 41.5 47 10.1 19.6 "
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Fig. 4. Noise attenuation effect in window,
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Table 5, Noise level in schoolyard and roadside
[unit : Leq dB(A)]

schoolyard roadside
School date - -

Leq Lmin Lmax Lgo Lio Leq Lmin Lmax Lgo Lio TNI
Kaegum elementary school 08/20 68 55 74 57 72 71 63 84 65 74 69
Kaewone elementary school 08/23 63 55 71 58 65 69 57 83 61 72 73
Gudeok elementary school 07/29 67 56 79 61 69 78 65 89 71 80 79
Jwacheon elementary school 08/27 63 43 71 46 68 61 45 76 47 63 81
Daesa elementary school 10/13 53 47 61 49 55 60 48 76 50 60 60
Dukmoon girls' high school 08/10 - - - - - - - - - - -
Dongnae girls' high school 08/13 58 53 66 53 61 69 58 75 63 72 69
Myeongho middle school 04/29 55 46 70 48 57 55 43 70 45 57 65
Bongrae elementary school 08/30 63 56 70 58 66 76 64 87 69 79 79
Bonghak elementary school 05/07 61 53 71 56 63 73 60 88 63 76 85
Busan Tourism high school 08/19 61 55 75 57 64 71 59 86 62 73 78
Buheng middle school 10/20 64 52 77 56 66 67 53 79 57 71 83
Seongdong middle school 10/19 58 54 66 55 60 63 54 78 55 66 71
Centum high school 08/16 60 53 71 55 62 74 63 84 68 77 72
Aloysius middle school 10/18 59 49 71 54 61 67 52 78 58 70 76
Yeongdo girls' high school 08/09 55 43 69 45 57 63 40 83 42 62 92
Janglim girls' middle school 08/12 58 51 72 52 61 70 53 86 55 72 93
Jangan middle school 10/14 49 45 59 46 51 49 43 63 44 49 32
Changshin elementary school 08/06 60 50 73 53 63 68 60 79 61 70 67
Jungang middle school 10/21 64 52 77 56 66 67 53 79 57 71 83
Chungryol elementary school 08/26 59 51 71 53 62 66 53 84 56 69 78
Hakjang elementary school 11/11 56 52 66 53 58 66 54 82 57 69 77
Hwamyeong high school 08/18 70 55 75 58 74 72 57 80 61 75 87
Hwamyeong middle school 10/29 65 59 77 61 67 68 60 82 64 70 60
Min 49 43 59 45 51 49 40 63 42 49 32
Max 70 59 79 61 74 78 65 89 71 80 93
Mean 60 51 71 54 63 67 54 80 58 69 74
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Table 6, Noise attenuation effect in wall (soundproof walls) [unit : Leq dB(A)]
o . Noise attenuation effect in wall (soundproof walls)
chools roadside  schoolyard ;}gi?é%ttgl att(eélizg)lon window (tvpe)
Kaegum elementary school 70.5 67.5 3.0 4.3% soundproof walls
Kaewone elementary school 69.0 63.0 6.0 8.7% brick wall
Gudeok elementary school 77.5 67.0 10.5 13.5% brick wall
Jwacheon elementary school 61.0 63.0 0 0 open fence
Daesa elementary school 59.5 53.0 6.5 10.9% brick wall
Dukmoon girls' high school - - - - brick wall
Dongnae girls' high school 68.5 57.5 11.0 16.1% brick wall
Myeongho middle school 55.0 55.0 0.0 0.0% open fence
Bongrae elementary school 75.5 63.0 12.5 16.6% soundproof walls
Bonghak elementary school 73.0 60.5 12.5 17.1% soundproof walls
Busan Tourism high school 71.0 61.0 10.0 14.1% brick wall
Buheng middle school 67.0 63.5 3.5 5.2% open fence
Seongdong middle school 63.0 58.0 5.0 7.9% brick wall
Centum high school 74.0 59.5 14.5 19.6% soundproof walls
Aloysius middle school 66.5 59.0 7.5 11.3% soundproof walls
Yeongdo girls' high school 63.0 55.0 8.0 12.7% brick wall
Janglim girls' middle school 69.5 58.0 11.5 16.5% brick wall
Jangan middle school 49.0 48.5 0.5 1.0% brick wall
Changshin elementary school 67.5 60.0 7.5 11.1% soundproof walls
Jungang middle school 67.0 63.5 3.5 5.2% soundproof walls
Chungryol elementary school 65.5 58.5 7.0 10.7% brick wall
Hakjang elementary school 66.0 55.5 10.5 15.9% soundproof walls
Hwamyeong high school 71.5 70.0 1.5 2.1% open fence
Hwamyeong middle school 68.0 64.5 3.5 5.1% brick wall
Min 49.0 48.5 0.0 0.0%
Max 77.5 70.0 14.5 18.7%
Mean 66.9 60.2 6.8 10.1%
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Fig, 5. Noise Level and TNI of the roadside,

Table 7, Noise Level and noise source on the schools
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[unit : Leq dB(A)]

noise source

Schools date %fsesﬁggg)l schoolyard roadside traffic noise Other moise
Kaegum elementary school 08/20 49 68 71 great influence  cicadas's crying
Kaewone elementary school — 08/23 50 63 69 great influence
Gudeok elementary school 07/29 47 67 78 great influence
Jwacheon elementary school ~ 08/27 44 63 61 low influence cicadas's crying
Daesa elementary school 10/13 41 53 60 low influence
Dukmoon girls' high school 08/10 45 - - low influence cicadas's crying
Dongnae girls' high school 08/13 47 58 69 low influence cicadas's crying
Myeongho middle school 04/29 41 55 55 low influence
Bongrae elementary school 08/30 45 63 76 great influence
Bonghak elementary school — 05/07 47 61 73 great influence
Busan Tourism high school ~ 08/19 48 61 71 great influence
Buheng middle school 10/20 49 64 67 great influence
Seongdong middle school 10/19 49 58 63 great influence
Centum high school 08/16 42 60 74 great influence  cicadas's crying
Aloysius middle school 10/18 53 59 67 great influence
Yeongdo girls' high school 08/09 37 55 63 low influence
Janglim girls' middle school 08/12 49 58 70 great influence Factory noise
Jangan middle school 10/14 44 49 49 low influence
Changshin elementary school — 08/06 43 60 68 great influence  cica das's crying
Jungang middle school 10/21 52 64 67 great influence
Chungryol elementary school — 08/26 49 59 66 great influence  cicadas's crying
Hakjang elementary school 11/11 49 56 66 great influence Factory noise
Hwamyeong high school 08/18 47 70 72 great influence cicadas's crying
Hwamyeong middle school 10/29 51 65 68 great influence  construction noise
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