st=r2es =23 Ay
%7%4% 2005.35 12H 000000000000 00000000000000000000000000C0C000000000000000 . '///
pp. 125 ~ 140

ST2E TP 28 XL YLt
Q10| 7124 El0|'g 413 ! X

Noise Reducation of Concrete Pavement
through Application of Random Transverse Tining

t_ﬂ_!' II_I El * il EH §| ** 5 _E_ i***
Park, Jin Whoy Choi, Tae Hui Cho, Yoon Ho

Abstract

This study suggests a suitable random transverse tining for reduction tire/road noise from concrete pavement. Through
literature reviews, random transverse tining that can disperse the energy concentrated to the specific frequency was suggested
using the LCG(linear congruential generators) algorithm. The spacing of tining from this study is applied to Daegu-Pohang
express highway. For the purpose of comparison, two other random tining sections were included that are research products from
Chung-Ang university and Wisconsin DOT. In result of pass-by noise measurement by car, though designed section is superior to
the others as noise reduction by reducing pitch noise, the effectiveness is not large. In case of traffic noise measurement, lower
noise was observed at random transverse tining sections than uniformly transverse tining section, too. But there are some

differences between pass-by noise and traffic noise.

Keywords : random transverse tining, tire road noise, pitch noise, LCG algorithm, frequency analysis
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th. % dlo|eel g H7 dlole F AU L F
2 A YA SA 3kl dsteq BdE 4E
3lo] vlmalgeh, A9 g B 24 A%E B
H ARz dF 2H79] et ol 7HY
g b Hlal o] 744 ke elo]yd F2heA
+ A% BHE Bolx gt} 7MY 8%} VA
e e A 3 F7te R dut 7 vl wE)
wf ¢ 2.3~3.9dB(A) =9 &g ZAE Y
Wt A7 2 77 A9ol= A 3 71k nE)
BAE 1.5dB(A) = AolE BHAT 100km/h
o] m&og P Ayoe A H|£d ASEE
71530 A2FAF AT Ao AAE HE S
Higo 2 Algd %9 £ 77he B4 AA 2 77
3} 853 A9E Holx glon dvt 773} vl 2y
< Hol= 100km/h o4 n& FYA 2& AL

b

wlo

¥ 8. passby 22 5%

Y,
o

7 et Ald =2 Ad 77
dMe EA7} FHEHA YetA] A
VTS HA dwk 23] ASE Aol
AT & Aol g 24 ZAFe X 89 A4
o] Jlt} dutA o' &£uyt Z714E A A
Z718la o}, 60km/helA 80km/hE £%7}
7¥ete A 7P &g Aol B& Ao e
won &%t F7MESE £aR I F3)
AP AS & 4 itk A 3 7] AL BE
Eofl thafA ArE F7ko] Hlsf &g A 7F 3
A et gk, 15k 99 2k FRtelME &
57 AR S E Gut Y] 25 % Aolst
ARE A 4= 310t} 7]1% AA @A glo] 9
ZATHIY AE =2 Ad 77t A$ 99 7t
A glo|yd 77t FollA &8 A7 &7} 71 "ol
e Aoz eyt

249 A%z dg FarE BASAT. AA
Ao R 1~25kHz HeloA A& B} wja}
A 60km/h o|/3e] XM WHAEE 2gdAME

2

oo
A
i

e

A

dlo
ofy Plﬂ B R

Z1 (2004. 11. 8, HZES Tm/s, BF7I2 14.6T)

AA 2 73 dA 373 =9 £ AE =2 49 a3t
(09:00~10:00) (10:00~11:00) (11:00~12:00) (13:00~14:00) (14:00~15:00)
60km/h 68.8 67.3 68.9 69.6 704
80km/h 73.2 72.7 73.6 73.8 75.0
100km/h 76.1 75.9 76.6 7.2 78.1
120km/h 78.6 7T 79.0 79.8 81.6
100km/b 120km/h
80
70 (dB(A) =5 ® ’dB(A) s -
7 v 20 - R
60 ,.:;3:/ a\‘ S ey
e N 60 e S
50 o © ag) 50 Pl :
AES 2 B ;7.@({!_; e Ry
40 «[,/{1 el I 40 ;; ;iﬂl .
30 ;/’/ RARY 20 z‘? -&-22A2H
fF Ayss wgff‘ NEsE
20 % ,,’f/»/._g —— 20 4‘ . v:_:lyfr,- o aw
10 /y’ = 10 }{, -
0 & ® 282 88 28 58§ 42 &8 & 8 0 $ 8 2 8 8 8 8 2 88 3 & & & & &
2 8. 100km/h F&A| L4 Faks vl 3% 8. 120km/h FYA| L4l Foksr vl

SRERY =2
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gold 77 F 748 Agrt ¥4 SHHAY AlE
=29 49 4 Bold& AEFE FiielM e

AR, A 5o 71AAS] fol TAse AL 120km/hE FHRE 352 Adstne tE 49
2 487 250~500Hz HHM = AQF oz & 7HZ F7h v]&] 3] agkd dig Fui4 BAF §3171
©} 2185 280 B WD Y 99 2A e gt 19 8~13 9o e
Aol Bold ez AgHe Uu 709 A 5 100km/heh 120km/hed ) 708 Foj] o
7} $7VeE 94A)7} 1kHz ¥ =4 84 3 E¥E vusta 9ot
HE AL 2 4 Aok 2o 99 24 Helgd #2 E 9% 800Hz~2.5kHz MSAcIN S| 7 Fok48
o] AY, B3 /P 2 ASEE VEYY AA 3 ALEE U Aotk Qzte] M wideHA S
P23 A 2 P S BEE HU U T 4 Sl Aele 1kHz o4) 7m0 B9l
o Hl&] 1kHz F2A FAH= Jaxrt 224 24 $sle &2 B =2 4 5lon o2
EAkE A8 gl = 91t} o]& 120km/hY] & agolzt & 4 Uk Wb 1kH 2 FH F3<09|
244 TR0l Jehdn ok 2o 99 92 U@ 74 70 2 vmse s 2ad,
£ 9. 800Hz~2.5kHz o] 2t a4 wy AS e
(2004. 11. 8, BRES 1m/s, B27/2 14.6C)
&x f(Hz) AA 2 74 AA 3 #3¢ 9] B8 AlY 22 gt 17k

800 60.2 58.5 59.7 60.1 61.8

1k 63.3 59.6 63.3 64.2 62.2

1.25k 60.7 59.9 60.9 61.9 614

60km/h o 58.7 60.1 58.6 58.6 635

%k 58.4 59.1 56.6 56.5 614

2.5k 54.1 55.2 53.9 54 575

800 63.3 63.3 654 64.2 65.9

1k 66.9 654 68.5 675 67.2

1.25k 63.2 64.9 658 64.9 67.4

L 65.4 64.4 648 65.9 675

%k 65.4 64.1 638 64.7 67.1

2.5k 60.1 59.8 60.2 60.6 616

800 655 65.2 65.9 664 69.9

1k 69.1 68.7 69.8 72.1 73.2

1.25k 68.6 69.4 70.1 68.7 70.9

100km/b "2 67.2 68.1 67.1 68.1 69.9

2%k 67.8 67.6 675 68.9 69.4

2.5k 64.2 64 64.3 64.2 65

800 68.5 671 69.1 68.8 705

1k 69.6 70.7 719 731 74.9

o0k 125 715 72 72.2 72 75.3

m 1.6k 69.7 70.9 69.7 714 73.9

2% 70 69.9 69.9 70.6 725

2.5k 68.3 66.8 67.3 68 68.7
BETDEEERBEG|  ovvvoretroint et e 135
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Fof| yepd 7t Fubed A5 E vlas] B Ayt B APolA FaAE A9 A 34 Al gEiA
TR Fotpd A ert AAFCE FA F 99 AR HAAY 713 g N S &
A AL & HEEe AF JAgE 559 Ao7t FAFEHA ol deA A 4
1~1.6kHzoll Al wAidion 919 218 75 o & At & drdMe £4F £4(ANOVA)
gk 27t Hla) e ALEE BY A8%0 b & AAS) YEiM B4 ZzaWel MINITABS
B9 S8EA- 3FE At Pl ARSI AF Ao 2 7 b dHolHE
B AA 3 FoA Fokert EabEo] Yeld  F 107 2] &8t
As B 5 Ut tolEl &9 HagEe] Aol7t YA E AH 8]
WY HrE 2Eate] AAG 99 113 PR 8] P-valued =239, FI5EE 0.052 7}
o &2 34 A%, &5 AR S BHS B ol Fad. pvaluert 0.058T 2 gro] U A4,
1kHz #-2olx wAsts 33 (peak)E £4A] 479 HAUES 12X ke ZES 97 I
Ao EM AHA AFOR QAT A5 4 S g 1 A% SAHEE ol &5t
AAIZ AR B F-test® A3 47 F 119 2o 58 &%
oA pvaluex 0.0520} 22 & Yeitt. ot
5.3. 4| 45 £X Z1t £4 Az M 2FE 2ol 7t fltke AF7HE L 7]
£ 10, £ 2442 93t ool 7

77 ELRS %% (km/h) A (dB(A)) FEA

5 60 68.600 0.394

A7 9 27 5 80 72.800 0.354

5 100 76.060 0.270

5 120 78.580 0.277

5 60 67.780 0.807

oA 3 2 5 80 72.680 0.610

5 100 75.540 0.826

5 120 78.460 0.261

5 60 68.920 0.239

. 5 80 73.620 0.829

5 100 76.620 0.228

5 120 78.980 0.444

5 60 69.620 0.311

A we 5 80 73.780 0.444

5 100 77.220 0.311

5 120 79.820 0.311

5 60 70.360 0.207

- 5 80 74.980 0.487

5 100 78.700 0.524

5 120 81.640 0.288




1 BN EME
PET A= B ag
(sourc‘: of vaﬁation) ARHSS) AR (df) BEAEMS) ) O(F?)Zﬂ ’ (Pjvjlgje)
A 2] (treatment) 19.366 4 4.841 2411 0.000
60km/h 9 A (error) 4.016 20 0.201
F(total) 23.382 24
A& (treatment) 17.098 4 4.275 13.21 0.000
80km/h 23 error) 6.472 20 0.324
Z(total) 23.570 24
A#] (treatment) 29.750 4 7.438 31.52 0.000
100km/h 2.2k (error) 4.720 20 0.236
Z(total) 34.470 24
A2 (treatment) 34.402 4 8.600 82.38 0.000
120km/h 9 A} (error) 2.088 20 0.104
% (total) 36.490 24
74 3l &, 7 FRe) g 255 HE g WA AA 3 F It #2hE Hldtd, 7 &
95% A Z Tl A apo|7} Qlthz Hdke] 7bgdith,  Eof uhel E 1204 Bl vhe} o] 0& e
ol et 4 kel P Aol® 2k Al A7 gk @ 1 3] 9] 4 Beld 7
tukey methodE ©|&3le] ths HwE AN e FRHE tukey methodell A83l= 0& E§Hs}
t}. tukey methode vlolE|e] Bazke] Atolo] o A| &gttt metA] 9le] 74 Elojddre] AgEE
o A 2ES Sl 7} ghEe] BAAR AtelE AWt Elold e ASEe BAA Aolrt glon, ol
UEhETlE ZASE BHolT A 2250 R 9ol 34 Hlelde] 48 AR 93E F Aow
A &9 AA 3 e Ve 74 29 MedE ddd $ ol
Wme A% E 120 AA e, Qo) 212 gold T 2429 b Wl awie 4
I 12, M 3 F2iof oSt tukey method HE Znt
r 60km/h 80km/h |
N2 7 PR ’ ' @2 72 ' A
Ro| 2 72 (S 29} 28 T [——
X €2 72 =, N €2 72 =
et P2t ; + ' et 2t 4 i 4
20 00 20 40 46 00 1§ 32
100km/h 120km/h
A2 TA * (-i__*-__) ‘ ' #H2 P2 (_i*--j '
2o| & P2 ) 20| 28 72t [-+—)
NE £= P2 (---*-'E:z__*___) Al S2 70 (==+=) ()
ek T2t t + } t it 2t ¢ t ¥ t
2.0 0.0 2.0 40 -2.0 0.0 2.0 40
BEELEEERBHFB]  ovoeeeoreit it 137




Astact. B ATl AXE HA BHY A5 B
Eof thefA AA 2 75t A 3 P BA
g JehiA] &stct. AA 3 #0359
v @g A7 80km/h, 100km/hollA
AR Apol7h AL FAAT, 60km/het
120km/h & ZA$ole AA 3 F3ro] A7 Wl
A 2SR Aolg Uelon], AldER 71179
Bl @ol X e RE SxoA EAA 2o 2 By
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N
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o Mg r1n

=

uE Mg l—‘? 7k 0 A2 3t Eﬁfﬂ Ay
& LS_ 7% 13~ 14‘”)0} : *e“ﬁ

analysis)o|th. E3 pass-by(ddataF @ 583}
49 &% 5;8‘ Azele] HlwEA S A8 FUAA

noise level; leq)E B4 £33 vl wEAsH )
WEEEE A TR FUSF AFEA
9 pEk] W z} A ¥ F7tel] oie vl
2o 7}*°}Ei W‘?}. 2@ doj)iel

S
m_a%s}aam, f44e Aol e
F7Vi oz 2gsn
2 Age] gig Ak ¥ 24 23k 33 109
AN, 7208 B REFES A} AT
ool mre} ke Aol7} JRoR, YA o FH D

Aidiel] ol Bith S7F &% w4 34 2

3}, 9w oy 203} WY Bl P4 Aol
EAste BL 28lA 0.5~2.8dB(A)t0] &

dB(A) PUH DEL2H:dB(A)

; e — . TenAsie) |
g ARk 8]

13U (15~18) 144 (10~11) 14 (12~13) 149 (15~16) 149 (18~19)
A

B3t olze AFHZHE pass-by o 375‘1\]
0.8~3.9dB(A)¢] Aol & HQl A3t vind o, w
TEEAZ B3 ok wdd 4 sl "]5“:
Z 7] 7% passby &% £ Aol
99l 4 gold 73t Foll A 7 W ﬂ%ﬁ‘-gc’
23 €en, passby 34 A &F%7t 7P $4
Sid 2A 3 e SRR A A
o A7 A3 Ui, &, duEe R e
317 golid -3ko] LAt Brolyd 3t Hle) wEa
& A% FAAME A7) e F9E + AN
‘4 del 744 glold FHE e AFEE pass-
by 574 2s g 23 1 olf& 9Y A
w917} Hold 7242 100km/he] S ER 53}
&L 7P Al 238E B3 AAE Eold 73
2ol 0 22 AA7E EAlsks wEYEE o

|

1o

2 Ag57ld e Be Fel} mar] ot
£ 13 BELS 23T AN 4 PaIAe
9 el ¢4 T e 2Asg o

PZM mE ey 24 23}, AYERAA 32
288 42N\ E3s Begel 1 59

E 13, Zf ol oS YBNE ABEY 24 2

T Crest factor | Variance Peak ratio
Wisconsin 2.8415 0.0023 0.1902
AA 39 2.7900 0.0034 0.2981
A 29 2.0726 0.0025 0.2234
NEEa 1.7580 0.0049 0.0979
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