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BAFCREEETNICRAESNS ., EERFRLZEBEFEENRL GEIFERAERE
?': T8 : noise induced permanent threshold shift, NIPTS, LIF PTS LB 5)
 PELBI LR, G<hsmsny, HEEELOBEL LTHASMMTOATEL. 7,
1%ﬁ%mﬁ%%§@éht%%,@@ﬂ%&ﬁ%ﬁ—ﬁ&@ﬁﬁ@(mmeMdemw
_porary threshold shift, NITTS, DITFTTS L®ETHIPFELLIELALATY
3, 2O TTS k PTS OoEEMEBICOVWTUL, »ERFICIHSKEASHU Lo
 %§%§$ﬁE$ﬁnt&®PTS@,EﬁE%&%ﬁﬁ%&%%KB%@iEQZMn
b L7 IcBIT2 TTS: LHETAHE, 1 kHz TIREHLL, 2 KHz TIX 5 dB /b
X<, AKHz TIE 3 B ASVLEESATWE, S50, 1HSHERET 104
BALHO PTSIE, FRAMAERICHERLZLS, LBTHEFCSHEKZE®RD TTS.
RIZEFELWEWS, BENLERESBIPNTWS?, F2IE, HAEEGEEZSHED
 ENREOLDORENHEER |13, LEO PTS & TTS LOBEKRERAL,
TTS EBMOBRE? ™ 2EIWTED ST,

ZDE3z, TTS IIER, HEFEZNRHP SHAVPEDOLNTELDTH LY,
I, MEBEECERKEREL LORKLREREOLYD, EROBENCHTLZE
LBESh, REBSOFFRLZFIMEITLHEELLT, TTS FEHRINTWE, T4b
b, BELZsREREZHBEL T, EREATHRECRAEL, TOTTS 28EL,
ZTOBRBEEOEEFERZRTEOTHS2MY, Lirl, BEEFOL L FNIEILEL
NV TLHWEER, REBEICOL>THEETAHTTS £BIL, SALHHICEREET S,
LL TTS OEHLHEFEFBLINLE LT, ERCHEFXERETOLLITL, £
BREFEE2HILICEY), YPEEESZCERTS TTS 2 HEL 32— a2
LoTHEBETHILATREELY, BAREBEOLHOREEEFEOMLIZETLILDL
BEbirLs,

ZFITRETIE, TTS O#¥EFELCO VT, BARZTLOOULHALCOWTERT .




1.2 TTSoO#EFEICHET 2 HRDHAR

1.2.1 EHBEREICLS TTS

EREHSE LS TTS E83, 1050 EREEP LTbRD LI ICh A, FTH
Ui - ALY D0 (A BEEO first author 3R% 35, FA—OBETTHL
Re—HOWETHLNOT, PUBINDES CEKTLHEH S, )L Yard 5 IHA
MicEBE TV, S<DRRVPRFELNI.

Ly EEBERREELLBED TTS OHALEFEEROERERRUOVWTOMH
wRA SR, BRETICEAZI—TNY R XFRAIRSZEAEZIITE, Z
DEICELTE, #37T2RERTORAKKARL TTS 07 A NEARRE OBRLE
FrioTWh. |

Ward, et 21213, BATEL 13 ZOBBELCABROA I I —T NV /4 X%
S£ELT, TTS okrEELAELL. DBAS TEATHEROMALR, wind
BWRECEIREEPRALLLOTHS, #HiZ TTS OMABREREHE THOH
AAREBELNL SOBRBREEL LT, KADLIERLL,

TTS =K(S— Se){logie(T/Te)}+ C (1.1

I, K, Se, To, CIIERTHD, 20, A7 5—TNYFLETANEK
HizoOWT Table 1.1 BIF2 kD2 bh, ZBFHATE, RA.DDXSE
TTS * £ESEREEL NNOBERTRELLLOZTTS DMK (grovth) DR L R
Zricd s, AEERCOVWUE, FANERBRICEST, FBERTH 2 nin ORI
BIF2E TTS: DAERCL>TRRADEICESZ B LDL L,

TTS¢ =(TTS2 +9{1-0.27 logie (£/2)} —9 (1.2)

T, t: EEBEGENTHSL, FHATTS: 2 50 dB Tl ERERIL%<%D,
E{RISEETH L L7,

ERL L SENWBECAZI—TINYR/AXRKEL T, ARE TTS NEA
DR % Table 1.2 ICHITF B L OICHEIZTWA,




. e 1.1 Empirical equations for growth of TTS reported by Ward, et al.'2’.

Exposure band Test
(Hz) frequency (Hz) TTS: (dB)

. 600-1200 1500 0.53(S—71) (logie T—0.44) — 3

600-1200 2000 N.41(S—68) (logie T+0.15)— 8
1200-2400 3000 0.58(S —65) (logie T+0.55)—13.5
1200-2400 4000 0.61(S—70) (logie T—0.33)— 9.5

2400-4800 4000 0.91(S—75) (log1e T+0.19)— 8

24060-4800 6000 0.51(S —68) (logie T+1.80)—122

S : Octave band level of exposure noise (dB), T': Duration of exposure (min)

Table 1.2 Empirical equations for growth of TTS reported by Shoji, et al.'! .

Exposure band Test
(Hz) frequency (Hz) TTS (dB)
250- 500 1000 0.04(S+45.3)log1e T+0.065— 9.7
500-1000 1000 0.24(S5 —48.8)logie T+0.345—39.2
500-1000 2000 0.10(S+17.3)logis T+0.555—-59.1
1000-2000 2000 0.71(S—78.4)1logie T+0.325-29.9
1000-2600 3000 0.25(S —55.8)logiea T+1.115—-99.4
1000-2000 4000 0.27(S—59.2)logie T+0.885—77.9
2000-4000 3000 0.73(S—62.T)logie T+0.395—40.6
2000-4000 4000 1.02(S—69.6)logie T+0.325—30.6

S': Octave band level of exposure noise (dB), T': Duration of exposure (min)
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RIRBERFORAHRBERYL TTS oBGRICOWUL, MEFHEZIRA7T55E
CRONBEAHR (critical band) X AIRZLBEY TTS OBELLRULTENE I
En I EIconT, Ward'®, Kryter'S', Miller'®’, Yamamoto, et al ® {2k DHFfS
ne, TTS B2BEAFBHLIL, 220, HE2T7TAMNEHRRICBITS TTS 04
il EEFOBRENERAORN I FEEL VL LTELNTHS. Vard 2R
&, BRERFASRLTEILICIEENLUBEZL IMABNV A oNL, FTL,
Yamamoto, et al. ® %, MELEROMSTZMI T, Table 1.3 IZHITFH L 51T 0.5~8
kHz (28173 TTS OBEFEREL toFOARRERELL.

Table 1.3 Critical-bandwidth in dB and its center frequency.®

Test Center Bandwidth in dB and its

frequency frequency (Hz) 95% confidence limits

0.5 kHz 490 21.3x£1.5
1 kHz 730 23.8x1.6
2 kHz 1400 26.0+0.8
3 kHz 2620 29.7£0.9
4 kHz 3040 30.5%0.8
6 kHz 3840 29.9+1.0
8 kHz 4950 33.3+0.8




8502 Takagi, et al.Ti%, 85~95 dB SPL MEEEE %, SKMICHL-T54D
BBECRETLIRBREGTY, TOREREHITLT, Table 1.2 OTT SOBKOAER
E%iéﬁ*f, Table 1.4 (CHIT 2 EBAELERL 72, Kb Sid, Table 1.1 RV Table 1.2
CHRELNLEAT S — TNy LA TRRLELOTHE DK L. &7 2 kA
Bl T 2 BAEKORORERICBIT 2 AN FALAAEELTOS, BECLD
Table 1.3 KU Table 1.4 3#AEH LI LI EFREOAHEBBR Y HOEFHE
B2 RELEHEO, FEOBESMIC BT TTS. OlEHET S LFTHEL -7,

Table 1.4 Empirical equations for growth of TTS reported by Takagi, et al.™'.

Test frequency

(Hz) TTS: (dB)
500 0.54(S5~—56.6)logie T—0.47 S+126.1
800 1.08(S—56.9)logie T—1.225+68.2
1000 1.18(S—55.1) logie T—1.36 S+72.9
1500 0.72(5—43.5)log1e T—0.345+ 5.3
2000 0.25(5—19.3) logie T+0.775~51.0
3000 0.85(S—37.4)log1e T—0.275+ 6.4
4000 1.36(S—41.9) logie T—0.45 S +18.7
6000 0.88(S—39.1)logie T+0.33S5—17.6
8000 0.98(S—44.1) logie T—0.11S+ 8.4

S': Spectrum level of exposure noise (dB)

T : Duration of exposure {min)




Table 1.4 OWADOKIE, Ward'® ORX (LD ERALLS, TTS DEKIIRBERE TOH
ARBEERBERICHILTEILDTHEN, BEREL TTS OBfRIcOPWTIE 2.
HKROES 121 WENROEREREAWTEITS Keeler'? OHELH L.

TTS = K{l—exp(— T/ To)} 1.3)

soT Ko ToW3ERTHEHE, TTS OMAOROBEBBIOVTEBRARLEENT
FMLBAEMZATETH S,

1.2.2 EEREERBICI S TTS OREFE

L1 CIIESBEEE L2 TTS ogEhEic > WwWiGENL. EZL XD EF
TIELA D, BREREIMRT S L O LIEEREERECLS TTS DEETEDH
&t EEMICIE, BAEEZBWT, EFESRELNGLNLERRZEATIILKL
M7 570\, Wards 1929 PIBOLDOREEFEL RN L I ZRRL TW5,

(1) BE=MER (exposure-equivalent rule)'®

W2, Wl Tinin 282 FV, zonin KiEL2H, BERALREL VT Tenin
BELLED TTS EOWTEZS, B0 Tiain TELL TTS #, £HUZEE
FEEOMICES CEEESE, 2EEOREEN 2L (T +7o)nin BERIZBN
T rdB BHR-TWEET 2 (ABOR (1. D, SHETE)., Zord @ TTS ZHL
CAELEEADICLHELRENRE Tr nin 2 TTS DRADAPLEELTRDS.,
DEE(Ti+71+ Te) win %D TTS &, FHC2HOLANT(Tr+ T2) nin EFH
E0 TTS KBELL L3 WS3LnTHE, Ihiird OBFE TTS A Tr ain D
EEBELEMTHL LV FELESWLHESTETHS.

(2) on fraction rule'®’

V) OFES, REHRE on-tine L KAILESE off-tine PVHBNRWHEIEMNINS
oled LT, ZoFER, 2 sin DTTOEWER (duty cycle) THIEAS R DB SN D HE
HEEEShE, Z0oBED TTS I, FOLRATERELCRBEERHED TTS I
on fraction ( on-time @ duty cycle (25 A EE )ERLALMECELVLVILAOT
53, Ward, et al ' 2kbL, BRERErLICY 7 /AXEHVWLHED Kz O
TTS: HERRATHRINS,




TS =1.06R(S—85)logie (T/1.7) (1.4)

T,R@<mfmumn?mo.Sﬁ%ﬁv&mewmfbéo BARYLIDHE
pin 2TH duty cycle DEEEEIC, AFTHRTHIEVWIERERTVS,

FHO LA EFVEFE
Qo FEE, SLE—RIELTHLS. BEBFLELVNUPEHT 2HE, LNIUVS S
b AEEAFEEEERICED S on fraction 2R ET5L, A (L4

TS =1.06{% R+ (Ss—85)}logre (T/1.7) (1.5)

LT BLDTHE, ERU(S:1-85) OBMETHOLALERHTB T & i
BB,
@) BEOLRLFEL D SEL XD > B EDRET T
. ELAN H T Tain BEL, BWTEL~N L T tein RELLHD TTS %
 BETIHETHL. COBED TTS W2OORAORHAL LTRSS, 170
CBLAL LT (T+ t)ein RESALHED TTS Thd, b5 1oL H T
Toin £ESHALED TTS LA L TTein BESWLHEDENLENEEZTTS
Y53k, TTS) PEECEEINT toin DACEBELLHBECEFTS TTS D
HTHB.
PLEo A BEOREHEG Yard bORKICLBLOTH LY, BATEIRERER
B, BECE-TRED, BEERHCE > THEVWITER, FREMEAGHEZLEY
Bb, RLEOFEOWTREMAGHOETLRETELVRERIVFET S, FIZ
B, ThEROL ALOREERS 2 nin BLET, LAAH2ELLERRL, Zhbl
BOWEES LTS BELLETH S, o TLENFHRIBAAEOBNLOLEEVEN,
SRR LTIl - BALS I, BATBBE (unit step function) TLNLEB %
BL, TTS ORAOAEMMT BHEFEEWRLL, JOFRSERRFRRICLD
TTS ORANRE, HEROBEBETHLALTILIZLD, RELXVOKEE
FORNDANEEL LTHRL, TTS 2 ROENESLLTHRETELOTH S,
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Fig.4.1 An example of level fluctuation for Eq. (1.7,

Fig. 1.1 2RT &3 L AVESHL 61, BARBREE,

U(t)z{o' t=0 (1.6)
1, t>0
PHWTERTRT DL,
Sh [U(t)*U(t-Tﬂ]%—Se[U(t—Tx)—U(t“Tz—Te)]
Foeeens + S [U(t— Ty —-eee — Ts ) —
U(t = Ty — e Ty = To) ]+ 1.7

DESICANYERINRLE, AN SOBORDEERE, —2H TTS DEADAZE
(S, t)Yrdak, ROENESTHS TTS I,

(S, )= U(t—T) (S, t—TW)+U{(t—Ty) (S, t—T1)
—U(t=Ti—Te) Ff(Se, t—T1 — To)+-en

FU(E— Ty —eeeeer e Tet Y £(Ss, £ — Ty — o= Timr)
—U(t =Ti == Tior = Te) £(Sg, t— T1 —-ovee = T = Tg)+eeeee (1.8)
THEZHNS.




£(1.8)Tld, EEARICHYT ZEN CHHAOROFELTEELTRAIETY
I, EEARNEBRT—2hoROAEEORERATIE, IDEHED
HENTRL L LDLEbNS. LL, ZORIZOWT, Yamamoto, et al. * IZMK
ROFEXEICEHBORORAL LTL, EBF—2 L FTHHEEIRS —RLAZ
HELT WA,

3 REERERRICLS TTS

197 0#LIRICZ2E, EbEXHLLEL, 16KELEORKECEALIEETRSE
TS EBEIZOWTOBOLOHENASNDE LIk »7, wWihi, EERET2 &
ELZHEI, TTS B2 HE0RBSEDRE, S@SMRBICELT, Thllkiz
BT —EOEE L 3 L5 203 2 LIROWTORBRIE O IERETS ;
asymptotic threshold shift, DIfg ATS LBETZ)LRBELNLVELOE-HREFRD
BEFHWELLLDTH S,

CMills, et al 2V, FOREHEE 500 Hz DA 7 9—T N K4 X%, EBLANL

100 Hz~4 KHz OF 2 FEAHEBICBWT TTS OMALEAFRLAELL. #HoWE27,
CHULRER 0.5 1 2 dKHz DX 7 F— TNV KA XEANT, BELAL 7588
dB SPL OEHT 16 BEAL LI 24 BEREL T, 1~T klz (2B} 5 TTS N
REMBELPELL., BREUBRERFEILICRLY, 20RIEI3~124THE. #Hs
&, B’ABT S Melnick®®, Ward®® LOEKBERLHETEEEMZT, TTS HEX
IR ERMSHEIRICIE, ATS ofRBICEL, FhlBEmMLLWIL2RELL.
ATS DAREZEZOVTIL, FBELLVoOBERKE LTERAERELL,

ATS = 1.7 [ 10logie{(Te+ Ic)/ Ic}) (1.9)

IIT, TeliBEBLANA(B SPL)TH Y, TclBRBREOHOLEABERICL>TRLLE
BT, 0.5 1, 2, 4 kHz {Z2oWTEFh £h 82, 82, 78, 74 dB SPL TH 5., LRIk 3
£, Ie>Ic OBEIZE, ATS L TenBIRIIERBARE LY, £OHEEE 1.7 dB/dB
THb, 27, TTS oFREEAFICIE, 1 XENOBBBERSERTES L LT, BE
BELTHABEII 2.1 h 2, EFEARIIZ 7.1 h LI EEFITWS, HHIEE
Dk, FOEAHEE 0.5~4 kHz DA 78 —TNY R /A X% AR LIEHBREE, 24 65
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PRS2 B UL EEE 63, 125, 250 Hz DA 7 ST Ry R/ A XERALR
EEEERTO 24 BESEER COVTLREL TV A,

Melnick?™ 13, 300~600 Hz A 7 ¥ — T8> K /A X%, 80, 85 90, 95 dB SPL O
BEELALIEBONT, 10&OBEEEIC 16 HBEKEL T, 0.125~8 kiz DT TSOHE
S EAEERE L, B, ROEEK 4 kiz OF 7 ¥ — TNy KA X%, 8D,
85 dB SPL MEBLAAIRBWT, 9LKOEEEIC 24 HEKEL, 0.25~10 kiz &
TTS ok r BAESEELZS, Z0&E, TTS 34 Wz R 6 kiz N7 2 ™R
BIoBWCRALLD, 8~128ETATS OLALICETS L L, ATS Offi,
SELAUL 80 dB SPL 34, 4 kHz T 9.3 dB, 6 kHz T 7.2 B, &L UL 85 db
SPL Tl, FRER 178, 14.6 B ThH-t2, 27, BELNLE ATS ORRKICH,
Mills, et al.?® r ARCEREAEAT, ZOEEOMI 1.6 dB/dB THZLLTWY
2. HIIEOK ESETCYY I /A XERBAL, 76, 79 82, 8 dBA NHRJEL AL
BV, 104OEBREC2ABMESEL, 0.25~8 kHz » TTS 2JEL*®, 8

dBA OEZTIE, 1~4 kHz (BT measurable % TTS 24&LAC EEHELTWS,

Ward?® (3HUOEER 4 kiz DA 2 F =TIV E /A Xk, 15, 80, 85 dB SPL MERE
LAJLEBWT, 10Z0ORBEIC2~24 BESRELT 4 kHz BT 5.6 kiz ATTS
OEArEEFEELL, #i3, TTS BoHRERROMRICEAL TEmL, 8 kel
% ATS OLRLICEL, ZORKIEEMLANE VI EFTLVERRL TS, 4 Kiz
F7003 6 kHiz CBIFE ATS fx LTIE, &EERELLT Ul EIEE 4 kHz oA 7
S TNy R4 ZEAWEEES, SELAUL 75 80, 85, 90 dB SPLZBWT, TN
ZRT, 14, 24, 36 dB LW O EFE5EZI TS,

37 LS Mills, et al.2V:22):250.200 Melnick?® 2728 Ward?® HidFRY

REEN Y OEREHIGEVWRET, HBREOEBEARLETICRERELET>TVE.

mEELHEL-EEESTCORETE, BBENESHE—ELROLEFH LD, g
BEOREHNRAETHLI LS, EEEOSRECHERESFELTVLY nEBbh
2. 785, EBEESSEE TTS £RIEOWTE, LELNE Barry & Bilger2®’,
Stephenson, et al ?®, Benet, et al.®V A Y DMELH DA, HMIHIHIZHES.
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1.3 BIROEN L HE

BIE L2 BWIEBHLALLIIC TTS ofiR#gmz 425 L, BAHEBRERRFLAN

NOBRNEHFEETHLIEBERECERATS TTS OEFEICO>VWTL, L -
BARLO IZENZELSDHAEVELNTWA, ZOFETIE, BEBEBROBECS L
T, TTS OBRAEKHRS 2 @HT 2, 2, TEREREL LS TTS oAORK
7, BREROPLAERICBITZ AR PUVLNLVRUSZEREZHALRE L TER
MIZRESNATENY, REHKESKEI TOEEREREEMAL O 5, BICHREIRE
BFCHELTE, BEOLNVEHZ BURBREETEML, L& TTS ODEAORXZH
LT, TTS OBALEEYFHETZ2HESFRBEIN, TOZLARNERRICHIEIN
TW5AS, 2L, FoHEMASEE, S, FEEEERSEL, KL VVRERESIIRI N
TWaY, HHEILESSHESELLTLHEL TTS Ko DO@EHER % LTI,
FEIIBRT L EbND,
TTS OBADAPRRSNE L, BEEFOL ) LKL NLVERBEZEICLSTTS
OFBETRERL, 3L LHENEERNLETEAWCERE TLILEF XL, BF
DEFUEDFMOI TR 5 LHF SN S, d4, EXEEREOHETL, HERED
LAV & 7% 5B of f-time & L TEBELERICHDBE > TWEY, IhziEL
NN OBEFICERESNTVAEEL LTROBIE, XV EENL TRFTERICZS.

#oT, ELANN - EBBoBE&? TTS CETLIANLERYTIZ L, TTS

DEADKDICHERZHIRTHCHOILETHY, ZORR, REBTOHFEFLEOFME,
EEBECI2BENBROTAREOMELEICET S I LAHIFENS, Z0L %8
Brs, KMRATIELUTOZ L %2179,
CB2ETE, REERESAEXB LTI LT, EBERCBEELRITEFIZOVWTR
95, ERRARERBERTI, BEEPHAVWCERESNTTLE, BOo»HEHH
BrELOLNE, 2, BEIALNLEBZEERDI L, FHAGERT—SORENTY
53L0iE, EEZEHWCHBHEHNCBTRLOHFHET, £2T, ABR#go®V
TTS OfSEFEETRITEORIE, LVZDEBTF— 2R LTHIEHEZL
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Table 2.1 Differences between the critical band level

transformation from the free-field and the diffuse-field.

Test frequency Licee—Lassc™* Licee—Lair**
of TTS (kHz) (dB) (dB)
0.5 1.9 2.0
1 2.7 2.7
1.5 3.0 2.9
2 2.9 1.9
3 1.2 - —0.9
4 1.8 —0.8
6 2.5 —1.3
8 6.2 0.8

L¢ee : Critical band level transformation from free-
field

Laige* @ Critical band level transformation from dif-
fuse-field using random incidence microphone

Laisc** ¢ Critical band level transformation from dif-
fuse-field using free-field microphone
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Fig. 2.7 Differences between the sound pressure level transformation from the
free-field and the diffuse-field. Solid circles indicate observed data, and

open circles indicate I SO Recommendation'®’.
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2.2.] BERBER

2.2.1 OERICX R L, Hi - BEETHICBWT, BELNLVOHEICHaERH
A7 aRryEHWEEE BEFECBT2H5EFOREREEE, 6~8 kHz (HEDWH
BT, BREHOFPEREHOFRE, 2~3 B LE2ZLDD, 2~5 kliz DK TIL,
MEHTARBELZWI L PRSI, ZERBTIE, @EHICBVWT, EERCHEHRBRECIHL,
A—BE(EHlEehaTRHA~ I 7ok 2 2REL T, TTS 2@EL, %
OWES TTS RRICREIIHELEENICEILZILE, BRELTWS,

2.2.2.1 BEHE
HBECIL BFP4E 104 ES 21 ~24 @ E2RALL. EEBEOENEEIL.
0.25, 0.5, 1, 2, 3, 4, 6, 8 kiiz DZF A FFHERICBWT, IS0 (1964)'® E¥D
BAL AL (hearing level) T 20 B DITTH 2. 10 ZOBBREOEECH - T,
BICEBRLEN R LI T TELL, A=Y AAMNVCERL, POBEFEELT
WRIEIRLEELL, “BHE BEAES TOREREOLERIL, FH—0BBEICS
WTliT~72,

2.2.2.2 ¥E

HEFHCBI2EERE, FEARELEIEEBLRESNLCHETEEZ FYT
& 2ax 2ax 2 m)REHLL, BEREE, FUYLEEREEEG K 1020 X0
RESYLEFABEREL M 2549 ( General Radio, 1925 ) (2L, 0.9 kiz DIF
BRU 9 kHz DIEDRA 2 EB L TR L, HEE2E (SONY, TA-F4) THENLNIVZHEL
T, AE—AXOBE LI,
LHEHCBTIEEREN, 2.2.1 TEALLREEATH 2. RERTER, AR
WY LBEREREB® K 102D, 4274 ¥ (F#) 2 AWTERL, Mg (TEAC,
AE-200) TIIEDLNNVACHEL T, 4 @oEEmEAT -4 L RS L,

FEHICBITLREBFOLNVE, HAEFHBA LA VFo/ 70k B K 4145)%
FWT, BEEFE (B & K 2203) TEHL L,

27, BBEOBEOEEICIE, HBHEA-—YAA—F GRBEMEM, A60-C)ZHAWL.
L & —X (Telephonics, TDH-39 ; MX41/AR 7 w i a vt ) OHAWEERIEIATHE® & K,
A RUBEEFE B & K 2203) 2AWTRIELR,
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2.2.2.3 BT

(1) #BHE
MEBCHBTLREBEETD

13 A28 =T ook RE% Fig. 2.8 ZTmRL%E,

HhoRii, BERBEACBT SAEEE, B BREEN 16 R8BI 8

EENFHEERL TN,

BEEEZNESL, NEBEOOMEBEHAC—H55 1.2 n OEEICRZA LS, &
H2A2C—AI2MiFT, BBEIBFICERIYES, Fig 2.8 OF -2, #BELER
KHXEk, FToOLEANEEONMIET, BELLLOTHS,

HEESETE, BEE
BYOIRBETHDITHLT,
BREZ0BEE, BAKY 2
AT F2THEERAL
THBE, 28DHBREICFK
ic®EL, Fig. 2.8 OF
=213, ERCIIREXHE
LT3k, BBENWLY
RET, HAELLLDOTH S,
$7:, RO Fig. 2.2 ITid,
BREAZORBTHEAD
REREOAEERL Hbe
T, BRTRL,

Fig. 22277 X5, &
BEENIIEBER S ORER
MHE<, ZEMIEL LR
FEH TV, FELNL
DEHOTERMEL 1 dB K
#HWTHO (Fis. 2.8), FHZ
BREE—LALTIEHNTE
5. #-T, BRBENTOH

90 -
85 F
~ %?3
= N
N w X
T 80T o
3 )
. %
S 75t .IE
E Q ®
P
° 70k e}
< ®
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65 F
Ko}
60 L A J 1 1 i Ll 1 4 1 1 1
1 2 4 8

Center frequency (kHz)

Fig. 2.8 One third octave band analysis of expo-
sure noise. Solid circles indicate the measure-
ment in the anechoic room. Open circles indicate
the means of 16 neasuriﬁg points in the rever-
berant room, and vertical bars show standard

deviations.
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BEONMEBELL>T, REFTORELEL LI L3 WEELZ NS, /2, Fig 2.8
X0ars ko, MEEEEZ REZOWEHBEICL, BHEEBHYA 70k THE
LcHmERE REFOBRMECEILWEFTLoN0S,

#REFIL 0.9 kHz DIFTRU 9 kHz LIEDRS B L ERBEFRETH S
CORBRESE. FAMNIEE 2~8 kHz (2BIFTE TTS OBRAHE'" 2847 5.
BELANML, A—N—F—LDOFELXNLT 80, 83, 86, 89 dB MAKHFL L, %
NENDBED AN VL ARJUIE 42, 45, 48, 51 dB Lo 7,

FEREIL 60 nin T, Fig. 2.9 R d ki, RERLHHE 10, 20, 40, 60 min D
AT, ThERBREDNRELR T, REDOIECH I HBOTIEEIL, 1EICOE,
3.5 min THEH, ZOPMBHEIIEJEHEICIEIEAL TV,

kL7 k5 CREEAT
DEEIL, BROBBEICH

LT, Ao/, 2781,
FIEDZFBEREZROREDH ! l l
El, —AF2FbhiELs o 30 60 (min)
ZnoT, FERHBHIOBIE
PEELCH, BBEIELIC  Fig 2.9 Schematic schedule of noise exposure.

5 min FOFLLTAESYE Open area represents noise exposure, and solid
Tir-7, BERTIE, V7235 area represents 3.5-min-off-time for audiometry.
A7 F 2 T T B Total exposure time is 60 min.

3, RLBHELLEL,
BENDFHIZZIFH—L 2L LI BN, aoicd, #E, BRECIOMNELBEHIEL.

RE, BREORBEGHE)IZOWUTY, BEEEETE, AE-ALHLTEE
HEmT, zofiEZEiZWEIicsd, REEATHE. HEER CKRHER
(Marison Health and Safety, DECI DAMP) % F M3 ¥/,

272, WTFROBBREIZOWTL, REXBET-LR P74 24 BEIZRD
REEBLTHLT, 222, BELAAVLEVWLOPSIBIZITI LSl B, BEE
BBt RBERY ITNTOHBECOWIKRALLHT, BREBCBITLERICIBT
L7,
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() BEHsE

HEOBER, HEEEX
T, FRZEMICTITY, BE
T3, BELOEREEA /7*
(F) 2T -7, MERLE
b, A—HEA-IARA-S
HW, FANEEREE -
Kt s BimoRBER 2 Hz) Fig. 2.10 Schematic schedule of audiometry.
LRV OBEALEE 2 dB/s
DEFICERELL. FREY TREOREE (A— VA A— 7 THREH L L EER iR
HETHENTHE) ZBEL L7,

BEERERIC, ZFEED 0.25 0.5 1, 2, 3, 4, 6 8 kiz DORELIEL,
BUEED 1, 3, 4 6, 8 kHz OBEFBEL, TNELEHWREL L. RER
Ple, 2.10 IRT &5 o, REHH 45 s #b 30 s Tz, WIS 2 3, 4, 6, 8 Kiz
DEIER T, 8, 2.2.1 TIE, —J 0.5~1.5 kiz OF 2 FEERKIZOWT L RE
LT WA, SO%®o TTS it BELULEAZDELS Lidne, HELLOER
LIEHBLVWOT, SHORBEERICIIEDLL T,

Audiometry

45s 30s  30s 30s 30s 305 15s /://

2klz 3kHz | 4kHz | GkHz 8kHz

Exposure Exposure

I = 7/

2.2.2.4 ERERBUER

(1) BRARE

TTS 1, BEEOEED S BEHOTAEELILEL LTRTA, 40X,
HE bl b—EORBRY BT 2 0ic, BEMEZETIHEI, REWRELLT
AR EWE 5 BNRE VI EIEOVTh, RELTBIEFEZLY, Ik, DT
PARS 300y —2lzonT, FheEh TTS #BEHLT, KRR -7.

21 HEOEBOBEIIRES RENREE 5.

22 REBICOWT ERITRENTFHE (n=4)E RBMREL T5.

Fe23: AEBFELTERNBRENTHE(n=8): RENREL T5.

By aionT, BbiUs TTS OfERWT, Wk - BAL0 TTS OHAD
#20 L ARAEERSNE, FFAMNEERICOWTT-, 0 TTS OEANR




i, TR X Hi2E52 5 TW3,
TTS =a(S—b)logie T+ c S+ d 2.1

27EL, S REFOANRT MILLANJL (dB)
T: #ZEFRE (min)
a, b, ¢, d: EE
FDOLT, FTAEAERIIHT2E5% EHARBROTR) OFHERRDLL IS,
F=ZA1TBRE% -7, #-TC, $AFTr—A1DOFET, FEBEOSEREL R
EL, TTS #8HL%,

(2) TTS Dk

ETAMEEBEICBITS 10%NTTS OFHECITTTS BHICHLLWERY 10
£OFHER ET) OBENEEE Fig 2.11~2.15 Rl NE0EEDHERIL,
ZThZhHBES, BHESHCBIT2 TTS OBARRLTWS, Ik, BHORES
FENBETHS.

Free field Diffuse field
20 . Exposure level L
® 39 4B SPL
® 86 4B SPL
ng— @ 83 dB SPL L
-
~ O 80 dB SPL
N
=
x4
N 10 F L
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«
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£
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5 b
B
:Z@g e Sac
& 0,48 )\\\ wwwww Q/k\
0 — 4158__
@ TTe—
! 1 4 ] 1 1 1 .
10 20 40 60 10 20 40 60

Duration of exposure (min)

Fig. 2.11 Growth of TTS at 2 kHz. TTSs are the mean values over ten subjects.
Solid lines (left) indicate the results in the anechoic room, and broken
lines (right) indicate those in the reverberant room.
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Free field Diffuse field
20} Exposure level L

® 89 dB SPL
® 86 dB SPL
& 15+ © 83dBSPL -
T
: O 80 dB SPL
jan}
A
“ 10F -
ey
«
2 o
]

- @ /

Sl / - ///
o/
)

@
® —0 =70 -
@ =T T o-— "7 —@
0 = 42<O 4
L 1 1 Qm———— O- 1 \Q
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Fig. 2.12 Growth of TTS at 3 kHz. TTSs are the mean values over ten subjects.
Solid lines {left) indicate the results in the anechoic room, and broken
lines (right) indicate those in the reverberant room.

20 | Exposure level Free field i Diffuse field
® 89 dB SPL
@ 86 dB SPL
Fg 15 + @ 83 dB SPL -
- ®
S O 80 dB SPL o i
o= s
i / /
< ®
e 10T ® o //
< e
: s
3 o ®
® Pt e /O
5+ / o &~ s
® >—-0 e °
/ ’// //Q/’/
Vﬂ"ﬂf_o ////c O ————— 0’///
0 e b @,_ O o_“4:;:7ca‘_“““—c) — C
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Fig. 2.13 Growth of TTS at 4 kHz. TTSs are the mean values over ten subjects.
Solid lines (left) indicate the results in the anechoic room, and broken
lines (right) indicate those in the reverberant room.

-32_




Free field Diffuse field
20+ Exposure level L

@® 89 dB SPL °
O 86 dB SPL
®
15+ @ 83 dB SPL o - P
7
o o ’

80 dB SPL / ) .
-
rd

TTS at 6kHz (dB)
I
o
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o——> e
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Fig. 2.14 Growth of TTS at 6 kHz. TTSs are the mean values over ten subjects.
Solid lines (left) indicate the results in the anechoic room, and broken
lines (right) indicate those in the reverberant room
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® 89 dB SPL
& 86 dB SPL
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Fig. 2.15 Growth of TTS at 8 kHz. TTSs are the mean values over ten subjects.
Solid lines (left) indicate the results in the anechoic room, and broken
lines (right) indicate those in the reverberant room
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52 AR 2 kHzFig 2 1DEDOWTABE, TTS OIS, RELNL, &
Ble L 2ZRERNSALY, EENRE: FRRBENOTHERICL, FEKESXTO,
EBZRTLA LIS RGP -7, UL ZOF A FEREEICEL - Tid, REEOL
NP EP - Ttz 2 bR, #oT, LRBROBRK T, 7AMAER 2 kiz OF
—Z BRI LTI B, S .

FANEHEE 3, 4, 6 8 KHz(Fig 2.12~2.15{c 20T, ThEZhABEREO RN
RUSEL~AAOLERE#EZ, TTS LM a@msAs0s, A2 DERAVTEM
BAHEFoERE, DTOEYTHAS.

FA AR 3 Kz

BEEs : TTS =0.63(S—43.3)logie T—0.54S+123.5 (R=0.899) (2.2)

s : TTS =0.79(S—42.2) logie T—0.585+23.9 (R=0.964) (2.3)
TR 4 Kz

HEEE : TTS =1.05(S—142.3)logie T—0.575+22.9 (R=0.944) (2.4)

WEsEE . TTS =1.13(5—40.9) logie T—0.575+21.2 (R=0.971) (2.5
T A B EHHE: 6 kiz

PSS : TTS =1.07(5—38.9)logie T—0.43S5+15.8 (R=0.961) (2.6)

HEEE . TTS =0.88(5-39.2) logie T—0.24S+ 8.1 (R=0.956) (2.7)
FA R 8 kiz

BEEE : TTS =0.95(S-38.8)logie T—0.21S+ 6.1 (R=0.985) (2.8)

GsE® . TTS =1.27(S—42.0)logie T—1.02S+43.1 (R=0.969) (2.9)

7270, RiZ, ERERETHSE. ChHDERBR IV APE LI, SEANTTS O
Feplt, REBEONRLEELNVOBBEAEHAVTISRINTVS,

(3) HHOWRICL S TTS DEIZOWT

ZHOMEICES TTS W&, Fig 2.12~014 »6R2E, TAMAER 3, 4
kHz l2oWTiE, FETIIZWE, 6 kiz DR owWTis, BHEBEBITS TTS D
K5, ALAL, AEACBITAHEEHOZTRLYLAEE), Z0RETANAHR
BAE b LEICHMATIEMMED . ZHZ ki, 2.2.2.4Q) oRQ.D~Q.N
ST LERT, FANEER 3, 4 kHiz 2oWnTil, SEARFRROEIEESTAZ
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0, 6 Kz BLEIZDWTIL, a, o, d CHYT2GRCERBALAS,
FEBIZBTS TTS O, MEAMICRTCEFHE2HEI PEREANL LD, H#
pHr eI, BFELT, EH(P), #8801 (Q), RERE(R), BRE(B) &%
¥, ETAMRABBEELC, ATEEBRICESOTHILICERE Table 2.2 (SR,
Table 2.2 1213, #EH |
NDEBEE(S1), FBRE  Table 2.2 Results of analysis of variance for each
PRAOBRIBELLE test frequency.
ENEHHE (b2), F&

ERfIODOFEERE Source of D.F. Fwalue for each test frequency
variation é ¢ 3kHz 4kHz 6kHz 8kHz
BLTEBD, FBAKES

ShEeam

e ——

s

e ——
ioe 2

=

. g P 1 9 046  1.21  4.46  14.55%*
BTHELHE * HE, Q 3 27 4.54* 21.18%*% 20.16** 16.45%*
HEARL YTHEEL b R 3 27  6.99%F 10.38%F 20, 34%% 31 55%*
PxQ 3 27 1.23 0.3  0.53  2.16
s HIE FREICALT QxR 9 81 4.09% 6.53%% 8.08% 6 12%*
#m L7, Table 2.2 RxP 3 927 071 197  0.72  0.59
PxQxR 9 8 08  1.11  0.66  0.70
DaPBL3I, ERE B 9 81 10.08%* 52.59%* 78 50%* g7 52%*
W ETRIEOWT, B PxB 9 81 4.02%% 14.30%%  5.80%*  7.06%*
QxB 27 81 12.44%% 13.00%% Q.52%% 11,50%*
EFBREI LR, T RxB 27 81 2.33%%  3.20%% 2 34%x 2 16%*
. ok *k *k ok
2 NEEE 8 KHz o PxQxB 27 81 5.32%% 5029% 5 (3% 3.46
QxRxB 8 8 1.05 1.4 0.65  1.38
WTAHAT, 6 klHz L& RXPXB 27 81 1.49 1.05 1.47 1. 76%
DT A b EEEc P: Sound field, Q: Exposure level, R: Duration of
. exposure, B: Subject
DWW, EBELERE *: 000,05, **: a<<0.01

DohAipote, L,

6 kHz 2o\, &

A#EE 10X ELLBERE, FBLEL L7, oMk, Fig 2.12~2.15 2R
2D~Q VRSN BEMERRTH S,

K, FREOBHINLTANEHER 8 kHz OHEICHO>VT, EHZEIRBL L
HMELLCHE, CORELCHYT A OWTHE L, Bk, ZRCET LS
% TTS OBAOREAWT, AEHICBITL TTS OF—FiconT, BEERARA LR
Loy AN
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TTS =a{(S+ed)—bllogieT+c(S+ed)+d (2.10)

7L, S BEZTOANRZ MILL AL (B)
' T: % &M (nin)

5: HEZHTIIo=1, BREHTIEO=0

a, b, ¢, d, e: EE
Q10K RQDLEETZEAPE L, HHEBCBITLRELNLE, e B
POTEFBHLCRISES L, AEHEBIF2 TTS ORASFELLEEWI RE
PESWTWD, ZORQ 10ADF—2 DS TEIDNE, FFRBOBRN_RELHWTUT
W, UTFOX S hksRzidn,

TTS =1.03{(S+2.78) —41.5} logie T—0.50(S+2.78) +19.8 (2.11)

530, QEEHEHCA 70k THELT, A—0RELNVOBEEAWIRERR
Tit, BEREBICBWC, HHBBIECBITS TTS &, ZHE% TTS 28570012,
FOLAILIZ 2.7 @B ¥ MAUE I W ok s, 2L, BRERICBWT, HBES
AeA 7ahy 2 HWTLRAVRERT>2HATL, Fig 2.6 PHLPHEIE. T
OBEIIAE LB EFHEHIND,

KEMAR A%y ¥HWEBHE,r LB LERHENT -5 (2.2.1) HBLT
Z22r., FRMEEK 3, 4, 6 kiz 2oWCi, 2.2.1.303) k9, zhTh -0.9
—0.8, —1.3 @ LWINSLENAERLNTEY, HFELERHENADLNLP IS
HOREBEBOKERELE, FRELAWLOLELS., LL, 7AMEERK 8 kHz 22
WTiE, 2.2.1.303) T 0.8 dB L WHHETHD, RQID,LELNA 2.7 B XD
NS LB, BH, OOV, 2.2.1.306) EBITABRENEHORBEL T
W3 TTS ORASHOETE DV ICRASKALEBROBBREL, SENDETNENFRLLT
L, RULROREFHLREDEEL-THELLN TN I L EHRTE, FELY
WERZSEX W23, DY, FRAMEHEK 8 kiz ® TTS OBFFBICOVWTE LW,
ZOHROEER( 4950 Hz ) 95 %EFMFE LMEIE 5980 Hz, THREIX 4450 Hz
THD, Fre, HBHEL 95 BEEMRALELE 33,3208 B LWIBTHEILATS
i, RizhOEEES, EERRAO LREMECHLLNETL L, Fig 1.6 »oh
BHhsE3i, 2.2.1.30) BITAREIIN 3 B i), SHOKBERLLII—
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BTAIEB,

ZIT, HEEHTHbhA TTS £, BBEHTHbRZALD, #REEKE
BT ABCEETREAROVT, SHNEHATRVREREER, SBORARE
2rmbk, UTORERS, MEH/KE, GHEBAC/ 70br AN FHOL
RLBEE O, HEESCBIT3REERSEAOEEAM L LBHERE, FAME
BE O3 4 6 8 Kz ® TTS @onTid, EEEEZLOL LTRDES ZLHTS
2, 227L, 6 kHz DIk TTS 2onWTid, A—RBELNNL T, BHESHEZBITS
TTS OFFHBERBNOZREI D LAE < L2 THIEEH 27, Jhid, HBEOHEE
CkoT, PUDEEIRBNT, ERMLBEHEOEHT, $HORHCHELLV, 7
ANARE 2 Kz BT TTS 220w, 4EE, RELSUHFEP->Lid, RE
EROF— 512k bEMFIBORLh o, TAX VLI WEERIrLRL L, B
HEBOF P EEHERYESOTELAUS 2~3 dB B<% 5 L#ERNERDE, Zhid,
BEEHICBVWT, WTFhOFEHHOA 70k 2 AVWTLAZELZWTHS I,

2.3 FEERERCBITIENBEOKEICHT R

2.3.1 HBE

BBRECEBTRESHER 2023 ) RALL. ERBEOENREIL0. 25,
0.5, 1, 2, 3, 4, 6, 8 kHz {ZBITHAHHED I SO (1964)'> HHEDEESL X)L ( hearing
level) T 20 dB LITTH 5.

2.3.2 RERUEBRFTM

FH 10BZWL 11 &2LBHORAEHICES LT, 24 KRAKCHTY, 1REE
S5£OBBEOSRELZRAELL.

BEOHEL, FHEAPEETPRZCHESKLHETERZER)AICBNT, HE
F—YA A= (Fi#8) AV, BERFRUBHEOTEFEIZ 2.2.2.3(Q2) L2<HART
Hb, TANEERE, 0.5 1, 2, 4, 6, 8 kHz TH 3.

Ly—NHiE) OENEFEORESL S FARICT 2.

BEBED HEOBEFLUMNITEEEROEZCHFRIY, ILHECERYEH
¢, BECRBESNh 2B TERLXBI®ITS L5 CBH, BREVERTL LN
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Y, ZRZELOHEKRTLILOTH ), BELKEIRLLAL, ILBRLBLL,

2.3.3 EBERBIUSE

ERBREDBENKEHE, TANIEBRENIA—F LT Fig. 2.16~2.20 ZBR
Lz, Z5ZDFHMEITOVWT L, FRIC Fig. 2.21 CBxRLA, R D095 L5
2, WIFROBEBREOVWTIOT A MRABRICBWTL, REEZHLEHATEET LY,
KEESICHF I BREDHRE X LRIEIED LT WEHEEBEKRES %), - TERELRREE
Chl->THRTSILICIVBESLRTL LB EFEI LD,

LS, BEPNELLHEAMPBRDLNE r—APRLN, ThZO2WTE, KB
FRBHETICELTWE TTS %, EBFRLEEL TV -LTERESEZLNE. D
BEPLT5E, REGBEREREERETO LTE, KBEGILOMBE,SH, BRE
DEERBELRNBITHENZEHEL (BLEVDHLLDELEDNS,

LBBEONOEBRBREDBER (T8IZRL 7z (Table A 1~A.5).

20
Test freguency Subject : HT
. & 8 klz
- O 6 kiz
T 10F4a 4 kHz
_ A 2 kiz
) -® 1 kHz
> D500 Hz
— 0
=ta]
: | -
.
S -10h
pes el
_20 ! 1 i i | |

i
0 4 8 12 186 20 24
Duration (h)

Fig. 2.16 Individual threshold measured in the experiment.
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Test frequency Q Subject  KS
. @& 8 kHz

O 6 kHiz Q
~a 4 kHz (o
A 2 kHz
B 1 kHz
0500 Hz

T

| { | 1

i
0 4 8 12 16 20 24

Duration (h)

Fig. 2.17 Individual threshold measured in the experiment.

Test freqguency Subject © HMT
. @® 8 kHz :

O 6 kHz
-4 4 kHz
A 2 kHz
~@ 1 kHz
0500 Ha

5 e
i e ey e e e

T
=

T

I { 1 1 1

0 4 8 12 18 20 24
Duration (h)

Fig. 2.18 Individual threshold measured in the experiment.

_39-




Test frequency Subject : THM
. ® 8 kHz
N O 86 kHz
T 10ra 4 klz
_ A 2 kHz
) -E 1 k}iz
> 0500 Hz
—_ 0
[-Ye]
=
o
S -10
o=
_20 i | | 1 | | 1
-0 4 8 12 16 20 24
Duration (h)
Fig. 2.19 Individual threshold measured in the experiment.
20 , . .
Test frequency / ‘ Subject * UH
@ 8 kHz
o~ O 6 kHz
Z 10ra 4 kHz
_ A 2 kHz
) @ 1 kHz
> 0500 Hz
—_ 0
&0
= i
P
S -10F
_20 { { 1 1 | |

1
0 4 B 12 16 20 24
Duration (h)

Fig. 2.20 Individual threshold measured in the experiment.
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(dB)

level

Hearing
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Test frequency
- @ 8 kHz
O 6 kHz
104 4 kHz
A 2 kHz
@ 1 kHz
O500Hz

-10

_20 {

! . i ! 1 1 i
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Duration (h)

Fig. 2.21 Average threshold over five subjects in the experiment.
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2.4 ¥&

2.3.1 T3, BREOBEIEICBIAZEEL NV EHETZENT , HHES (ER
F) LEBES REZ) B2 EFELNVERBECOVWT, FEAEAICERI I L
KEMAR 2A4% % HWT, #HE - K&xiT-7. 36, 232 T 2310
BRERIIT, 2200FBLCBWC, HE-HBRECA-BEEZROPOXMFICTHEEL,
TTS 2#EL:,

ZORR, LToOZLPHLNE -T2,

(1) B - BEEEFHCBVWT,  ThThGLeHEEEFovf 7ok 2HWT,
EHEELNLVERELLHERIE ZAXVOFRELNOVERBER, BEFBHOFHF,
EBEBOETNE 0.25~8 kiz OFABEBHEETLES, i, 4~ 8 Kz DEIRBWT
BHET, 3~9 B BEOENELS,

2) WFhOBEHIZBWTL, BEEEHHCA 70k 2 AWT, EHEELVEE
FELIHBEICE, 24X 0EEVXVERFEENZIL, 0.25~1. 6 kHz D{EWEIEREHF
BTiE, DoOBELBL LAWY, 4~8 kiz DEWEABREERTIE, —1~3 B BES
TR % B,

() TAMEERK 2 kHz KBIFATTS &, 4EOEH (BFEL )L 80~89 dB SPL -
FEEE 60 nin) T, EELZLOBRED LA LT, TAMRER 3, 4 Wz 20w
T3, Bl - BEEERICBT2 TTS OoBAOBICEEERD L7, TX
MEER 8 kHz (22oWTE, @WEEBEZEERLZEHNDD, TOHEUERBLNVICHELT,
2.7 dB MEHSY, HEEBICBTS TTS PEBREHICBTLFRE LA -2, 372,
6 kHz {Z2WTh, FEBARESUTRERESBD SN 720, 8 Kz L AR Hm
BRoN,

@) (D~B)DERLY, KDIORES>ZLPTEL, BH- BEEEBICBVT,
BEEHATA 70h Y (IEC ,JIS #HiE) AW CERAEOERIEL ThUE, &
BREEOEEL )L, DWTIENEAD dose (BRER)E, WFhoFHizBWTL, H
BELALLI B,

Gy 22721, EREO~@W oI, EHFHICBYLEEY, REHEFROFMIC
MITT—HSETVWEHECETELDTH S,

/223 CBWTIE, BBEOENBEZ, 248Hicbl) 1KEECHEL, K
BEOWEICL->TH, BEFEFRCER LW L 2REALL,

_42_




2)

3)

5)

7

8)

9)

10)

11)
12)

13)

14)

BEXHM

EFE K, ARk, BARE—, A7 —TINUREFICLE TTS 0%,
HEFLE, 22, 340-349 (1966).

¥.D. Ward, A. Glorig and D.L. Sklar, “Dependence of temporary threshold
shift at 4 kc on intensity and time,” J. Acoust. Soc. Am, 30, 944-954
(1958).

AR, &AE—, PRhE=Z, LUF B HIEREETCIITTS,” HFEAS
22, 289-296 (1975).

EH 2 BRET AELL REZ0A GHEET, FNEI AEREE,
HHERL, h# % “RBERBICL3 TTS @OWT,” Audiol. Jpn. 20, 247-
259 (1977).

W.D. Ward, E.M. Cushing and E.M. Burmns, “TTS from neighborhood aircraft

Sﬂl

noise, " J. Acoust. Soc. Am 60, 182-185 (1976).

E.A.G. Shaw, “Transformation of sound pressure level from the free field to
the eardrum in the horizontal plane,” J. Acoust. Soc. Am, 56, 1848-1861
(1974).

EAE—, "EXETOFFECHETIME, " AR ITRETRIT (1968).

IRC, “Sound Level Meters,” IEC 651 (1979).

ANSI, “American National Standard Specification for Sound Level Meters,”
ANST S1.4 (1971).

P.V. Briel, “Sound level meters—The atlantic divide,” Noise Control Eng.
do, 20, 64-75 (1983).

HATLRMR, “S@EF " JIS C1502 (1977).

M.D. Burkhard and R.M. Sachs, “Anthropometric manikin for acoustic
research,” J. Acoust. Soc. Am, 58, 214-222 (1975).

D.D. Dirks and S. Gilman, “Exploring azimuth effects with an anthropometric
manikin,” J. Acoust. Soc. Am, 66, 696-701 (1979).

J.J. Zwislocki, “An ear-like coupler for earphone calibration,” Rep. LSC-S-

9, Lab. Sensory Commun., Syracuse Univ. (1971).

_43_




15)

16)

17

18)

19)

20)

R.J. Maxwell and M.D. Burkhard, “Larger ear replica for KEMAR manikin, ” J.

Acoust. Soc. Am, 65, 1055-1058 (1979)

G.F. Kuhn, “The pressure transformation from a diffuse sound field to the
external ear and to the body and head surface,” J. Acoust. Soc. Am., 65
991-1000 (1979).

T. Yamamoto, K. Takagi, H. Shoji and H. Yoneda, “Critical band with respect
to temporary threshold shift,” J. Acoust. Soc. Am. 48, 978-987 (1970).

IS0, “Relation between sound pressure levels of narrow bands of noise in a
diffuse field and in a frontally-incident free field for equal loudness,”
IS0 Recommendation R454 (1965).

IS0, “Standard reference zero for the calibration of pure-tone audio-
meters,” ISO Recommendation R389 (1964).

K. Takagi, T. Yamamoto and H. Shoji, “Permissible noise criteria for hear-

ing conservation,” 7 th Int. Cong. Acoust. Budapest, 2552, 777-780 (1970)




B35 24KEHEBEEBERZFICLS
TT S OEERIZE
3.1 Loz

BIETLANLIIE, 16BEUEORKRBICRIBREEERRICOVWTUE, Ih
ETREOPEELDH S, FHLO%E Table 3.1 12, FOKBRFMA L HICBEBL TRL
UMD IRLDMEFIINWTRL TTS PEERKHS~ 1 2 B THRAREICE
L, #hl#EEmLanwWZ et 2 8L, Z0@E2EHAEEBS ( asynptotic threshold
shift; ATS)LIFMLTWA, 27, S0 ATS LREEOL-L LW, 55 EEA
TRHERERICHD, TOHEENEELT 1.6~2.0 B 2HELTWA., LHL, Zh
LOMALHBWTHE, FRSALCEETOBBEIGERAENT, 22, 8LV 0BRRER
LENTELS, BEOENCHTIBEFEEBLY TTS OEAOROREICH
VRRZELZ BRI THLLEELI B2E W,

DEDmz2HERLT, BLNVEFREFHEELRBROLNVEET, 24 BEich
oo THEBEICREL, #MC TTS 2HELL.

3.2 RBF®

3.2.1 B

BEECE BTEE 108 ES 21 ~24 R E2RALE, SHBEOBENOKE
30.25 0.5, 1, 2, 3, 4, 6, 8 kHz DET AP FEABEBICBWT 1SO (1964)12) H¥E0)
BEAL UL (hearing level)T 20 dB LITTH2. 10 ROBBEOEECHI> T,
BIBEBANERETHE LI ZERTTEL, A=Y AXA MY TR, POBREHNEE
LTWB LWV SICLBRLA., BBEL, EBARZIA->TEY, ERICBMTS
ZEHTLmMMERIT,

_45”




£ouanbad} Jajua) %

8~1, 778 VEP 06 %8 (ZH 097 ‘STT‘€9="4) ISI0U pueq 2ATIDQ (11 (€86T) T 23 ‘SITIW
¢I~9 ] yap 16~9L asiou pueq PIA (01 (186T) 7% 2@ ‘SITIN
71~¢ 2 ‘91 1dS @ 88~GL  (ZWM 77 TG (0="F) 9sIOU pUBQ 3A®IIQ (s(6L6T) T2 33 'SILIA
01 24 yap 48~9L IsTOU UL (e (646T) MOTUI3N
uBowUN 91 vap S8 as1ou pueq apIy L (8L6T)Y T® 38 "jauusg
UMOUNUN Qb VI vgp 68 Isiou NuIg ‘J2 38 ‘U0suURydalg
“ 24 14S P 06 ‘08 (ZHY 7' 0="4) 9s10U PUBG 2ATII(Q (s(LL6T) 49311g ® AuJeg
6 it/ 1dS 4P S8 °08 (ZW §=]J) 9SI0U puEq ATIDQ (v (LL6T) HOTUL3N
g i/ 1dS 9P $8~GL (ZW p="]J) 9SIOU PURY 3ATID(Q (s (GL6T) PIRY
01 91 148 P G6~08 (ZH 009~00¢) 28100 PUeQ 2ATII) (2 (PL6T) AOTUIAN
1 gy 's'67  1dS 9P G°76°G°18 L(ZIP1 G 0="F) 3sTOU pUB] 3ATIIQ (1 (0L61) 7% 29 ‘SILIN
mpwwﬁ pwm mmmwﬂm““ww 19487 2Jn moaxm 310U 3Jn momxm aouaJs sy

“S19YJOM QU3JILJIP AQ 2Jns0dX3 ISTOU UOTYRINP BUO] Y} UT PIsh SUOLITPUOI reameniiadxg ¢ 31qe)

_46*




3.2.2 EBFH

3.2.2.1 #REHE

EEREICIE, FSUSLBERAEEB K 02DV RESELHEBEERET A
75 4 ¥ (General Radio, 1925)4c58 L, 0.9 kHz DITRU 9 kHz DIEORy &EE L2
GEBREEYERALL, CORERERIE. TAMEEE 2~8 kHz ZBIFS TTS
BREES 2E8T5, RELUML, A—N—A—LOFELARALT 65, 70, T5,
80, 83, 86 dB MO PEL LIz, FREFRDHEDANRY MILLAJUE 27, 32, 37, 42,
45, 48 B 73, BELNNVOBEELHL-TL, KEEEESZET( EPA)N, &8
EE A0 EOBE, FANAEE 4 Kz 0BT PTS #REMILTHOACBNT
5 dB DI TICED B LN TELEERENOLJLE LT, 65 dBA 2#EELTWAI LY,
EU LR TTS oRkoRA»r6HHTRIE, RELNL 86 dB 0HEIcL 24 KEE
BHROTTS OFHEZVWThOAERICBVWTL 25 B UTRIEDHI L EHFE S
ZEFHERLL, BREBTIIMEEE (TEAC, AE-200) THENLVNVICHEL G, B—7%
ERHHGBOoNA LD CRESINT 4HOERAEATY — 4 (Victor, GB-100) X 1 &5E
FEWNICBRE L.
ERICEFSINLEEER, ARFLAZTER Y F—LRESNLREEZETHL, BRE
FIIBREFR L3N TEY, ENEEOHEIE 101 o, BEEZAUCERORERE
1T w ThE, HEOREREE, EACHLBALTZWES, U7 I4 20y
F27, TTNgERBBALLEE, BREBEZAZIELHEESDOIRKHICOVT,
EWN 12 HETHELKERD Fig. 3.1 THE., BER 13 A75—-INUE/4X
FRWC, FLEEE 63 Hz 24 16 kiz 2 CHOBBTHE-72, ER 16 #HAKBITA
BEBED 13 A28 =NV EHWER% Fig. 3.2 RLL, ZoBENBIER £
PMICIIREFREBEL WSS, BREOENRBOLOEBREOWLWEZDORB T -
Twa, Fig. 3.1 0oBRBEBIVHKE L2 ZA, BRENAZLLES, 1 kHz 256
8 kHz ORIBEBEHET 0.7~1.0 dB DL NJUETAEEE SN, A7 PADOBIZIE
KELERETLVWEELZONS,

Fig. 3.1 BRTIIHIRIOBREZLUSHAFER T OREREIEL, BAETLUHE
FHTEZ WS, BELVNUVOSHOBERFEIL 1 B RHTH Y (Fig. 3.2), FHIIZ
BE—LA LTI ENTES, -7, ENTOBBREDNEICL>T, BRFOBLES
B bl eliiZtwnweFH o b,

EBHY, ®B, w4 2ok (B ek 4145 2619, 2606) ¥ RELIBEREEOL
NIVEEERLL,
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[ . . .
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a & § room. Vertical bars show
S
B 3tk } o - standard deviations. Open
s N §
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g 2+ 1 L % |
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1k 'z = 5 4 ture, semi-solid circles
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63 125 250 500 1k 2k 4k 8k 16k ture and solid circles
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[
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16 measuring points in
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EEGEIL 24 BT Fig 3.3
[T & D I EERKR S, 1, 2,
3, 4, 5. 6, 7,8 10, 12, 14,
20, 22, 24 BEOBETZOhER
BEOFER T2, BEDBEIC
S REOSEEL, 1EICOS
5 min XiZ 10 min T, &3 85 min
ThHbH, OFEEEIZRERRC
EALTWZ W,

BEUREEAT3IZVWL5ED
BEECL, AT,

BEEIL, FERMTOSRELH
SEL, BEREILE S ain FF
OF L LTREBEIANR, BECH
EL, ENTIE, Y7234y 7
Fr T BB, BLRS%
L o/ (Fig 3.4, ERNOES
i233H—L A% LD 34, &k
HEEFERECLTOMNERRBHI Y

>
o

BREOENTLLHIIHY, &
RERBLOHHEKRETILOTHY,
RE L RBEERLE L, 2, EE
FRERME 14 ~20 FEDEIIC
N Y G N el Y AN

0 4 8 12 (h)

| | I

r ¥ T T T 1 T [ T T ¥ T T

1
16 20 24 (h)

Fig. 3.3 Schematic schedule of noise exposure.
Open area represents noise exposure, and
solid area represents 5-min-off-time or 10-
min-off-time for audiometry. Total exposure

time is 24 h. Sum of the off time for audio-

metry is 85 min.

Fig. 3.4 A view of inside reverberant room.

FHREIHBEOFE GEH) oW, SEEBE)ICII®RBER ( Marison Health
and Safety, DECI DAMP)2F &Y/, 27/, HBEIREEERBYTOHE,r O EREH
DIESDBHFICHEL, HRPEFEMITALLLT, THLYBIVBREABOEL*BITA X

Iz L7,
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3,2.2.2. BEOEE

HmEoOREL, BREZICBE
2Kz | 3kiiz | 4kiiz | 6kilz BkHzl L

L EmEENIcBWTHREA — 2 — :
45s 30s 30s 30s 30s 30s or igg:
Vo A% Gk BERIE, A60- ST o tomin

SN S /
0% E, ERERE - HRE 4 o

(Wi BsEE 2 Hz) - LAV Fig.3.5 Schematic schedule of audiometry.
DEBEHE 2 dB/s DRMFICE
LW, LRE- T%&@%ﬁﬁ(%ﬁ%ﬂﬂﬂ@iﬁ‘%ﬁm%ﬂé@%iééﬁ& L7z,

L & —/% (Telephonics, TDH-39, MX41/AR 7 v i3 Yo PEERZAIR (B &K
4153) RSB T (B & K, 2203) 2 AWTRELL.

SEEmENEe, 2THED 0.25, 0.5 1, 2, 3, 4 6 8Kkiz DBEFREL. K
mEEmE&%%%&30MnTﬁ05E02,&4,&8uhmﬁﬁ%wﬁu h
%%%ﬁ@@atﬁo%ﬁ$ﬁFM.15%%?&5&%&@%45s&ﬁ%30s3&
=, Ml 2, 3, 4, 6, 8 kHz OBEERIT->7, RERT vain nEEICBITA TTS %
TTSy LEF@AICHR2E, 2 TTS:, TTSis, TTS:, TTSzs, TTS:
rEELZEIRT S,

Z
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3.2.3 WEAER

mo® 2.3 leBVnT, BEFRECTTI 24 BEICEDY, EBEORETREELL,
ZOFER, EEBEicbi> CHBEERIRLTL, BB BECEEL LRI
mb b Aot LL, B @ oEENTREIRST LT, SEEMEMLL LD
A EREREREERET) LT, REWOLERD OEEREE LT, RBWREL
T5L0D, 2 OBBEOBREHBEROTHNLEEY ZNICAET LHNEENTHS
rELHNS,

72T, FOXSHTF—F kB, SELHRKRL LTEEZ#BETFIC24 6
EicED, 10 40— BEREORENEEHEWEL . Bz, HERE, AR
B Y OEEHIIRERTOHEL 2<ARTHS. 17X LERBEEFICEALT RE
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_50 -




3.3.1 HERER
HBEBRTHLNLI0LOBESR, FRERAILICEHRTHLALEE Fig. 3.6 (2
. MBS IS0 (1964) 12 HEDR S L L (hearing leve)TH B, SEHLWITN
OFZMABRECBNTH, BEOERICHD RENTHEOHEL LREBD L0y
S (BRBAKES %), #-T, BBEZRERCOL > THARTHILICLY), HBENLE
BLAWI EHFZITLIESINL,

T T T T T T T
Test freqguency
—-@—- 8 kHz
15+ 1
s -6~ 6 kHz
m
e} —-o— 4 kHz
~ o101 i
—~ -&— 3 kHz
19
2 —O0- 2 kHz
— 51 e 7
o mgg%kgp x< ~Seo—g
E >%ﬁ e
o GE A
2 e
-5 F 4
1 1 1 3 1. 1 1

Duration (h)

Fig.3.6 Average threshold measured in the control experiment.

Circles indicate the mean values of hearing level { I1SQO)

over ten subjects.

3.3.2 TTS DK

TTS WREHOBENLEENOZTNEELIWAEL LTRTY, SENL S
1 AOREFEBRBIICRY, »PoOREICHZ s —ENERERTT A0S EHEE
EF2HAICE, WRLAL S, #RBEERWO AR OBRERTELL- T, REW
RELTELDL, TORBREORTHRBEROTHMLHEL 2K TS F A S BN
THHLEIOND, R-oT6HOBKIREL, SRERTELAL 16 HOBRML
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D,  22@OPHEL BJ/AHEL L.

ETFANAHEBICBITS 1080 TTS OFHE ( LIT TTS 3B ST WERY
10 %O FPHER 3 )OKENEEHZ Fig. 3.7~3.11 ITRLE.

FAPREEE 2 kHz(Fig. 3.DICDOVWTABETTS OffidhE<, EBLVICL-
THELENAO LW, LA LRERRES SHKBAEBLLHEICBVWUL, &BL N
s 65 dB SPL & L <iZ 70 dB SPL T, » 0K ERE 22 REOHEEZBRWIFEL
TTS BFELAL(ZZITEELZ TTS LESBRHKMA L RBHBHEOTHERIC, FEK
SR THBEESAOLNLZLXED. LITHAR.

T v T T : r
Exposure level

251 —9-86 dB SPL 7
-0-83 dB SPL

20 | —@-80 dB SPL E
-0-75 dB SPL
15+ —-6-70 dB SPL E
—-0- 65 dB SPL

TTS at 2 kllz (dB)

Duration of exposure (h)

Fig. 3.7 Growth of TTS at 2 kHz. TTSs are the mean values

over ten subjects.
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Fig. 3.8 Growth of TTS at 3 kHz. TTSs are the mean values

over ten subjects.
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Fig. 3.9 Growth of TTS at 4 kHz.
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Exposure level
25+ -e-86 dB SPL s 1
\\ @
~-3-83 dB SPL .’—.‘_.,/////// .//
—~ ¢
5 20 -e-80 B SPL /,,/ o ]
= -0-75 dB SPL o® o0
£ 15} -e-70dB SPL ® / \ ]
© -0-65 dB SPL/of A e /
—@—
% 10F e/ Q/’CD\m\@ 1
©w o Vi ’Qgiyj:g\\m 0—o0
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Duration of exposure (h)

Fig. 3.10 Growth of TTS at 6 kHz. TTSs are the mean values

over ten subjects.

T T T T T T T
Exposure level
25 —e—-86 dB SPL b
-@—- 83 dB SPL
20+ —e- 80 dB SPL . 4
—e—@
-0- 75 dB SPL /‘\o/
B
15 —6—- 70 dB SPL & o /o
-o- 65 dB SPL_® o
10+

TTS at 8 kHz (dB)
N

[9)

Duration of exposure (h)

Fig. 3.11 Growth of TTS at 8 kHz. TTSs are the mean values

over ten subjects.
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F2 R 3, 4, 6, 8 KHz(Fig. 3.8~3.11)2oWTiE, TTS DEBEKIIEZS
75, HKHM (growth curve) DIBIZEGE > TWa, T4 bb, TTS IIRBRHL LICH
KL, SEHESBENETHIMEEAHLL, TALBRTITTSIIEIE—E,», BX
LTbEntEmaizAE <4\, 72, 75 dB SPL LIEDRBL XTI, LILDOE
W TTS OfELBINT S, 65 dB SPL & 70 dB SPL (2DWTiE, REBL AL L-
TEWLEDPAD LNz,

LAL, 24 BE&FE#®D TTS ISHEHBEL 22T A MEERIZBWT, 65 dB SPL
EVoRENWRELNLELEDTINTERTH -7z, FBELALA 65 dB SPL, 70
@B SPL EWV o ELRATHLRERES KR BI L, TAMIEEK 3 4 6 8
Kz 2BWT, TTS OF#EH 5 dB I2E<, Bz 5 B #8232 L0H5, Jhid
Bl EPA' O#ELAZLAJL 65 dBA I2h->TH 4B, FRO—HMICIIEIEEKEAE
LE2LDWEFETHTEEZFRRT S,

BEOD, HNEER RU S2EEBRGT OKEBREOBENLAVOEERMT&ICRLL
(Table A 6~A.15),

3.3.3 BEREBE ( ATS)

FRBEBE O ATS LBRETE) OELZOLNVIETALHICET LRI
SWTiE, BES TROPOBENH S22, UL, TRFThOEEZRDLFEE,
MEEBIL>TELRY, E—3hTnwiw, 72, ExOWREFRALLEEFTEOR
BLEAEE SN TWien,

FZTHENL, Bohie TTS OfICKARERAL, NXTA—SDENFSH ATS D
EHEEHETHI LTS,

TTS = K{l—exp(— t/T)} 3.0

72720, K: ATS O#SEHE (dB)
t: REFRE (D)
T: B&EE (h)
COFECEIVEELL ATS o E@E e #thic, TANEREEEHCE VERL
7eb D7 Fig. 3.12 TH D, RELFAMEER 2 kz, 8LV 70 dB SPL OHE
ZOoWT TTS OfEHIEL-2E, RC. DOBRIFEETH L0, 20 K1 24
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B TORBREICEBITS

TTS OEHTHEL>TH o ' ‘ ‘
SEMIZATS ofsEiL LT ol
Lk, g, c0k 3
[ng N 3 \Q/O o B
32 LTRDIATS Oz 2 -
b O
Table 3.2 {I:}T_\‘Lf:o @ct H —5:7 10+ \CD.K /
ol
BPBESCRELV TS D —°
~ 3 8 /////
@ SPL LLETH, ATS O pxposure level \
HEMIZ, TAMEEE 4 o 20l -o-6548sPL /
KHz RUC 6 kHz leBWTE S -6~ 70 dB SPL ¢ ¢
g —@- 75 dB SPL
Kb, >
2 —e- 80 dB SPL
27, ROLEPLSIETTS 30F ~®- 83 dB SPL
HWATS DLRIVICET B —e- 86 dB SPL
HICETLREIIERKE L 2 3 4 6 8
2D, %@Ri@ﬁk LT, Test frequency (kHz)
Koo 95 KicETLHRE Fig. 3.12 Asymptotic threshold shifts plotted
BEzFxECEIELETSE, against test frequency.

NEZXC. DrLEEREM

WT T1n20=2.966 T £ 5, Table 3.

Table 3.2 Values of asymptotic
threshold shift in dB.

JEIHEEZBELLLOTH S,

Table 3.3 Time in hours after onse
at which TTS reaches asymptote.

t

Exposure Test frequency (kHz) Exposure Test frequency (kHz)
level(dB SPL) 2 3 4 6 8 level(dB SPL) 2 3 4 6 8
65 2.8 4.4 3.7 82 4.2 65 9.4 14.6 18.5 46.0 24.1
70 - 4.9 2.7 5.0 4.8 70 - 7.1 1.6 10.6 24.5
75 5.8 8.2 8.9 9.5 7.1 75 14.3 11.6 17.1 14.9 15.5
80 5.0 9.4 11.2 13.1 11.9 80 3.2 7.6 12.1 13.4 32. 4
83 5.4 11.9 16.2 17.5 14.2 83 14.0 12.0 8.1 7.0 13.5
86 8.0 14.3 21.6 21.8 17.6 86 28.6 13.6 7.3 6.8 8.4

-:TTS data were not fitted
by Eq. (3.1).

-:TTS data were not fitted
by Eq. (3. 1).
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F2 MEEE 2 kHz - BEL UL 70 dB SPL DFHELCOWTUIRARLHETAG. DL
ERRET LD TELp o7, REVHPD LI CEOMEIE 1.6~46.0 BEDHH
EooWTWaH, FAMEREK 4, 6, 8 kiz ([ OWTIZHRJZEL ~UL 75 dB SPL DIk
T, BELALOEINCEWEY T 2ERASALSRIS, TAEERICE SEIIEH

T,
3.4 EE

3.41 TTS Dk

ERECOIBEEEERICHETIBEOREY V2 LBWT, TTS FRHENE
BLIE ATS OLAACELTEFRLD LT LA ML ZNWZ L FAHREILTWS, £
OBEEIE, Ward®, Melnick® (X2 L 8~12 8, 7, Mills, et al. 22X b &
SEEETHE, SHNEBRTYL, Fig. 3.7~3.11 »oHLML LS, TTS (TI3#HA
B(ATS)HHEETLI LSS, ATS OLNNVIETAZTICET LRI 1.6
~46.0 BEDEETKRELESOWTWE Y, TTS ORKMESLEINE &7kt
(72 NI 3~8 kHz, &FEL UL 75 dB SPL Dl b) iz oWnWT AR, 6.8~32.4 B5fE
DEETHY, HPOTFRAMEER 4 6, 8 kiz KBWIREL XL OEMICHENEST
rEmMBA LN, LEL, ZORREEENICHRETLIERAL, SEDT—-2DAI
CESWCERT B I2id, ETEEAES

3.42 ATS L RBL NV EDRR

Mills, et al. 2k, ATS L&BL L, HEOLNVLUETHIESRERCHS
EREL, ZToEs LT 1.7 d/dB LWwiEEHITWS, ELCE Ward®,
Melnick®, Barry and Bilger® L #fL %R 1.6~2.0 dB/dB, 1.6 dB/dB. 1.7 dB/dB &
WIEEHELTWE, RBEFOBEFRLLZOT, SHORE L MOBREORKE L 2
EHHEEBT 20, —RICEEELELILND, LL%H6, Fard”, Melnick®,
Mills, et al.® LHBFEFL L THWLHLOEEE 4 kiz DA 75T N R/ A X,
TAMREEE 6 kHz (ZBTATTS OBERAFH' 2EBEEELTVWL EHEINLNT,
FELANEARZ ML NNVICHRETL ZLICEADBEL BT I EVTRTH .

i

-
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Fig. 3.13 &, TAMREA®E : . ‘
6 kHz 2B ATS i2oWT, ® Prese?t data o
~ 3
SEDF—F Ltz Ward®, 2 © Ward "
~ 30+ O Melnick 7
Melnick®' , Mills, et al.® 2 9)
o a Hills, et al
LDOF—2%BRLICLDTH @ /o’
o}
B, ffELWard OF =T 3 20 / |
> 4 .
52 FE¥EE 5.6 kHizTH B, & a
> ]
SEELNT  ATS Ofild, o o ©
Melnick® % Mills, et al.® o 'O . ¢ a 1
, 2 / o) a
DELDL, Ward® DFhIZE > o
< 4 a
W, ZDES3HTF—2 BT D . .
Z2OBHEE LTE, REE # : : ,
30 40 50

£, EBEBOZE, BLLEE
BEOELEPEZ LNBHF, W
FRTHLHPIEEELIZN, Fig. 3.13 The relation between asymptotic

Spectrum level (dB)

27, HROERIISEDE threshold shift at 6 kHz and spectrum level of
BF—5D3bREBL~NLT0~ the exposure noise. Solid lime 1is the best
86 dB SPL ( A~ 7 M L~NUL fitted line to the present data. Slope of the
30~48 B)DF— 2 ¥ FHNTH line is 1.0 dB/dB.

SHICERERTHSL., HED

1.0 dB/dB TH -7z (HERE

0.989), F#lc, FRNEEE 3, 4, 8 kHz ZDOWTRDAME DEIL, 0.55 dB/dB,
1.1 dB/dB , 0.81 dB/dB TH -7z GEEAREII £ £ 0.983,0.978,0.990), WFhd
Ward®, Melnick®, Mills, et a/®. OF/BLELIVLAZN,

3.43 (i - BRLD TTS OHADRA LDOLE

i - AL, LIGT 85, 90, 93, 95 dB SPL mHABEBEXHEFTL LT, £BEHE
SEBMOBEREERZITW, 0.5, 0.8, 1, 1.5, 2, 3, 4, 6, 8 kHlz OTTS DEARD
KERDHAS, Fig. 314 F—HWE LT, FRAMNEER 4 Kz OBEICOWT, RER
BREENBENSED TTS OEFEL, A ERLHFRDALTTS DEADOA™
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PORLCEEEBELTERLELOTHS, MEREL NIV E AT PN TRR
LTHs, HicBWIHNISEDRREZ, KREEFEBEZ T, 8, F - &k L
4 kHz DTTS DEADKEZ XA TRL TS,

TTS =1.36(5—41.9) logie t —0.45S5+18.7 (3.2)

27EL, St ARZ PAL AL (dB)
t: FERE (nin)
AR ML Ry 48 dB 2F DA —IN—A—VDEEL X 86 dB SPL Tit, 4 HOD
BAELHEHEEF IS —RLTWEY, ThUTORBELNVTIEIHLPICHEESRLY,

HPELHEEE A>TV,
ZostEfElE, ki TTS o ; ‘ , : ;
BARORIZBWIREL NIV L O Present data

TTS LIZERBERICHD LR a0 —— Predicted by ., :

Takagi, et al.
FLTEHIATWS, F7,

AN VLN 47 dB DIF

o 30 N
TIETTS DEROXZRET f
BRERBLEREHDOINY 5 50 L i
MULALRIRTR, TTS @ :f O’O
SRS L L ECEE TS, & ] . |
Fig. 3.14 i3, #RBLNLZE, o)
TTS 2%8:35, BE-PRHE . o ©

& (dose-effect relationship)
ERLTWS, TTS ZELT, 20 30 40 50 60

B REEE, — Bl SEHE Spectrum level (dB)
Eddwbh b Fig. 3.14

BWTLERK, ( Zri2{& Fig. 3.14 The relation between TTS at 4 kHz after

LARNVEFHRLRNVOEBETIE) 8 h exposure to noise and spectrum level of
ZOEMPEDHLNE, HLX noise. The solid line shows the TTS calculated

NOREEBRICET L EFI%: from the equation of TTS growth reported by
BARTIIHEH, Afklck s Takagi, et al's’,
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EBROBAIIRTVE/ LW, T, Mills, et al.® LEFOL NIVLITTIHEL LA
Bip->T ATS # 0 B CHA T2 EMILERELTEY, ZhLARDER
LEZHNB,

PairSmomERFGE L BT L L, UF - SRSOERY 'S BEEENTOH

HFHITEWBTORETH2OIHL, SEIREZNTORBERIEVWBTHORSE
THbB, TOHEROPVWTIE, H/2%# 2.2 CBWT, HHEFHHATA 7ah 2B 0HE
FHTOLXNVDEZS ) Y /TR UBE LR, #REOGRIH TOFRIALY
—i, FEZLL LI L FBICHEILT WS, Fig. 3.14 KBWT, GEBRTF— 0
SHARNI LD, 2RIAZEFITVS,

3.5 ¥R

BHEEED 0.9 kiz DITRY 9 kiz DI EORS 2 ERL TERLACLEEFREEEEZ,
BEZNT 10 B0BBEIC 24KBRBIICHLLDVEELL, EEFTOLANILE 66~86 dB
SPL DEHTOBRMICEMRIET, FANEEE 2, 3, 4 6, 8kHz ZBYSH TTS %
BBEOREIODWIHEL, LToOERESE.,

(1) 65 dB SPL X W3 EWRBELXNLTH, 24 BEBEHKICIZ 2, 3, 4, 6, 8kHz &
ETFAMEAERICBWT, F8% TTS FEBSIhL,

(2) TTS DK R 1EXBRRAOEBREHRLAAL, SNELFLREBEH (ATS )L
L7z, FALEEH 3, 4, 6, 8 kHz 2BWT, ATS OEIZREL ~N)LH 65 dB SPL
DHE, FhFN 4.4, 3.7, 8.2, 4.2 dB, 2/, FRELNLH 86 dB SPL B4, £
heER 14.3, 21.6, 21.8, 17.6 dB Tho7, ATS L RBEL L EE, EREKHERF
2HD, FoERHITANEER 3, 4, 6, 8 Kz ZoWTEFhFhR (.55 1.1, 1.0,
0.81 dB TH-7z,

B) BohF—2 BB EHEAL, ATS® 95 %IHETLEBRMAY LT,
ATS OLRUCERT 7200 BT 2HMERDAE 25, 1.6~46.0 BRI S
DWie, FTAMEHE 4, 6, 8 kHz oW TiE, HEL N 75 dB SPL DILET, &L
NN BhEmbs Ao, FARAERICI 2 ZZEEFTLh o7,

) kD TTS DWADRICL B HEBEL OB ERALEZAS, BEL L 86 dB
SPL TRAEOERE L FFEFL TROW—KRE AN, 83 dB SPL PTHOL XA TEWY
NLEHEHFFEEZ EEY, RELVE)E TTS @R LoBR-HRARSSFR
2% 2 Z L RSN,
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BAE KLNIVEBEBEERECE T
HHTEES T TSOEERSOHE

4.1 3L

A - &ARLD TTS OEAORY (LI, HROXEHTENG, Fe LT, EXER
ERBCIIENNOBEFIEHELENL LUERINLLOTHY, REFRSKREZ T
D, EKBHELVOEFBERBICERALE2LOTHS, 8, REEENL S 4E
VANVREBE&ZRICET, EROALEHA T, TOEEDERE L 2 - LREBRA
(REL UL 85 dB SPL Lk, REBESKELT)I? »6RT, BAEEALLLEL
shd, SELANL 83 dB SPL LITOEL ~NEETH, TTS OKBEIERORI
LAEEEZ LA LEREIRICBWIHBIICANRD, #-T, BRHEEREICLLHEN
NOBREBT O, KL NVERHREBEFREEROT—SIZETIWLE TTS

DTFHEREHERL, ThEZERATEIAFEZ LW, 70, EERETREORETL, BHE
DLNIVEITE L 58REE off-time & LTERBFLARICELZITEROIENWLDL,
CREBRLNVOBELEEINTVWAREL LTRB-4HD, X0 GENLFEST
HlcZ 5,

EI3ETIE TTS o FHROGHERZ BRTHENT, ELNVEFBEEREY,
BEBOLVEHIZBWT, 24 BRBICbLL->THEBECEEL, #BNI TTS %
BELz, 362, BohlTF—2L, #RORXDERLL L T—F LORBOLDIC,
ERBOBOEHEY, EBEFRCRRIBECOVWTUL, $2E 2.2 TBWURE
L7z,

DEDBERICESWT, KLVNVRNERSEICE TERATRYZ TTS AN TN
FWETE I LN, FROBNTSH 5.

INETIZ TTS DBANDR L LT, BrROBEBBEZUUIDLIRAPLINTER,
kD TTS ogANKiE, RELNLVEEBEBRROFRLOBBEALLT XKDX
ILBEERBATRINATNWEY,
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TTS2 (S, t)=a(S—b)logiet+c S+d ’ (4.1. 1)

7275, TTS: : R\ T 2 win {KiEFFd TTS (dB)
S: BBFD TTS OBENFE? OHRLEAEBICBITEAR7 MILLAX
JV (dB)
t : REFE min)
a, b, c,d: TAMABEBICE >~ TR 5 ER
TTS DEAZRBERONED 1 KA L 75 FARLIRVT, Vard, et al ¥ LREL
AN
72, TTS (ZIZW A4 (asymptotic threshold shift, ATS )HFEHEET S LWV I KE
HTR, 1 XBRRDERERE XA THRAL RN, Mills, et 21513, EREEE
ERBEBOBRE, KA L ToL,

TTS (t)=K{l—exp(— ¢t/ T)} 4.1.2)

7L, K: ATS (88, dB)
T: BEH
5142, Keeler® i, XU 1. ) 2#AEHET, XAZHREL TS,

TTS (t)=Kg{l—exp(— ¢t /Te)} + Kpll—exp{— ¢t/ Ty}
+Kg{l—exp(— ¢t /Tg)} 4.1.3)

25U, Ki Kp Kg: EB, K¢+ Ko+ Ks=ATS L% 3,
Tt, Ty Ts: BER. BF f,ns & TRLENBAOEN (fast), HRE
(medium), BV (SlowWWRAZERTLDOTH S,

F7:, Maslen” i3, BEZBWROENBENITENEN, 1 XENROFEER THE
m¥sefEl, KRXEPHELLTNWE,
TTS (t)=20logie{l+ (10K/20—1) 1 —exp(— ¢t/ T)} (4.1. 4)

REL, K, T, RALDERRTH B,
PEoRBELZEE2BFICLT, LBOBTEEDLIEICT S,
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4.2 BEHEL TTS OBAKKETT %M

4.2.1 BoRRL LL-KBRT—%

BI3ED 24 KAIHAREREERTRLNT 10 RDOBHED TTS OFHMEID
WC, BrxORBBELTIHL, BIMDOERRML, Table 41 CRITFLZENTH S,
FERThoein OFRCBTS TTS %, TTSy LHRTHEMAICKIE, T MEHER
2, 3, 4, 6, 8kHz ®» TTS L, BHBD TTS:, TTSis, TTS:, TTSs,
TTSes, TTSs ZRELLZI LIRS, %8, TAMIEE 2 kHz 2OV, #
BTHEON TTS NN WD, RIFOXENLSBINL .

Table 4.1 Experimental conditions used in 24 h noise exposure in Chapter 3;

Subject 10 male students

Sound field Diffuse-field (in a reverberant room)
Exposure noise White noise

Duration of exposure 24 h

Exposure level 65, 70, 75, 80, 83 and 86 dB SPL

(27, 32, 37, 42, 45 and 48 dB in spectrum level)
Test frequency 2, 3, 4, 6 and 8 kHz
Time of audiometry

after on-set of exposure 0.5,1,2,3,4,5,6,7,8,10,12,14, 20,22 and 24 h

4.2.2 Mat L BARE

BRI LCREGI, Table 4.2 (CR$ENTHS. X2 DI 1 KERROKEAM
B A@ALDEIREREAR, X423, XA LHER-THD, MHaslen” DREL
RATHD, BERENHROBEOFTEZY, 1XKERROERRBTHNTILNE
B FRRLAELDTH S, KU 2.00, EROKXEAL HBA, KX (4.2.51, logistic
HEERL, 426003 FAEEE&TSELSICBELL logistic HRERLTWA,
ZD3b, ATS BHFEETLINE, KW@ 2D, 4.2.2), 4.2.3),(4.2.5), 4.2.0)TH 3.
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FBRE t=0 ORFEBWT, TTS =0t% 5%, 239, FEAZEAETIDIL A
(4.2.1),(4.2.2), (4.2.3), (4.2.6) TH 5.

Table 4.2 TForms of functions of TTS growth investigated in this chapter.

F(t)=K{l-exp(— t/T)} (4.2.1)
F(t)=K tanh(t/T) (4.2.2)
F(t)=20logre [1+ (10K/20-1) {1—exp(— ¢/ T)}] (4.2.3)
F(t)=alogiet+b (4.2.4)
F(t)=alogie(t+1)+b (4.2.4")
F(t)=K/{1+mexp(— t/T)} (4.2.5)
F(t)=K{l—exp(—t/Ti)}/{l+mexp{— t/T2)} (4.2.6)

t : Duration of exposure
K : Asymptotic threshold shift (constant)
T, Ty, T> : Time constants

a, b,m : Constants

4.2.3 BRRUEER

ETAMRERIZOWT, EBBLAAVTLZ, BATRERCI T, Table 4.2 OFER
BB UIDLIBENRET AT (n=15)%, Table 4.3 {257, £, BENORE
i, ERELSVOBETHFANE, —OOEBBLEOWTAHLLLOTHE, ZORE
DARPTHETZE, RU2.60DHECHR/NELY, RU.2.3),(4.2.4), 4. 2.5DHE,
FRPRABRRICE > UBMLIZRL 35, FAREOKRESLEE, &XWnT, RWG2.1D,
G2LDDWPITKELEZ E->TWE, TANEHER 4 kHz, &L )L 86 dB SPL(AA
7 RVLRIL S=48 B)OHEIOVWT, BNIRETHEShAEERBOBHEHEE,
EBRF—5 L bIBRLALOMN, Fig. 4.1, Fig. 4.2 THE, LY, R4.2.3),
(4.2.6)%, EBF—F IR BHETIHBTHS I LAHPS,  Ihid, Table 4.3 0
BREEL-KLTVA,
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Table 4.3 Comparison of the sum of square residuals” between the functions

presented in Table 4.2 (The value TTS=0 at ¢ =0 not used for calculation).

Test Exposure level (dB SPL)

freq. F(t) 65 70 75 80 83 86 Total®*

3 kHz Bq.(4.2.1) 11.24 16.56 14.13 12.16  8.40 13.38  75.87
Eq. (4.2.2) 10.86 17.36 16.61 15.98 13.16 19.00 92.97
Eq. (4.2.3) 11.47 15.63 13.37 9.07 5.85 8.22 63. 61
Eq. (4.2.4) 13.64 10.71 13.88 5.03 5.38 10.24  58.88
Eq. (4.2.5) 10.58 11.07 15.65 10.68 12.46 21.45  81.89
Eq. (4.2.6) 10.62 8.66 12.11 3.94 5.04 10.49  50.86

4 kHz Eq. (4.2.1) 12.26 5.63 3.96 7.37  14.00  30.28  73.50
Eq. (4.2.2) 11.06 5.79 4.59  12.04 23.96 47.00 104.77
Eqa. (4.2.3) 12.60 5.58  4.23 4.98 7.34  11.19  45.92
Eq. (4.2.4) 14.12 3.96 6. 68 4.83  14.37 15.13 59. 09
Eq. (4.2.5) 8.86 3.70 5. 46 7.41 8.75 28.12 62. 30
Eq. (4.2.6) 8.8 3.71 3.69 3.38  4.50 9.21 33. 34

6 kHz EBa. (4.2.1) 16.47 26.35 9.42  41.04 67.95 47.37 208.60
Eq. (4.2.2) 15.94 26.97 11.96 53.55 86.30 70.18 264.90
Eq. (4.2.3) 16.71 26.30 8.34 30.29 38.34 14.04 134.02
Eq. (4.2.4) 28.76 27.37 9.12  20.94 18.53 9.65 114.37
Ba. (4.2.5) 12.13 27.17 6.80 20.41 23.69 14.76 114.45
Eq. (4.2.6) 12.22 25.77 5.93  14.24  14.76 6.37  79.29

8 kHz Eq. (4.2.1) 12.67 16.88 11.75 8.82 38.43 22.69 11124
Eq. (4.2.2) 12.96 17.39 13.56 12.02 52.48 35.54 143.95
Eq. {4.2.3) 12.61 16.72 11.16 7.09  26.10 8.22  81.90
Eq. (4.2.4) 12.84 16.23 10.15 16.72 17.46 4.72 78.12
Eq. (4.2.5) 10.14 10.18 11.28 7.32  16.77 10.54  66.23
Eq. (4.2.6) 9.99 10.28  8.97 3.78  10.54 3.78  A7.34

The number of data for each entry is 15

* Sum of the value for each exposure level.
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50} ——Eq.(4.2.1) o
@ ——Ea.(4.2.2) o o o9
S 40} —Eq.(4.2.3)227
N 9’6/6
= 307 (//
-
® 20f ;’/
)
= 10} 7
0

0 4 8 12 16 20 2

Duration of exposure (h)

Fig. 4.1 Growth of TTS: at 4 kHz. Exposure noise is 86 dB SPL white noise
Broken, chain and solid curves show calculations from Eq. (4.2.1), Eq. (4.2.2)
and Eq. (4.2.3) respectively.

501 -—Ea.(4.2.4) o
3%3 —=E0.(4.2.5) o _gummo-Ts
T 40} —Ea.(4.2.6) S5
N OO/;
T 7
~ 301 7
N3 /./'
© 20t '
N di
— 10}
0

0 4 8 12 16 20 2

Duration of exposure (h)
Fig. 4.2 Growth of TTS: at 4 kHz. Exposure noise. is 86 dB SPL white noise.
Broken, chain and solid curves show calculations from BEq. (4.2.4), Eq. (4.2.5)
and Eq(4.2.6) respectively.




ZZT, AN@2.4), 42.54F FAXEALLZWEABBTHSE, EHRLE RER
ft=0 OBETIE, &9 TTSE0:LsLhiE%sLWnwWanT, K& ( =0,
TTS =0 &2 WTF—RICREHELTWELTH, Zhonkld, TTS D
FHERELTUL, HEECRITZEEFEIONSE, £IT, EREBELNNVEZOWT, KA
(t=0, TTS =0)%—HDTF—2 L LTADLLT, ARICABBE A TIIDLER
% Table 4.4 (2R3, KRB, Table 4.3 AL, BELFH(n=16)Th
3, o8, R 2.4)DHE, logie tH, t=01ZBVWT, BOERKEZL S I L 8IT
57:8, Table 4.2 DX (4. 2.4 DX BELLLDIZOWTETIEH, (4.2, 1),
(4.2.2), (4.2.3), 4. 2.6) DHBEWE, FAZERTLIEABBTH S0, REFHHOHE
i3, Table 4.3 ER—IZHBDTHBLL, REVHGPELIIE, R 2.47), (4.2.5)¢&
LIz, BETHFROME, Table 4.3 LHARTAEL %3, |

Table 4.4 Comparison of the sum of square residuals® between the functions

presented in Table 4.2 (The value TTS=0 at ¢ =0 used for calculation).

Test Exposure level (dB SPL)
freq. F(t) 65 70 75 80 83 86 Total""

3 kHz Eq.(4.2.47) 18.00 12.23 24.78 11.04 29.21 54.54 149.80
Bq. (4.2.5) 10.95 15.77 18.84 19.12 18.49 28.52 111.69

4 kHz Eq. (4.2.47) 20.04 4.05 27.22 22.99 30.39 42.14 146.83
Eq. (4.2.5) 8.87 6. 29 7.26 13.90  25.54 59.13 120.99

6 kHz Eq. (4.2.47) 31.53 23.46 37.45 28.79 28.40 56.10 205.73
Eq. (4.2.5) 12.59 2813 10.73 38.43 72.18 74.13 236.19

8 kHz Eq.(4.2.47) 14.84 16.74 19.98 45.40 37.46 29.52 163.94
Eq. (4.2.5) 10.87 11.88 13.50 11.55 36.07 41.56 125.43

The number of data for each entry is 16

** Sum of the value for each exposure level.
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270 BIBTLARLLSE, TTS CEE#E( ATS )BSHEET LI L, <D
PEREO—BLLEETHY), RROBLERT—ILTRERMTTVL. #-T,
ATS SEELTWEOR L2 H0HERL DL, ATS AFKTRINTVI) I
ETIERBERRTCLFFHILY, #oT, LRoOEFAOHMICE. AE@2D),
(4.2.3), (4.2.6) 2 ®RET 5,

s T, Kofld, BELALSIEE-T, 4R BUTL0LFLoNEH, BE
B Lh, SickoTELTErE,LERILTIBSLENHS, Table 4.5 i, WIh
DFANEEREBWTL, BEFFRSFBNL LR @ L ODEEROEE, £&
ELRLTLICELELDOTHD, KOFERDVWTE, RELVOLRE L LITHENT
AEMBEH LY, ToOM T, m T i3, BELAVIZE-T, R ERLT
Wi, 20T, ZRELRLO TTS ORKE, ZhZFhDK(ATS )OETHREL
T LN A ERL S RAHEE, RFELAVCILT, B—THreALELLNL
FELk. Thbb BELALS, SEHEtEBILTTS (S, OB, —RICKA
TRENBLDET S,

TTS (S, t)=F{K(S), t} 4.2.7)
K50z, RU.21, Q2. 60DHEIIE, X DEMY, BBEOBTERIN,
TTS (S, t)=K(S)F(t) 4.2.8)

£ 5,

_70_




Table 4.5 Constants for Eq. (4. 2.6).

Test Exposure Constants

freq. level K Ty m T2

3 kHz 65 dB SPL 4.4  46.4  4.54  152.1 ;§
70 dB SPL  46.8  46.5  13.10  2060.2 j§
75 dB SPL 8.4 50.0 1.77 225.8 é
80 dB SPL  10.9  57.8  0.83  514.0 ‘§
83 dB SPL 126  76.5 . 1.20  332.0
86 dB SPL  14.7 745  1.57  1282.7
4kHz 65 dBSPL 3.6  31.3  26.32 99.1
70 dB SPL 3.3 0.7  0.76 3836
75 dB SPL 8.8  76.4  2.58  228.2
80 dB SPL 1.6 5.2  1.65  260.5
83 dB SPL  16.6  31.4  1.59  175.6
86 dB SPL  23.5  61.9  0.71  383.0
6 kHz 65 dB SPL 6.2 0.04 8.16  212.6
70 B SPL 5.0  42.0  2.18  176.0
75 dBSPL 9.6  30.2  2.59  225.0
80 dB SPL  15.9  40.1  1.58  526.7
83 dB SPL  20.7  33.6  1.02  442.6
86 dB SPL  24.1  42.7  0.86  346.6
8 kHz 65 dBSPL 4.2  18.9  3.09  312.1
70 dB SPL 4.8 3.1 2.68  359.1
75 dB SPL 7.2 427  2.25  264.2
80 dB SPL  14.3  83.8  3.26  584.7
83 dB SPL 161  36.5  1.60  424.7
86 dB SPL  20.2  67.2  0.80  519.7
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4.3. BELANNE TTS oKX %86

4.3.1 REOHBE LRRT— 5
421 CBWIRALL 24 BEAAEREAEEBRT -2 ML T, &R 08 HE
HERSESERT — LB TR P -7, BAOKBOZEE Table 4.6 (2RT,
FAEBT— 5 ORBAL LTIE, HBREOAR RUSEOEHIENES L HEEHL
TEL->TWBILFEFLRSE, SHEHN TTS LRETBECO VWL H2ET
BcHE L7, ZoKRE, AEHL LI, BEESATI 70k 2ANT, A—0f
BLALCBELSE, 3, 4 kiz T, #5035 TTS OEIEEBRLEREADLIT,
6, 8 kiz Tit, BEEEHICBITS TTS #, HEEFHBIEZhELA-72L 00,
ZORIE, RELAVICRELT, &2 3 @B THY, HRARENREEL ALLEL
LOTH-T, BLD, BEBEN, ABLADTREL>TVWEENHF, BoNBHERL
52 3BBIKELSLBLELLND, oT, 4EIL, WERF—F 220 IBTEYE
FRATE I EiCL,

BEBORIORSE Lold, BEBRTHENRESETHS 1, 2, 4, 6, 8 K
DF—=FTHL, %8B, SELEARC FAMEHER 2 kHz icoWTE, TTS OfEH
NEWzd, HRPSEBINL 72,

Table 4.6 Experimental conditions used in 8 h noise exposure?’.

Subjects 5 male students

Sound field Free-field (in an anechoic room)
Exposure noise White noise

Duration of exposure 8 h

Exposure level 85, 90, 93 and 95 dB SPL

(47, 52, 55 and 57 dB in spectrum level)
Test frequency 2, 3, 4, 6 and 8 kHz
Time of audiometry

after on-set of exposure 0.25, 0.5, 1, 2, 4, 6 and 8 h
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4.3.2 B L - FEOE

R L7FEUBIE, Table 4.7 (RIEDTHS. N (4.3.1),(4.3.2), (4.3.3), (4.3.4)
i, thEh, RELRXLVSHLIR, 2K, 3K, 4 XBEETHD, A @354, Mills®,
Maslen Z EDORELZLATH S, K@ 3.60)1%, BEER, >F 08, #Er L X
B LB lERBARESZLDOTH S,

Table 4.7 Forms of functions of the level dependence of TTS

investigated in this paper.

K(S)=a(S-b) 4.3.1)
K(S)=a (S~ b)? 4.3.2)
K(S)=a(S—b)? (4.3.3)
K(S)=a(S~- b)* (4.3.4)
K(S)=alogie{l1+10(S— b)/10; (4.3.5)
K(S)=aexp(bS) (4.3.6)

S: Spectrum level of exposure noise

a, b: Constants

4.3.3 BRRUER

ETFAMRAEBRIEOWT, REBBAILIC, BN IREICL - T, Table 4.7 0BEEK
U TEDLHBEDRETFTFM(n=10)%, Table 4.8 (2577, £h, BEHEFORIMEIL,
ERBENEOBEFINE, —DOBBBICOWTAFHLALLOTHE, ZOBEDKN
THhETLE, AU ODBEERNELY, RU3 D~A3 DI, FRICLZEY
MNEL% s, IRIEBEBEZLEFTW<E, RU3.0DEBRICLEZBERIZNKL T
LOr#EEINS, RA3.50HE&E AU DO2KXKALARETHS. Fig. 4.3
i3, 72 AR kHz, REKB SKE DB &I OWT BN RETH WK (4.3.4),
4.3.5), 4.3.0) DRAEHBEERT— S L L LB RLCLOTH S, RFEIIE, 24
HEHEEREERY0T7—% %, EAll, SHEEEREXR>OF—IE2RL T3,
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Table 4.8 Comparison of the sum of square residuals® between the

functions presented in Table 4.7.

Test Exposure time

frea.  K(S) 1h 2h 4h 6h 8h  Total

3 kHz Ba. (4.3.1)  146.49 136.05 284.47 349.98 318.05 1235.04
Eq. (4.3.2) 84.01 79.07 112.32 134.11 105.29 514.80
Ea. (4.3.3) 77.43  69.09 100.71 118.67 86.33 452.23
Ba. (4.3. 4) 74.92  65.13  92.51 109.20 76.71 418. 47
Ba. (4.3.9) 81.16 80.46 112.85 134.00 103.05 511.52
Eq. (4.3.6) 69.14 56.88 73.14 87.66 56.28 343.10

4 kHz Eq. (4.3.1) 276.45 239.59 324.95 389.48 491.64 1722.11
Eq. (4.3.2) 32.16 12.17  41.83 54.43 111.65 252.24
Eqa. (4.3.3) 12.73 6.36  30.58 47.19 91.37 188. 23
Bq. (4.3.4) 10. 94 4.43  26.03 43.37 83.07 167. 84
Ba. (4.3.5) 13.12 8.98 34.32 52.84 105.18 214. 44
Eq. (4.3.6) 10. 62 5.45  24.22 4474 74.01 159. 04

6 kHz Eq. (4.3.1) 163.75 176.81 246.32 292.12 304.16 1183.16
Eq. (4.3.2) 36. 17 2.32  36.51 47.75 95.72 238. 47
Eqa. (4.3.3) 27.46  16.29 22.86 29.90  70.04 166.55
Eq. (4.3. 4) 24.57 13.57 18.23 21.97 59.97 138.31
Eq. (4.3.5) 33.62  23.94  34.99  49.91 100.79 243.25
Eq. (4.3.6) 21.06  11.47 14.48 8.49 41.53 97.03

8 kHz Eq. (4.3.1) 191.87 293.17 364.04 320.46 261.00 1430.54
Eq. (4.3.2) 28.56 107.95 84.92 58.54 60.32 340. 29
Ea. (4.3.3) 27.39  98.82 66.96 45.82 50.12 289.11
Eq. (4.3.4) 24.60  91.13  59.42 39.99 43.29 258. 43
Eq. (4.3.5) 27.61 101.17 70.41 54.27 64.36 317.82
Eq. (4.3

. 6) 17.10  68.74 40.70 28.67 28.79 184. 00

The number of data for each entry is 10.

** Sum of the value for each exposure time
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Table 4.8 & FRIC, EB
F—rROR<BELT
Wwaold, H@.3.60TH
D, K\wWT, HE.3.4),
4.3.5)ThHhaZeHh, N
T0ahrs,

Fig. 4313, &B|LAX
Ve R, TTS 2ELT
5, B—HRER (dose-
effect relationship) % 3%
LTwa, MY udd X
362, KLRNVERUHLAN
NOEETIE, ZOBRIE
SFREEL TS, X%
O TTS DHEANR THE,
ZOBRIE, EMERER
TTWaeHiz, XEIEF
Labhidhownwk 3%
KL NIV RBEOHEITIL,

- TTS O#EEEY B/NFHE
3NT, ERAICES LD
EEbhs 27, X3
OBREFHFRMLAEL, F
—ZR<ERL TWEW,
XD, SEOR(4.3.4),
(4.3.5), (4.3.6)DX>%

—~£q.(4.3.4)
—— Eq.(4.3.5)
— Eq.(4.3.6)

T

50

40+

TTS2 at 4 kHz (dB)
w
O

20¢F
10+
o7/
////1/
o0z
O S

Spectrum level (dB)

Fig. 4.3 The relation between TTS: at 4 kHz after
8 h exposure to noise and spectrum level of
noise. Solid circles indicate the data reported
by Takagi?’, and open circles indicate those
from Chapter 3. Broken, chain and solid curves
show calculations from Eq. (4.3.4),Eq. {4.3.5) and

Eq. (4.3.6) respectively.

HRERELTH L, EBTF— S CREBHETIEN D TR, TTS OEEEZ LIK
SEDFNICBET 2 ZEHTRE RS, 0K, Zhonm@RTE, SLVLREITIE,
2, TTS OHEEFPBAFEINLZ LA THI NS, LrL, ©tLb, T2
BEATVWRLDEHELT, BLANLICST, SEFREBEZFAL TALZEMICT S
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Ci3@Y, LEROMBEERATLIILELL.

B, ARl XEXA.3. D~ 3. HD1~4XRAIZOVWTUL, &XIZZBIZORh
T, RU3O)DBBEARICHNRTLZILDLEILNL D, AEPLBINT S, H-T,
DRomatTid, 0(4.3.5), 4.3.0 W)Y LiFBZLicd 5.

4.4. TTS DHEKDORA

4.4.1 BHONRL LIEBRT—2

WI3ED 24 RHABEREXBOT—Y, EAY OSHERERAZRBOT—F M
2T, B2E 21 OFBEEIRILLRERBOT-SLHET, WML, B2E
2.2 DEBTR, BIMOERLEFA—DEBECHLT B-RBEE, TR ThREEN,
EEENTRELL, 2750, BEL~ULIE, 80, 83, 86, 89 dB SPL(ANRZ ML AL
S=42, 45, 48, 51 AB) 4 &fF, MAOEIL, 10, 20, 40, 60 min DABHRTH 3.
BBl IE, BEBTHELN TTS Ik, ABRELALZLBL0T, WEOFHE
ERETF-2ELA. 4B, FANAEE 2 Kz OBE, TTS OEINS L LOHIT
EAETHZNT, HRERBIEWS, TTS O#HIIAELZERYDF—2 (REF:
1000~2000 Hz DA 2 ¥ —7 Ny REE, S=65 dB, t=5~155 ain) bBRHOHHE L
7o, DLEICXY, FAMAHERIENT— 28I, 2 kHz TE, 129, 3,4,6,8 kiz T
i3, 134 %ot

4.4.2 MH L REGE

KD TTS DWADOAIL, TTS: (RE|EBAL 2 nin BRD TTS)EHZHLD
ThHoi, Lipl, BUBBREARESY 2 #HALT, XPFERBICLS TTS %, F
WY pzoic, KENY—r% 1 ain LYDNSTHEHACHEILLHE, BROKE
Ao TTS DBEHOBEE, logie t FRAWKLZILERMTIZLDHICE, TTS: DL
{2 2 min XORWKIEHRD TTS 25B LT, S5 ENETTS: CHETES L
IFMELOLRELLLW® Z LB, HoT, ZHOLILELLIERITLH,
Ak, REHEEOKRLEREICEITSZ TTS 2523 % RD22ricle, Fok
Wizl ¥, RELALSB, REKE tain ORETREEROTTS: #, XU 2.7)
&0, KATHEILNELDET S,
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TTSe (S, t)=F(K(S), t) (4.4.1)
ZIT, BURBEBEY 2EMTEL. &RHEHKibonin & TTST,

TTSz (S, t)=TTSe (S, t+7)—TTSe (5, 7)
=F{K(S), t+z}—F{K(S). 7t} (4.4.2)

rh2bhb, $B28 RV B3 OXBF—S0HEE, FRNEEE 2 3, 4, 6
8 kHz (oWT, TofizEnZN, 1, 1.5 2, 2.5 3 TH)H, SAOEKBT—2DH
&, TOEIZTRT 2 THE, RADIKE, ThLNEBF—5EUTED, S, t,
TO3EBMTUMTERL TS EARKOEBREMERETAE, LEOBMIIZE LN,
ThbbInld, TTSe 252 5R U4 DERET LI LI 6W, #RDATIE,
o<1 OHED TTS $BHT I LEFTETH->2n, KU 41, L4 DOBHEE
13 FRLTEE LD, EROSEERTIE t=0 OHAED TTS 2 WET I LIET
WY, ROLTHTTSe i3, AABKOEWLOLESZLHTES, #-T, FH
T, TTSe 252 2R ERDLI L LT,

F(6) LT, 4.2 OREEFES 2, Table 4.2 k0, ®(4.2.1), (4.2.3), (4.2.6)
DO3REBHOHMGRE L, K(S)E LTI, 4.3 ORERHEE 2T, Table 4.7 kY,
H(4.3.5), 4.3 6)D2REBRADHBRE L, #-T, cEEOMEEORICOVTO

443 BRRUZE

£F AN ARRIZOWT D, BATRERL ZERBOUTIIOLERY, BETHA
U FHBERE D ( Akaike information criterion; LI AIC BT 53) T
able 4.9 (R, AIC Ik, BEBEFLECOVWTE, KROLS RN, ZOMEN

AIC =n(loge2z +1)+ nloge(Se/n)+2k (4.4.3)

2L, n: F—3 A%
Se: BRELFHFH
k: EFVOBEANIA -, SODHE, REROBER+TL L% 5, |
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Table 4.9 Comparison of the sum of square residuals between

the functions presented in Table 4.2 and Table 4.7.

K(S)
Eq. (4.3.5) Eq. (4.3.06)

Test
freaq. F(t) n Se kK AIlIC Se kK AlIC

2 kHz Eq. (4.2.1) 129 882.53 5 624.15 573.43 5 568.53
Eq. (4.2.3) 129 693.59 5 593.07 384.57 5 517.00
Bq. (4.2.6) 129 760.34 7 608.93 460.54 7 544.25

3 kHz Eq (4.2.1) 134 1441.98 5 708.65  850.13 5 637.85
Eq. (4.2.3) 134 1374.65 5 702.24  787.24 5 627.55
Eq. (4.2.6) 134 1408.19 7 709.47  804.88 7 634.52

4 kHz EBa. (4.2.1) 134 1150.73 5 678.42  871.67 5 641.20
Bq. (4.2.3) 134 936.72 5 650.84  493.63 5 565.00
Eq. (4.2.6) 134  875.08 7 645.72 543.55 7 581.91

6 kHz Eq. (4.2.1) 134 1555.73 5 718.82 1158.01 5 679.26
Eq. (4.2.3) 134 1239.87 5 688.42 731.20 5 617.65
Eq. (4.2.6) 134 992.23 7 662.56  478.83 7 564.92

8 kHz Eq. (4.2.1) 134 1333.15 5 698.14 1007.01 5 660.54
Bq. (4.2.3) 134 1035.95 5 664.34 702.72 5 6172.33
Eq. {4.2.6) 134 864.27 T 0644.06  492.48 5 568.69

n . Number of data
Se: Sum of square residuals
k : Number of free parameters of model

AIC : Akaike information criteria
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LEDEI T, FRBEFLENGEL, POBENTIXA—SBLEL GBS, FH
LIERELEEL 5.

£r0HPB LS, AICHRANELBZDE, TAMEEE 2, 3, 4 kHz OV T
i, U2 ERU IO EMASHLELHE, FAMEEK 6, 8 kHz oW Tid, R
4.2.6) K U3.0 2 MAEDLELBETH .

Ehiz, FAMEER 4 Kz ORPEE TFVILSTHEHERZ BRLCLDH,
Fig. 4.4, Fig. 4.5 TH 5, HPE FREE LIz, TTS: DEE, XLV S=17,
37, 45, 48, 55 dB l[2>W\WT Fig. 4.4 2, S=32, 42, 47, 52, 57 dB {Z2WT
Fig. 4.5 (2, #hEnBmELA, B, X2 4.3.6) 2HAEDELETL,
2FNRA LR @ADL ATHEZRL TWA,

TTSe (S, t)=20logis {1+ Q0K (S)/20_1) 1 —exp(— t/T)}
K(S)=aexp(b S) (4. 4. 4)

#EH, U260 @360 2MAELELEFIN, 22 VXRALAULDICIETH
#HERLTWNS,
1—exp(— t/T1)

TTSe (S, t)=aexp(b S) (4.4.5)
1+ mexp(— t/T2)

72fEL, (4.4.4), (4 ABKEDIZ,

S: REFNANRZ ML) (dB)

t: £HEHHE @in)

a, b, T, Tv,m, T:: B
Thd, RMA4.2), 4401 E 5 THEGR T EBHLLoRN 24 BEBER
BEBROT— 5 (S<52 dB)icid, B<BHELTWAY, BLNIOSKEREREXR
DF—%(S25) B)DHEIIZ, BEEFR LY, £IT, Table 49 D@ 4.2),
A4DErRMA.4.2), 445 DBREFHFNE, S<52 B OHEL, S251 B DHEI
HELTHFRLIZ LD Table 4.10 TH B, TR MEHEEK 2 Mz 2BV, &L
DB, R44.2), G4 DFY, BEFFARY AIC IS, HHEIC LS
BHELTWS, Ba8HEdTE, 442, @ 450F%, BELVOLWER
iZhtesT, EBF— BT INAROBVWETLVEE I ZLHTES,
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TTS: at 4 kHz (dB)

0 4 8 12 16 20 24
Duration of exposure (h)
Fig. 4.4 Growth of TTS: at 4 kHz. Broken curves show calculations

from Eq.(4.4.2) and Eq.(4.4.4), and solid curves show those from
Bq. (4.4.2) and Eq. (4.4.5).

SPL S
(dB)(dB)
50} @95 57
a 090 52
T 40} ©85 47
N
L 30t
~3
W 20}
N
= 10}
0

0 4 8 12 16 20 2

Duration of exposure (h)
Fig. 4.5 Growth of TTS: at 4 kHz. Broken curves show calculations
from Eq.(4.4.2) and Eq. (4.4.4), and solid curves show those from
Eq. (4.4.2) and Eq. (4.4.5).
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Table 4.10 Divided sum of square residuals in Table 4.9.

5<52 dB S

(1%

52 dB

Test

freq. n Se kK AlIC n Se kK AIC

2 kHz Eq. (4.4.4) 106 312.05 5 425.27 14 72.52 5 79.07

Eq. (4.4.5) 106 379.00 7 449.87 14 81.53 7 84.72
3 kHz Eq. (4.4.4) 113 495.34 5 497.68 21 291.89 5 124.86
Eq. (4.4.5) 113 575.12 7 518.55 21 229.76 7 123.84
4 kHz Eq.(4.4.4) 113 '242.46 5 416.95 21 251.17 5 121.71

Eq. (4.4.5) 113 339.99 7 459.15 21 203.56 7 121.30

6 kHz Eq. (4.4.4) 113 391.67 5 471.14 21 339.53 5 128.04
Bq. (4.4.5) 113 352.90 7 463.36 21 125.93 7 111.21

8 kHz Eq. (4.4.4) 113 368.38 5 464.22 21 334.34 5 127.72
Eq. (4.4.5) 113 263.76 7 430.46 21 22877 7 123.74

S': Spectrum level of exposure noise

n, Se, kK, AIC : Same as Table 4.9.

28, A@.4.2), 4. 4508 EE BFBLNLS, RERBEt, KEBE-0EER
XERDLLDTHEDOT, TAMEAEER 4 kHz (22WT, £FL <UL 86 dB SPL (C[
FELTHREBBRICOWTHERRZ RO Fig. 4.2, RUSEHE% SERICEELT
REL AN OWTHEYFR 2RO Fie. 4.3 OB TRINLEL, Fig. 4.4 DFh
Eid, £FLL—RL %W,
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Table 4.11 Constants for Eq. (4.4.5).

Test Constants

freq. a b T m T
0.5 kHz 0.016 0.102 15.7 2.00 105.0
0.8 kHz 0.037 0.101 62.0 1.77 257.4
1 kHz 0.115 0.090 94.1 1.62 617.3
1.5 kHz 1.347 0. 054 44.8 1. 47 352.0
2 kHz 0.063 0.102 13.4 1.61 179.9
3 kHz 0.118 0.103 41.8 1.16 182.7
4 kHz 0.106 0.114 31.8 1.04 337.6
6 kHz 0.261 0.098 14.8 1.07 412.0
8 khz 0.110 0.112 17.0 1.41 458. 6

RUASDBEROESR, FANAEBIT LIz, Table 4.11 (TRLA, RiTld, 72
RE¥E 0.5, 0.8, 1, 1.5 Kz 2B175 TTS OHAORDEHLEREATWEY,
g, RERORDEEL - TF—21012, R@.4.2), 445 FRAZRECLY,
UTEHBE I LI X>TRDL, 4 Kz 2B BT A MEERICBIT2EBRTF—2 LR
(4.4.2), (4. 4.50C X B FHIEHE@ES Fig. 4.6~4.17 RLA, FANEER 2, 3,
6,8 KHz {22V TIE, BARD LEIRDEBT—IDcDENFEL B0, BEHICL
THd, %8B, HEEEXRETLLLHED, TTS: OTHHEMEZSRIRLL
(Table A 16~A.22),
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-® 95 57

®30 52

w
o
T

—
<
T

TTS, at 2 kHZ (dB)
N
<

{ [ | |

0 i 8 12
Duration of exposure (h)

Fig. 4.7 Growth of TTSz at 2 kHz. Solid curves show calculations
from Eq. (4.4.2) and Eq. (4.4.5).
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o 083 45
T
—~ 20680 42
N O75 37
z L0 70 32
LB 27
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[\ 10_
A
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H
0
1 i { | i 1 |
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Duration of

Fig. 4.8 Growth of TTS:.s at 3 kHz

from Eq. (4.4.2) and Eq. (4.4.5).

._85_

exposure (h)

Solid curves show calculations
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Fig. 4.9 Growth of TTS: at 3 kHz. Solid curves show calculations

from Eq. (4.4.2) and Eq. (4.4.5).
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Solid curves show calculations

Fig. 4.10 Growth of TTSz.s at 6 kHz.

from Eq. (4.4.2) and Eq. (4.4.5).
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Fig. 4.11 Growth of TTS: at 6 kHz. Solid curves show calculations

from Eq. (4. 4.2) and Eq. (4.4.5).
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Fig. 4.12 Growth of
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TTSs at 8 kHz. Solid curves show calculations

from Eq. (4.4.2) and Eq. (4.4.5).
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Fig. 4.13 Growth of TTS: at 8 kHz

from Eq. (4. 4.2) and Eq. (4.4.5).
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Fig. 4.14 Growth of TTS: at 1500 Hz.
from Eq. (4.4.2) and Eq. (4.4.5)
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Fig. 4.15 Growth of TTS: at 1000 Hz. Solid curves show calculations
from Eq. (4.4.2) and Eq. (4.4.5).
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Fig. 4.16 Growth of TTS: at 800 Hz.
from Eq. (4.4.2) and Eq. (4.4.5).
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Fig. 4.17 Growth of TTS: at 500
from Eq. (4.4.2) and Eq. (4.4.5).
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g7, RUALHEBWT, TiT: ThHhaHmas (=st<3T0 ORI, HEIZ
{1+ mexp(— t/T2)}=(1+m) THY, KANLIZ, 1XENROBEERICLL
MANZENE LS.

TTSe (S, t)=K' (S){l—exp(— t/T1)}
K (S)=K(S)/(1+m)=aexp(b S)/(1+m) (4.4.6)

I, t>3T k%R E, HTO {l—exp(— t/T)HE, =1 k%, @451,
KADL Iz logistic HIC LSRN KA E 2 D,

TTSe (S, t) =K (S)/{1+ mexp(— £/T2)} (4.4.7)

ey, Table 4.11 &9, To/Tv oltofdiz, 4.2~127.8 nEHICHSE., H(4.4.6),
A4 DOEBDE, TTS 2yeBL, ThETNKDEI LHAFTBAPLBHINS
HEETHS.

d
9Y (k=) t.4.8)
-g%’— = re y (K~ 3) (4.4.9)

FL, i, rliER, KiZ ATS 2 RIERTHS. LEFBALEREHEORE
ROWTIHHEIEEWE ZATH LY, SROBMEICEL W,

4.5 EH®

EL~L - BESEEESRECI T BATHRLTTS 0BAOTRA2BHTL2EHNT,
BRCALASHEAHERERARERRAU 24 REOAREREERTRLONLT 7S
2, BrOBEEK:, BNIREFHWTHETUIDL, ZTOER, TR MEER 0.5,
0.8, 1, 1.5, 2, 3, 4, 6, 8 kHz DFhFRIZOWT, KWL A/LEH(65~95 dB SPL)
2bhbesd, REM( 2482 TOOBEREICEATES TTS OFARS, DTOL
JiZRB LT,

_95-




FANEER: 0.5 kHz
TTSe (S, t)=0.016exp(0. 1025)

1—exp(— t/15.7)
1+72. 00exp(— £/105.0)

FANEER: 0.8 kHz
TTSe (S, t)=0.037exp(0.101S)

1—exp(— t/62.0)
1+1. TTexp (— t /257. 4)

TR 1 kHz
TTSe (S, t)=0.115exp (0. 090 S)

1—exp(— t/9%94. 1)
1+1.62exp(— t/617.3)

TANRE®E: 1.5 kHz
TTSe (S, t)=1.347exp(0.054 S)

1—exp(— t/44.8)

1+1. 47exp(— ¢t /352.0)
FA SR 2 kHz

: 1—exp(— t/13.4)
TTSe (S, t)=0.063exp(0.1025)

1+1.6lexp(— t/179.9)
TR 3 kHz
TTSe (S, t)=0.118exp (0. 103 5)

1—exp(— t/41.8)

1+ 1. 16exp(— £ /182.7)
FANEER: 4 kHz
TTSe (S, t)=0.106exp(0.114 S)

1—exp(— t/31.8)
1+1. 0dexp(— t/337.6)

FA W 6 kHz
TTSe (S, t)=0.26lexp(0.098S)

1—exp(— t/14.8)
1+1.07exp(— t/412.0)

TR 8 kHz
TTSe (S, t)=0.110exp(0.112.5)

1—exp(— t/17.0)
1+1. 4lexp(— t /458. 6)

22750, TTSe: BBERTHEBKD TTS (dB)
S: #8BF0 TTS OBRHFROPLEABERICBITE AR PV
(dB)
t: ZEFKRE (nin)
ThH5,

..96__




[

)

2)
3)

4)

6)

7)

8)

9)

BEXR

K. Takagi, T. Yamamoto and H. Shoji “Permissible noise criteria for hearing
conservation” 7th Int. Cong. Acoust. Budapest, 2552, 777-780 (1970).
ERE—, “BEEBEOFFECHETLIMA " EBRFEIEM LRI (1968).

T. Yamamoto, K. Takagi, H. Shoji and H. Yoneda, “Critical band with respect
to temporary threshold shift,” J. Acoust. Soc. Am. 48, 978-987 (1970).

¥.D. Ward, A. Glorig and D.L. Sklar, “Dependence of temporary threshold
shift at 4 Kc on intensity and time,” J. Acoust. Soc. Am. 30, 944-954(1958).
J.H. Mills, R.M. Gilbert and W.Y. Adkins, “Temporary threshold shifts in
humans exposed to octave bands of noise for 16 to 24 hours,” J. Acoust. Soc.
Am. 65, 1238-1248 (1979).

J.S. Keeler, “Models for noise-induced hearing loss, " in Effects of Noise on
Hearing, D. Hendersom, R.P. Hamernik, D.S. Dosanjh and J.H Mills, Eds.
(Raven Press, New York, 1976), p.361.

K. R. Maslen, “A symple Mathematical model for TTS,” Applied Acoustics 16,
1-10 (1983).

T. Yamamoto, H. Shoji and K. Takagi, “Prediction of temporary threshold
shift following exposure to noise having arbitrary spectrum and temporal
characteristics,” 6th Int. Cong. Acoust. Tokyo, A-2-8, A-9—A-12 (1968).

ARIx, &ARE—, ET ¥, KHEHMHE, “TTS:»5TTS: NOLEH, 7
BEREZ 11, 445-448 (1969).

10) FHRFE=, BEONME HARSELLR (BEH, HA, 1981), p.243
1) RTEAT, RRBEARX, JLIENER, FREESE (EIEK B 1983) .

.‘97__




HEEFRZFCHLTTTS DEX
XNE2HEHT S LTHI, ZDFE

5.1 LIz

BWART, TERERELCLS TTS oREHBOERALERAT, BADOT AL
B#ERIzOWT, BBLNVRUSEHEEZMIERE TS TTS OBROERA ZF
RLE, ZhenRid, P<ITLEFRITREEBOERICESVWTERLLLDOTH
D, BRELNUHEREELICEELTIEFHEERENBHEICOVTL, TTS OF#GEH
HHRTERTHEPEI PRELTBLEN DS, L VLT —REEETIE, BENICK
E<EHTEILHFTREEINSLYD, REEFRHEICLS TTS 2THTILHIIT,
IV RFRATRTH S, HRDOWE - GRD TTS DEAROKY ZBWTY,
BARBBRREERATLILICLYD, XHREREICLIL TTS OTHIFTETHS
ZEFRESHTWE?Y, FETR, FRRTERLALFLLEBRANBETL, AL
TFHFHEZTWI 2P EIPBHATELEIEZEHNELTWS,

29, 5.2 RU 5.3 BBWTBERZF OO AEIEEREXRDI L, KBRS
R<EEINTBY, UTHBITFR2REVFFELEINTVELDNENY LIF, £ORBER
ETEGEMRRRBRF L. Z2oRMFELE, ARE, EXBRERBEOBEOT— N
FETEH,, LLLENGLTETAMABRRICOWTHOTTS OBERFEANARY b
ML HHEETTRETHEZ b, ~EDRERFIOWVWT, A—0EBREFCHL UT4hh
RTWaZE, RERTHOWLEHEEz DEFHEHILTWE 2L, RAMINLEBE
ROWCHREA— VAR L EAVWTHED RWREAES TR TWS ZEL R
BiFoh b, ,

KWT, 5.4 2BWTL, TTS OEEBBIZOWTEREML 2, FHKTIE, TTS
wﬁkﬁEKOmT@%ﬁ?~ﬁ%ﬁ%:&ﬁf%tﬁ, ZoOEBERICOWTE T,
ERT—S 385 L3 TE L7, BABBRRERED (S, EEARE, 8K
AOFEEFEL TEUIDEI LB Bbha Y, RLTENTRYLERFFSL
N2 I PLEOVWTHRN 2T 2.
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&zﬁﬁﬁﬁﬁﬁm;%,TTsw%wmonf

5.2.1 REEBROBRE
ZITHD EF s REERIL, $53 0
LOTHE, BERFIHEEETHY,
FOLNNEHEWNCEGHI YL, 20F
DHKEL, HI3IBTHWCLDIDLR
RELZ->Tw5, BREFI, SFRETE
5T AL PR 1 kD (-
EREEREOHEE, F—1—F—N
DEFELALT, 85, 90, 95, 100 dB SPL
DEFERE* N FH 90, 90, 90, 30 ain
RELLAZRME RUKEL LA 100 dB
SPL 7% 85 dB SPL 3 THEBEEEMICE
F9 28R YT (Fig. 5.1)% 30 ain B8
THLOEMALEEHSHKBETHD, &5
rebic, 2EXBYPO—EREICRER
RIEL T, BEZHEL, TTS ORKE
B8l twa, ZoBRoOKLEEE,
SEEBICEAS LT VRN,

MEESEE0BHSIE, on-time ¥ 1 min 2 L, off-tize % 1 min £F54LDT,
duty cycle ¢ 2 min, on fraction i 0.5 TH 5. on-time DFEDL XJLEEHHT X
Q—7DFBICOVTIE, BRNEHOZWEBEEOLDIZOVWT, REL XL 90,
95, 100 dB SPL » 3 H&AZID LiF, & 412, 1 nin OfEIC 85 dB SPL 745 100 dB SPL
FTLANAIEBRBERICHING 2 BB HB 1 (Fig. 5.2), #* 30 s T 85 dB SPL #°
& 100 dB SPL FCTHIML T, ¥ 30 s THY 85 dB SPL FTRET AL NVEKH2Z
REEBRCERLHEREUB I (Fig. 5.3), ERRTHRELCEREE Fig. 5.4, MZE
BEEORALEH THRELL Noise J (Fig. 5.5 ¢ MALAFTRETHS. Bt
EEE 15%WwWL A45ET, ZOBELILRBEEBFO—ED off-time DRI, B
HEHELT TTS OWAB/ELEHBL TS, DEDKBREMAEY Table 5.1 (2—fFL

THRBLE,

-100-

......

SPL (dB)

30 min

Fig. 5.1 Level fluctuation of
continuous noise exposure whose
level decreases exponentially.

¥riting speed is 16 dB/s.
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Fig. 5.4 A time pattern of sinu-
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is 16 dB/s.

110

100

18Y
Y

90

80 ;

SPL (dB)

70¢

il
LT

60

Fig. 5.3

B0 s

A time pattern of expo-

nentially fluctuating noise ( Ex-
ponential envelope II). Writing
speed is 16 dB/s.

110

100

1<
N

90

—

80

SPL (dB)

70

60 3

Fig. 5.5

60 s

A time pattern of fluc-

tuating noise (Noise J). Writing
speed is 16 dB/s.

-101-




Table 5.1 Experimental conditions used by Nakamoto®’

Exposure noise Exposure level Duration of exposure

Continuous noise
Steady-state 85, 90, 95, 100 dB SPL 30 or 90 min
Exponentialy decrease 85~100 dB SPL 30 min

Intermittent noise

Rectangular envelope 90, 95, 100 dB SPL 37 or 45 cycles (73 or 89 min)
Exponentially envelope I 85~100 dB SPL 45 cycles (89 min)
Exponentially envelopell 85~100 dB SPL 45 cycles (89 min)
Sinusoidally envelope 85~100 dB SPL 45 cycles (89 min)
Noise J 85~100 dB SPL 15 cycles (29 min)

FTANEBRIE 4 kHz THY, BBELEH 10s »5 50 s FTHEA-IARX—2
FHWTREZHEELTWS, 23D TTSe.s 2FELALILICHE TS,
FBUNEEEENT, 22 VEHFHIEAEVWRHFOTT, 140EBEN, RY—%
POBHEINLREBHETC—HEmMTA2FEN LTS, ZhidgW2E 2.2.2 &8
T2ERESTCOREREEBREZIAR—DFETHS.
HBEORIL, JWSaTHLOLTWS, LirL, 1&I-7o2WTE, TTS Elfio
ABICHNRNTRELCKREL L2 2EH2L, HBEOHENRBEDLOERBRERDTITHY)
SRTLDERBEFELTVWEIELHY, SEEIDIHERVRLEBZDT—SE2NY
L, ZOFHBEIIZOWTRE L2,

5.2.2 EEER - FHABOBLR
29, BARTHRLAEBRAY FEOKBRTF— 7 ICHAT 2 0h7 ), BA4ECTRE
LARBERONEREOERIBL, FHEOZTRLIIBER LD, F—N—F—LOEE
LAV SPL BRE—TH->TL, ANRZIVURNIVSOEHR—BLETWZ EHEZ
bh3, 22T, SPL - S(ZOBRHEEENHE, t0O%BEL B RELLLD
ST 2)DERELSET, HEOEFRERENT - CBLBRTER LLEBR
EETEDHLEI S, S=SPL-30.38 L LaBelRETHFAFBIL L7, B4
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ETI SPL — SOl 38 dB TH Y, $EOKETHW LA HERENFRE
DFEH, HB4E CRALLEBEBTHOWLALZINIDESL>TWEILRPLRAT,
I 39.38 B IFBYULELEELLOND, INEATRTLRDL LS.

1—exp(— t/31.8)
1+1.04exp(— £ /337.6)
TTSe.s =TTSe (SPL, t+0.5—TTSe (SPL,0.5) (5.1)

TTSe (SPL, t)=0.106exp{0.114(SPL —39.38)}

27, BABTHNRAL S, SEMER LEBRRL RESESEVWE0s ¢t <3 T)
i3, 70 1 XRBREOIRBERICE S grovth HXENEL D, 6, FEDT—F
I3TRT TTSe.s THERD, BELNN SPLEEBERELPLEE TTSes %
BHTIERAY 1 KENARDERERZAVC, BPA_RELZHVTROLL IS, K
RER/T,

TTSe.s (SPL, t)=0.00588 exp(0.0898 SPL ) {l-exp(-t/28.4)} (5.2)

S5z, fEkDUF  EAROERAD TRAZINTVWAHBX L RARLERKBE LTI
DA KRAEEL. ZBIITLEABRLALSHBRDIIBNF 0L LH I L2 EIT
7 t+1 2RALL

TTSe.s (SPL, t)=110(SPL —78.6)logie(t +1)—0.325SPL +23.96 (5.3)

FRORXG. D, 6.2, GNE2EEEFEEERT— 2 (n= 29)HTIDLHE
OBREFFHNL, FhFNh 156.47, 105.58, 65.22 £% D, R G.NDOBEN 3FTIEH
MNeded, Fig 5.6 CERBEREER TS L EXBAICL o TR EEERR L.
Hrh, £8, BE —AsgsrzhehAG.D, 6.2), GHRILEERLTNE,
ML oahbdLdie, BEFFOPBLNILSLERE.3) OBETIE t=0 OFET
TTS IADEZ L ATMEFEL 5.

PDE3R%, 2FMERTREC, BURBRERE? 2AVWCERAL TEL N THE
BER% Fig. 5.7~5.13 REBRF—y L HICBRLL, BEFECHLD, LLVES
PEABBEBTEMUT L BOBELAL, B/ 1s 2TELL. ZBEBT-5ICHE,
FEED 95 RIEFBA LB CRFLL, T, FERAZHTUIDLHEORET
F#% Table 5.2 (IZHW&E L.
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level
= @100 dB
ko
~ 20+ O 95 dB
N B 90 dB
- - O 85 dB
(Sl
)
< 10 |
1
B L
E——
0

0 20 40 60 80 100

Duration of exposure (min)

Fig. 5.6 Growth of TTSe.s at 4 kHz induced by continuous steady-state noise
exposure. TTSs are the mean values over four subjects. Solid, broken and chain
curves show calculations from Eq. (5.1), Eq. (5.2) and Eq. (5.3) respectively.

30

Fig. 5.7 Growth of TTSe.s
at 4 kHz induced by in-
termittent noise expo-
sure. Time pattern of

(3]
[e=]
T

- B T exposure noise is the
] rectangular envelope and
the peak level is 90 dB
SPL.  Symbols indicate

the mean values of four
/’J; subjects and vertical
bars show their 95% con-

et
[on]
1
i
H

TTS,s at 4 kHz (dB)

fidence limits. Solid

broken and chain curves

show calculations from

1

0 20 40 60 80 100 Eq. (5.1), Eq. 5.2) and

Duration of exposure (min) Eq. (5.3) respectively.
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30

Fig. 5.8 Growth of TTSe.s
at 4 kHz induced by in-
termittent noise expo-
sure. Time pattern of

20 - exposure noise is the

rectangular envelope and

the peak level is 95 dB

SPL. Symbols indicate

the mean values of four

subjects and vertical

bars show their 95% con-
fidence limits. Solid,
broken and chain curves

show calculations from

0 20 40 60 80 100 Eq. (5.1), Ea. (5.2) and
(min) Eq. (5.3) respectively.

Duration of exposure

30

Fig. 5.9 Growth of TTSe.s
at 4 kHz induced by in-
termittent noise expo-
sure. Time pattern of

20

exposure noise is the
rectangular envelope and
the peak level is 100 dB
SPL. Symbols indicate
the mean values of four

10 +
subjects and vertical |
bars show their 95% con- '

TTS,s at 4 kHiz (dB)

fidence limits. Solid,

broken and chain curves

o
I—i:‘“_ﬂ*

) show calculations from

0 20 40 60 80 100 Eq. (5.1), Bq. (5.2) and
Duration of exposure (min) Eq. (5.3) respectively.
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30
Fig. 5.10 Growth of TTSe.s

at 4 kHz induced by in-
termittent noise expo-

sure. Time pattern of

o
o
T

exposure noise is the
exponential enveiope 1.
T Symbols  indicate  the
mean values of four

[
<D
I

subjects and vertical
bars show their 95% con-
fidence limits. Solid

broken and chain curves

TTS,s at 4 kHlz (dB)

show calculations from
X ‘ . L Eq. (5.1), Eq. (5.2) and
0 20 40 60 80 100 Eq. (5.3) respectively.
Duration of exposure (min)

- i

30

Fig. 5.11 Growth of TTSe.s
at 4 kHz induced by in-
termittent noise expo-
sure. Time pattern of

b
<
T

exposure noise is the
exponential envelope II.
i T Symbols indicate the
mean values of four

[
<
T

subjects and vertical
bars show their 95% con-
fidence limits.  Solid,
broken and chain curves

TTS,s at 4 kHz (dB)

show calculations from
Eq. (5.1), Eq. ¢(5.2) and

0 20 4‘0 6‘0 8|0 160 Bq. (5.3) respectively.
Duration of exposure {(min)
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30

Fig. 5.12 Growth of TTSe.s
at 4 kHz induced by in-

termittent noise expo-

s

sure. Time pattern of

exposure mnoise is the
sinusoidal envelope.
Symbols indicate the
mean values of four

o
[es)
T
e T

e

subjects and vertical

—
o
T
A

R i i
S e

bars show their 95% con-
fidence limits. Solid,
broken and chain curves

TTS,s at 4 kHz (dB)

e

show calculations from
T L L L 1 Eq. (5 1)» Eq. (5 2) and
0 20 40 60 80 100 Eq. (5.3) respectively.

Duration of exposure (min)

30

Fig. 5.13 Growth of TTSe.s
at 4 kHz induced by in-
termittent noise expo-

- sure. Time pattern of

3]
o
T

exposure noise is the
Noise J. Symbols indi-
cate the mean values of
four subjects and verti-
cal bars show their 95%

confidence limits. Solid,

fo—y
(=]
T

broken and chain curves

TTS,s at 4 kHz (dB)

show calculations from
Bq. (5.1), Eq.(5.2) and
Eq. (5.3) respectively.

0 20 40 60 80 100
Duration of exposure (min)
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Table 5.2 Comparison of the sum of residuals between Eq. (5.1), Eq. (5.2)
and Eq. (5.3)

Exposure noise n Eqa. (5. 1) Eq. 5.2) Eq. (5.3)

Rectangular envelope

90 dB SPL 7 24. 40 18.37 40. 01
95 dB SPL 8 32.20 27.30 84. 49
100 dB SPL 7 203.98 47.43 45. 32
Exponential envelope I 8 40.54 52.53 118. 18
Exponential envelope II 8 36.75 30.99 24. 81
Sinusoidal envelope 8 19.12 17.30 11. 84
Noise J 4 9.89 9.61 10. 35

n : Number of data

ZZTRG. D, 6.2, G.HEOVWTRIDEREFFNEEHLTAHLLE, ZhTh
366. 88, 203.53, 335.00 L% B NT, K(5.2), 5.3), GC.1)OMEIKRF—FicHEL
TWBERBZEFTES, 72720, G.DRIL, EBEHE 100 B SPL DHEC, o
BBICHNTRELELZ L2205, TRIL 100 dB SPLEVWSREREN, B4E
THERLLEBRADREL NVOBAEHD 66~95 dB SPL ¥&BLTWaHic, £
BTr—SICBHL Lo bFEZ o605, 22T, EBEE 100 dB SPL 2BRWT,
Table 5.2 DBREFHME AT L L, HWANEIL, ThEh 162.90, 156.10, 289.68
%Y, ZoHgl RGCDEXGC.DLIARENVESET ARG _EHLNE
AEFRSLWEEL B, Fig 5.7~5.13 icBVnTh, RGINDHETIE, t=0 off
HTHEBEICRIT2EHERLTNWS,

Xz, BBREBBTERELLLNVEH P LOEBERTREEROT -2, TTS O
EBAL Y TROLERE Fig. 5.14 KBRLA, LOUVEE 2 BRBEBERE R
LEOBEFIAL, LAUVHE 1B BT ALKICRELLEI S, 30~300 s DEEL
Zodz, EEAG.1D, 6.2), 6.3) 2HTUUIDLHBEDREFHFN(n=4 )L, Th¥
h37.37, 21.45, 19.20 &%), HROEBX L FARLZEABEBONSRANBEF R LS
E<% s, Ll, ZHOKG.I)DBHEE, MIVALLZ LI 13 min fHET TTS
WEK#EE L DPBEILTWE, EHEOHER, T BESHZWISEREL L L
CEFEmMLTEY, ZhiEX6G. D, G.DRIATHECESH: —RKLTWAS,

-108-




30

Fig. 5.14 Growth of TTSe.s
- at 4 kHz induced by con-
tinuous exponentially
20 - T ‘decreasing noisg exXpo-
sure.  Symbols indicate
the mean values of four

subjects and vertical

10

bars show their 95% con-
fidence limits. Solid,

broken and chain curves

show calculations from
Eq. 5.1), Eq. (5.2) and
Eq. (5.3) respectively.

0 20 40 60 80 100
Duration of exposure (min)

LEOEBF—iconT, ER@ERHEEICLY, ThicdGd 2 TREHRE#EEZ INE
ARG D, 65.2), G.IICXDEEL THREC L »7HBlRE Fig. 5.15~5.17 (iRl
7o, M, BAREREERECLIZTF—2%, HAEREERBICLBTNRERLT
W3, FRENHEBGRERIL, 0.951, 0.957, 0.941 THH, XG.DDHEFRLE&ES, O
WTHG. 1), GIDEEL->TWE, #-C, BEMCHET L, SERFONRE
L3Rk 55, REDEAWLTFHHEERFBLESGEN RN, FA-0OEERES
BERTF - CESOTERLAHABX G LD LEHEICREHTLIHIT, 1K
B OHKERE L HBBORB T, $ERWENHTFLVBESEFGVEWI 2P
TE5, 272, BABTHERLALEBRGC. DoHETL, KBV OVOBFHERN LXK
E<FFnging, XG.DEEABENTHHESTRTHE, ZoZLitk), B4
ETHERLLCEBRRAL, SHEOEREL>LEBT - PFRL-»> Tniehis, BV
PRETHEIT, MOKBF— S CLEATEIRAROBTNLOTHEZ LWL

Lotz
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e’ o

~ 30 3 ® b

tn ° Fig. 5.15 The relation between

—_ o

B 20 o TTSe.s at 4 kHz observed in the

"8 ° 2 e experiment and those calculated

o

-:; 10 o from EBq. (5.1). Solid circles
o [

- ° indicate the data from continu-

= o 4 .

© ® ous noise exposures, and open

S 0 circles indicate those from in-

0 1'0 2,0 310 40 termittent noise exposures.
Observed TTS (dB)

40
N
o
o]
~ 30t ° . .
n o/ ® Fig. 5.16 The relation between
i TTSe.s at 4 kHz observed in the
e &
- 20t of experiment and those calculated
.S_:) Yo from Eq. (5.2). Solid circles
.f 10 ¢+ gg. o®*® indicate the data from continu-
g o Fles ; ous noise exposures, and open
- 0+ circles indicate those from in-
e ; . . termittent noise exposures.
0 10 20 30 40
Observed TTS (dB)
40
P
[y
= ,
~ 30+ 4 Fig. 5.17 The relation between
c:_ . TTSe.s at 4 kHz observed in the
= 20+ o experiment and those calculated
®
8 A 8 from Eq. (5.3). Solid circles
-+ N . .
< 10! B0, I indicate  the data from continu-
oy [o} o
= o 8 ous noise exposures, and open
o
e (o) circles indicate those from in-
3 0 “ °(§>
[ _° termittent noise exposures.

0 10 20 30 40
Observed TTS (dB)
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61z, HEEBOHEZ, on fraction rule BRILTWAPEIPERETLTA
%, Bz, EBEEO 90, 95 100 dB SPL & 15 EH® on-time EH?D TTSe.s
i, EBMF—2 T, FhER 5.25 12.25, 12.00 B THB., ZHICHYT L EEE
E% 30 nin BELLEHACBITS TTSes i3, FREFRFEEL LIZDOWTI1L.00,
19.50, 26.50 dB TH 2., HEOEICKTEHEOEOLLIL, FHER 0.48, 0.64, 0.45
7% Y, on fraction ? 0.5 FENETH S, hid, LEDEBT—SO{bYH A
6.0k 3 FHAMETHRET 2L, BHRE(n—tine 15 E0Ha, TTSes
6.31, 9.88, 15.48 dB TH D, EHHE (RE/IHR 30 ain) T, ThFh 12.41, 19. 44,
30.46 dB £7c D, BEFICHTIHENLIL, WTROBEBELVICBWTL 0.51 L45,
2% Y on fraction rule BWIL TWB AL LES,

RWT, LRAVEFHOHLHERENHE, FLANX—REFRLTELE I POR
HE, ChLZAARG DRIZTFENEAZAVWTIT>TAR5. FBEBOKEL NI
¥ SPL 5L, EBEM on-tine 15 BHEHEBRNTTSe.s I, BEFEOER

TTSe.s = 0.00195 exp(0.0898 SPL ) (5.4)

LHREINDE, LNAVEFHOHAHRZRETE, AROBAICBITS TTSe.s OTHME,
BRI, BREBI, E%EE Noise J dFRFRISVWT 6.31, 7.02,
9.84, 12.57 dB k%%, RG. )6, BHEBLEEYL TTSe.s 5(ERITEFZSL
NAZEBEBOERBL XA (I TR L ERTIERDB &, £ R 90.0, 91.2, 94.9,
97.7 dB SPL T”H %, BEBOFMBFL ~IL Leqld, ThFh 91.4, 92.8, 96.2, 98.2
dB SPL T Le & Leq DHIBIREIL 0.997 L &<, MBIC Le, MBI LeqZ2 L B ED
FUREROMEEL 0.881 & 1L, FEIANXF—HEHEVPRILTWEIOICLRZ S,
Ll BEBORBEL LTV NVOBRPHELEZ L »125E, £ Fn 89.2, 90.3,
93.9, 97.2 dB SPL &% D, ZOBENHBEREIL 0.99, #HE 1033 L, LD Le
LOBRIT Lea DL 1 Tz, TTSIZEAL TS LeaZ AT LLTARTIILWES
25, COMTHELTERL L3, TTS oANR L BUBBREREEZAW AT X
D, FENLTHFENTEZLOLEbNS, EXIAF—RHICOVWTIL, KBS
WTLBEEMZ B FETH B, |
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5.3 HEMEAOEVWHIEEEREICLS TTS OFHICONT

5.3.1 RBEBOBME

SCTHMH LT ABEERIL, LELY DLOTHE, RERFEIQEREETHY, £
DEIFZ 900 Hz~9 kHz EBE3BOKBTHWLLOLIZBRALTHS, ZHXREBTRE
duty cycle # 1 s £ LT, on-time % 25~800 ms & 3L 3¢, FhZGLTHELA
NE—DBELLBLI, EELANLE 114~99 dB SPL LRI T3, HREE
I3 on-time DEDLXNVEENIZ L, EROZRNO—T7%(F->TWwb, Fi, Lk
BrIANEF—FELVWEREST 08 B P LREERT L LTRALTWS, koo
BHOSEBFTOWESES Table 5.3 [TRLA, ZHEBRIZ, on fraction rule*’
BRGES L 212, FHICED ontine DEREFARLLT, FOEKCBNTSET
INKE—RRPRLTEPEIPOBEEFT->2LDTH S,

%@MNVF$V§ﬁHTﬁbh1w%O‘§§ﬁ@@4OMnftl&ZOMn®ﬁﬁ
EBWCLEE2hELTHBEZHEEL TS, FXMEHERIE 3, 4, 6 kHz T, £h
ZATTS1s , TTS: , TTSe.s OREICBIEF—2 2 BTN, HEEE BTE
E£T7EZTHY, SEIZZDFHECHO>WTES L.

Table 5.3 Sound pressure levels and durations used in the experiment

reported by Yamamoto, et al 5.

SPL (dB) 114 111 108 105 102 99 98
On-time (ms) 25 50 100 200 400 800
On fraction 0.025 0.050 0.100 - 0.200 0.400 0.800 1.000

5.3.2 EBMER L THHREOER

29, CORBIEIANY FRVERAWCEBERETH LD, AC—AEHAVWTHOEART
BELUEBREBCBI2REEBEEROBRZERL LTV B4HOERAR, £
FETIHEATEZW, 22T, WL ARCEFREREORRT 212, BA4RDE
BANOEEL NV EZL 7 FIETHAL, TOREFHFAFBNMNLSE SPL - SO
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RO, TR, 3, 4, 6 kHz DFKF A MABEBICOWT, £h £ 47.16, 48.11,
52.96 dB k% o/, ZHUEHIBTEBRLHEEEZ2AC-—ATRELLHED 38 dB
HAT 10 dB BEKRELZELZ->TWE, 2%, REEHTHOFELINVEALE
EFAWTHELLAy R HADENASFEL WiHE, ARICEEINGERIALX—
EVDEPLRZ L, HENHFH 10 dB BEAEL->TWAILEZEKRLTWS., &
DEIZEL T, BNTHEEZZHFSRLHWCHEELZ MAP ( pinisun audible pres-
sure) DA, BHHEEBTEELZ MAF (@inimum audible field XD 4 6~10 dB &
%3O LR, W2E 2L.21 BWTHELLESY L AKX Y ORBMHEHET N\
FELVNOBHEBEESD, 2~4 kHz OFEBET 10~15 dB THEHZ L H6HBIL S 5,
CHLDEEAWT, ERBERHEICBITE SHOERYREL, BARTERLLEBAL B
NURBEERE? tAWC, THEERHEZT > (Z0BE&ORNORKRELHAAL, £htho
on-time (YT 3),

FEFAMAFERICOVWT, 10, 20, 40 nin EEHBACBITIERTF -2 L THHED
HE% on-time MM X D, Fig. 5.18~5.26 iZBmL72. R, EFHEIZTHE:
95 %RERBEREZHAVTRRL, THHEHEIERTREINTWS, HEONPE LI,
WIhDT7 2 - AHER, SERE, on-time ZBWTLTRFHEMEL, 1313 95 %EHE
BAOBHNICH Y, BARTHER L RRA X BUBBRERELAWCERAL, TTS
DTREFEEZTI L DRUMEY, TITLERATERLLDOLEEL S,

3 62 Table 5.4~5.6 (Tid, T A MEAHE, EHBEHFFICBTLEHEREEED
BED TTS OFHfE:, ALEBLNILERHOEEREREXT->1HENTTSH
THEZHEL, BECHTIHENLZR/BLA., JORKIL, KBEHFLLTRELL
on fraction L &£<—&LTHYH, 25 ns BED on-time T4 H, HUBBREBEEZ
AWRTRFEECBWTL on fraction rule? FRILTWB I k2% 3, ThizD
Wit iE Sy bEk, HROEBALZAWT, BEURBREBRECLZ TEERL
on fraction rule {ZX 3 ZhE W, BE—HTLEREF/TINS,

2l FIAAF—EHICOWTIE, on-time DML L HIC TTS OFHEHEHED
HMmMT2Zehs, CZORBEBRETHERILTWEWE RLEETHAI.
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Fig. 5.18 TTSi.s at 3 kHz vs. on-time. Duration of exposure is 10 min. Circles

indicate the means of seven subjects and vertical bars show their 95% confi-
dence limits. The solid curve shows the calculation from the empirical equa-
tion derived in chapter 4.
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Fig. 5.19 TTS:i.s at 3 kHz vs. on-time. Duration of exposure is 20 min. Circles
indicate the means of seven subjects and vertical bars show their 95% confi-

dence limits. The solid curve shows the calculation from the empirical equa-
tion derived in chapter 4.
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On-time of each burst (ms)
Fig. 5.20 TTS:.s at 3 kHz vs. on-time. Duration of exposure is 40 min. Circles
indicate the means of seven subjects and vertical bars show their 95% confi-

dence limits. The solid curve shows the calculation from the empirical equa-
tion derived in chapter 4.
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Fig. 5.21 TTS2 at 4 kHz vs. on-time. Duration of exposure is 10 min. Circles
indicate the means of seven subjects and vertical bars show their 95% confi-

dence limits. The solid curve shows the calculation from the empirical equa-
tion derived in chapter 4.
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Fig. 5.22 TTS2 at 4 kHz vs. on-time. Duration of exposure is 20 min
indicate the means of seven subjects and vertical bars show their 95% confi-

dence limits.
tion derived in chapter 4.

The solid curve shows the calculation from the empirical equa-
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Fig. 5.23 TTS: at 4 kHz vs. on-time. Duration of exposure is 40 min.
indicate the means of seven subjects and vertical bars show their 95% confi-

dence limits.
tion derived in chapter 4

The solid curve shows the calculation from the empirical equa-
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Fig. 5.24 TTS2.s at 6 kHz vs. on-time. Duration of exposure is 10 min. Circles
indicate the means of seven subjects and vertical bars show their 95% confi-
dence limits. The solid curve shows the calculation from the empirical equa-
tion derived in chapter 4.

20
= 15}
o]
™~ o
= 10 -
w0
.

Ay T ' . ®
4 ;
— 0 L + i

_5 1 { 1 { | |

20 40 100 200 400 1000

On-time of each burst (ms)

Fig. 5.25 TTSz2.s at 6 kHz vs. on-time. Duration of exposure is 20 min. Circles
indicate the means of seven subjects and vertical bars show their 95% confi-
dence limits. The solid curve shows the calculation from the empirical equa-
tion derived in chapter 4.
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Fig. 5.26  TTS:.s at 6 kHz vs. on-time. Duration of exposure is 40 min. Circles
indicate the means of seven subjects and vertical bars show their 95% confi-
dence limits. The solid curve shows the calculation from the empirical equa-
tion derived in chapter 4.

Table 5.4 The values of TTS:.s at 3 kHz calculated from the empirical equations
derived in chapter 4. TTS: means the value induced by intermittent noise
exposure, and TTSc¢ means the value induced by continuous noise whose level
is the same as the peak level of intermittent noise.

Duration On frac- Peak level TTS: TTSc TTS,/TTSe

(min) tion (dB SPL) (dB) (dB)

10 0.025 114 0.29 11.38 0.025
0. 050 111 0.42 8.36 0. 050
0. 100 108 0. 61 6.14 0.099
0. 200 105 0.90 4.50 0.200
0. 400 102 1.32 3.31 0.399
0. 800 99 1.94 2.43 0.798

20 0.025 114 0.51 20. 45 0.025
0. 050 111 0.75 15.02 0. 050
0. 100 108 1.10 11.03 0.100
0. 200 105 1. 62 8.09 0. 200
0. 400 102 2.38 5.94 0.400
0. 800 99 3. 49 4.36 0.800

40 0.025 114 0.87 34.81 0.025
0. 050 111 1.28 25.56 0. 050
0.100 108 1.88 18.76 0.100
0. 200 105 2.76 13.78 0. 200
0. 400 102 4.05 10.11 0. 401
0. 800 99 5.64 7.43 0.799
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Table 5.5 The values of TTS: at 4 kHz calculated from the empirical equations
derived in chapter 4. TTS: means the value induced by intermittent noise
exposure, and TTS¢ means the value induced by continuous noise whose level
is the same as the peak level of intermittent noise.

Duration On frac- Peak level TTS: TTSe TTS/TTS¢

(min) tion (dB SPL) (dB) (dB)
10 0.025 114 0.61 24.57 0.025
0. 050 111 0. 87 17. 46 0. 050
0.100 108 1.24 12. 40 0.100
0. 200 105 1. 76 8.81 0.200
0. 400 102 2.50 6.26 0.399
0. 800 99 3.56 4. 45 0.800
20 0.025 114 1. 04 41.70 0.025
0. 050 111 1.48 29.62 0. 050
0.100 108 2.10 21.04 0. 100
0.200 105 2.99 14.95 0. 200
0.400 102 4.25 10.62 0. 400
0. 800 99 6.03 7.54 0. 800
40 0.025 114 1. 63 65.55 0.025
0. 050 111 2.33 46.56 0. 050
0.100 108 3.31 33.08 0.100
0. 200 105 4.70 23.50 0. 200
0. 400 102 6. 68 16.69 0. 400
0. 800 99 9. 48 11.86 0. 799

Table 5.6 The values of TTSz.s at 6 kHz calculated from the empirical equations
derived im chapter 4. TTS: wmeans the value induced by intermittent noise
exposure, and TTSc means the value induced by continuous noise whose level
is the same as the peak level of intermittent noise.

Duration On frac- Peak level TTS: TTSe TTS:/TTS¢

(min) tion (dB SPL) (dB) (dB)
10 0.025 114 0.53 21.47 0.025
0. 050 111 0.79 15.76 0. 050
0.160 108 1.17 11.75 0.099
0.200 105 1.75 8.75 0. 200
0. 400 102 2.61 6.52 0. 399
0. 800 99 3.89 4.86 0.798
20 0.025 114 0.76 30.44 0.025
0. 050 111 1.13 22.69 0. 050
0.100 108 1. 69 16.91 0.100
0.200 105 2.52 12.60 0.200
0. 400 102 3.76 9.39 0. 400
0. 800 99 5.60 7.00 0.800
40 0.025 114 1. 00 39.95 0. 025
0. 050 111 1.48 29.77 0. 050
0.100 108 2.22 22.19 0.100
0. 200 105 3.31 16.54 0. 200
0. 400 102 4.93 12.33 0. 400
0. 800 99 7.35 9.19 0.800
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5.4 TTS OEEMERICONVWT

5.4.1 EHEERAFEVSGE

5.4.1.1 BEEROBE

ZITHY LIFAEBRIE, ELTDLDT, TTSy (z=0.25~8)% TTS: (c%#
TEIRKEERTL2ENTHTOILOTHS, REHEFTL L TEELNL 105 dB SPL
DEFABREEE ISR 0.5 1, 2, 4, 8 nin RBL, BHRHFLEOVWTERERTHD
&5 0.25 0.5, 1, 1.5, 2, 4, 8 min DBFRITBVWT TR MHHE4 kHzicBF75 TTS
FHELLLDOTHS, BBREEBTFE 104THY, SHEEFZTOFHEIZO>VWTR
95,

5.4.1.2 ERER L THHEOEE

CDEBOBHEIL, REC—I7L ALY 105 dB SPL Lk —ELTHY, BABETHERL
REBANDEBL NNVOBEARHEERBL TWALEZ o038, RUSEHBEF 1LY
AOREZHERLT, REREOALZERL T2 1XEBNROERERY TTS OMAD
RegoIkiclh, 27, 2COF—22HNWT, BAIRECL YRR E B,

TTSe (t)=75.3{l—exp(— £/8.51)}
TTSy (t)=TTSe (t+7)—TTSe (z) (5.5)

7RfEL, t: RERE min)
T RERTHEOK LA @in)

KBTF—F L ERIC LB BERALDIRLALON Fie 5.27 THBE, LN,
REO)EBTHEERLTWEY, FERTHOKIEHRRHE W 0.25~0.5 nin R
£V 8 min DRRIRBITABEEESRS LWV, ThIZRBERTERS,S 1 nin BEDM
D TTS i, BELEETLLELRTEND, ZOHR—DODEBRRTLTOEE)
EHATLDEATHTHSEEI NS, £IT, ©=0.25 0.5 nin DERF—5 %
BALT, RCDHELARLUTEDET LIS, KAEEL.

TTSe (t)=87.3{l—exp(— t/11.8)} (5.6)
KRG OICLBFERERE Fig. 527 TBWIARTERRLL, RO a»5 L5102, &
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< i ® 480
; 30_0240
X i 0120
= B 60

20 +
© | O 30
10 |
e

0

15 30 60 120 240 480
Time after cessation of exposure (s)

Fig. 5.27 Recovery of TTS at 4 kHz. Exposure noise is 105 dB SPL white noise.
Parameters are durations of exposure. Solid curve shows calculation from
Eq. (5.5), and dotted curve shows that from Eq. (5.6).

BTRRINLKGC.O)DHY, v=1~8 nin DF—FICR<BHEL TV,
ZZT, RGCBEHBUTEEXNDL D124 S,

TTSt (£)=TTSe (t+7)—TTSe (7)
=K[l—exp{—(t+7z)/TH—K[l—exp(-7/T)]
=Klexp(—z/T)—exp{—(t +7)/T}]
=K[l—exp(— t/T)]exp(-z/T)
=TTSe (t)exp(—7/T) (5.7

KEG. Dk, TTS OEAERERTRSTTSe () LEEAREZRTRY exp(-z/T)
DPETRINTWS, FITHERARIZOWI, BERTOHEYHGARL R 2E%
5228, TARREFLVERT— 2 ESSTRESH S, -7, TTS OMKEE
DEEER L AFEABOINREFRL L LVWIRENL LI, EBT -2 THEDHETY
N E o A

TTSt (t)=54.9[1—exp(— £/6.30) Jexp(— 7 /14.7) (5.8)
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2L, K66 LA =0.25 0.5 min DF—2IIRIHILT WA, RG.6) k5T
HROHEBLTRSRLALON Fig. 5.18 THE. B, EBRHFRXG.8)ick 2 FHlEE,
ARG ERERL TV, MEOHP2L5 R G.8)Ic L2 TREDFH,
LOEBF -5 CBELTVE, BEFHM(0=25 ) THELTL, RG.8)H 22.28,
RG.OF 7252 La->TED, WEOFWME, FHHELEETE, RAPOHHE/NT X
— S OBNRL-TWEDT, HABLARIC AIC DETHET 2, (443 XD
78.07, 105.57 L% D, RIXVEHEOFHNEL, ERF— I OBLEFR W, 5T,
TTS OHAHERE L EEERLIE, FTOMEROBEERL>TB), BEOFFHECK
R2ERBERE IR ERE LB LELLESIFRETHS D, JOKCHELTE, B
1% 1.2.3 TEALELL I Hills et al.® 24 BEBEREEROT— 5 ARY
ERMEBEE Y TIID, BOAEOBERIE 2.1 h 2, BEBRNZRIIE 7.1 0 &
WIEEZEZTWAZ L LARLERICH B,

50
 Exposure
~ time (s) e
& 49 +
E ® 180 @
™~ @ 240 ®
= 307 5120 ®
= B 60 o
20
g 0o 30 o
[} I ! \
= 10 - O m Q:gﬁ&:lzttp
e I O ;:‘%i:\g
0

15 30 680 120 240 480
Time after cessation of exposure (s)

Fig. 5.28 Recovery of TTS at 4 kHz. Exposure noise is 105 dB SPL white noise.
Parameters are durations of exposure. Solid curve shows calculation from
Eq. (5.8), and dotted curve shows that from Eq. (5.6).
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g7, WERLHPBEWNE L TTSy 56 TTS: NOEMIZOWTEZ 5% 6L, EHE
BMEOKERTRETHE,

TTS, —TTSy =TTSe exp(—2/Tk)—TTSe exp(—7/Tr)
=TTSe exp(— /T ) [exp{—(z—2)/Tr}—1]
=TTSy [exp{—(z —2)/ Tk} —1] (5.9)

L%, ZOALYD TTSr 6 TTS: NOKREN, EBEEFOLNVLRHRREIC
WERZLT<, TTS DRSS LEHEKREcICL>TRETLIEHFTHETHS ZLHFHD
5, 2 DRG. O, WELPROLEBREREBACLLZLDICHL 620,

5.4.2 EEREFRWGE

5.4.1 T3, BHBUOLBRERROERRRICEITLIERT—FIC oW THRE M
Zlz, 22T, BRERMOLYRVWHERRIICBTSERT -2 LITFE, 48
DITichN 3 B, FSBRERERCHE > TRETIRAREY, ERCRKETLHE
EOENICRBTERERHTLLDHITA-HA'Y O—HTH S,

5.4.2.1 KRFE

BEECIE, BTRESHGEERH 21 ~248) »RELL. SEHBREOBEHNREND
0.25, 0.5, 1, 2, 3, 4, 6, 8 kilz DEFAMAFERICBNT, 1SO (1964)'" E¥D
BEOLALT 20 B UTThS,

RETL LU, FRERBERDS L, BEROSEDERICERAS TV RERE
(RVFTNEAZ 2N, LT MTT EBET2)DELT, FrEr7 Nr32—DE
FEBWCHARRTY, @K “WaEs” I 2¥@E0ETMECEHERES
(JEIC, SLP-21), F—7L a—4# (NAGRA, IV-SH2HWTEELLT—7%, EBELS
WTHRSE - BALLCLOZRALL, FKBEIL 8 10 ain TH-LH, 2 aDT7—7
L 2—% (NAGRA, VI-SJ RUF TEAC, R-310)2FHWCHE L, # 40 nin ORBHFTHL
F7RERELL, Ik, B2REALFHATELEIPRECRESNCHFTEEE
MlicBWT, F—7L a—% (TEAC, R-310)THAL, 4 254 ¥ (General Radio, 1925)
RUHES (SONY, TA-FA)2EL T, SERHICBIT 2 EROBTORERFESY, TEH
RELCHERSNS LSHABL T, R —7# (PIONEER, PAX A-25) 6 BET L%, Thbb,
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SNHEODHNEY Fig. 5.29 One third octave band analysis of exposure noise

2 —Aips 80 recorded near the worker who adjusted the machine in front
cn DFEREICT 3 of the hammers of MTT. Open circles indicate Ls, semi-
Loz, BRICHE solid circles indicate Zeq, and solid circles indicate
L, Las. Capital A on the abscissa means A-weighted sound
T, BED pressure level.
HEELTEBTS
L OHEBTIL, gg
110+
TSy TS 33
7EksE, BB % ‘00~~W“VWVVNWmemWMMFvw
ERBRESEH ®
wmEonE o 90F
'g 10 s
BEOLNHEDLHE ]
) < 80
ICEEL,

BELLREZE  Fig. 5.30 An example of level fluctuations of the exposure
D1BA2 57 noise.
Ny BOHERE
Fig. 5.29 {ZirL 7%, #BHIL Fig. 5.30 CRTIICEHRETHENT, WXL~

-124-




VO LIE Ls, THE Los, HMEEEL N LeqTHRRLT WS, &R, #HH%E
fast, Y27V /TR 100 ms, v 77U 7 EE 2500, PHLEER 250 s DRHED
TTEHLL, /2, EBEO MTT BEERIE, 70~90 nin THEHP, HBEOENIIC
M BEREFERL T, BEHEIE 30 nin L LA, 274, MTT EREERICERS
h3anT, REXRLFWORELL 1KRECILTTITI LTl

BEOREL, FAHFEREEACBWT, HRA—VAA—F (RBERESEMR, A60-C)
FRWUT -, BERMFE BEERER - BRE EROREER 2 H) - LXVOER
HEE 2 dB/s IZREL, LRE  TREOVHE (EEREED L THREDFEE) £ 5
el B, LVi—NOEAEEE AIEG&K 4AS3)RUHEEEET B &K,
2203)F FWTERL L,

FEIZHKNAH-T, WHEHD 0.25~8 kHz ORBELXWEL, 6, REHED 0.5, 1, 2,
3, 4, 6, 8 kHz IZBITAEEE, F2EPELT, ZD2MDPHELZREBAIBREL L
7, BREHOBERER, Fig. 5.31 RTLICHRERTHR 1 nin 15 s, 9 min 45 s,
29 min 45 s, 59 min 45 s, 119 min 45 s PHRAKL, 2563, ¥ 12 KEKICLET
-7, BIERERIS, L 2, 4 6, 8, 0.5 klz oEFL L, FhFh 30s §oF-7,
SEPELL TTS i, FRAMEHHEE 1Kz 2wk, ZhfFh, TTSis,
TTSwe., TTSse, TTSsa, TTSiee , TTSwe ERELIN 5B,

Exposure Audiometry

|11 | — A

1 2 =12 (h)

Test frequency

| 1 kHz |2kHzl4 kHz [skHz ] 8 kHz lo.s kHz]
30s 30s 30s 30s 30s 30s

Fig. 5.31 Schematic schedule of noise exposure and audiometry.
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Table 5.7 TTSs obtained from the experiment.

Time after Mean (%) and standard deviation (g») of NITTS (dB)

S ton of ) skHz 1 kHz 2 kHz 4 kHz 6 kHz SkHz

: (m1n> x Jn x On x On x Tn x Jn X SO0y

1.5— 4 2.7 (3.7 2.1 (6.6) 12.2 (5.00*F 16.5 (3.00** 10.3 (4.3)** 11.6 (7.7

10— 12.5 1.8 (2.5) 1.7 (4.0) 8.8 (3.6)* 12.6 (2.6)** 7.6 (6.4)* 6.5 (5.

30— 32.5 2.6 (4.1) 0.1 (3.4 6.1 (2.4 87 (B35 70 (7.6) 5.1°(7.

60— 62.5 1.7 2.7 —0.2 (4.1 3.5 (2.2* 50 (1.5)* 55 (5.9) 4.5 (3

120—122. 5 1.1 27 -0.8 (2.6) 2.9 (1.9* 6.5 (3.2D* 31 (3.0 2.9 (5.
720 —-2.4 (3.7) =26 (3.4 -07 (1.2) -0.4 (BO 1.2 (2.4) 2.1 (4

* . Significance level ; a=0.05, **: Significance level ; a=0.01

5.4.2.2 SBER L THEHBOBE

BESJCL->THLNL TTS OKAES Table 5.7 (R Lis, BTH, BERT
BROBEEIC, SHOTHELREEELERLE, 20, RENOENREL VEER
ERULZHE FRE CoWTIE, 2hEh «EEARS %), = HEAR %) 5 H
LTERLR, 272, Fig 5.32~5.35 CHBLSELAFBHENL T L ST
AMEEE 2 4 6 8 Kz 2oWT, HEELSENTHERYE 05 YEHRRTE

L, BABTHRLACEBRALRUBBRERE*BALCTRHEL B8RS, 28T
B L7z,

REOFPBEIIC, 5.2 HBWE 5.3 TH-LTFRHECKERT, 4EIT, E8BF
=2 T EEEEN RS LVWHEHE N,

TPRHELZOVWT, ACDLRABRLERBEYTEOLHED, EHEOBTERIL,
2, 4,6, 8 KHz IZDOWT R ER, 54.3, 76.4, 103.5, 68.4 7% »7, ZhicxLT,
FTREEEICYTEIOLHEIIE, #2217, 41.6, 18.8, 21.6 THH, ZOflid
WAE Table 4 11 KBT B T DEL D LRORPAE L »TVAE, RIID, SELEH
EOFH, BEEI2MEHLVWEENLIEAE<L>TWE, 5T, ZOBELTTS
DEBHEBRIZOVTL, BMABRIDLASLBERPSALHN, LVEBRTF—2 IR
{EHETLTERESAHLES LS.
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TTS at 2 kHz (dB)
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e

Time after cessation of exposure (min)

Fig. 5.32 Recovery of TTS at 2 kHz. Circles indicate the means of five subjects
and vertical bars show their 95% confidence limits. The solid curve shows the
calculation from the empirical equation derived in chapter 4.

o
<

T

TTS at 4 kHz (dB)
=
I

[

1 Lo 1 ind | IS DU B B O I A N 1 tXis(})l\

1 10 100 1000

Time after cessation of exposure (min)

Fig. 5.33 Recovery of TIS at 4 kHz. Circles indicate the means of five subjects
and vertical bars show their 95% confidence limits. The solid curve shows the
calculation from the empirical equation derived in chapter 4.
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Fig. 5.34 Recovery of TTS at 6 kHz. Circles indicate the means of five subjects
and vertical bars show their 95% confidence limits. The solid curve shows the
calculation from the empirical equation derived in chapter 4.
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Fig. 5.35 Recovery of TTS at 8 kHz. Circles indicate the means of five subjects
and vertical bars show their 95% confidence limits. The solid curve shows the
calculation from the empirical equation derived in chapter 4
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5.5 ¥#R

BAMTHERL 72 TTS ORANR & BERBEEESFWC, THEIRSECLZ
TTS OFHFHELIT, HEFEL LTOREMEMFLL, S5, ARAERE TS
ATBBERT— 21200 T L FRHEE Y, BAORICL > THEARS THEL S
BRES hORHE -7, TOKE, DToORkRzEL,

(1) on-time, off-time #5, FAFh 1 gin FOTHIMEBRIZIEENES, on-time
DREIZHEEL )L, 85 dB SPL 4 100 dB SPL BN TEELTL, SASETHER
L TTS oliAn L BERBEEE: L VRETETHS, 27, BAORE LT
AEBEOBERCHBREAVAL DL, 1 KBAROKRERRBE IR E 24T VS
BAMTHRLL TTS ORADRICE 5545, FEBEZRG. SEN) L8
FREI(IHNT S on fraction rule DRI TIZ, EBERERU TFREHEEREOVWTRICBW
TORYLT 22 & HFRBINL, |

(2) duty cycle #% 1 s £8< 27, on fraction & 0.025~0.8 V&EHEIcH2 L >57%
BEABEBOF—512o0Th, BABTERLA TTS OMAN » B REEK
WX VESETHTH D L RSP L LT, 272, BIALF—RHEE, TTS 08
BRI LI WE L, EBF— 2 RINEP D TR, 2OTRMHEER,S b HH
Lz, BEDZLhb, TTS OMAD & BERBEEESH W T HER, £E0
EHRERECHATELCAAEOBNFETHS LSS 2 LHTE D,

() REBEL D L ERBEOFFENEEOERF— 5 250, TTS OEEE
Bz, MABRE DL 2BRIEZAL EOMERE LOEEOR B R LT, TRk
EEE< LB AL, L LBRATIE, BARTHERLAMAOR L AREL
THRELAROREERT 5ET0, KBF— 7 IERSAT WL, 2RHAOROR
BEFELCEROR L LT, FRMELESCELT S L B0VW0T, Sk
DRERALTH L Lok Bbh b,
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FHoE REBEZREICLLSTTS
H# 2 DRI I

6.1 T L®HI

VA, MZERETRELY, ERNEEEL EOBATREREOARICLY, R
BEHCHT 2 208EFREIhTnE, BENFEFELFEIIEELERL L UL
FHATHY ETFCEL TTS BT LN L, B FELLI2REEELEF
Lzbn%k, EBEATHREICHARSEL, 20 TTS 2EETLHILICLY, H3
REBEOFEEERTELOTHL ™,

BERGEREORBEICE T, TTSHA£LHZ L BRCHESRTWEY Y, &K
BT 6.2 2BWY, SEVEBEICHLT, ERGERFTOEERS:, LNLVEER
BICEZTREL, FOoBEOERELNNPS6 TTSBELBPERLAL. 35612,
BABRTHERLARLNUVRBEBREESCEATRYL TTS OBAOABRUBRMNER
REES 2HWT, TTSOTHEERZEHL, REELOEKRETW, HBFHELI-T,
ERIGEEERECI 2ENBEFESTRTHE/ITOVWTLREE LA,

35612 6.3 Tk, BEEERFTOEHF—20—@ER EFT, ARCHEHFEE
BRALT, 248[Elcbis TTS OEHOTHFELHAL.

6.7 REGEHXEREREICLS TTS 0EBITR

6.2.1 EBFE

6.2.1.1 BiBE
0.25, 0.5 1. 2, 3, 4, 6, 8 kHz DEFR MEAERICBITEHENES L L (hear-
ing level) % 20 B DITTHBHBFELE 102 ERB20~23R)ITHAL, oLy,
90 dB SPL DLEHREFEE L, EEENECBWT 30 nin FEL, TAMNIHEK 4, 5,
6 kHz (28172 TTS *FELL, REIL HEEILC3EEIEL, L& 10%0H
s TTS ORENEREORWLIS £ HEEL LTRALL,
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6.2.1.2 REHE

ERE, ABRAFEREY ¥ —CRESNLREEAT, SHEOBREICH LA
Bl fio7e, ERCRERRARIATEY, ZEREEOERIE 101 v, HRRZ &0
BEORERE 175 u* Thb.

EEEEI UTOFMC L THRLE, 29, 7V VABERESRG & K 1024)
X ORAESCLEEREE, 42547 General Radio, 1925)(l L, Fig. 6.1 (2m¥
L5 HERRERE L OGRS P ERLL, B, REZA 24 HACET3E
BEOTHERVERRZE R, JORREERE, DFESEROMEES (TRE
N bOESEL LTHRELLY, KBOBES T, BEBCHERIATVI LK
R, RRRERBOBRSHEBLI LD L 72,

EESOLALEHI, | EESEEEFLT CESOBELHE, BELALHE
B GHET, S6-112) 2 VWCER LA, & OB FACH S LAULEBIL, KA TREND,

1 sinh(27 d/S)
SPL = PWL +10logie{ b6 1)
2dS cosh(m d/S)—cos(2zm x/ S)

7:75L, PWL 110
S IAZEN -

T 100}
Fig. 6.2 1@ ~ O
RmLrkdies ool %g o

.[L

HEBRE, g 5
pEgroBE 5 O0f / o o
AP2TORR. ¢ o] / Y,
XIIBREPS © ? %

(o]
LEBIZTAL o 60f %
EBOROE,

S0l
BHIOE Y O 63 125 250 500 1k 2k 4k A Over
all

BThs, Center frequency (Hz)

T, 4HoORE Fig. 6.1 One third octave band analysis of the exposure noise.
EDVIal— Each point shows the mean over 24 measuring points in the

arltBnt room. Vertical bars show standard deviations.
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S S

e LERRER, SRR A A [
T 2500 A, EH 50 kn/h, PN

S=20m d=2.35n ThH5, d *

KBEOBEEE T, BEL

RLHEEEOH N E, —8, ©FP

2HDF—T7L 2—% (NAGRA, Fig. 6.2 EBqually spaced vehicles model. Each

V-8 RUIV-SHERAWT ¥ vehicle is assumed to be a point source with the %
30 min &L, Fho%FR same acoustic power. |
EDERBRBE TREIHEAE

Lz, =7 La—¥ i, gL (TEAC, AE-200) TRRIEDLNILVICHB L1, B
—ZBESMFROLONS LD CEEShI 4 HoEEME Y — 7 (Victor, GB-10) X D
EBZACEHLL. RBBEOLNNVEHEENTERLME Flg 6.3 (TRT.
X0ars ko, L4 s tRMETOEHRETHS.

FBELAVE, FEEEL N Leq T, 82, 85, 88, 91 dBA kB 4%kMFL L, %
B, LeaDEHGFME, BRME fast, Yo7V 7R 100 ms, ¥ 7Y > 7 {#EE 200,
R 20 s LT, LNVERERLL,

FEREIISKET, Fig. 6.4 (IRT X3, RERME 0.5 1, 2, 3, 4, 5 6, 7,
8 BEIOK AT, TRENBEDIER T -7, BEOECHEI FEORHBERIL, 1
EC>& 5 min $7243 10 min T, && 45 min TH 2. ZoOhEEEEIE, SEEREIIC

BEALTWW,

110 |

=

2 100}

—

[aN

ZH /\/\_/\/\/\

ko]

(0]

2

Ko

oo 80 |

-

(0]

=3

<Ic 1ls
70 <—>
60

Fig. 6.3 An example of level fluctuations of the exposure noise.
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BBEL FERMBEOR
EEPEL o &FA S5 ain
o956 LTRERIZAN,
BECERELL, ZEATA,
V72534207 F2T7%ER
B3y, BuEBEeH Fig. 6.4 Schematic schedule of noise exposure.

r T

2 4 6 8 (h)

7, Fig. 6.1 LBITLS Open area represents noise exposure, and solid
BELNVoOBFRNEFHHKE area represents 5-min-off-time or 10-min-off-
Shonhrblile, BRAD time for audiometry. Total exposure time is 8 h.

L, BEE—-ALLS Sum of the off time for audiometry is 45 min.
BY, BOTDEBE A |
ZOMERBHE . HREOBEDTZ2LOEHRY, FEXELOHERETLHLOT
HY, BEEFBEIIELLL,

6.2.1.3 BEOHE

BEOBEEIX, RBREZRBELLCESEZNCBWIHREA- VA A—F KBERIEH,
A60-C) MW, TR MREABBEE - BigE ( BRORER 2 Hz ) - LNVOREE 2
dB/s DEMFZHREL TITY, LRE - TREOTHEEERER 0O L THEDTHE)
EREL LT,

L & — 3 (Telephonics, TDH-39, MX41/AR 7 v i g YD) DHAFERIL, ATEG® &K
A RUBERTE G ¢ K 2203) 2 AWTRELR,

BEEBAMTIE, ITEEOTAMEER 0.5 1 2, 4, 6, 8 kHz nEERHEEL,
512 2 4, 6 KHz i22oWT, FhEFNIETOHEEL, ZDO3ENTHEEZZEFE

HE L, BE Audiometry

i3 Fig. 6.5 O

WRT &SI, 2 kHz | 4 kHz | 6 kHz

FEHE 30 s 30s  60s 605 60s 90s //
Exposure or 390s Exposure

Bhs, T /// 5min or 10 min //

/
Ble® 2, 4 6
kHz DMEICFh Fig. 6.5 Schematic schedule for audiometry.
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2R 60 s TOBEOHELTFo7, EERTHooin OBAICBIFATTS # TTS,
LETHEMIICHZIE, £4TTS) , TTS. , TTS: #BsELZ 245,

6.2.2 EBER

ETARAERICBTS2540 TTS FHE( LT TTS &, BIHbLLWRD,
52 DFHEY X T) DEEENEE 2 Fig. 6.6~6.8 ZRxL7, Fig. 6.6 DEEL XL
Leq= 82 dBA DF—FEICBWVWT, 0.5 RV | BEAOF—FHBEBRINT WD,

RBPELIADTH 5,
20
Leqg
% 15} -@-91 dBA
~ - 88 dBA
& 10| © 85dBa 2 | Fig. 6.6 Growth of
™ -O- 82 dBA ..’O //'G TTS: at 2 kHz. TTSs
+ L
s 0 4/0_—04 \G/Q are the mean values
qu SS !g C%;%Q)‘\ FON
SHEN ii::f;zr — ¢ odele over five subjects.
O A 4
-5 2 1 . ¢ S
0.5 1 2 4 8
Duration of exposure (h)
20
Leq
% 15 @-91 dBA
N -©- 88 dBA
t[r\:] 10+ -@- 85 dBA Fig. 6.7 Growth of
A
- 082 dBA TTS2 at 4 kHz. TTSs
o 5 b
« ® ° are the mean values
o &— s ~‘>13:;
Eff)_( 0 .__—:0/@,4%;&:3’—)‘@\ over five subjects.
..‘5 1 1 ' L 1
0.5 1 2 4 8

Duration of exposure (h)
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20
Leq
% 15+ @91 dBA
~ -€©- 88 dBA
N 10 | ©-85 dBA Fig. 6.8 Growth of
X .
© -O- 82 dBA TTSs at 6 kHz. TTSs
+2 5 -
o o are the mean values
™ e 0O )
@ O — o9 % over five subjects.
= 0 Z0=@_
\0430@?
._.5 1 Q
4 8

Duration of exposure (h)

INLDEEPS, TTS DLRERMOFEYRITLH-DIC, FHBERUSZDT
BHELCEKANDL 3% TTS OBADOREZH UID B EOHBBREORERT- 72,

TTS =alogiet+ b 6.2)

2L, t: RERE (nin),
a, b: E&.

BOERSRE Table 6.1 2R, R, HERKrRUERRK 22 BBL, HELTO
HEANRD 6N SHE (FRBSE) I, HERBOEREI * (FBEA®ES %), = (HEKE
1%)EZhERMNLTFRRLL, RIVGPB LI, $HOREREICL->T BA
BOBELZOWTRLHE, TANEER 2 kiz OTTS T, #EL AL Leq= 85 dBA
PIET, 4 kHz Tk, Leq= 88 dBA DI ECHEOBBE CLRERSADLNE, 5%
DFHE LREMPEOLNDEDIE, WHE L Leq= 85 dBA LIk»5THBE. FRAF
FASE 6 kHz TlE, BELNAHFLERELTL TTS IEHEALTWERW,
TBBEDRD, EEBRENRBEEBRHIOEAL XNV DE % ($8I2R L7 (Table A 23~
A.27)
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Table 6.1 Relation between TTS and logarithm of exposure time. Values are

correlation coefficients (r) and regression coefficient (a) for Eq. (6.2).

Leq 82 dBA 85 dBA 88 dBA 91 dBA

Test frequency : 2 kHz

Subject A -0.272 -0.045 0.807°" 0.068 0.869"* 0.052 0.944"" 0.063

B 0.176 0.024 0.665" 0.106 0.524 0.145 0.884"* 0.102

¢ -0.421 -0.033 -0.108 -0.031 0.724* 0.079 0.887°" 0.106

D -0.392 -0.037 0.218 0.039 0.843°° 0.117 0.532  0.084

E -0.472 -0.036 0.154 0.010 0.873°° 0.110 0.484 0.091

Mean 0.471  0.157 0.621° 0.114 0.955"" 0.127 0.978 - 0.136
Test frequency : 4 kHz

Subject A -0.006 -0.001 -0.099 -0.025 0.425 0.083 0.092 0.019

B -0.019 -0.004 0.792° 0.091 0.702° 0.139 0.530 0.087

C 0.289 0.054 -0.532 -0.198 0.452 0.093 0.778°" 0. 146

D 0.568 0.107 0.393  0.108 0.930° 0.294 0.660° 0.224

E -0.333 -0.100 0.059 0.016 -0.314 -0.069 -0.685 -0.147

Mean 0.275  0.114 0.659° 0.322 0.665° 0.233 0.644° 0.316
Test frequency : 6 kHz

Subject A 0.241  0.050 0.399 0.107 0.449  0.125 0.215  0.042

B -0.204 -0.029 0.514 0.086 -0.128 -0.019 0.210 0.037

C 0.792° 0.089 0.583* 0.114 0.333  0.034 -0.054 -0.015

D -0.278 -0.034 -0.199 -0.065 -0.434 -0.060 0.061 0.014

E  0.366 0.067 0.289 0.067 0.565 0.110 0.294 0.046

Mean 0.472  0.169 0.660° 0.265 0.226 0.068 0.362 0.155

* : Significance level;a =0.05, * : Significance level;a=0.01
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6.2.3 HE
SERMA LT A NEAERICOWT, L - BRLOUEERD TTS DHADRKS %,

1) S P e

F A
2 kHz: TTS: =0.25(5-19.3) logie t +0.77S—51.0 (6.3)
4 kHz: TTSe =1.36(S—41.9)1ogie t —0.45S5+18.7 (6.4)
6 kHz: TTS2 =0.88(S—39.1)logie £ +0.335~17.6 (6.5)

IRIZHLT, BABTHERLLCKRBAZ, LUTIRFT.

T2

1—exp(— t/13.4)
2 kHz: TTSe =0.063exp(0.1025) (6.6)
1+1.6lexp(— € /179.9

1—exp(— £/31.8)
4 kHz: TTSe =0.106exp(0.1145) 6.7
1+1.04exp(— t/337.6)

1—exp(— %/14.8)
6 kHz: TTSe =0.261exp(0.098S) (6.8)
1+1.07exp(— ¢t /412.0)

DEo#X%, SEOEERECYTEIHTREFELTY, ERREEFELTRFRLL
Lo, Fig. 6.9 RV Fig. 6.10 TH2., BEFHEOLDHOLOVEREHLE D B/NEE
A1 Ao 1710 229, 144 as k L7z,

Fig. 6.9 &, &EL UL Leg= 91 dBA DHALZOWT, FAMEEK 2 kHz ATTS
DEAERRLALLOTHS, Hh, BRLIZSEZDTHEEZRLTED, 95 XEERAL
BETHRRLCWS, EBY, BA4BTHERLALERK 6. DL 5 THIE BERFER
DR G.NICE B ThERLTWS, —RLT, #RORCL B TFREACKEN, HLK
k22RO FHERT—FICRSEBHT LI LAFohb, ##RORICXLE, TTS
DEFEREL D DL DBAICERTEY, hiER(6.3)Fn (5-19.3) BT ALE
BOEHFMOT R FEABEBICENRT, BB LETHL IEPRALL> TV, T
ehb, BELNVOEEY BABBERCEMLT, TRHERTOIRE K6.3)D
B2HELBENES 0.77S-51.0 i3, MEOCBRAETHRZH, B1HOAMEIR TN
R, (5-19.3) AOSTESNSZL 2 kHz 2o0WTid, HEENFAELLZDTH S,
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0.5 1 2 4 8
Duration of exposure (h)
Fig. 6.9 Growth of TTS:; at 2 kHz. Exposure level is 91 dBA expressed as /eq.

Circles indicate the means of five subjects and vertical bars bars show their

95% confidence limits. The broken curve shows the calculation from Eq. (6.3),

and the solid curve shows that from Eq. (6.6)

30

Fig. 6.10 The relation between
TTS; at 2 kHz after 8 h ex-
posure to noise and exposure

as  Leq.

[\
(@)
T

level expressed

)
O
T

Circles indicate the means
of five subjects and verti-
~—'”’”'”E cal bars show their 95% con-

@]

TTS, at 2kHz (dB)

 —

i

-10

1

fidence limits.  The broken
curve shows the calculation
from Eq. (6.3), and the solid
that from Eq.

shows

80 85

920

curve

95 (6.6).

Exposure level (dBA)

CDENKREZ 4 kHz BRU 6 Kz DBEE, SEOBERELRFL. kot H T
HTHEHELL TTSEWFREL 0 B Th-7, %8B, TTS OBREEH odul Eg
BICBITEARZ FALAUL S, FRFEER 2 kiz (84 2 0 @8 1400 Hz 2
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BIANYRLAJL% Fig. 6.1 L DFAN->TEH LA, fioTFAMEERIECOWTY,
CHOFECRE T T, ZRERORN T, 2 nin LDHKEFEOE W TTS OEH
CELTEBAESENT, TTS: ¥HELTRPL, AKX 2HVT TTS: %
Y 2R AV,

Fig. 6.10 %, MEICREL LT LD, $8C SKEREH®ROT 2 MEEE 2 iz O
TTS: % LoTERRLALOTHS, Hi, HARSKOTHESL, #8id 05 %iE
BHALTLTVS, Fig 6.9 LARC, ERHFHLVERRICL S TRES, BigH
BRORICL B ERRRELT VS, ZOMEBNTL, HLORICL 2 FHEF KR —
FIZR<BRLT WS, COIERFLOWRS, BLALESh2@HICET, 2ULE
—% BBHR (dose-effect relationship) ¥ RBT I LHFARETHL I L ¥RHT LD
Thb, Fh ERORICE S FEERS, Fig 6.9 L FRICBAREES 2 TV,
CRIBETR LB LB LDTH B,

B, FAVEBER 4kHz RU 6 kHz ZOWTHBEWEELAVICBWTLEE,
TTS ORABED bRLh >lelesd, &2 TERIE LA, #ROKIC L2 FRE
i, AL, SEHOREL NLOBETIROTFRL 0 B THY, TRHLT
FLWADHETIE, Leq=91 dBA, SKEFERK|HED 4 kHz 2BI1FS TTS2 43 5.00
dB(SEBUHIZ 3.46 dB),6 kHz {2HBITATTSs i 3.21 dB(EFEIZX —0.70 dBTH » 7>,

LEOREDNS, BAETERLEL L ESBBERECE CHATELTTS 0
BAOHFLWAR VA LICE-> T, ARTEREOI I AREREAEILL2HNY
SRIMHTEL %5 L Bbh D,

6.3 EBEDERLHEEENT— 2 IcESnW TTS OFHMA

6.3.1 ERRXEREHET — 7 DBE

TTS OFHHABEAILHIZ, ANF—2 LT, ARFHETLEETEROEE
ADKRERDEETHEINBET—2 ¢ RALL, HHE, WiiBL 2 2HERER
LABE,LERICEL 2 2EBERPRELTEY, SLCHENLEFEAHEENE
ReZ->THLTWS, BEHEIL, 1987412A8H 148,25 24 BEIch
2T, ZDS3H12A8H 10MELLTHOE 30 48T, EELTIH
HT bR, EAER Shcd, ZOBIZEEL 2A 1 4 Bz ABF#ICB W ARL
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eq,yl()nin ( dB A)

BEZTY. TOET—22L-> TRELL,

ey, WEEEFLODOUHNE FUINA—F4AFT—TLa-FIHEFLTBE,
HBHZREEAELT, EBE 1/3 A7 97N\ EHHRECT, 2 s BRTY> 7Y v
LTEIEEEL L2, 20120 1/3 A7 8 =TV FIZOWT, 24 BfES 43,200
DT —FDBEET B,

2s BBOT—FRESVTELEL TR 10 nin OBEOFHEFTL L
Leq,1enin NEEE Fig. 6.11 R L7, L FELEEE 24 BEL L7 Leqg 2an
i3, 74.9 dBA THY, ®E ( 22B~TH) OBRFOIANX -2 EMICENTI0 M
DEH S % L7z Lgy (day-night sound level) {F 78.0 dBA k%72,

30
851 | Fig. 6.1  Sound
80 + level fluctuation

of the road traf-

75 . .
f fic noise record-

70 ed in Ikeda city,

65 Osaka. Plotting

-

data are express-

80 4 L L L L 1
15 18 21 0 3 B8 g 12 ed as Zeq 1emin.

6.3.2 THGEOERARUEE

TTS HTFREFHEONFL Lic7F A AL, 0.5 1, 2. 3, 4, 6, 8kHz Th3,
FABB AR A DSE—21d, 6.2 OREERIEET L IIRLD, BARzEHLT
WaborEzohd, -7, ETFAMIERCHET2 TTS OBREES oFul
REBICBIT AR MILLRNV SOBHIE, RDOXILFHETH-7. 38 2s D
BRT, ZOTAMABBICHICT AR TR EZEETE2~3D 13 A7 8—T 1\
REDL NV DOWTIALX —fERDL, £ dB BBRENSL 1/3 A7 5 —T 1N
FEOHRED dB RFFEEELFINWT, ROBARIZ ML LANLSHEL Lz, B

-141-




ik, BOEER f H) o 13 ATY TN ELRIE TBlr 9B L, K7 A h
BB 27 VLA, KRAPLEHINS.

T2 EER: 0.5 kiz
S= 10 logis (10 TBLaea /10+ 10 TBLswa /10+ 10 TBLs3e /10) —75.5 (6.9)

FA MRS 1 kHz
S= 10 logie (107BLese /10, 1 TBlees /10, 4o TBlieoe /10y 975 (6, 10)

FAVEER: 2 kliz
S= 10 logre (10 TBLr2ee /10 4 1o BLises /10y g 5 6.11)

TR 3 kHz
S: 10 10g16 (10 TBLEBEB /10+10 YBLQSBB /10+10TBL3155 /10) __32 4 (6 12\)

FAREBE: 4 klz
S= 10 10&1@ (10 TBLZSBB /10+10mi3159 /10+ 10TBL4BBB /10) __33 6 (6. 13)

TA SRR 6 kHz

FA LR 8 kiz
5= 10 10g19 (IGTBLMN /10+ 1073[;5888 /10+10TBL63BB /10) _355 (6. 15)

Dl 08B LE SOERCESWT, BAETHERLLTTS OBANARVERIEE
EEES (c L), BHEHER T8 % Fig 6.12~6.18 (CBRLE, &#EME L ER
AT P LRI SOEE % Led. 1enin TRLIZLOT, THIC TTS: DEEHERL
72, LAROLVEE R M AREAAILR 2s L, TTS: 2387 2%EERIE 10 sin
L7, 2B, JOr3ABEREICIAENICRESRLNT, 24 BEAHOEEH
BOETLOLEELT, 96 BEETORHOTRHEEFT 7. £OA, HIZiZ 0~
24 A2 TOEHEPERTRRLT, 62 24 ~48HHERY 48 ~72 KENK
g 2EEOSRTHETHRRLL,
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Fig. 6.12 The fluc-
tuation of the spec-
trum level at the
center frequency of
the critical band
for 'TTS at 500 Hz
(Upper) and TTSe at
500 Hz induced by
that noise exposure
(Lower). The spectrum
levels are expressed
as  Zeq. 1emin, and
values of TTIS are
calculated at 10-min

intervals

Fig. 6.13 The fluc-
tuation of the spec-
trum level at the
center frequency of
the critical band
for TTS at 1 kHz
(Upper) and TTS: at
1 kHz induced by
that noise exposure
(Lower). The spectrum
levels are expressed
as  Leq.1emin, and
values of TIS are
calculated at 10-min

intervals.
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TTS, at 2 kHz (dB)

S (dB)

TTS, at 3 kHz (dB)

60
50

60
50
40
30

12

-144-

Fig. 6.14 The fluc-
tuation of the spec-
trum level at the

center frequency of

the critical band

TTS at 2 kHz

and TTS2 at

by

for
(Upper)
2 kHz
that

induced
noise exposure
(Lower). The spectrum
levels are expressed
Leq, 1enin, and
of TIS are

calculated at 10-min

as

values

intervals.

Fig. 6.15 The fluc-
tuation of the spec--
trum level at the

center frequency of

the critical band

TTs at 3 khHz

and TTS: at

induced by

for
(Upper)
3 kHz
that noise exposure
(Lower). The spectrum
levels are expressed
Leq, tenin, and
of TTS are

calculated at 10-min

as

values

intervals.




Fig. 6.16 The fluc-
40 tuation of the spec-

30 fAJ\$w/V¢w\“”¢\v”®xxfbVNFAV\J\AfpaA/\P“ﬁ\AﬂN/HN\\ﬁ/\ trum level at the
center frequency of

20 Lo A A . ! . ) ! the critical band

S (dB)

— (~24 h 0~ 48 R 48~72 h for TTS at 4 kHz
I (Upper) and TTS: at

4 kHz induced by
that noise exposure
(Lower). The spectrum
levels are expressed
as  Leq, iemin, and

values of TTS are

TTS, at 4 kHz (dB)

calculated at 10-min

intervals.

Fig. 6.17 The fluc-
tuation of the spec-

30W tron fevel =t ihe
center frequency of

20 — ) ' ' ‘ ‘ l ' the critical band
for TTS at 6 kHz
(Upper) and TTS: at
6 kHz induced by

that noise exposure

S (dB)
=
o

(Lower). The spectrum
levels are expressed
as  ZLeq.iemin, and

values of TTS are

TTS, at 6 kHz (dB)

calculated at 10-min

O s L 1 L n L s 1

intervals.
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S (dB)

TTS, at 8 kHz (dB)

60

50 Fig. 6.18 The fluc-
40 ¢ tuation of the spec-
trum level at the

30 ¢
NNfVNAVVﬁRV“”A\gVbvwﬂva$“w\f\ﬁJfﬂJ/“wﬂJﬁwv\ﬁ//_\\“/\ center frequency of
20 b ' e

the critical band

S—o~2an — 24~48 h  4B~72 p| or T8 et 8 Wk
5 I (Upper) and TTS: at

8§ kHz induced by
v that noise exposure

(Lower). The spectrum
levels are expressed
as  Led.ienin, and

values of TTS are

calculated at 10-min

intervals.

TTS. OEFET X MEEHIZE > TEL B, 500 Hz, 2 kHz, 3 kHz (22WT,
24 ~A8HRE 48 ~T2 BEOKENIIL AYEL->TEY, 24 HELRL, 24
BEZ R T RA—ORBERVBETLIICLELDEALL IS, 4, 6, 8kiz D
BEild, 24~A8KHEL 48~ 7 2 BEANOEHEIBEHEFIT-HLTILDT, 48

BRI TS EA-RAMRSERVETLIZDS. 1k OBE TTS OBAN

KRFDBEER T, e HBFRER 4.1, 617.3 min L AKX ZFELL>TWERDIEZ, 72
BRI 50 TSR — BEBHORB 28 0ET X 513 % s%hn,
BoEECT A NEAREE LD, #Eilc 72~96 BEOED 10 ain EBATTS:
DE( n=144 YORWFHEL BAE, B/MEZT7Oy bLICLDF Fig. 6.19 THB,
TTS i3, FAMEFEE 1 kilz ZBWTRLAE L2, $HEEEE 3~5 B BE
PLDT, PRNEELEEERY b vy, FELTTS 2 ERNCHEATL I 2k
BLWLOLEZ LN,

iz, BBV A VHFERL, ThEAWTERCTRFESETTERI LSS
LhwinrBbhzd, Ll 2s BROBEETE, ANF—20BBRF2<4LY), X
BAERLLELLL, NV AYOLNNTREALEESESSEL 25, 22T Leq
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RLG Y ORBYE LTS %
RETEILIRED, ARTF—7
BEEs3Y, BEREEELT
ZE®HKAL, Fig 6.200%, 7 X
RS 1 kHz (2DWT, R
B2 10 min X L72 Lediemin
£ Lionin XBEREBOANT—
Z e LBEITOWTOHEER
%, 2 s AROBEEEZ AN T—
L LEBHE HBLTBRLL
LOTHE, MEDHPELIIE,
Leq TIBAZEEF L, LTI
BANGEEEZTWE, £ITR
F—&TH5 2 s EBHAEME
Ik 2 ERRLAREOKRE
#EleHiciE, FHLERE LD
BEZ CEI TR I WARARZOW

0
1n
o 27
-~
~r 3L
2o
E——
5_
6 | L L

0.5 1 2 34 68
Test frequency (kHz)

Fig. 6.19 Calculated TTS: plotted against test
frequency. Open circles indicate the mean
values of TISs calculated at 10-min inter-
vals for 72 h to 96 h noise exposure, and

vertical bars show their ranges.

TELIZWRE L,
6
o0
< 5
N g
=
-
3
=9
A ]
e

0

Calcutated by 2s interval dala

b Catculated by Z. u. R ——

-------- Calculated by Z e

Fig. 6.20 Growth of TTS: at 1 kHz cal culated from 2-s-interval-data, Zedq.iemin
and Zionio . Values of TTS are caluculated at 10-min intervals.

Time
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Table 6.2 I, FH{M% 10 nin, 5 win, 2 min, 1 min, 30s, 20s, 10 s X L7
BED LqRUZEAWT, 0~24 80 TTS: O%8% 10 nin HATHEL 25
EOBEE. 2 s BROREF -2 AWCHELLHEDF R TR L LOBEOBRATY
#H, BAHE, B/INEZEBLL. LeaZAWVWTEHLALSHS, FHAETE 10 ain Tk
20 XREBALEEFITED, FHLEBELZELTIWIERED 1IESwTn
<, 10 s T 5 BBREDAKEL>TWE, ELEZLS5BDEHNICAZLOEFHHKL
eEZA, WTFhOTAMEHERIZBWTL 20s DEOFHIBETIISETHY,
10s TUTANEAERIZELD 15~60 Xnbob&dhs, ZhicHl, Z2EHAWTE
HLULHBETIITHLER™ 10 s 0BHs, +S%OEHEAII 33~100 ¥DLOFE TR
TBY, 205 ZBVWTHL 76 XDOLODBETNETANEAHERG kH2)hd b, H#-7T,
Lea £ ZOKETIE, BEOFHFEF—2 ESVLHERERCE DEVEE S22 Lo
LEZD, HBS5ESSL LABRICIITL Leqld, BREBOHEEL LTERETIRLWS
EWRW L7, UL, FEREL LT L2 RBRHE, JIS DEZFLNLE
BHEDY TLRDANRLR, Lea?2HAHT2BEBRBLBAETHRISHERINEI IR
oTETWS, #->T 10~20 s ¥ PH{LBERET S Leak TTS OTFHEHBENAS
T—2LLTRATAILR, CLABRXDBALEREZ L0, LPETE/N
EEZEBILICHBLT, BEHNRBONSH L RL L ELBOFMICH UK ERALRE
ELBLLBEbNS,
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Table 6.2 The ratios of the calculated TTS: from Zeq or Z to those from
2 s interval data

Test Averaging time
frequency 10 min 5 min 2 min 1 min 30 s 20 s 10 s
500 Hz Leq Mg 1.197 1.190 1.177 1.145 1.108 1.085 1.053
min  1.117 1.117 1.111 1.090 1.066 1.060 1.039
max 1.300 1.289 1.259 1.215 1.160 1.116 1.069
L Mg 0.886 0.888 0.892 0.906 0.926 0.940 0.960
min 0.830 0.843 0.845 0.865 0.888 0.915 0.948
max 0.921 0.924 0.927 0.939 0.953 0.956 0.971
1 kHz ZLeq Mg 1.179 1.173 1.160 1.133 1.100 1.080 1.050
min 1.118 1.116 1.109 1.086 1.065 1.055 1.038
max 1.242 1.234 1.216 1.180 1.135 1.103 1.061
L Mg 0.913 0.915 0.918 0.929 0.944 0.954 0.969
min 0.884 0.888 0.892 0.905 0.924 0.940 0.963
max 0.940 0.940 0.943 0.953 0.963 0.967 0.978
2 kHz Leq Mg 1.187 1.184 1.172 1.143 1.108 1.086 1.054
min  1.114 1.111 1.111 1.088 1.068 1.060 1.039
max 1.293 1.288 1.270 1.227 1.176 1.135 1.082
L Mg 0.884 0.886 0.889 0.904 0.924 0.937 0.958
min  0.819 0.830 0.836 0.81 0.875 0.901 0.938
max 0.920 0.922 0.925 0.940 0.952 0.955 0.970
3 kHz Leq Mg 1.204 1.198 1.184 1.150 1.113 1.090 1.058
min 1.134 1.134 1.127 1.101 1.077 1.060 1.037
max 1.308 1.291 1.272 1.221 1.172 1.130 1.081
L Mg 0.891 0.892 0.896 0.908 0.925 0.937 0.956
min  0.850 0.855 0.858 0.870 0.890 0.910 0.939
max 0.913 0.913  0.917 0.931 0.945 0.955 0.969
4 kHz Leq Mg 1.199 1.194 1.178 1.145 1.110 1.088 1.057
min  1.133 1.133 1.126 1.100 1.077 1.061 1.040
max 1.277 1.266 1.248 1.202 1.162 1.122 1.078
Z Mg 0.880 0.882 0.885 0.898 0.916 0.928 0.949
min 0.849 0.85 0.856 0.868 0.884 0.904 0.931
max 0.897 0.898 0.904 0.918 0.934 0.944 0.962
6 kHz Leq Mg 1.173 1.170 1.155 1.126 1.095 1.077 1.050
min 1.118 1.118 1.111 1.091 1.070 1.057 1.037
max 1.290 1.294 1.223 1.183 1.139 1.118 1.069
L Mg 0.925 0.926 0.928 0.936 0.946 0.954 0.966
min  0.889 0.901 0.906 0.915 0.928 0.932 0.954
max 0.944 0.943 0.945 0.950 0.957 0.965 0.974
8 kHz Leq Mg 1.163 1.160 1.144 1.118 1.090 1.074 1.049
min  1.100 1.096 1.099 1.077 1.062 1.053 1.029
max 1.315 1.320 1.251 1.194 1.141 1.122 1.07%
L Mg 0.922 0.923 0.924 0.931 0.940 0.947 0.959
min  0.893 0.893 0.896 0.904 0.918 0.919 0.940
max 0.946 0.946 0.947 0.952  0.957 0.962 0.976

Mg Geometric mean
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6.4 ¥®|

6.2 TRHEMBEFVCESWERKERSOBBETHFRL, BREZNTSEOK
BESEEICHATNIEELL, £ETOLNILE Leq T, 82, 85, 88,91 dBA D4 BfE
RELSET, FANEERK 2, 4, 6 kHz CBITABERBEREOAEIBWTHAREL,
DToRERL,

F2 FEWE 2 kHz TiE, BRELNL Lea= 85 dBA LIEZBWT, BEOBRED
BAEOBRER IS GOBEOFHEIC EREMPED LN,

FANEER 4 kHz T, £BL~UL Leq= 88 dBA DIEIZBWT, HEROBBED
BEASEOBE I FRERSED SR, FHETIE, Leg= 85 dBA 26 LREMIE SN,

72 NERE 6 kiz T, RELLAERLTL TTS ORARED &L -7z,

F2 FEER 1 Kz ORI, BA4ETERLL TTS OBANAZHEMLT, B{I
REREMHEZAWCTFHEHER T2 A, ERECREHTAHNEERERL.

6.3 Tlt, EBROEBTEREOHET—F0—FEI) LT, WAETHERLL
TTS OADOR + BHBEEREL HVWTERLTTEFELRAL, $EARY) LT

BF— T, Ledean = T4.9 dBA LW BERSENHENTRWHBED TTS:
OFFEE, FAPEEE 1 kbiz 2BWTEK S B BESLTLERL, 2~6 kiz T
3B EETITLERELE, 27, EBLAVDANTF—2ELT La2B0WitHE, BT
—Z B S WRHEREL D LAALTHERZ S L, LEAWeHE, BN THELS
ZBEREAR LN, IhLDBREFPHUBREEERTLIILICLINNSI<L>T S
3, LEAWEHD LaakAVaLob, EF—FRESEHEERICINESIIL
REHLhER -, LipL, BARBONH,rSRE L EZLAOFEESF 25 10~20 s
DFHEBOT CEH LY LeabREX LTHERATH S Z LAREINI,
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WTE B

MALEEHEREICL2ENBSE, TTS 2L L TERNICHET 2 T,
BUHBRIENTVAEEE>TENTH A, ARETE, BEETOL S L EBEEH
SELVNVOREIZE TEIOFHROBABEE AT L2 X2 ANELT, Ba%
EBOMHEMLTEL, UTFEZ0OMRREL S48 TENT 2,

B2E:

KLALREEEEREERERTTE LT, RELTBPRELLZVWETENY |
T, ThPEBRREICE 2 2BBICOWTEELL,

Y, REERBOEFERBRLCLDISCRBENLZMICONWT, 2.3.1 Tli, B8
FEOBERHICBIT2FEL N2 #EET L0010, TEHEACAY Y EHWLAER
o7z, MEBICBWT, FREHBLLBEERE YA 70k  2HWT, SHEEL
NILERELLBEIRE, RAFCOEELXVERESEE, BhS80FY, hEss
NETNE 0.25~ 8 kHz DFAWBEBTLES. S, 4 ~ 8 kHz DEICBWCEET,
3~9 B BEDEHSFELL, LrL, WFhoBEBHIeEWTh, HHZBHY 70k
TRWT, EBFELAAVERELLHECE. ARV OEELVERERDEID,
4~8 kHz DEVEABEBHEHRTIE, —1~3 dB BEFT/IEL L2 L SHBL,

S56I2, 2.3.2 T, 2700FHRBWT, A—HBECA—BEL&8L. TTS %
BELA, TANEER 3, 4 Kz 2oWTi, B BRESHRICBY2 TTS o
ADBCIZRZIIRD SN 728, FRNEAER 6, 8 kHz 22oWTid, HHEHICSH
W5 TTS FHEEBCBTEEh%2 EE-7%., LALZOER, BELXULICHEL
T3BRWTHY, FBRLAVAXI L CIAMEERLHBETHRT 2L, AEBICH
W, HEEHHCA 7Ry 2AWCESAEOERSE LU, $BEEOTEL
Nk, DWTERAEANDZBERIE, WIFROFHCBWILRABELALL ) 22 L5545
Lz,

KOWT 2.3 EBWTUE, HREOENRES, 24 BEICHL ) 1 BEGCHEL, £
BECHRICL>TH, BEFEFECLRLLWI L ERALS,

-153-




- ch-&

BLANNVEEERESSCL2ENBELERNICHRIT L0 0.9~9 kHz {ZHFBRH
BMLTHERLCHEBERREY, REZENT 1020HBELC 24BEICOLLIEEL
72, BEFOLOVIE 65, 70, 75, 80, 83, 86 dB SPL M6 BRETHYN, TAMEHERK
2, 3, 4 6, 8kHz ([ZBITSH TTS ZRELL, TORER, 65 dB SPL L WIERWRE
LAXLTH, 24 BERERICIEETFANERBICBWT, 8L TTS BRI,

TTS OEK IC1 KENROEBBEREERL, ANELILREBEH (ATS )L LA
EZA, ATS LE&BLL B, BRERERICHLILVHEBILLE, 4 ATSO
95 RICEHETHDICETHRREZ RO LI A, 1.6~46.0 BRREDEHIZIE 65 OWTEH
N, FAVEER BELNIVICEBZEZEE TP,

ELEHKRDTTS OBAORIC L 2 FHHEE: DEBERALL S, &FL L
86 dB SPL TiI4 HOERHME L HEE L TRW—EE ALH, 83 dB SPL LITHL AT
BWFh L EREFHEEZ LEY, 8BELVE) ETTS @E) L 0B - PRBARFRY
SFERIZL B L hRBEIhT,

BAE:

BLAL - REEEERECET, EHTERLTTS OBAOTRALEHITLENT,
ALZTLN L SKENEEERASEERRUEIED 2ANEARAEBEREERETHES
niz TTS F—22, BxOBEBBE:, BN_REXHWTETUIHE, ZToOER 5
2R FEE 0.5 0.8, 1, 1.5, 2, 3, 4, 6, 8 kiz DFAFNIOVWT, HEWLARLE
Hicbe»T, REAOBEEZEICEATES TTS 0XBAS, LToLi kDS
iz,

FANEERE: 0.5 kHz
TTSe (S, t)=0.016exp(0. 102 5)

I—exp(—= t/15.7)
1+2. 00exp (— ¢ /105.0)

T2 NEER: 0.8 kHz
TTSe (S, t)=0.037exp(0.101S)

I—exp(— t/62.0)
1+1. TTexp(— £ /257. 4)

TAMREBER: 1 kHz

: 1—exp(— £/94.1)
TTSe (S, t)=0.115exp(0.090 .5)

1+1. 62Zexp (= t/617.3)
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FTAMREER: 1.5 kHz
TTSe (S, t)=1.34Texp(0.054.5)

1—exp(— t/44.8)
1+1.47exp(— t/352.0)

FAEEE: 2 kHz
TTSe (S, £)=0.063exp(0.1025)

I—exp(— t/13.4)
1+1. 6lexp{— t/179.9)

F A N 3 kHz
TTSe (S, t)=0.118exp (0. 103 S5)

1—exp(— t/41.8)
1+1. 16exp(— £ /182.7)

FTANEBERE: 4 kHz
TTSe (S, t)=0.106exp(0. 114 S)

1—exp(— t/31.8)

1+1. Odexp(— € /337. 6)
TAREER: 6 kHz
TTSe (S, t)=0.261exp(0.0985)

1—exp(— t/14.8)

14+1.07exp(— € /412.0)
FANEER: 8 klz
TTSe (5, £)=0.110exp(0. 112 5)

1—exp(— € /17.0)

1+1.41lexp(— £ /458.6)

7efil, TTSe: HEHRTEBKD TTS (dB)
S: REE0 TTS OBREFEFBROFLABERICBITE AR ML
(dB)
t: SEHE Qin)
ThHb.
$o5#:

EABETHERLY TTS OBAOR L BUBBRREREEAVWT, KPRERZ|ICLS
TTS OFHEHEZITW, #HEFELLTORYHERE LA, 5.2 TId on-tine, off-
time 7%, FRZR 1 ain $¥OTH2HRETREOH S, on-tize DEIZREL N,
85~100 dB SPL D&M TEEH L TL, LFEFELIVEETHTHL I LFHLAL
Teotz, 37, BWAORE L TRERBOBARICHBAEAVEL0L, 1 XKERADE
RERABIIBAETHER L TTS oBAORICL5HY, THREEKERW., SER
D EFEEREICH TS on fraction rule DMEETIE, EBERRUTREERERD
WTFRIZBWTOLRY$TAZ EHWBEINL, 5.3 TiE duty cyele 78 1 s £ &L,
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on fraction & 0.025~0.8 OREICH S L > LBEREEBROF— 21200 ThH, LF#
FHEIELORETRCHSI LN SPL AT, 272, BTALF—{HL, TTS O
BACIRBRELIE W L, EBF— 2 RUED ) Th<, ZOFREHEERDS L
L7, DLEDZ Eis, BABTERLATTS OMADR L BIRBEREL VL
HEHED, EEORPBERECEATRLUAEOSEVFETHS Z LI RBS R,

8502, 5.4 Tk, EEAEI TEACREERT 2oV TLFRHERTY, &
KORIC L - CEEERE TREL S 20 L5 hORNER 72, ZOKE, REHMEL
h b EEREOEHFEVSEOERET -2 conTid, TTS OEEERE, MAERE
b 2RI EN L OBERE L OEEOR ERA LY, TRNEIE< %L
FHBLZ, L LBEBATE, S4BTERLZBAOR L ARES CREZ IR
EERT 27500, ERF— S EERSNTE LT, 2AMAOROFSE ¥ELTHE
DRELTL, FRNEMESICELT S 2 Ltk woT, YEHAORE RALTL
rwborBbhd,

B6E:

BEJBVT, TTS OFHFHE L CRYBARAS N EFELRNT, EE
CREBEO ML L GERSERE LN LT, 20RBI I AENBB LR L,

6.2 TREMBEFVCESVLERGEREORBETEFRL, BBENTS 20K
BREICSKBICOLINRELL, 8EFTOL NI % Leq T, 82, 85, 88,91 dBA 4 B
CELSET, FRNEIREK 2 4 6 kiz 0BT HEY HREOLE CBWTERE LA,
ZTORER, FAEAER 2 Kz T, 8BFL XL Leq=85 dBA Ll EicBWT, #HEO
BREDBABOGEL VI 5 BOBED T ERFMARD SN, 4 kiz 2BV
Th, RELNJL Legq= 88 dBA LIEICB W, BROBEBENEASOBREC LRER
FEDON, THETH, Leq= 85 dBA »5 FRMAALLAL, Lol 6 kiz Ti,
RELAAHFLRELTH TTS ORAIED bRZh- 1,

S5I2F 2 MAWE 2 Kz OREIR, BAFTHERLE TTS OMAOREEAEL T,
BTRBREREE MO CTFRHEE Ao L 25, KRR EHT 33 BRHEIES
nrz,

6.3 Tit, EEOERZEREOWEF—50—PEN) LFT, BABTHERLE
TTS ORAOKE, BMBBEKEZ AV TFRHEERAL, 2OKE, Leg o=
74.9 dBA LV BERESHERCHEVLHED TTS: OFHWEE, 72 h AR
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1 kHz I2BWCEK 5 BBBEEZTERL, 2~6kHz T3 3 BRBEEITERLA, &
72, BELVNVDANTF—2 L LT LeaZHWEHE, EF—2ESWHERERL
DLBALTEEEZ S 2, LEAWSS, &N TEERZSZ AEMMFED LN, 2
NODRZBTPHIBKRBEEBT LI LI D NAELL>TWY, LOFH Leak N,
R — 2 CEISHBEERCIVASSILPBRLP LY, LirL, BHhREOUS
PoRBEFELBOFEE S Z S 10 ~ 20 s DFHURKEOT THEH LA Lea bHFRHY
RETHSD L HFM SN,

PlE, #Ewme LT, SHETERLLTTS oKkoR L BARBEAREZEHTS
ZEED, BKLRNAPORHTIRBETCREINLGHENTTS 2RENETHESTE
THIEATEEE L7, -7, BERENDRBERYTHLTLL, RERTREECL
LENFEEL TTS 2HELLTYRITEAX YV MEFTI T EFSBTHETHS, &
Hizid, EXRERBEOFMICBL TL, HHERENOLERRATORERELAD (S
B HKALTRELLZLDLEELLNS,

2L, TTS OERAERCOVWTOTHLERT 9282 LB TELr 121D,
BRECIEADAEZHEEI YL LOERAL TV, AFEARCOWTOEELEBT
—SEERL, TTS OHEFEDHEEZ S LML ZLFHARFHEL LTRER
w3,
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FHREFICHD, REBELHEE LB > BAETERHEETEHE
WARXEE, aRA-PRRCEELZIHEERLE T, BICHELEFEMEL
ENL o R PFREIMFICEATHEEZRLIT,

B, FHRIEEFAREBCERERICT -2, BLEX "24HEEBEREC
L3 —BHRERHOWME” ¢ RBL L. LBRHAREFFEER. RUHEE
AFEBEHAFICBOTHEL > TELLDTH S, BULERE RELH
ABEBEREL THW R TFFEBROGHRERR, FHMEMRAMOARFNE
MRFRZELD, WHAAROELREF CELBHORERLE T,

272, KEFMLEHEE L SR IABEK, SRR RE—FRLELD,
KRBICH AW WLERENT A IZEBH WL 2T,
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(3)

(4)

F &

H2%8 23 OHBEEERCBIIENRENEGHICOVT, FHREOENL
NI OFEEE Table A I~A5 HE L,

EI3ED 2 ABEHEESSEERICBVWITER IR ASEREOENLNILDME
% Table A.6~A. 15 {CH#H L 7.

BABTHERLL TTS OBAORXEHWT, TRHHABEZT 7R Table A 16
~A.22 lRLE, REEE, AAEEEEL VWS, ZREAT A NEERR
0.5, 1, 2, 3, 4, 6, 8 kHz icBIFT 3 TTS: D%, EEEEOVHSICOVWTE
e PANR

27, BI3ETE, BRAFBOFOAERIIBITEANZ MLLNL SORELE
PToRciT-7, £3, NURNRAT7 4 LY O%EEE, &7 A MEABRRICEE
2 TTS OEA#EHECREL, ZBOKERT2L BRI TERFRLVER
HE, FOENS, B RRLCBERFHELZLIINT, SR, SEORK
BREIEDANRY ML, FHTH-72DT, A—N—F— LR EART bl
NN nER, FAVEAERICLSLT, 38 B Lok, IOl HELRDLHE
HEEREL D, LPNEL@EEL L >, Table A 16~A22 DHEL, A—/\—
A= LR EARZ M LN DEE, RES 38 8B & L7

B6E 6.2 NHEEBERTIEBSESERIBVWIHARKCEEREOENL X
O fE% Table A 23~A. 27 {ZHRE L7,
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(Subject:HT)

Table A.1

Individual hearing level data in 2.3.

(dB)
6 kHz

Hearing level re 150(1964)

Time

8 kHZ

500 Hz 1 kHz 2 kHz 4 kHz

(h)

6.2 8.1

-2.2

-1.3

2.4
5.0
2.8

4.1

3.5
7.9

6.5

3.3
2.5

4.1

-2.8
-0.6

-3.5

9.4
5.4

-4.9

7.6

5.5
3.9
5.0
2.9

2.2

8.9

ooy

7.9

13.1

3.8
6. 4

6.1

0.7
1.4

6.7

-1.7
-3.7

3.9
3.2

8.4

1.4
5.6
4.8
2.0

3.1

12.3

1.2 4.7 2.3 -3.1

2.4
-1.3

10.5

-4.1

4.0

4.8
3.8

4.3
-1.5

8.6

-2.0

6.4

8.9

-5.4
-1. 4
-2.8

-6.3

5.8
7.9

-6.7

4.6

10
11
12
13
14
15
16
17
18
19
20
21

10. 6

5.2

6.4

10.2

5.8
4.4

0.0
2.7

4.4

3.9
3.0

8.5

-5.2

4.5

0.4
3.5

1

-3.
-2.6

1.4
0.4

-6.5

4.1

5.1

6.3
-0.5

1.9
2.3

4.5 8.5

-4.7

0.0 -4.8 -2.2 4.4

5.5
-1.8

-3.9

1.4
1.3

-0.1

4.7
7.6

0.8
3.6

-6.6

4.8
-9.12

-9.9
=6.5

6.2

1.8
4.7
-2.2

0.4
-4.1

3.5

1.5
2.6
1.5
7.4

7.4

3.4
4.1

~7.4

4.7

-5.12

-3.8

3.8
0.0
0.2

22
23

3.8
1.7

-1.4 1.5
0.6

-3.4

3.8
-5. 4

24
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(Subject :MT)

Individual hearing level data in 2.3.

Table A.3

(dB)
6 kHz

Hearing level re 150(1964)

Time

8 kHZ

500 Hz 1 kHz 2 kHz 4 kHz

(h)

-5.1 -0.1 10.7

2.6
3.2

-1.8

4.9

8.1

1.0
3.8
-1.8

3.6

o

3.9
4.2

5.4

11. 4

4.3
-5.6

1.0
2.7

-0.1

-1.8
-2.4

8.0

10. 8

1.4
1.5
-3.7

5.2
-1.6
-3.5

-2.9

0.2
-3.9

-2.3

5.7
4.9

-1.8
-0.1

10. 6

3.9
4.7

7.0

1.1
0.9
0.9

1.7
0.9
2.8
1.5

1.1

-2.9

5.5
6.0

-3.6

-2.1

[

-0.9

-0.2

5.2

6.1

0.4
-4.3

5.9
-0.4

0.9
-4.4

3.8
3.9
2.8

10
5.1

11
12

12.2

6.9

0.4
2.7

2.9 -0.7
0.2

-0.6

-2.4

0.3 8.4

5.3

-1.3

10. 6

0.6

-5.0

0.3

-1.

3.3

14
15
16
17
18
19
20

6.5

1.7

1

1

2

-5.1 -4.7

-2.1

1.8
2.2
2.5
0.8

10. 4

1.3

-2.1

2.8
-0.1

1.9
-0.8
-1. 4
-1.8

1.2

-9.1

-1.1

12.0

0.5
-3.0

8.4
11.3

3.0

-4.1

1.7
-4.5

2.4
4.6

-0.2

1.6 -3.4
-0.9

-1.0
-0.7

14.6

21

12.3

3.4
0.8

4.0

-3.2

22
23
24

8.7

-0.9 -6. 4 -7.4
-0.6

2.5
4.9

4.9

-1.5

-0.2
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Individual hearing level data in 2.3.
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(dB)
6 kHz

Hearing level re 150(1964)

Time

8 kHZ

500 Hz 1 kHz 2 kHz 4 kHz

(h)

0.7
2.9
3.4

7.3

4.2

2.7
2.0
0.9
2.4
2.5
3.0
1.6
3.5
-0.

0.7
-2.12

3.0
0.8

0.7
1.6
2.8
1.3
0.9
0.7
0.8

-1.2

-1.5

-0.9

3.1

2.0
4.6

-1.6
0.4

-0.

1.6
0.8
4.6
4.5

4.5

1.6
2.6
4.0

2.8
-1.7

-5.0

1

-0.9
-2.3

2.0
2.5

-0.6

-1.0
-1.3

-6.1

-2.3

2.2
5.4
3.4

6.5

1

2.2

-3.8

-2.1

1
1.4

1.

-0.3

5.1

10
11

0.5
-3.0

6.4
2.2
4.6

-2.4
-2.7

-1.3

Lo

-0.5

-1.3
-1.6
-1.0

3

-2.

12
13
14
15
16
17
18
19
20
21

-6. 2

1.8
-0.7

3.5

0.9

2.1

-0.2

2.5

0.4
-1.5

3.2
4.4

1.7
4.8
4.8

2.3
3.3
2.1

-4.7
-0.

4.1

1

0.5

4.3

0.2

0.1
-3.2
-2.

6.8 2.3
-0.9

0.4

1.0
-3.6

3.6
-4.1

0.5

2.8
2.2

2.0

1

2.3
6.5

1.6

4.0
-1.

1.5
5.5

-2.1

-1.1
-12.8

1.8
3.0
2.4
-0.8

1.5

2.2

7.1

1

2.4
1.3

22
23

0.8
3.6

1.2
2.3

-7.8

-4.7

2

1.

24
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(Subject :UH)

Individual hearing level data in 2.3.

Table A.5

(dB)
6 kHz

Hearing level re 1S0(1964)

Time

8 kHZ

500 Hz 1 kHz 2 kHz 4 kHz

(h)

11.

13. 6

7.6
6.8
3.5
10. 2

0.7
2.6

4.6
6.1

-0.9

10. 6

10. 9

8.7

6.9
9.0

8.9
10.

10. 4

1.2
-0.9

0.1

11. 6

7.4
5.8
5.4
8.4
2.0
2.2

3.9
-1.2

9.5

13.2 15.1

10.7

6.9
3.8
4.6
3.8
3.3

4.

15. 6 19.0

4.6
2.

-4.0

5.6
5.8

7.4
7.0

12.1

1

-2.3

2.4
3.3

-2.2

11.3

-1.5

-2.1
-3.8

-3.8
-3.0

8.4 9.9

9.2
-4.5

1

6.8

4.6
11.3

9.5
12.2

3.4
7.3
3.2

4.1

10
11

-0.3

0.1

13.8

3.5
1.0
2.8

10. 4

L5
1.1
7.6
6.8
6.9
6.6
10. 17

12
13
14
15
16
17
18
19
20

4.3

11.7

-3.6
-1.7
-2.7

-1.2

3.6
8.1

11.3

5.5
7.9

10.0

7.2

10.3

3.7
6.8
7.6
0.5

7.0

7.7

10.1

8.9

0.4
-3.7

-3.1

5.3

11.2

6.9

4.8
10. 4

2.8
10.3

9.2

3.9
4.3

2.8
-1.0

0.9
-0.7

-5.4
-3.0

0.9
10.8

4.5

2.8
1.8

0.2

21

4.2

5.6

2.1

0.8
-3.1

-2.8
-1.2
-3.7

22
23

6.7

7.2

6. 4 7.2

4.5

-1.5

0.6

24
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Exposure time (min)
60 120 180 240 300 360 420 480 600 720 840 1200 1320 1440

1y

(Subject:
30

Table A.6 Individual hearing level data for 24 h noise exposure experiments.
0

86dB -4.3 6.5 8.9 16.517.0 21.9 20.3 23.4 23.4 26.0 29.8 24.4 28.5 27.6 32.2 25.5

6 kHz

65dB 9.6 12.411.3 7.8 7.8 9.2 9.812.811.3 13.115.517.817.3 17.2 21.4 17.3

70dB 8.5 6.5 11.4 147 9.9 10.8 11.0 14.0 13.3 15.2 23.4 16.2 13.9 21.8 18.2 18.1
65dB 9.7 13.112.1 1.5 15.1 11.6 9.0 10.0 10.2 15.2 15.9 13.9 17.5 16.6 16.9 13.3
70dB 18.1 7.3 11.3 10.0 2.3 3.2 51 7.8 3.9 8814211.312.514.3 13.5 11.6
7HdB 12.9 6.6 13.913.5 9.6 80 8111.8 7.511.124.615.916.3 20.1 15.2 13.3
80dB 12.8 12.2 12.4 10.7 16.3 12.8 17.9 17.2 16.3 13.5 16.4 14.5 18.8 32.7 34.8 22.3
83dB 7.6 15.8 21.8 25.2 34.6 22.8 24.0 25.9 23.4 22.7 27.3 27.3 18.6 32.6 31.2 28.7
86dB 5.6 20.7 25.3 30.9 36.7 35.2 36.9 37.5 33.9 37.8 38.8 46.7 38.3 43.4 37.7 40.6

86dB 10.9 25.5 31.0 34.9 35.7 38.4 34.6 36.2 37.2 36.5 38.7 35.9 35.6 39.8 36.7 43.5
CTRL 13.8 10.0 9.2 7.6 10.5 12.4 15.8 11.4 11.7 13.0 4.2 12.1 5.6 7.5 12.2 27.0

80dB 6.1 1.2 2.1 L7 7.9 57 9110.1-0.7 5.611.5 9.0 12.417.2 9.5 14.0
83dB 3.3 2.3 7.817.013.0 12.0 13.514.9 25.3 24.0 20.0 17.3 19.5 18.7 14.1 18.1
CTRL 10.2 1.2 5.8 9.2 8.911.212.415.2 11.4 13.5 6.4 8.410.213.2 7.1 13.9
75%dB 7.3 9.5 12.6 14.9 18.5 17.7 17.0 16.9 17.4 17.7 19.8 19.1 22.8 23.8 24.6 24.6
80dB 7.6 15.1 21.7 20.928.2 24.9 21.6 24.9 23.6 26.5 28.7 27.5 28.2 29.0 32.9 28.1
83dB 10.0 23.0 21.6 29.0 31.3 31.4 31.2 32.4 30.2 32.2 33.5 30.1 29.3 35.4 31.6 36.2
8 kHz

CTRL 1.3 -0.2 -1.4 -41 0.5 48 0.4 53 1.4-31-1.0-0.3-1.8 2.0 0.817.0
65dB 5.7 4.6 1.0 2.8 0.6 4.7-2.3 68 3.1 6.6 6.6 81 51 7.4-0.2 2.1
70dB -4.5 4.9 5.7-1.0 45 0.0 3.6 3.3 9.3 3.4 58 4.3 3.71L6 4.6 5.2
B 4.5 -0.7 4.3 -2.3 0.4 4.212.2 0.9 7.4 1.7 87 88 53 8811.416.5

’dB -4.1 -7.4 -4.1 -3.5 -2.0 -1.8 -0.9 0.1 -1.4 0.4 6.3 0.5-0.6 2.7 52 3.3
83dB 6.0 4.3 4.3 -0.1-3.1-0.2 0.6 0.6-0.2-0.8 28 1.8 84 50 57 7.4
86dB -4.0 4.7 -6.8 1.4 0.6 0.2 1.6 1.6 3.1 25 7.3 51 49 3.3 4.2 85
4 kiz

65dB -4.1 -7.0 -3.5 -4.6 4.5 4.7 -2.3 -2.7 -1.8 -1.4 -1.0 -0.2 0.0 -2.8 -1.0 -0.8
70dB -3.4 -4.7 -2.6 -0.8 -1.9 -1.3 -1.5 -0.3 -1.3 0.1 3.6 1.1 1.2 1L1-0.3 6.3
80dR -2.6 5.9 -2.2 -2.2 3.1 -4.1 0.2-1.6-3.3-2.0 1.2-0.9 3.3 2.0

8dB -3.7 -1.7 -1.8 -0.6 1.3 0.1 -0.5 0.3 0.5 0.5 2.1 0.0 2.5 1.9 2.8 6.5
CTRL -3.2 -5.0 4.0 -3.9 5.1 5.5 -2.3 -8.3 -2.3 -4.6 5.8 5.4 -3.2 -5.3 -3.9 -0.3

3 kHz

80dB -1.9 -3.6 -0.9 -0.8 0.0 -3.5 -1.5 0.4-1.0-0.9 1.3 1.2 1.3-40-0.7 2.0
8dB -4.9 -3.2 2.9 -2.5 0.8 3.3 -2.1 -0.8 -1.5 0.4 1.0 1.0 3.0 1.3 0.4 50

CTRL 4.9 -6.5 -3.6 -4.2 -2.0 -3.8 -3.8 -5.0 -3.1 -3.1 -5.0 4.4 4.8 -5.1 -2.8 1.0
65dB -4.9 -3.4 5.1 -5.6 -3.9 -4.1 -5.5 -3.6 -3.5 -2.2 -3.1 3.1 -2.2 -4.9 5.0 3.1
70dB -3.2 -1.5 0.8 -1.4 0.3 -2.1-0.7-0.8 0.1 -24 1.2 -0.4-0.8-0.8 1.1 3.3
7»dB -2.9 5.7 -3.3 0.2 -2.2-2.5-3.8-0.9-3.1-3.0 L3-0.1-0.9-0.2 3.2 3.8

2 kHz

Frequency
& level




Table A.7 Individual hearing level data for 24 h noise exposure experiments.
(Subject:KB)

Frequency Bxposure time (min)

& level 0 30 60 120 180 240 300 360 420 480 600 720 840 1200 1320 1440
2 kHz
CTRL 6.9 7.0 4.7 7.4 86 8210.0 6.8 2.2 3.3 50 6.6 85 1.7 6.5 6.1
65dB 8.6 10.6 6.1 9.6 88 10.4 83 9.112.8 7.1 6.0 9.0 6.0 6.1 57 7.6
70dB 12.2 7.8 8.4 10.0 6.5 10.6 10.51i.1 6.6 83 7.8 9.6 53 89 85 9.7
7»dB 10.7 12.8 1.9 -2.5 9.4 7.7 11.110.512.6 10.4 9.6 9.3 12.112.1 13.0 12.9
80dB 11.1 6.5 2.9 7.6 7.2 7.210.7 65 4.2 95 7.7 7.3 85 6.9 7.6 9.0
83dB 13.6 3.8 -3.8-1.3-1.8 0.2 6.0 44 9.8 7.2 7.5 7.6 89 7.3 9.7 7.0
86dB -4.9 -6.5 -3.6 -4.2 -2.0 3.8 -3.8 -5.0 -3.1 -3.1 -5.0 4.4 4.8 -5.1 -2.8 1.0
3 kHz
CTRL 7.7 6.2 6.4 50 50 0.2-25 57 2.0 2.3 40 4.2 3.8-2.1 0.9 2.1
65dB 5.6 11.1 6.5 80 3.5 7.9 3.2 6.8 82 1.910.3 7.2 9.2 6.810.8 7.2
70dB 10.1 12.0 8.2 9.2 10.2 12.3 11.511.9 10.3 7.1 10.6 11.2 11.913.1 10.1 13.4
B 7.0 86 6.3 7.0 8410.5 86 9.812.012.115.212.515.0 15.0 11.7 14.1
80dB 6.9 6.9 9.5 9.5 82 8113.010.4 8.913.9 7.8 14.112.715.9 10.9 12.2
8dB 7.4 4.5 4.711.4 9.610.8 14.113.2 12.415.2 9.4 10.3 17.5 15.1 13.1 11.8
86dB -3.2 -5.0 4.0 -3.9 5.1 -5.5 -2.3 -8.3 -2.3 -4.6 -5.8 -5.4 -3.2 -5.3 -3.9 -0.3
4 kHz
CTRL 6.9 1.9 3.0 229 51 1.4 1.0 54 4.0 3.3 0.7 50 3.5-2.6 0.4 4.7
65dB 3.4 5.0 5.3 3.5 47 7.9 7.3 5.510.0 7.5 9.8 84 5.4 6.6 4.4 8.7
70dB 12.0 9.4 4.5 6.1 9.110.7 4.6 8.6 6.4 2.110.3 8.0 4.6 81 4.6 6.2
75dB 6.8 4.8 5.4 7.4 6.8 9.9 82 8512.2 7.4 9.9 6.9 89123 83 8.7
80dB 4.5 3.3 4.9 3.3 42 7.3 83 9.0 6.2120 63 7.2 87 84 4.9 5.5
8dB 85 3.7 4.8 4.2 41 3.2 56 6.4 56 87 3.8 9.2 85 6.7 9.0 89
8dB 1.3 -0.2 -1.4 -4.1 0.5 4.8 0.4 53 1.4-32.1-1.0-0.3-1.8 2.0 0.8 17.0
6 kHz
CTRL 9.0 9.7 5.9 89 56 6.2 7.0 7.5 82 3.9 51 69 7.9 44 9.8 3.7
65dB 8.3 20.1 10.7 17.9 6.6 10.1 4.7 6.1 9.9 10.1 11.0 10.0 11.6 13.3 12.1 12.5
7048 8.5 7.2 11.3 87 B717.4 46 6.2 9.2 146 145 9.6 9.7 11.8 5.2 12.3
BdB 2.4 4.3 4.6 40 87 6.3 7.012.417.715.3 23.3 10.8 15.0 18.8 10.3 17.6
80dB 12.7 8.0 6.4 9.917.1 ‘8.910.313.6 10.7 13.2 145 12.7 11.0 18.6 15.8 17.5
83dB 10.9 13.7 14.1 18.5 16.4 19.8 16.4 14.1 19.6 20.2 23.2 26.8 25.4 23.1 25.5 26.4
8dB 10.2 1.2 5.8 9.2 8.911.212.415.2 11.4 13.5 6.4 8.410.213.2 7.1 13.9
8 kHz
CIRL -0.2 3.4 1.3 9.2 3.5-1.1-1.0-20 1.5 0.6 -0.7 4.3 0.4 -0.9-1.1 0.8
65dB 2.4 2.3 3.6 9.2 63 3.5 6.2 6.3 2.4 19 68 6.4 50 56 63 1.0
70dB 1.8 7.9 3.1 37 4413.9 3.8 29 57 3.6 92 9.2 80 87 5.2 7.1
75dB 0.5 1.9 3.2 7.0 64 9.1 49 7.9 7.611.013.6 5.8 10.510.0 56 9.6
8dB 3.1 1.7 50 43 3.1 40101 65 2.2 69 3.3 3.9 89 65 4.8 6.4
8dB 2.7 4.6 6.2 3.5 2.7 3.7 7.0 89 7.3129 62 7.515.512.0 7.1 6.5
86dB 13.8 10.0 9.2 7.6 10.5 12.4 15.8 11.4 11.7 13.0 4.2 12.1 5.6 7.512.2 27.0
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Table A.9

(Subject:SJ)

Individual hearing level data for 24 h noise exposure experiments.

Frequency Exposure time (min)
&level 0 30 60 120 180 240 300 360 420 480 600 720 840 1200 1320 1440
2 kHz

CTRL -8.0-10.7 -7.1 -7.7 -8.9 -7.1 -9.5 -5.8 9.5 -9.2 -7.6 -7.5 -7.3 -8.1 8.1 -8.4
65dB -7.3 9.0 -8.7 -9.1 -3.9 6.0 -4.8 -4.7 4.7 -4.5 6.2 5.7 -4.6 -5.6 -7.5 -3.2
70dB-11.4 -1.7 -6.8 -7.8 -9.3 -4.9 -6.7 -6.5 -7.7 -4.9 -5.7 -7.4 -2.9 -4.5 3.7 4.9

80dB-10. 8
83dB -6.7
86dB -9.0

CTRL 14.1
65dB 15. 8
70dB 10.4
75dB 12. 6
80dB 10. 1
83dB 10. 4
86dB
8 kHz
CTRL
65dB
70dB
75dB
80dB 12 9
8dB 7.6

5.0

R N
b e DD

75dB 9.2 6.7 6.3 -6.2 4.2 -1.5 -5.5 -1.3 -2.4 -4.4 -3.9 -2.8 -2.3 5.1 5.0 -2.9
-3.7 5.5 -1.4-1.7-1.2-3.6-31 1.7-0.2-1.0 0.8 3.6-2.5-2.9-0.3
~4.6 6.2 -2.5 4.8 4.9 -3.6 -6.0 3.3 -7.0 -1.4 -4.0 4.0 -0.8 -1.9 0.2
-6.9 2.3 -1.3 -2.5 -4.0 -2.2 -1.4 -0.5 3.0 1.0-0.9 2.4 3.0 2.8 0.9
-3.7 1.8 2.2-44 1.4-0.4 40 2.2 1.7 30 2.2-1.1 9.1-8.1 5.3
2.0 3.7 29 7.8 4.2-3.0-0.9 6.1-0.9 50 7.0 5.0 7.0 3.0 2.9
-2.1 0.3 3.4 3.9-0.4 1.8-48 0.5 0.5 2.5 0.5-0.4 1.7 -0.9 -0.5
-0.6 0.9 2.2-0.8-3.1-0.7 1.7-1.2 22 45 2.4 57 0.9 0.5 3.3
0.2-1.0 29 25 5.1 3.1 46 64 52 45 43 6.0 7.8 4.6 3.6
0.1 5.0 1.7-0.5 83 7.6 52 69 4710.3 89 10.4 10.8 10.5 11.5
-4.7 1.1 7.0 3.1 5.610.2 86 11.6 13.3 11.2 14.6 17.5 15.1 11.9 13.8
1.9 1.5 5.7 1.0 1.5-0.5 2.1-1.2-3.4 11 0.8 1.6-2.6 1.7 -2.3
1.8 229 7.2 61 0.6 L5 9.2 48 13 34 3.0 3.8 39 15 44
3.4 6.4 7.2 7.411.1 41 6.4 55 65 3.0 4110.3 5.9 86 6.3
3.5 9.8 42 41 511L5 7.6 4.610.711.6 7.51L.6 9.7 12.7 11.0
3.3 84 7.0 7.4 53 69 7.4 9.711511L5 9.812.0 9.6 9.4 14.9
2.8 6.8 81 69 7.310.111.217.0 7.6 156 12.6 12.7 14.0 14.7 12.9
10.8 12.7 14.4 19.0 16.6 19.1 20.5 18.7 17.7 24.1 24.0 24.8 25.9 19.3 22.4
8.2 9.4 23100 3.910.9147 41159 52 9.015.816213.912.4
17.913.0 19.2 14.6 14.6 17.6 20.4 20.4 21.2 18.1 19.8 21.0 22.5 20.5 20.6
1.8 12.4 11.9 16.5 15.7 9.517.4 17.9 15.2 12.9 10.1 14.0 15.6 9.1 11L.5
12.412.3 9.214.413.317.6 7.0 14.2 187 13.0 11.0 11.7 14.3 3.8 12.4
4.6 14.5 11.0 8.5 11.0 10.8 10.4 13.8 12.4 14.5 12.9 11.5 13.5 11.0 10.7
15.518.5 15.3 18.0 16.2 21.6 20.5 6.6 27.8 22.6 22.7 29.7 28.3 22.6 19.3
9.1 9.618.218.919.0 18.8 20.7 21.1 15.1 25.1 23.8 25.5 25.5 23.8 21.3
2.0 85 6.6 49 9.1 6.3 49 65 9.6 2.9 7.1 47-1.0 15-1.2
31 7.3 55-0.6 2.1 0.2 69 45 45 2.6 2.7 43 55 84 6.6
9.7 2.4 3.2 0.4 0.7-43 0.1 41 23 13 0.0 6.3 0.5 51 3.6
0.9 7.4 1.5-1.4-0.2 7.1 20 1.4 39 48 0.3 0.8 1.0 0.0 2.9
3.4 0.5 0.5-1.4 0.2 81-1.4 3.6 81 84 56 66 3.3 3.7 8.0
9.1 6.3 83 3.4 7.511.4 9.3 4.6 95 9.6 9.11 9.3 8.412.9
8.1 7.3 63 53 68135 7.515.0 7.410.1 9.2 0 4 11.1 1.3 7.0

86dB 7.4
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Table A.10 Individual hearing level data for 24 h noise exposure experiments.
(Subject :SD)

Frequency Exposure time {(min)

& level 0 30 60 120 180 240 300 360 420 480 600 720 840 1200 1320 1440
2 kHz
CTRL -5.5 -7.0 -8.6 -8.5 -9.2 -1.3-10.4-10.2 -7.6 -9.6 -1.9 -6.3-10.2 -6.7 3.0 0.5
65dB 6.9 -8.8 -6.6 -5.7 4.3 5.1 6.6 -8.6 -3.3 -2.3 4.3 -1.3 -3.7 -3.8 -5.3 -2.9
70dB -1.4 0.8 -0.7 1.3 0.2 -0.2-1.2 0.3 -0.9 3.7 -2.8-0.7 2.8 3.4 2.4 4.1
75dB 0.7 2.5 3.3 0.4-0.1 0.5 2.5 3.6 1.2 2.5 40 55 2.5 2.3 -0.1-1.2
80dB 0.0 2.0 -1.5 4.6 3.5 3.4 2.9 1.7 4.3 3.2 47 7.2 3.1 3.7-0.3 6.0
8dB -1.4-2.3-1.1 0.8-1.7 2.4 2.1 3.8 2.9 1.5 1.6 3.6-0.9 3.1 2.4 4.7
8dB 0.0 0.2 -1.9-0.5 1.2 1.7 1.2 1.6 53 51 68 7.9 47 4.9 87 5.9
3 kHz
CTRL 2.8 0.9 2.3 -0.5 -1.1 -2.7 -1.4-9.3 0.8 -1.3-11.0 -1.0-12.4 -5.1 1.2 -2.5
65dB 4.5 2.5 -7.5 2.9 -2.5 0.0 1.5 3.2-2.6-3.8-1.5 1.9-2.0 44 1.9-1.7
70dB 1.9 4.8 2.3 82 55 2.4 2.3 2.6 3.2 49 43 3.8 7.9 6.5 3.6 6.5
B 4.9 1.6 2.8 51 6.9 3.4 7.0 7.1 5.9 7.7 8810.7 9.7 84 7.7 7.3
80dB 4.9-0.3 57 7.8 9.2 9.410.1 85 12.6 7.0 125 13.5 12.8 13.5 10.0 13.0
8dB 2.9-1.2 1.9 7.4 6.0 84110 9.412.2 9.3 9.910.5 9.6 11.2 11.7 13.9
8dB 6.5 1.9 6.511.912.713.211.112.2 14.917.419.2 18.2 17.8 15.1 21.5 18.3
4 kHz
CTRL -7.2 -6.8 -6.5-10.7 -6.7 8.4 -7.2 -8.7 -6.8 -8.1 5.7 -3.7-10.3 -6.4 5.5 -3.3
65dB 5.2 -7.9-10.2 5.2 5.6 5.5 -5.6 6.4 4.7 -5.1 -1.8 2.0 -5.8 -4.5 4.2 6.5
70dB -3.8 1.3 -2.7 -4.3 -3.1 -1.8 -1.4 -2.4 -2.9 -0.5 -0.3 0.7 0.0 0.0 -3.3 -2.6
75dB -2.7 -3.5 -1.7-0.3 0.5 1.2 2.0 3.3 -0.5 2.8 3.8 6.6 44 53 0.6 1.7
80dB -4.6 -7.2 -4.8 2.8 1.9 2.8 2.1 44 7.4 7.7 7.011.6 8.410.4 9.7 10.4
83dB -5.9 0.6 3.110.7 5.812.9 9.510.6 12.3 11.4 12.4 13.3 10.6 10.4 9.3 11.7
86dB -5.4 1.4 3.3 10.517.115.9 12.8 17.0 22.2 23.1 21.9 22.7 21.9 17.6 23.0 20.8
6 kHz '
CTRL 3.1 3.7 3.4 38 2.6 6.5 2.5 4.6 0.4 0.6 6.4 3.6 3.1 4.4 2.2 2.9
65dB 7.8 7.0 5.6 5.4 3.2 59 7.8 81 9.4 7.8 6.8 7.9 9.310.912.6 10.2
70dB 8.6 3.910.710.2 80 7.6 6.611.8 6.2 12.421.4 5.813.713.211.6 12.9
75dB 10.2 10.8 7.0 7.5 10.0 9.0 13.311.515.213.116.1 16.2 15.0 21.6 26.1 13.4
80dB 10.2 12.8 10.4 15.6 15.3 19.5 17.5 16.1 18.3 20.5 18.3 20.4 21.1 277 20.7 24.3
83dB 5.3 15.6 18.4 21.1 20.5 18.9 21.8 24.0 20.2 23.5 22.3 24.2 24.4 23.7 23.8 21.2
86dB 5.7 13.6 16.1 25.7 25.5 28.2 27.4 21.5 28.6 32.6 30.3 29.8 29.9 29.9 27.5 31.0
8 kHz
CIRL -0.6 1.1 1.8 7.7 59 1.8 1.5 2.2-0.6 17121 3.1-0.8-0.6-0.1-1.2
65dB 4.1 5.5 5.1 3.9 81 3.4 7.6 54 5.6 9.7 7.7 4.2 6.4 7.3 8.8 4.6
704B 7.3 3.1 48 7.7 50 1.1 0.5 5.6 2.8 41 58 82 40 2.6 4.911.3
75dB 8.9 3.2 2.0 6.9 9.9 84 9.4 57 13.812.8 8810.3 9.8 6.112.511.3
80dB 3.7 8.3 7.6 6.911.0 9.0 14.0 10.8 6.0 81 12.511.4 13.0 12.8 18.8 14.3
83dB -0.1 5.0 6.811.810.711.512.710.2 9.6 11.7 16.6 19.4 16.1 12.8 20.0 18.3
86dB -2.0 2.2 11.9 14.7 12.5 21.3 21.8 17.4 16.6 16.2 20.5 21.7 20.2 23.8 19.4 19.9
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Table A.12 Individual hearing level data for 24 h noise exposure experiments.
(Subject: §)
Frequency Bxposure time (min)
& level 0 30 60 120 180 240 300 360 420 480 600 720 840 1200 1320 1440
2 kHz
CTRL -0.3 4.1 -4.0 -1.5 4.7 -8.4 -2.8 -2.5 4.9 -3.3 -4.0 -3.3 -3.1 -2.0 4.6 -4.5
65dB -5.4 -1.8 0.2 -0.7 4.2 0.9-0.6 1.7 2.1 1.8 54 6.2 3.1 3.6 2.5 3.6
70dB -7.1 3.6 1.0 0.5-1.8-1.2 0.5-0.8-1.7-0.2 2.2 4.8 3.0 2.4 2.8 3.1
5B 2.9-0.8 0.8 3.1-0.8 1.7 2.3 2.8 0.7 -0.5 4.4 2.9 4.0 7.0 1.4 6.1
80dB -4.7 0.0 -3.9 5.0 0.5 0.9-1.8 2.5-3.7 3.9 0.5-1.6 1.4 4.4 1.4 5.2
83dB -3.1 3.2 3.3 -1.7 4.8 -0.4 1.9-2.0 2.3-0.8 44 1.5 3.9 69 3.2 2.9
8dB 3.4 -1.1-0.9-0.4 6.6 2.5 6.4 1.4-0.3 2.7 2.2 7.7 2.9 6.8 9.1 8.2
3 kHz
CTRL -1.4 2.7-9.3 1.3 1.9-5.0-8.2-4.2 -2.8-11.1 -8.5 -7.2-11.1 -7.7-11.0-10. 1
65dB 0.1 -2.2 1.4 2.9 80 2.7-0.5 3.2 0.6 0.5 57 6.4 56 53 4.8 1.7
70dB -0.3 -4.3 -3.6 -1.1 0.7 -0.8-1.1-0.8 1.7-3.4 4.5 3.8 4.3 3.2 4.7 2.6
75dB -3.8 2.5 -0.7 6.5 9.7 80 2.8 9.1 1.3 0.914.211.412.8 6.9 9.6 11.1
80dB -2.2 2.3 2.3 3.5 6.8 8.3 1.9 82 5.4 9.9 51123 9.0 65 4.0 6.5
83dB -8.4 6.0 4.1 -0.2 3.1 2.7 2.8 2.7 6.1 3.3 61 6.1 9.8 87 80 6.5
86dB 2.5 0.7 -0.2 3.6 7.3 6.1 85 7.5 7.3 7.8 11.411.515.4 13.7 15.4 11.3
4 kHz
CTRL-12. 6-12.8-13. 7-12. 4-11. 2-12.3-11. 5-13. 1-14. 7-13. 6-13. 6-14. 4-13. 9-12. 8-15.8-13. 7
65dB-12.5-10.6 -7.8 -1.5 4.6 -1.8 -3.5-1.2 -2.9-3.2 2.3 51 2.3 1.8 0.8 -1.9
70dB-10.5 -7.3 5.8 -2.4 -3.7 1.4 -4.0-2.3 0.9 -2.3 2.5 2.1 0.3 0.0 -1.5 -3.3
75dB-11.4 -8.5 7.2 -1.6 0.6 -0.7 -0.8 2.2 1.6 0.8 1.4 2.2 6.5 56 4.9 5.4
80dB-14.1 -7.8 -6.4 -2.7 -3.4 1.9 -0.5 1.6 -0.4 1.6 41 3.7 4.2 6.1 3.9 4.7
83dB-15.6 0.7 1.2 7.3 11.211.212.912.7 14.3 13.117.4 18.9 21.7 18.5 18.8 18.7
86dB -8.7 -1.7 7.0 16.4 20.8 18.9 17.8 20.3 18.8 19.4 21.8 23.2 20.7 26.9 25.0 26.7
6 kHz
CIRL -6.9 -8.0 -8.2 -6.9 -8.1 -8.0 -7.3 6.4 -7.3 -7.5 -7.1 8.6 -7.3 -5.2 5.1 -7.8
65dB -6.2 -6.4 -4.9 -0.5 6.1 4.1 -6.7-5.1-6.1-5.0-0.2 1.7 0.1 17 1.3 2.2
70dB -3.4 -2.1 0.4 0.4 -1.1 -1.1 -2.6 0.5-1.7-1.2 0.4 2.7 1.5 L5 0.4 1.8
75dB -7.7 -4.7 -2.4 3.7 -1.3 -1.2 -3.0 2.2 1.0 0.4 49 52 53 7.4 4.4 5.9
80dB -6.1 2.2 -2.4 2.3 3.5 3.1 L2 57 49 3.810.1 9.7 8.916.613.2 12.6
83dB -4.8 11.9 13.7 18.1 22.0 20.8 25.0 27.1 24.5 26.9 27.4 28.5 30.0 32.3 32.1 28.8
86dB -4.3 13.2 18.0 22.9 22.8 75.8 24.4 27.5 29.3 28.9 29.4 31.2 32.1 37.9 38.9 36.1
8 kHz
CTRL 1.2 4.9 54 42 43 1.2 58 57-23 49 41-1.2 60 62 67 3.9
65dB 0.8 7.4 7.5 7.711.1 7.5 9.9 8.7 4.411.013.7 15.0 14.0 14.3 10.6 10.3
70dB 9.0 12.6 13.5 14.2 13.9 10.5 12.9 8.6 10.8 11.3 12.7 13.5 12.6 10.8 12.4 12.9
75dB 1.7 4.3 12.3 10.7 11.5 12.4 10.7 11.1 15.8 17.8 14.5 15.8 15.9 22.7 14.7 18.4
80dB 2.4 10.2 10.0 14.1 14.5 15.9 16.7 12.7 16.8 15.4 18.6 19.2 20.0 24.3 22.8 24.2
83dB 0.1 21.122.7 25.330.428.928.032.830.233.231.931.2 33.3 42.9 36.3 34.0
86dB 6.8 23.3 24.9 30.0 33.5 32.4 33.3 33.8 36.8 34.1 32.1 35.8 35.8 42.2 40.8 38.7
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Table A.13 Individual hearing level data for 24 h noise exposure experiments.

(Subject: H)

1440

Frequency Exposure time (min)
& level 0 30 60 120 180 240 300 360 420 480 600 720 840 1200 1320
2 kHz
CTRL 6.4 6.1 6.7 7.6 6.6 2.5 55 7.0 7.0 88 7.810.311.9 47 8.6
65dB 1.0 9.9 7.612.8 7.5 9.013.1 7.2 13.516.7 10.5 12.6 12.1 13.4 6.4
704B 4.1 11.7 8.1 6.711.810.2 9.611.3 8.013.9 91 4.2 6.310.4 7.3
75dB 6.2 14.7 12.0 9.1 5.9 87 9.7 88 7.7167 9.012.4 82180 14.6
80dB 4.3 12.9 11.5 15.4 16.5 12.5 14.3 12.7 12.2 13.5 16.3 15.2 17.1 12.8 16.7
83dB 9.113.015.416.013.211.913.214.912.3 15.813.5 8.1 14.7 14.0 16.3
86dB 7.4 14.2 9.0 17.8 16.9 14.2 13.9 12.2 14.0 18.0 16.6 18.1 20.7 17.9 21.1
3 kHz
CTRL 5.7 -1.5-2.3-0.8 1.0 1.6-3.9-3.5 2.2 41-1.0 0.4 0.2 41 -2.0
65dB 6.1 6.3 0.1 2.1 89 0.7 3.9 3.6 80 58 7.0 9.5 4.7 7.7 4.8
70dB 3.0 -2.4 3.1 7.7 5.6 86 19 6.0-2.8 2.3 58 31 4.9 57 5.1
75dB 3.3 -1.4 7.3 11.8 9.8 4.5 4.9 6.910.316.6 9.811.4 7.414.0 7.2
80dB 8.7 11.8 8.213.417.2 13.412.713.0 14.0 14.6 15.8 14.4 17.4 12.8 20.1
83dB 16.8 13.1 20.921.119.3 21.3 19.923.8 17.9 21.8 22.1 19.6 23.5 23.1 22.4
86dB 4.117.110.8 18.119.1 18.3 21.0 18.0 19.2 20.2 23.7 25.0 24.0 25.1 24.8
4 kHz
CTRL 1.5 -4.0 -3.6 -8.5 -3.5 -0.2 -3.6 2.9 0.5 0.5 50 0.3 1.2 0.6 -3.3
65dB 3.2 2.2 2.6 -2.2 2.2-2.4 0.8-0.6-2.9 17 7.6 32 48 12 9
70dB 4.8 3.4 3.1-3.2-0.4 2.1-4.0-49-8.9-1.2-9.4-25-7.5-6.2 0.3
75dB -0.6 5.7 0.7 4.2-0.5 7.5-3.0 16 2.7 9.7 51 3.8 4810.5 2.9
80dB 6.4 4.2 5.0 44121 5.6 59 3.7 7.010.410.2 82 9.5 9.2 11.6
8dB 5.0 9.313.014.313.012.8 11.7 18.8 13.3 14.7 20.9 16.3 16.8 17.1 16.3
86dB 0.6 11.0 9.5 14.2 19.4 18.3 16.0 12.9 15.6 16.5 18.9 21.8 20.7 21.8 22.2
6 kHz
CTRL 3.8 4.4 0.0 2.0 7.0 7.3 6.0 2.4 5.4 60 2.3 4.0 52 6.2 3.5
65dB 5.2 3.9 6.111.611.911.414.011.1 12.0 11.0 15.1 12.3 10.7 15.5 9.6
7048 8.8 7.0 9.6 6.3 6.510.9 11.9 11.0 10.2 11.3 11.7 14.6 14.5 13.2 5.8
75dB 9.3 10.0 16.0 10.5 21.2 12.0 12.0 21.7 19.8 15.5 20.0 12.6 18.5 13.9 19.5
80dB 7.6 14.1 12.6 18.0 20.3 16.7 14.0 20.7 19.1 25.8 20.5 24.5 18.8 22.7 37.3
83dB 8.213.112.913.615.717.8 21.217.9 15.8 18.6 20.0 21.1 21.5 27.2 24.5
86dB 8.5 17.0 18.3 22.2 23.2 20.1 27.4 24.0 31.3 34.8 36.9 32.8 36.0 42.9 27.8
8 kHz
CIRL 3.1 5.3 11.1 9.3 7.6 6.3 9.2 7.8 85-0.7 6.6 9.9 6.9 53 3.3
65dB 8.5 5.7 11.0 7.4 1.4 45 7.8-0.3 55107 7.4 2.3 6.6 4.0 7.2
70dB 12.3 12.4 7.5 9.3 5.6 83 1.5 57 11.11L8 9.7 87132 93 19
BdB 7.3 5.1 6.0 6.5 7.4 85 7.9 2.5 2.2 0.7 2.4 4.9 3.910.0 8.7
80dB 8.7 9.5 9.0 10.5 9.8 7.5 7.4 9.6 9.912.8 11.9 13.0 11.8 15.4 12.2

8dB 84 56163 9.110.112.7 45 89 2.0 87125 10.517.2 13.6 12.5
86dB 7.8 6.8 7.612.4 8.8 11.8 13.111.2 13.0 13.8 2.7 21.1 17.7 17.6 17.4

5.0
-1.5
3-3.5
5.8
9.9

8.8
17.5
19.9
25.9

14.9
23.0

7.2
15.6
10.3
13.4
23.9
18.7
35.5

4.3
5.9
7.6
9.0
16.3
13.2
19.7
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2.1
0.3

83dB -3.9 5.5 6.4 -8.9 6.5 6.2 ~7.0 5.8 5.5 -2.1 6.2 -5.0 4.5 -8.1 -5.8 6.5
3.4 1.3

6.5 6.212.8 86 61 9.2 7.9

8d 2.3 2.0 0.9 7.3 10.414.7 9.3 9.0 7.110.1 5.210.910.511.312.9 7.7
8510.5 9.414.312.3 14.4 18.7 13.3 25.5

23-0.9 0.6 35 3.2 41 25 2.2 -84
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Exposure time (min)
60 120 180 240 300 360 420 480 600 720 840 1200 1320 1440

84183 7.1-0.9 54 9.1 7.2 7.0182 9.2 9.7 65 5.7

Individual hearing level data for 24 h noise exposure experiments.

(Subject: F)
30

0

Table A.14
8dB 2.5 5.0 3.3 82 1.3 3.6 43 52 55123 9.7 9.510.312.3 8.4 10.9

86dB 0.2 -2.4 3.7 46 9.0 7.0 8211.712.910.613.2 14.512.7 17.5 12.0 17.6
4 kHz

8dB 4.8 51 54 96 81137 9.9 86 9.312.112.111.511.510.6 10.4 7.2
8d 2.4 0.9 2.3 1.3 50 48 35 7.0 9.2 9.613.010.613.9 88 12.3 12.7
86dB 2.0 2.2 6.8 9.711.111.2 14317.814.2 141 19.6 18.8 17.7 18.9 18.9 18.2

6 kHz

83dB 3.0 3.5 1.9 42 7.2 7.0 83 47 4.4 89 89 7.511.812.2 14.4 18.2
86dB -1.2 -0.6 1.9 5.3 89 5.5 8914319.615010.913.213.6 16.7 20.1 13.8

80dB 9.9 -1.2 3.610.0 63 83 31 7.2 83 93126 10.9 9.810.415.4 9.8

70dB 1.0 1.0 2.8-2.0 44 4.1-0.8 0.9-44-0.4 49 3.8 1.1 59 6.1 4.9

CIRL 2.9 1.0 -2.0 2.910.0 12.3 140 59 -2.4 -1.7-1.7 2.5 0.9 -1L.6 -0.9 -3.7
75dB -0.9 4.4 2.3

86dB 4.9 5.4 7.412.017.410.3 14.616.9 20.9 19.2 20.2 22.3 23.3 22.3 28.9 25.4
65dB 1.5 -0.7 -0.7 -0.6 2.6 6.0 0.6

8 kHz

80dB 8.8 4.2 5.910.510.913.1 89 82 8.011.412.5 8710.912.117.8 6.5

7dB 2.3 3.2 4.014514.0 53 69 91100 7.9 7.618.211.3 9.3 10.4 8.8
8dB 7.4 7.0 85 88154 11.6 1.5

B 2.7 0.2 2.8 1.51L.2 2.9 1.9 3.5 3.9 57 4214.011.8 7.6 4.8 6.4
65dB 2.9 4.1 2.4 15138 61 51 2.7 2.110.4 7.3 84105 60 6.9 -1.3
7048 2.7 3.710.6 3.012.5 9.013.4 50 2.2 63 7.110.1 2.8 3.4 6.4 5.0

7048 2.7 3.9 0.7 45 2.9 7.0 4.8-23 1.6 41 47 3.0 0.6 6.4 0.4 6.3
CTRL 0.0 0.7 -1.6 2.6 -3.8 -2.0 -0.5-0.8 2.5 L4-0.2 4.9 2.1-9.6 0.9 -2.5
65dB 5.1-1.0 2.8 1646 83 0.3 2.7 1.7 54 3.0 1.5 87 59 1.6-13
70d8 4.5-1.0-0.9 1.1-0.8 1.9 0.5 0.5-0.8 L1 L3-0.1 29-2.3-32-3.9

65dB 5.4 2.5 3.7-11-0.5 84 3.8 25 3.3 69 9.3 69 7.2 3.2 7.6 12
CTRL 4.7 2.0 5.7 64 6.8 9.111.3 84 3.7 43 0.9 0.6 -1.3 4.3

80dB -3.8 1.7 -5.6 -2.1 -1.4 -1.5 -3.3 1.2 -2.5 1.8 1.5-3.5-3.0-2.7 0.3

86dB -5.9 5.1 -3.0 -2.4 0.5 4.1 -5.8 -2.9 -5.3 -0.1 1.2 0.0 -5.6 -3.1 -0.5 1.0
3 kHz

CIRL 2.3 2.4 0.5-0.9 45 2.7 58 0.1 3.7 0.3-1.3-0.1 3.7 1L2-7.1-44

70dB -6.8 -1.3 -0.9 -8.2 4.0 4.9 -1.2 -1.1 -3.0 -2.2 -3.4 -2.0 -2.5 -7.0 -9.1 -3.3
75dB 5.1 6.6 -5.2 0.7 2.9 4.4 0.8 -5.3-1.3-0.6 3.5-0.3 -2.8 3.1-7.0

CTRL -4.3-11.1 -3.1 -2.2 3.1 4.1 -4.2 -2.4 4.3 -5.6 -4.3 -5.4 -6.4-12.0 -7.8 5.7
65dB -4.6 -7.4 -7.6 -8.1 -2.5 -7.1 -6.5 -6.4 0.3 1.8 -1.4 -2.7 4.8 -5.5 6.5 -2.6

HdB 5.0 4.3 7.0 3.713.3 4.2 54 59 63

2 kHz

Frequency
& level




Table A.15 Individual hearing level data for 24 h noise exposure experiments.
(Subject: M)

Frequency Exposure time (min)
&level 0 30 60 120 180 240 300 360 420 480 600 720 840 1200 1320 1440

2 kHz
CIRL -6.3 0.3 -3.7 -0.5 4.0 -3.1 14 0.3-0.5-29 0.0-1.4-1.1 3.0-3.9-13
65dB 0.5 -3.0 -6.3 -3.2 0.4 -1.4 -2.3 4.0 3.0 -23 58 38-0.5 1.4 1.2 3.1
70dB -1.0 -1.3 0.4 3.2 3.2 1.8 3.4 6.0 1.5 45 57 4.3 49 3.6 0.4 4.4
75dB -1.1 0.8 0.8 8.8 4.1 3.2 45 59 3.9 6610.4 9.0 8010.9 7.0 10.1
8B -1.6 1.7 2.1 30 3.3 7.7 52 30 7.3 3.0 7.4 7.9 6.3 6.8 6.0 5.4
83dR -1.1 4.4 3.7 53 2.8 46 7.5 46 50 7.9 7.9 7.1 7.0 7.5 57 7.6
8dB -1.4 0.6 -0.1 1.0 47 3.8 48 33 3.8 43 3.9 85 5.2 8110.0 6.7
3 kHz
CIRL 80 51 2.9 62 3.0-25 26 0.7 3.2 1.0 1.4 1.2 3.8-1L5 0.6 -3.0
65dB 2.2 1.0 -0.9 4.5 45 2.7 55 97 47 7.2 8511.0 6.9 80 9.3 7.9
7048 4.0 5.9 7.511.710.8 12.3 13.4 15.8 12.5 13.5 15.1 15.7 15.5 17.3 15.7 16.5
75dB 5.5 7.0 9.1 10.0 13.5 11.6 13.516.8 13.0 13.0 17.2 17.0 14.1 15.8 14.8 16.4
80dB 6.2 5.8 11.415.2 13.0 14.7 16.6 17.1 18.9 16.6 18.5 18.5 17.5 19.9 21.3 20.5
83dB 4.6 6.5 8613.416.119.019.319.3 20.0 184 24.2 21.0 22.1 21.5 22.1 23.1
86dB 3.8 8.6 12.4 22.9 21.5 20.7 23.5 26.7 23.7 25.2 27.6 26.3 25.5 26.5 29.2 28.4
4 kHz
CIRL 5.1 4.7 41 56 16 1.5 1.9 2.2 2.4 1.3 42 3.2 41 43 6.4 1.5
6dB 0.5 -0.5 -0.9 -0.3 1.5-2.2 43 2.3 7.7 6310.7 9.6 9.2 2.5 6.3 5.2
70dB 4.8 7.0 4.1 7.9 86 86 93 9.3 10.814112.011.6 10.7 13.7 8.3 14.5
75dB 3.1 6.0 6.6 9.9 89 11.610.513.713.1 13.6 13.8 12.8 16.1 15.7 10.8 15.0

80dB 2.9 8.3 9.315.514.017.817.0 18.8 18.7 147 17.7 21.5 18.7 20.5 19.9 19.5
83dB 3.8 14.3 18.2 24.1 21.0 25.8 26.9 28.5 28.5 28.7 30.6 27.7 32.2 28.4 29.1 28.6
86dB 6.2 18.4 20.5 30.0 32.3 32.3 33.1 33.6 34.5 35.8 34.4 35.7 34.7 34.1 37.0 30.1

6 kHz

CTRL 4.7 5.6 3.0 67 6.9 3.1 1.6 2.4 41 2.6 0.3 2.7 41 19 1.7 4.5
65dB 4.5 6.9 0.8 1.2 1.2 2.6 3.0 7.7 5.3 49 80 9.1 67 69 3.0 9.8
70dB 0.3 4.0 .46 7.7 7.9 6.6 7.310.1 5.513.812.2 9.2 9.612.2 8.9 9.1
7548 4.1 4.3 5.8 7.8 82 87 60120 9.1 9.5 6.910.6 153 11.110.8 1.6
80dB 2.3 6.7 10.0 7.111.812.9 81122141123 12.815.0 15.0 19.5 19.3 21.2
8dB 7.2 81 10.320.112.816.617.717.117.120.520.0 21.1 21.1 17.2 19.7 22.5
86dB 2.2 11.7 14.0 20.8 22.3 24.4 24.4 26.9 23.7 25.7 27.5 31.3 23.2 23.9 30.4 27.0
8 kHz

CTRL 2.3 -3.5-0.3 2.1-0.9-0.6 6.3 0.7 2.0-38 2.0 2.1-3.0-0.8 -1.7 1.5
65dB -1.8 4.0 3.0 0.7-1.9 1.3 0.5 1.4-1.6 0.6 1.2 4.0-1.3 -40 2.0 4.0
7048 -5.1 2.1 1.5 -0.6 0.2 5.9 2.4 47 1.0 53 47 2.1 2.7 3.9 7.0 1.4
75dB 2.1 1.3 -4.1-0.7 58 1.1 67 7.5 3.5 0.1 3.5 9.3 6.4 50 2.5 3.9
80 7.1 0.2 0.0 0.5 2.4-0.4 1.2 3.1 8.4-0.1 2.2 3.5 2.6 6.9 10.6 10.2
83dB -4.7-3.1 1.0 60 3.7 40132 89 9.012.813.412.516.2 9.7 12.6 11.8
86dB -2.4 0.0 4.2 8916.415.013.017.913.2 18.715.2 20.1 18.3 16.8 24.2 21.6
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Table A.16 Calculated values of TTSe. at 500 Hz. Exposure noises are
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Table A.17 Calculated values of TTS: at 1 kHz. Exposure noises are

continuwous white noise.
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Table A. 18 Calculated values of TTS2 at 2 kHz.
continuous white noise
(dB)
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0.A SPL
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Table A.19 Calculated values of TTS. at 3 kHz. Exposure noises are

continuous white noise.

Exposure time
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Table A.20 Calculated values of TTS: at 4 kHz. Exposure noises are

continuous white noise.
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Table A.21 Calculated values of TTS: at 6 kHz.
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Table A.22 Calculated values of TES: at 8 kHz. Exposure noises are

continuous white noise.
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16 h 24 h

2h 4h 8h

4min 8min 16min 30min 1 h

2min

(dB) (dB)

e e A N NN NA ORI B~ 0 R D NAIR~ R S NGRS SN DS o
vty v e e eed O3 O N NN 0O WO L0 OO DO D
RXARX XX
O N MO O 0 D DO D LA D DO 000 N e N 00 DO S D I 00

e e e e e N O N O R e S LA LA D e e 00 O e N e A e O O D M NS N oo o oo
KRR F

CO O i D QO D LA 00 i Ly O o GO T 00 WO LA L WD O on 00 WO WO 00 N O LN o D <H GO O
O~ 0 O i <D SN O IO OOt vt 00O LA LD DO OO D O 00D O~ O o
e B B B S B B BN Bie et BE S B e s S e RS U Yo N T
O D0 DN LN~ OV D O 00N o O D NN AN O N e D o0 on WD < O en LA

Lo B e B e B B e B B B BES AR SN B SR a NN S Sl S o)

N WO O~ D NI N OO N OO oN OO N D00 N 00N
S S ST S el A N NNEA R A IR BN ORS RO 0D NI O ol
— oy g e e e OO OO OO O o

UL O O~ 00 O O rd (N O CO D NI N O e O H e 00O LN LA O O O B~ O O o & O I
R - R R - e T T B e B R e Ve BV B S R N R R =l e B R - R = e
vl v ] yed e et SO NN 0Oy oy

AU N O~ 0 DO N OO NUND —INO DU — O OO OO i O <
NN N N LN DO O 00O e NN O E P OO De NP OO WD en NN e 0O e S
R R s B e R B

e o e TN NN AP NN OO 0T A NN N D N D e D D OO

: Spectrum level

5. L.

: Overall sound pressure level,

0.4 SPL

-181-




Individual hearing level data for 8 h road traffic noise

Table A.23

{Subject:A)

gxposure experiments.

Exposure time (min)

Frequency

30 60 120 180 240 300 360 420 480

0

& level

2 kHz

2.4
8.7

2.8
-5.3

-1.9 4.7
7.5

6.9
4.3

4.8 6.1
-1.7

5.8
-8.4

87 dBA
85 dBA
88 dBA
91 dBA

6.1

-1.4

6.7

1.4
4.2

4.1

(Ko}

4.6
1.5

1.6
6. 6

o

0.7 2.1

4.7

-6.1

6.1

6.6

3.9

6.5

4.2

0.9

2.9

4 kHz

.9 -1.8
-1.7 -3.4

-1.8
-1.6

0.0 -0.6
-0.6
-0.1

1.2
-5.6

-1.5
-0.7
-2.0 -3

1.2
-2.6

1.4
-2.6

-0.2
-4.3

82 dBA
85 dBA
88 dBA
91 dBA

-2.2

-2.0

-3.1

0.5

-3.5

1.6
1.5

.5

0.1 1.1

6.2

-3.6

-1.3

1.3 0.6 -1.7 0.0

0.0

6 kHz

5.3 5.6
3.9 2.2

4.8
1.5

10.0 5.8 8.6
4.3
7.2

5.9 © 6.6
2.3 4.2
4.1

2.2

1.6
0.3

82 dBA
85 dBA
88 dBA
91 dBA

3.3

6. 6
7.3

4.5

3.4
6.0

0.5 2.8 4.2
1.4 0.6

8.5

1

5

7.9 2.0

4.8

5.1

7.5

5.3

Individual hearing level data for 8 h road traffic noise

Table A. 24

{Subject:B)

exposure experiments.

Exposure time (min)

Frequency

30 60 120 180 240 300 360 420 480

0

& level

2 kHz

-7.8 -7.2 -12.1
-5.3 -7.0

-6.9

-5.12

-3.5
-9.1

-8.8

82 dBA
85 dBA
88 dBA
91 dBA

-8. 1

-7.2

-9.5

-7.3 -6.6 -5.7

-6.9

2.6
1.1

3.0 -0.7 5.0

-3.8 -5.3 -2.8 -5.4
-1.5

-6.9

-6.4

1.5 3.6

-1. 4

-0.6

-1.2

-8.7

-5.1

-2.3

-3.8 -1.5 -0.6

1.7

-4.9 -4.7 -4.5 -4.6

91 dBA

6 kHz

3.6
-2.8

-0.5

4.3
-2.8

6.3

3
-1.8

-3

2.9

-0.8
-4.7

-3.3

1.2
4.0

82 dBA
85 dBA
88 dBA
91 dBA

1.5

-1. 4

-4.8

-3.3
-3.4
2.5

-4.0

3.1

-5.0 5.9 1.3 4.5
4.7

3.9
-0.3

4.4

5.4

5.0

o

5.4
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Table A.25 Individual hearing level data for 8 h road traffic noise
exposure experiments. (Subject:C)

Frequency Exposure time (min)
& level 0 30 60 120 180 240 300 360 420 480

2 kHz

82 dBA - - - 17.9 17.8 14.2 16.6 17.5 16.0 17.0
85 dBA 6.5 9.6 12.6 10.0 10.5 17.6 18.3 16.9 23.2 19.5
88 dBA 7.2 5.7 19.5 19.4 19.8 19.4 23.8 27.4 29.6 23.1
91 dBA -1.0 -0.8 4.5 10.6 9.0 83 14.3 154 14.9 19.0
4 kHz

82 dBA 6.3 6.2 4.5 10.6 10.4 12.0 57 36 6.9 5.8
8 dBA 1.9 2.9 1.0 0.0 3.8 0.0 1.5 1.4 -0.4 3.8
88 dBA 4.4 -0.2 5.0 5.6 2.8 3.4 2.4 7.2 3.9 3.8
91 dBA 1.0 2.5 2.5 6.7 56 1.2 38 1.2 3.2 5.7
6 kHz

82 dBA 7.7 7.4 5.2 8.7 85 12.4 89 81 7.2 6.6
8 dBA 9.9 4.2 5.3 7.3 89 51 45 66 6.9 7.0
88 dB4A 6.8 2.9 4.0 3.3 56 3.2 4.6 57 7.0 2.9
91 dBA 3.1 0.9 1.8 4.9 49 0.4 1.1 57 39 1.1

Table A. 26 Individual hearing level data for 8 h road traffic noise
exposure experiments. (Subject:D)

Frequency Exposure time (min)
& level 0 30 60 120 180 240 300 360 420 480

2 kHz

82 dBA - - - -1.7 -2.6 -0.6 -5.0 -0.5 -0.9 -1.3
85 dBA -2.5 -0.4 1.6 0.0 1.3 1.0 31 7.2 L7 5.7
88 dBA -0.5 6.7 5.2 6.1 9.3 9.4 6.7 6.8 84 8.4
91 dBA -0.4 1.5 -0.1 5.4 3.9 9.7 7.0 86 80 9.6
4 kHz

82 dBA -0.7 -0.1 -1.0 -1.4 -0.3 -2.6 1.2 -4.3 2.2 -0.9
85 dBA -2.4 -7.7 -5.5 -4.5 -39 -0.5 -L.0 3.6 -41 1.2
88 dBA -4.7 -2.2 -0.8 1.4 -0.5 0.2 -1.4 3.9 2.6 2.5
91 dB4 0.2 -1.6 -0.3 3.4 0.9 -2.3 1.6 56 1.5 2.9
6 kHz

82 dBA -3.6 -1.6 -2.4 -0.1 -0.4 -5.6 -6.3 -1.4 -6.3 1.2
85 dBA -1.5 -7.8 -1.8 -0.8 -2.9 -0.2 -2.3 -51 -0.6 -1.6
88 dB4 0.7 -3.8 2.3 0.9 2.7 0.8 0.2 -55 -0.5 -2.8
91 dBA -0.6 0.0 -1.2 -5.2 1.0 0.4 1.5 2.3 0.2 -2.5
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Individual hearing level data for 8 h road traffic noise

Table A.27

(Subject:E)

exposure experiments.

Exposure time {(min)

Frequency

30 60 120 180 240 300 360 420 480

0

& level

2 kHz

-2.3

-1.9
1.7
3.0
7.5

-0.1

82 dBA
85 dBA
88 dBA
91 dBA

5.1

3.6

2.2 4.2
-0.1

1.2 -0.2
-1.8

-0.8

.3 2.8
4.9 5.7

1.
-1.

0.4
-0.7

5.5

5.9

1

4 kHgz

NP

6.7
3.7

6. 6

7.6
6.5

9.3
3.8
6.5

8.2
4.4

9.9
3.7
5.4

7.0

8.3
6.1

1.8
2.5

4.1
6.9

7.8
2.8

82 dBA
85 dBA
88 dBA
91 dBA

6.5

5. 4
7.8

5.2
6.5

4.5 4.7
5.9

5.0
1.9

8.8

8.1

9.3

6.0

6 kHz

3.3
-1.3

2.3
-0.7

4.4
2.1

6.9
-0.3

9.3

0.7 3.2 4.1
-0.3 -0.3

82 dBA 4.1 10.7
85 dBA

88 dBA
91 dBA

2.0
-1.5

1.3
1.7
-2.4

1.3
1.8
0.6

1.0
1.3
2.9

0.2

2.0

0.6
-0.7

2.0

9.1

2.1

-0.7

2.9

2.2

0.3

1.6
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