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F I•I Ba_k_'£o_nd

• ' F Sinc_ _he inr.roducc_on of =he _bine powered je_ airc_af_ in'_o
_ho ¢o_erci_l _via_ioo floo_, considerable a_on_ion has bean fo_t_od c_

_ha av-IA_ion noise impac_ upon su._roundlng a£zpor _. oommun_ims. '_nc_'oaoed
public _waxoneQo of _he _ffo_s of no£se exposure _nd i_s Adverse _ on

_h_ daily lives Of _Ivlduals _d Con_xLi_es has =osul_ed i_ mi_ificantaffords _imod a1_ conurolllng _he level of mnv_onmen_l noise roaulnlng

from alrcraft oparnnlono. Addl_ionnlly, c_n_derable eff_ hen been

E devoted _n _h_ umAors_nn4htn_ nf "-_o rala_ion_hip_ between _.,hn physical

p_.T_zma_:az'_ of nnlo_ and human re_pono_.

¢,Ye_" "=he p_ '_we decades, =n_=,0.r_.h _ lad _n r.he C_v_lopm_n_

_ of a number of _od_ which _a purported _o prnvi_ a high ¢orr_la_Aoebm_woeo _nn_i_nT_va mmanuIe_ of nolna an_ hi,man ro_ponno _o _h_o n_ee.

A _i_n_fi_ann pEopo_inn of c_asa monarch a_foz'-.ohave donl_ wl-.h The

E e_fo=C= of _oraf_ helen aEponu_=0 However, compared wlCh the comm_rclal

.. _ nv_nT.inn (GA) noi_a and oo_u_£'_:y no_a Lop=co _Tound G_ alzpn_-c.. Z_ i_

unolaa_ whether ar,.ion_.ng noi=e ogle=co an_ _oe-raopon_e ral&_ons_-ip_

n_pl_oa_le _n cg-_rclnl _o_ a/zcraf_ ann npp_opr_n_o for prc_Li_c_ng "_ho
imp&='_ rooul_ from GA nlzor_f_ oparnclorm0 Some of T.hls tunco_a/n=y _

b_d on a number of nco_st_.c, _mm_wnphl=, and npern_ion_l dlfSeronoom
which dlaT.in_u_h GA and oo_mor=lal avlnClon, For example, GA aAr_caf_

_onnrall_ pr_,Auca lcno i.u_.enae nolo, l_v_l= chart _moroial _a=: and, _eycover A wide rn1'_cje Of _of_ _yp_ whn_o _in_ _h_Tn_c_in_ioo _a ve_2

dA_f_en_ _r_m ".hos_ of _he l_T_er _e= A_TC_'Af_:. Also, GA aLT_Taf_ _i_ally

op_n*'o f=om :m_.l ,_=po:cT.o su.:r_oundeA 1_ ,.u:bnn _nd ragi_n_:£nl oo_mun.'l.T,ian

who_o4: _he l_oZ _---pe=':n eorvln_ oo_a_olal _an aizornf_. _o uatu_ll_

___ Icca';:ad _ more hilly populn_ed ::==op:li_ areas. _wover, ro=id_nni_.
(=_ornnch.m_n_ upon ':.he Ai.--por*" f_cil_ F may _ _ore Oav(_=o ano_d GA a_-TpOZ_._.



F
F Non-AcOUO_iC fAVors which h_ve be_= found _o i_fluenco noise rosponJse A_O

llkul_ _o be _iff_ren_ for _e _vo _ypes of ai_-porc co_uni_es. Due _o

_' dlfforoncos in Airpor_ use requiramen_s, _Irpo_ oonflgurn_£ons and foc£1i-

_oo, And _irorAf_ po.-forman_e ch_Tnc_erieT.Ics, _he opern_ional prooodu.Toe

and fllghu pa_n0r_Is u_ed by GA Air=rnf_ n_ GA _-po_s A/_ no_ as wall
dofinad or con_llod ns _ho.e employed _ commercial je_s oporauing from

F lo.'_gar Airpo_s0 '_ecAune of _hone _ifforencos, o oomprohenn'_ve _seGoemn_:
of _he magnitude of nA no_so and _he oonsoquen_ honlu_ and welfare ;L_..:_.e

CA_O_ b_ predi_ed wi_h _he same degree of con_idenon as _hn_ _socin_d

wi_h co,marciA1 alrcrnf_ Up.To,iOnS.

Z_ h_ boon oe_i_od _ha_ in 1975, over _24 million G_ open,lotto

E w_.l'a perfoEmod o_ appro_01y 6,000 puhli_-uso _owor_d And oon-_ow_ToA

_ui,_."porT.J;_ _.ho Uni_.od S'_.os. B_cnuoe of _lio h_gh lev_l of aLT _T_fflc

I £¢_ivi_, i_ _ ballovod _ha_ GA A._Torof_ oporn_on_ _Ay hove = oi_fi_

no_o i_pnc_ upon _hooo co_uni_i.o su_TrounAing ai_po_cs which eo_vo GA

.I i _=f_ _OS. HowovAr_ o =o_oh_'_o nGe_o_on_ of _ho _i_ of GA

no£oa i_p=_-'_ hoo navor boon m_ due _=o "_0 uncal'_tn=i_ rog_._d_Lng human

E r_upon_a T.o GA n_iso expoou_o, o.nd _ho lack of Anna conoorn_ k_ _.Tcrnf=/
hi.-por_,p_.TA_O_O_O which _flu_nco _he loYAl of c_._ni_ _o_o O_pOO_T_,

Thun, _he pu---poon of _h_n _ud_ w_s _o porform _he follow_ng _nnke roln_voUO GA _'_t no_._a and i'_o pouemT.i&l :L_poc_ upon sur_oun'_ng a_-por'_ conmun_.-

[ I ......... . ms I . - " "
m_ .q

la_In t:0 p_o_oc_ public ho_l_h nnd wolfaro w_ll _nvolyo v_luo _udg_on_a which
emn=o_n pol.i_.c&l_ ooolnl, o_hlc&l, n_d UOOnOhiC cona_Ao_a_ion_ which _ra

olo_Tly bo_,on,_ _e scope of +_h_s Inveo_..igu?.ion,

"Tho _ar_ o_'t_or'_o As uueA hare i"ofo_ _.o A_oo-rooponoo _uln_ionah_.p0

1-2
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F _ .3 Re_r'_ Overview

F Sec'_ion 2 of _hls r_pcz_. _=eson_s a _enoral desnr_pClon of _he

_olsa che.r_c_arls_ins of "-ha 7_roe gsnar_l C_o_rlal of _A _rnr_, i.o.,

__ _ii p=opQller-drlvsn _.rcrnfU, Ja_ (nu_ho_e_ And _u_bof_n) nlrcr_ft and
halIcsp_TE •

So.Ion 3 pressnns = de_ilsd dlscuuslon of _hs exlauln_ ha_ich

_d wslf_Ts cri_:s.-iA Tsls_nd =n '_.he fsllow_g nolse _ffn_s na_;O_2:,_.QE;;

O lndlvldu_l and ¢ommunig_ Resp_s

o Communication Zntarf a_snce
o Nolss-_n_u=od Hoo/in_ LOSS

, o Sloop Distu_bnns=• _nna=dlt_ _hyslnlogls=l Effn_.s

o B_havi=r&l and 1_o_ns_ Eff_._
A zi_n_flnnnt pr=porUlon of "cho _s_u=slon prna_n_d in $_-_¢n 3 i

_ dsvnnod _s inhorn=o_ &rid so¢:i£1 _rve_ invu_i_ions d_.l._ng wi_h _ho
advarss rcmponso of ,.in_vlAu&ls and con=_._.t.iss ex'posad "co _.l.ou_ "_..,l_nS of i

F noiJ_s _ouz'nc_s. At'canC._.nn h,za baon fo=_..mod On i.nc_i-clduzl an.'q conz_u_.c_r_sponse _c_uss of r._e o.,cce:_sivo rasszrc_ sff:_ wh_ has bess _,c_©d

"..c,w_u_d quom_.fyi_g _u_oc=Lvs nn_o_snnnt of 7.hs vn=ious ph_,s_mml p_mo_o_:

_._ 4/s_o_iAtl:_d w'i,',',',',',',',',',_h;_.Ac_.7'(d!l£1 mind C_ll_l, Ativo nOi,lS_ (L'ClOOIS?.LTOOvSl_tS* S_C',_!.OI_ 'q

_.Isn pro_ssnts n di_cu_ion of "_.ha nppl_.nnblli%v of "the oxis'v.ing ho_l_.h and

Wnl_TS GA flO_._n nom_un.tT._.os.

Appandix A con_ a complo_s llsT_ng of _h¢ noi_s offoc_1.icorn'.u_s i,_an_ifiad undo= "_ho lltsratu.r_ .o=rsh rocpui.rsmunC of _u_s sCud,_

_f_or'_.,

A_pon_ix 2 pro_ont= dncn rsl_ad to G_. n_.r_nft/_A-p_C p_:a==

,wl:_.ch zffocu chs o."_ont oe cos:_n.m/'_1,' n=;i.ss _ct. Thoss c_._ wors o]_.zins_or dovolopod f=_m Fnder&l Av"l,zt_.on ACLauimts'c_.cinn (FAA) publ/c:o.'c.tc_n8

pr_sont_.ng =cCu_l := wal_. an pro_ocCs_ n_cr_c/_,-por_: oporu'_.nna _Ca ,ndfrom CAn ranul_ of _ c=_ahon_ivs CT 1975 G.% nctiv£_ su.z'vs_'. Ths

,p_Tnmatsr_ proson_od i:_ Appan_ix _ include ch_ followln_:



E
o _'Ax of GA _.r_Tn_ _'ypen

F o Level _nd d.tB_u_io_ of _-lly op_ra_io_s (_:T _.rp_r_ _.'ype)

o i_1i _;_: prooo,_u._as

o Popul_ioo dls_rlbu_ioo (or dansi_) _o_.nd nil-po_

F DisQd on r.hoso o_.ro=a._.1:/ni.-po_ l_rnma_ars, hppon'_._.x B a.loo pralon1:s anoe_n'_e of -,.he no£a_ im_: upon GA nlrpo_ oo_uni1_.t.em resul_:im_ _rom GA

.. _nf_ oparo_on_. Th_ _mpo_ e_e_n_q_e io quantified 4_ _rms of _he

numba_ of poopl_ o:_'ponad ".o da¥-n/_ sound Iov.l_ of 55 dB Or _/_on_r and,

_o oppli_le _o _Y '1975 G_ _.rornf_ op_rn_on_.
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r
F 2. G_ERAL AVIATION {GA) A_RCRAF_ TYPESAND NOZSE CHarACTERiSTiCS

1 F propeller-driven, _a_, and hellooptar. The propellar-_Tivzn alrc=nf_ Are
L

powornd hy zither _ozIprooauing-pizton or gas _bloe engines. The mn_or

,nuroas of noise include -_n propeller, onglne, And angina e.xhn_ot.However, reqaDdless of engln_ "._c, ".he propallo= is c_Imos_ _lwa_s "_.he

dom_nnnn noise componann. The propeller noise o._._ature is comprlond of o

h_n so,ins of ¢.Izoret_ frequency tones wi_h _he detainer f_u_n_-_l

tone _Zpicnlly _n _ha range of from SO to 250 Hz. No_ze levels _bova _ha

E fund_n_n_ tone _a produoed by h/ghor propeller h_.rm_nlos and hy ,_=ratz
frequency and _oad_an_ noise from _ engine and an_ine exhaust. A number

of vAr_n_io_ one kno_'n to influence _ho helen _ona=a_ad _ propollor_. Tha
|nozt oig"n.tflc£nt of "-..hozz v_inblno A.TO; 1) propeller _ip _peed rO1A'CIVO

E to _o _s_ronm, 2) ztnnio nlr tompa.-nture, and 3) propeller designchan_OT-Oriz_.tOO,

Jot _rcrAft o_n h_ _op_n_md into _wo goner&! oloooe_: tu.Tbo_ot

and run, fan. _th Airc_af_ typos are powered by =urhlno an_inaz w_ch

¢omb_un_ion, which provides o ouppl_ of "hou", hlgh-pran_u_e _aneo. The

F_ _u_o_ on,inns util_oo r.hls _ @oneranor wi_h an oxh&uoc nozzle 7._Tougn
which the hoC _oooa one acoolor&_:ed =o provide _=ho Aircr;_f_: wi_h fc_'w_.T_

_'_'tl:;_., "rn oA,q_",ion _o t_o bo.olo _'.l.Tbc_ot-on;_,.no coml3onontn_ t.ho 'c'£Eb_fanon_ino hnn A fan, o du_. for '*cold" air flow nnd _n anl_oA nur_inn

powa_ _he fan. Thorn _re _wo m_or eou_co_ of noise _soooia_ad wi_.h _o_h

E_ an_nz _ypao, _on ¢m-_.st And tu_b_-mnch_n_. T_o _al: exhaust helen

ranul_: _rom curbulon_ _ng o_ high valoclcy a_hzu_c _noaz wi?._ _ho

o_ificanc proportion of a_ouo_.ic onorT_ ¢onoan_o=ad in _ha low _ro_uonc_

_ 2-'1



F
F
F b_nds. An advaonage of _urbofan engines ova.- ¢urh_e=s _ ¢ha raducC.lon of_a',axhaus_ noise _suoola_ed wi_h she lowar _ eJchnua_ valosi_, The

Ln_ensi_y of _en ¢v.hnuo_ noise has been shown _o bo propor_ionAl =o _ha

F cinch power of _he vclo¢£_y =f she Ja_ exhAus_ zclA=iva _ _he arabian:

air, Th_rafora, small rad_c_cloos i_ voloolty my rosul', in signCflccu1_
f..

L rsduc_ions i_ hOlDs. T_JCbO-_nchlnary noiBa is AIDs h_oadb_nd, h_ ¢on_nlns

u_rong d_noro=8 high-fraquanc_ componan=n o= cones due _o she =o_A_ing fan

F and/or ¢o_prassoz blades. For _c _u.Tbo_a_ angincs, _ho do_innn_ noise

F _u=bo-m_ohina_ noiso is mos_ de_aCc_le. _or ¢hc ourbof_n anti.as, _s "¢hc
b_n =_io {'.ha =AUiO of T.he "cold" Air flow _n_e _o she "ho_" _LT flow

=&_a) _J_d ".ha dicua_T._T of c.ha fen inorcnsa, TJ_s fan _oi_ ¢a_ b_oom_ ¢h_

E _m_na_ing noi_c.

I

E Nal_oop_ar_ arc' _owa_ed by ei_:ha: rac_.p_oeA_._mg-pis_on =_
g_

iurbina anginoo, _ha p=in¢ilo_.l noi_a _ourcns are ¢hona ¢U_:IOCLA¢Od _i'..h

chs main ro_o=_ o= -_ and call =o_or_, d_iva angCna(o), and g_arbox(o_).
All of ¢haAc _ou.-cao p¢oduso d_s_To_a fraquan¢ T and h_oA_nd nolsa, _ndor

D oo_i_ co_i_io_a, helicopter _o_o_s m_y gan_=nne Lmpulsivs _o_so, ¢ommooly•ofcc¢od ¢o ar "blnda _inp" or "bnnglng." _Indo slap noise l_ _Tpl¢_ll_

ob_T_od on mouu _nndam =o_o= holCoop=o=s and m_y ha ganarA_ad _ scvo=nl

_p_s of sln_la lifcJ.ng rot.or halioopnars A_ wall. For mos'¢ holJLoopc;a:

_yps_, ¢ha Aoo=nci¢ _no_gy i_; ¢onc_ncJca_ad in ":.ha fr_uancT ;_anga _low

_._ f=a_u_ncy _¢.:¢uccu.To and _mpo=Al v_riAulon of _'.ha _ound =nn
1000 :_n, Tha

va1_ a_-¢an_ivaly, f::om noiou which _._a domina_ad b_ io_ f=cquancy =ors=

._ hcTaO_L¢_ (doocTib_d AS baOU_'ng or Z-_mbllng) ¢o noioas which _.TO do_sd
b_ ?.ha hlgha= hn.-moAios {dss_T_bod AA .sl_pi_g or b_n_).

_ig_.Tas 2-I, 2-2, and 2-3 show _ypi¢al nOou_io ,pSCT.TA ZO¢ onch

of _a Oh---AsG_ _LTOr_.f_ t'Ir_ao, Tnbla 2-1 p_an_o _o_on ¢o idan_

SpnCT.TO _hown _i_OS 2-I, 2-2, and 2-3 insludCng_ I) _L¢¢¢_ ¢ypa,
in

2) m_x_.mum gEooo wc_Igh_, 3) ¢ypo and numbs= of an_i_, 4) _mum hO.-OOpOWC_T

or ¢hr_l_ pot _nyLna, and 5) fl/gh_ moda_ i.a., _soff, l_ndin_, or flyova_.
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9ablo 2-1 Idanhl_kcahlon oE 8pea_ra _or Gg _lrcra£e Typen Shown in t'lgurea 2-1, 2-2_ and 2-3

AIRCRAk_ IDEHTIFICATZON PROPULBIOH _T_H

_ I1CI1M_I' l_X. FAX II.P.

_GUR_ (_/C) GI_BB HT° _GIH_ HO. O_ (TIIILUBT-hbo.) FhlGIIT

2-1 1 PD 3,400 PlB_on I 295 _lyovor
2 PD 0si00 Tu_bLne I 575* _lyovor
3 _ 5_?00 Plo_on _ 200 Flyovor
4 _0 5_200 Pl_on 2 250 T_koo_

2-2 1 TO 12,500 Turb[.o 2 (2,050) TakooE_
2 _U 201500 _u_blno 2 (3_360) _eo_

3 _ 12,500 _rbLne 2 (2_050) LandLn9
4 _ 20t500 _urbtne 2 (3,360) handLng

2-3 | II 2_050 Plnton 1 190 Flyovor
2 II 3,000 '£urblne 1 317' Flyover
3 II 10s500 Cu_blno 2 1,400' _l¥oVOr
4 II 33,000 TurbLno 2 2_050 Flyover

_U - P_opollor D_lVOn ' '

II - Ilolloo_oc

* BII_ I|or_o_otfo_



F
F
F T_le 2-- _ presan_.s a lis'.!nq of _he ex!_e_ed 6ound lavals

ganara_od b_ _¥p_cal GA and co.atonal _ranspor_ ni:_r_f_ opa_a_ing a_ a

F _ou:re_-raca_va_ dlsu_nca o_ 1,0DO fae_. Tha mound
_ap_a_iDn

IoVQI_ shawn on To_le 2-_ _e g_ven in _ns of EffQ_'_VQ Po_Tcaivad Nolsa

F Leval (LEp_) _.ndwa.Ta ob_alnad f=om pub!i_h_d dn_a pras_n_od in Refaz'_n¢am
1,2, Grid 3, _o= _h_ GA _d ¢ommarci_l ".=an_o_ -_-_T=f= ¢==a_:io_, Tabla

9TO_m wa£_ (d_p_nd/ng _n fl_ght m_da), 3) :yp: and numb_: _f _ngln:_, 4)

hor_apow_ _= _u_= p_r _ng_n_ associated wi_h _h_ _opor_ed _ound lov_l

E
E

_,_ 2-7



• _blo 2-2 Bound Levels for Typtoot General Aviaklon and Commecclal +PranBport Aircragt
oporatlng a_ a Bourcn-Nocoiver Dt_k_nca o4 _pproxlmatoly |000 Pea_

AInCll_ XDEN¢IFICA_IOH PROPULBION BXBTEH

CYPICAb IIOIt80POHOR EPF_CTIV_ PBItCSIVED

GItDBB ENQIH_ DO. OP (TIII_UST-lbB) FLIGII'_ NO_B_ LOVEL_ {bEpN) t
CATEGON_ _¥_ WT (lbo) TYP_ _NGIN_S P_n ENGIN_ HOD0 d_

PD 2_750 P10_oll ! 200 Flyover _2°2
_D 3+000 P_n_on t 310 Plyovor 07°3
PD 6_$00 _lnkoo 2 301 Plyovor 90.2

_D |2_500 Pl_o_ 2 750 _ Plyov_r 00°0

+1_ |3+500 _'u_bl_ 2 |2_500) _11oo£_ 110°9
Qonoral 'IU 20_372 '£_bln_ 2 (2_00) _ak_o_ 11502
_vi_Llon TP 11_650 _urb_no 2 |1_550) _koo_ _0.7

l| l_gO0 Piokon ! 190 Plyovor 76°0
I! 2_950 Pl_on 1 305 Plyowr 04°1
I! 5,590 _u_bin_ 1 1_050 • Flyover D3°9
II . 5#400 Tu_b£ne 2 420 _ Plyover _0°2

_P 116_000 _urb°(L_PN) 2 (12_000) _koo_£ 109.0
_ 02_000 _'u_b°(L_P_) 2 (4_000) _pproa_h 9!°0

_P |23+000 _urb°(L_P_) 3 {4#000| Approach 94°4
Comm_r_l_ _P 336#000 _u_b°(L_) 4 (15+000) _keof_ !15°6
T_nopork _P 190_000 _rb°{_P_} 4 (6_000) _ppro_ch 106.5

_P 4401000 _u_b°(ll_P_) 3 {41_000} _keo_ 102.1
_P 290_000 ¢urb° (110_B| 3 .... _ro_ch 95°6

. _P 713_000 _urb° {IIDPI_) 4 (45+000) Takoo_ 114o_
_P 450_000 _urb° (IIUPR) 4 .... Approach 103o9

PB - _ropo_lor B_luoll

U - Iloll_opkor
L_P!t - Low _y-P_ 0u_1o

_,,____ .......................... ...... ..... . ............ .......
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3. IDENTHrlCATION AND EV_LUATHON OF E_STZNG

HEALTH AND WELFARE CP_TER/_

3, 1 Zndivldual And Co_un_--.y Response

F A outer of rn-.ing mQasuros" h_vn been proposed for qunnclfylng

T.he 6Ub_QO_V4 effac'.n of noise OR pOOple. Howevor, all of _hoso mOAB_TeS

F c_n be in_o _WO cuba.=los: =ingle-even_ and mule!ply-
nap=round go=oral

even_ moo=u.-n=. Th8 si_glo-ovon_ meas_Lres n_am_ _ d_scrihe how bm_n-

_ud_o or perceive _he p=_icul_.r ph_ical pa.-|umo_ors of an ludividu£1 =also
O_pOn_mT= _ _OEmS of =_Tibtr:on nuc_ AS lou_s, nni=i_ess, _nnoy_ncnt

o_n. M_.Iplo-nvon_ moAuuron on _he o_hoE h_nd n_=m_ _o dnocr_.._ohowpnopl+ porcoive or _ro nffQc_od by cumul_/va r_!aa expo_urn over A npoclfiod

po_iod of _im_, _u!T.Iple-oven_ mo_u_os _e usu_!ly hosod on s_ngle-nv_n_

E too&aura= nod any ¢oooldn= (imFlloi_ly or _xpllci'.ly) o_hor ncoun_.io and

non-=_ous=i¢ f_c_o_= ouch An _ho T_O2&! _s_t_£1o_ of _o DOI_O

n_u of _hono poople axe=sod _o _ho _olaa, a_c,,

E lu order _o _u_=ans 7/_o Imp_e= of _il"c.-'_f_. no_._a upon GA _/_po_u

, I p,_ o0_m_os++ _hn _i_AT.Iva _OAUU_=O Of _h= nolo= _xpost_re mAS_ b= =o_lod

_o_mo aS _hoJ.r =flacon on poopla. Z_. <" an_an_i_l -.hn_ _h0 dana-rasp=non

c=%_a_n u_o_ in _no nolo= !mp_c_ _naooman_ _8prm=en_ _he bi_ho=_ po=n_bla

E co_ol&_.ion _woon "=ha Oo£=o exposure =u_ _ho =nASa=unriP: erranT4. '_ho

_ollow_n_ =ec_iono _i,cu_= _.ho union moan_=n cur_nn_ly u_=d _n _unn_Ify

E _.haoa effaor._ wall _._= vnlld_y _nd of _.h_== maAstureus
A_ == occu_Tocp

_olnr£vn _ _ho no!no chArnc_:o_i£nlc_ of _ n/rc_nf'_.

-Duo _o n luck of _.nnd_u:d/=n_on /_ _=rm/_olo_y_ _han= mon=u.r_s _u_e oome-

7.1_an _.'ofO_.'.'.Od "_0 on =colon, p_cedttro=_ Sob=an|s, i.-,dloos, _0u=ipT.ur.'_, o_c,

_ 3-1
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F

3, I,I subja_-_ive Response Zansuzes =o Single 2ven_

F 3, I, I,I Psychoacousclc Tes_L_f

Single-even_ moose.Tee cul_an_ly _sed _e q_a_fy _ua_a_S_

F _Ub_.C_ive po_cepClons of noise have _oan tier.loped from _henrQ_icol

=octopus concu_g _he euphony m_chAnlom a_d f_em empLTicol relo_ionnhlps

Aorlved f_om Q_an_ive psychoecouo_i¢ rose.oh pa.-f_rmod over _he pAn_ 40

_C_LTS, A si_iflc_n_ propor_._on of _s p_chooeou_ic z'asa_h has been

_" devoted ".o undar_'_n_.ng ;u_d _eAi_ing human =_sponse _ nlrc.-=f_ n_lee.

Hin_rlc=lly, _we p_yc_acous'.ic raaaar=h me_he_ have _en omplny.d in _he

F invoa_igA_inn of aLTernf_ nols_: l_born=ory and field s=u_la_.* Uoln_vAzleu, p_ychophyulcol me_he_ nb_ac'.iv_ mn_a|u.Tas=long wi_h _u_ad

E o_oes_mon_ of _he n_i_a Are o_cnlnod f_m _inglo noi_e oxpoeu_e evoke,T_a=a _n_n Are _hen ua_ '_ _e _.oo_o "su_aculve rosponne _ _.,he physie_,l

c_Arocua_£e'clc_s of _.he n_i_o nuch ox inu_rmi'_y, epac.r.:_l '_le_..Tib_en,

F _._o_Ion, o_o,, or _e develop human zeaponeo sea.Ion, _yplc_!l_ _n cozm_ of

lou'_m_s flo_o_e, _._no_ce, O_ oceop_ili_y, as • f_c_ion noieo

E IOVOI,

invaeci_a_.ioo_. _hese mu_ C.TO:

_ Mnchnf of Cono=nn_ Snlmull (p_rlod compa_iaona)

= Co_8_ry s_al_g

_: Those monho_ _e nde_un=aly Anflnad An _he _pon literature (a._., R.foz_nca

4) _nd wall no_ _a Aiacueeo_ horn, The Rs_chop_ynleal m_ho_ u_c_ in

flolA _udy inv_igov.i_ns 4re llmi_nd _o pALTaA comp_£o_ns, m_gni_u_o
aa_ion, and c_oe_T ocnllng _inca _r_ey employ oc_unl n_iso eo_.Tcou f_

_. _ns_ _d _ofa_once _ounA_.

_'_ *Field _cu_o_ _.'a ne_ _ _:_ cenfu_aA wi_h nociA1 ourvey ==n_ _(_n_o
u,_ec_ _e _u_n_ify noEmuni_y _an_nn_e _._ n_leo _q_eu.To.

'i



F

__ _sychcaco_+.ic _veoui_+*_ons cocducCo_ in a I_=A_:_ onV"ironmon':

_e generally perf_.-m_d using one of _e follcv_ _sco_ng con_icn_:

F mc_-_ve_r_n_, f_ac-fi_id, or o_*p_ne_. T_s_ _ reforQ_ca Bo_

s_u_od inclu_ raA1 (ro¢o_de_) or Byn_hosizcd a_craf_ noica, recordad or

F c_n_he_ic_d _o_L_ such As _o_es, _n_ Of noiJa And o_or _io_1"_ Or
C_ne-v_ _pacu+-al sifma_cs. Piold s_uS_oE on _e _he_ h_n_ e._u

F coun_a. _occc_e of ch_ _omo vc_i_mi_y ammng psychoaccus_c =ocr_.n_
, p_oco_c_ a low c_u_em hav_ boc_ porfo_m_d _o _vQ_.i_e _.ho ¢om_rA_ivo

r_£_.ic¥ and acc_acp of _o_= of mac psych_hyslc&l meuho_ _d l_s=_con_'._onc u_i_.=od (C_r_ and F_-_or _,5, and _o_ and P_c_7). U_n_

_an _.ffcronc no£cea (a cc_n_d _nd _ne ccm_on nci_an), C:_rk _nd

E F,z'Fc=_''%6 ccncludod r_'c _on_: zccu.l.'cs o):_czlned uc._.ng nn_, o_ C_e "ct_oc

l_c_:onlng condinicnc we_ra equivalent. "rn a ncp_nuo =_udy ccmpn_.ng r.he

E mAg_._.uda _tmn_ton _ochnique and _hc ma_h_d of palrod comp_iccns, ClAck
_ud _,_cr 6 found _h_ _h mo_hod_ _nva appro_ely '_ho _=_c_ _oa

E of '_ba po£n_= og cu_ccUlvc equn_._:y for =he nci_ pa_,'n, and _h ,howod
clm_l_T corz'oapondanc_ _._ pra_c_ivo phFcical _oasuro_. Hnhz'y And PC='F_,7

._, found _hn_ _o m_hod _f n_cude .c_'_-_ioc w_s bc_r 7.hnn _h= cuber
C._O= pcychophys£cAl p_ocoduras whoa mo_o complex m_c,u_as such _ LEp N

_To inv_ivad, Ad_!co&ll¥, _.ho_ pranan_ad dn_c which nuggoc_ _hc_ _a

•ypo 0f cr,aod_.rd or refa=Anco _ound usad A, a compnrl,on noi_e my influon¢=

nut,oct iv. _==ponnc mn_'_oAl_'.

_c=od on cho r_cul_c of an ._u_vo:_ioo c_l_rln_ vnrlcuc

mc_i_o_ tt_o_ f_= p_adi_ _hc louAno_s _d AccapT.hiLi_y of oo_sa, S_h_o= Al. 8 fou._d _hn_ _hc A_T.Tih=_o being _vAl_od (_. g., nD_o_nnco vc. IOUA-

non, ) d_a. no_ app=oci_bl_ influ=nce _e _£cd_c_nbil_ of _ho p=_chophycl¢_l

E p_ocodu_c, Al_hough l_,_onc=c app=_r _ b. _bla _o _ffo=cn_ic=o bo_wcon

_hoco =cop.noes (_.g., _c_glund a_ _I.%,_0). _s_, Schnrf o= nl. _

_'_ concluded ".ha',. chore apponEc _o be li_'T.lo _Lffo_onco beCwa_O ?.he =.v_z'borzn_

(d_f._nuc-fi_id) _.nd f_oc-f_ald ".ac_ onvLronn_n_ hu_ _m_, _oc= _ocul_c

ob=_._.nad un_n_ _n_phoncn nhowod _'oa_.or vari_ili_ F in proc_.c_.ivono=..
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_" 3.1,1,2 Type_ of Single-Even_: Massu_es

Ii Sub_o_-.ive response 7.o s_.ngle even'_s in 7.ypically es',inm_ad us=_
two _eners! methods: m_nsurlng frequoncy-walghT.ed sound levels And _icu-

_i la_in_ v_io_ _asuras such as loudness level And perceived ns_ce level.0_a. _ mass,ires arQ bsso_ oh or _e v_innT.s of one of 7.hose _wo mo_ho_Ls..

F 5c_h meauucam_n_ ma_ho_ employ anor_ S-_cion preterites which vn_ only
,. i_ _e_s Of cho cu_phAsis placed OC the .'esponna _o ce._n/n nu_,_ble froc_uen_

:_. b_ds And _ dagToo Of n_mpu_n_ionAl complexly, Th_ si_l=s_ s,_ion

i p_ocoAura _ ".ha froquancT-w_h_ed sound prQssu_e lev_l cochni_ue, The

fc_ froq_-w_igh_ pEocod_ras which h_ve _an s_,_r_ed =nd in-

¢o_-po=A=od _nT.o _n_orcinl sound level mo_srn a_e ",hA A(LA) , B(LB) ,

C(L c) _d D(L D) nonwc_ks. Al_hough 17. _ not _o_ s_r_od,

E E-wei_hr_g nmuwork (LE) is =inn _n usa. These nouwor_ _ro _ad _n
o_ic=l =nln_ionohip6 dcE_ved f=om psychoAco_T.Ic 7._sT_g. The _AI=_

_. oco-_ O_AVe _ _h_ings for each of _OOS no_wo_s _rc sho_'_ _._T_Ie 3-I.

The s¶_m_icn p_oceduneo nesoc_.nT._d wi_ T_ho io_n_an IOVAI

nmnau_as _o co_dor_ly unre complex _han cho froquancy-wo_hT.a_ soun,_

E p_nSSt|.Ta ISVOI p=OCOA'£,Tas° Thins i_clu_ ZwlckoD*s Lou_ae, Loyal |I_Z),
nnd S_ovon_s L_u_ass Loyal (ZLS) (computed u_ng _i_hor S_ov_n_s

_Al_suc_h _ho nu_'i.7.ozT a_--Ti_oUT.0 lo_t."pO_T.cd 7.0 b_ msG=urod _, _nch _n_
_ _o _._fa_unc, _och rnln_e _ho phye_c_l p::cpa:T._.os of _.hs cound
7.o s _u_o_'U_.vo or s p_,'calvo_ nud_._:or_, _'po=_.anco, Whocho_ _' n_

_. _ho pc_ivod _ud_ccry s_:l:_:_nnco c_unlly di.'fo_s, dopond_n_ on _a_h_s_==l p_O=C_T of T.h_ sctlnd i_vco_._nad _d ".ha _Lb_l nos_,gnnd 7.0 .t._
(i.e,, lou_ons_ ns_s£nso_, nccsp_nh_li_y_ inr_'unlvnnons, _nnn_ncs, _d

no on) hns boon the n_:)o_ Of con_:_.'svsr_y among racaal-chs=s ovar 7.ha p_coevo==l ya_s (c.g,, XOCT£Ck At el. _I, S_aVaD_, 12 Schnrf OC _i. 8,

_nd _or_lun_ at ai.9,10).



F
F

T_ble ",-I One-TP_Lrd Octave 'A_'Id_=aq'ucnc_ Welgb_ings

F f_r ¢ha A, '% C, D a_d E Ne_wo=ks

.F

" _ LOWER AND ITPPER IIAND CENTER BAND W_IGHTINP-,Sr dB

C_IT-O?I_ _ItE_UENCY F,RE_UENCY A _ C D E

F
E (45-56) 50 -30.2 -11.6 -1.3 -12.5 -17.4

(56-71) 63 -26.2 - 9.3 -0.8 -11.0 -14.5

E {71-90) 80 -22.5 - ?.4 -0.5 - 0.0 -11.8(00-112) 100 -19.1 - 5.6 -0.3 - 7.5 - 9.4

_F (112-140) 125 -10.1 - 4.2 '-0.2 - 6.0 - ?.3(140-160) 160 -13.4 - 3.0 -0.1 - 4.5 - .5.3

(180-_24) 200 -10.9 - 2.0 -0.0 - 3.0 - 3.6

(224-280) 250 - B.6 - 1.3 0.0 - 2.0 - 2.2
(_80-355) 315 - 6.6 - 0.8 0.0 - 1.0 - 1.1

'_ (355-450) 400 - 4.8 - 0.5 0.0 - 0.5 - 0.3
(450-56 n) 500 - 3.2 - 0.3 0.0 0.0 0.1

(050-710) 630 - 1.9 - 6.1 0.0 0.0 0.1(710-600) BOO - 0.0 0.0 0.0 0.0 0.0

El 000-1120) "iO00 0.0 O.O 0.0 0.0 0.01120-1400} 1250 ÷ 0.6 0.0 0.0 • 2.0 .t- 0.?

1400-1600) 1600 "P 1o0 0.0 -0.1 .i- 5.5 .I. 2.1

D 1800-2240) 2000 ÷ 1.2 - 0.1 -0. "_ "_' 0.0 .t. 4.0

2240-2B00) 2.500 + 1.3. - 0.2 -0.3 "_-10.0 .t. 6.9

_ 2000-3550) 3'150 ÷ "1.2 - 0.4 -0..5 _'11.0 'P 7.6
3._50-4500) 4000 .i. 1.0 - 0.7 -0.8 ÷11.0 'P 6.?

4000-5600) 5000 _. 0.5 - 1.2 -1.3 ._-10.0 .t. 9.1
..5000-"/100) 0300 - 0.1 - 1.9 -2.0 • %5 _' @.3

7100-9000) 8000 - 1.1 - 2.9 -3.0 .'P 6.0 ÷ 6.5(9000-11,020) 10,000 -2.5 - 4.3 -4.4 _ 3.0 .t. 3.0
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F Bo_-h S_ovans's MK Vl A_d Zwlsksres procedures hnvo be_n L_o_n_ion_lly

S_An_Izod. These c_iculA_ion me,hods for computing IooAness level Nil

F _Ake.lnuo accoun_ _he _nsk_g affects of lower frequsnoy bands of noise

which inhlbi_ _he con_rlbu_ion _ Iou_no,s of =sla_ivsly higher fraquQocy

r boo _". Howovsr, ".hero aze n number of dlfferanses be_waa_ Zwicker_s ms*shod
_nd _ho_e of S_svans_s. Th_se dlffsron¢os ar_:

_. Zwi=ker's me_hod is ¢snsi_rAhly _re com_lsx _h_ S_ovo_'s

m_-..hods;

F 2. Zwlokeres mochod is bosod =ore fl.-mly on _hs=ry and can b_
s_llo_ =o m_:Q somplsx noise S_C_Ta;

E 3. _llkS S:evens's ms_ho_s, Zwiska=_s m_hod _.nks= _.,'t¶:o acsou__e wsl1-_nown _mme_---T in mAsh.log, i.e., an upwnrd _prasd of

• _.oM,%ng o_ higher f=equonsies _¥ !swat fzs_anoios.

E _oc._usa of *_.hana Ai_forsncss, Zwicker's calculation proosdu.-s rosul_s _n

louAnsss level vnloos w_Ich _s _Tpio_lly 5 AB c/,:an_.or _mn T.hose docs.-m.lnad

E V_y S_ovon_ mo_o_ fo_ T.ha s_ D.sisos,

_, Ollsrhood 13 hss Aiscu_nod some of _:ha slmila=_,_.iss An_ Aiffa_ansos_wsan _.ha h_£c _za_usnoy-w_gh_o_ sounA iovol and lou_nas_ loyal com_u-

--. _&_£ss moths _" which hnvs fo_mo_ _ho b_sls f_r s m_l_£_udo of _u_so_uon_
-- V_TIA_ns. 011o=hoad sonclu_. ".hA_ al_hou_h cho _slo _l_obr_Ic _schr_os

i_ T_o _wo _o_ho_ _To va_'y _iffo_o_, '_hs _o_ rosul_s show f_.T mo_ S_m_-

I_T_ISS _h=n _ffs_oncos, p41-_.iculArly _f o_on-_ton i_ focunod on _ha

Iovsls An_ _pOCT.TA which ¢_Ta chon&c_cor_sT.Is sf _Tcraf_ n_iso, The _A_

r_ Aiff_snoals bocwosan ':-ha _roquoncy-wo_.gh_.ad sound loyal sod _..ha louAnoss
loyal pr_co'A_ss and "_hslr ou_se_usn_ v_a_Ion_ i/a :in _hs Aiffa_n_

f_o_uancy wsi_hT_i_g f_c_:ion_.

Aus_.hor c_mpu_ohionol _chom_ in gonarol usa _ _ho Pa=soivod

_ NO,SO LOV_I (Lp_). Th_s p_oosdu_o was bAood On _o anncop_ T_O_ p_rsslvod

no_s_ss_ an_ psz'coivod I_U_OSS WO,TO T,_O disT._c_c O_:_T_U'_OO of Otl_i_o_.'l •

D o;_po::_.anoo. _4 _owova_, _ _o_n_sA out by Schul_ 15, ".ha o_i_-n_l
fo_m of -,.ha procadu_o for c_iculn_.i_g *_.ha ps_'c_ivad no£os loyal of a

bT:ond_and ns_.so _;poc_z_.m _.s ho_£c_lly *cha _amo n_ _.ho_ _f St'.ovons_s MK VZ

0 .3-6



F

procod'ura fo= calcula_.ng loudnass leval, wi-.h _o _xcepc_ons_ (1) _ha

octavo band leval_ u_d for ev_lun_ing an airc=af_ flyover _e =he maximum

F 'v_!ua_ a_aiged i_ each band d_Tin_ _he even_, _g_'dlaB_ of whether _hoB8

pee,_a occur sim=l_eneou_l_; and 121 knana_,_ of Ansi_ing a loudnea_ _ndax

_. _a each maaaured frequency band _eval of _o_sa (as in T.he M_ V_ calcula_ion

_0 rapragan_ i_a co_',rlh_ioo _O _o_ol lo_os_), a ¢orraspoodlog ooo_.r_-

_u_oo _o _on_l pe:¢uived noisiness is a_£gned for _h band. Tho _-_7.ion

E ca! _o _hn_ u=ad _o cAlcula_a _o_al ioudnasn in _onaa for ".he_ VZ p_ocnduro.
Aloo, _ha equn_£on= uned _o convez_ f_om no.va _o perceived ooi== loyal n_.d

•o coovar_ from a_ne_ _o loudne_a level (in phons) _.re _don_ical.

S_nca _ua ori_l_al _valopmoo_, _ha p_ocedu_o for _alculn_n_

E pe,A'_:_:._,vad oo;ka_ 10val has undar_oa _ OI.'_._ba_ of r_visions, rofinoman_ o_
o_nn£ooa which ac¢oun_ for =_mpor_l and _pec_T_l c_mple_i_les. Thooa

ch_n_aa hav_ p_rpo_'_.o_ly _p=oved co_Toln_ioa ba_aoo ob3oc_civa an_ sub_ocu_va
m_a_u_Taa of _t_c_f_ oo_ao,

3, _. 1.3 F_O_ Affecting S_n_la-_ven_ _laaau---_s

_'_ For _ha _wo _lecada_, psych=_=aua_.c rasanrch _n _.ha finld of
_ub_ac_v= r_p_ns_ _o _LTcrnf_: oolaa h_ _oan _on_iva. I_ i_ a dlff_cul_,

_f no_ An _mpon_bla _u_k _o i_n_if_ all of 'r.ha ral=_od _.nves_:/ga_i=n_
which hAv_ adA_aaood _.ho _ub:_oc_ _oo ovor _h_s _ pariod, t_oa_, of ".ha

wor_ ha_ l_oon foC_ad o_ _proving Ob_ac_ve _oAa_oa of an ind_vidu_ItB

41rc=_u_ no_sa. Zncludod in _h/s roao_ch have _oao inveaulga_ionn

of nu_Iblo pu_o _ooou, =omporal p=n_a_no of ALTC_nf_ flyovor ooi_a =_gn_l_

(_m11A_od _d Actual r_co_d_n_), a_al d_Tn=iOO, combiD£_on of_oc_ of

_Th: un_ of pe=:a_vad n:_alnaa: la _ha oo_, nnd v_lua: _o :eAd g:om

_le_ or con_ou=s of oqunl pa_oa_od n0_na:a°

--Dopplar _h_f_ i_ _h_ app_on_ upw_T_ ahlf_ in froquo_c_ of a so_nd :_
n no_a _ou_c_ appro_cho_ '=ha l_a=anor, or *_ha appe.r_n_ downward sh_f_
whoa _ho no_.ao aou.T_a racoAoa.
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iDvas_iga_icns i_Uo _he effects of back_To_.ud noise _d _he _ow_h of _ha

F perceived magni=u_e nse function of s_i_lus level have boon _nduc_ad.
Resin=oh i_ o_he.r areas p_leulA=ly rolevan_ _o GA Aircr_f_ have AI_o bean

performed. Those _Teas include ravinian _ _hc shape cf _ha _y contoursA_ low f=aq_oncic_ n_d -.he po._ceivcd mn_nltu_ of impulse noise Si_:uzae.

_mprohane£vc reviews cf e_Tl/er rQse_Tch BtU_OS which have
eo_rlbuuad sig_ifin_ly no, or c_n_oi_ relov_n_ ao_on_ _o_ _he davelo_-

F menu of widely u_ed eingla-ewn_ nolce measures =re presented hy O!lerhead, 13
Galloway, 16 And S_hul_. _5,_7 Therefore, "c.hefollcwln_ aec_icae will

-- prcs_n= only • nunDnry of this flevelopmen_ and will hlghl/ght eom_ of -..ha

menu _mpo.-_t_n'. issues°

A. Duration and T_na.2f._a_cs

Af_a_ Uha in_::_oduat£cn of T.he Uurhlnn powered :)aT. _Lroz-Af'c _i.n_c _he
ccmm_Toi_l ovla_"..ionflean, i_ w_ observed _.hot ou nhe nam_ ovar_ll _ound

_. _roamure level, _ho noinm produced _ _n_ _c.-_f_ was _ercei_cd _ffa_an_lyf_em '_'.hoT. gena_g_ad _ _ho cn_m_olol propallar-d=iven (platen] _c==f_. 14

Th_s '4_fforence w_e p_-po_edly duo 7_ The i_aoaed ee_i_iv_ _f _hc

humnn auditory oy_c_m _o h_ghAr frequoncy coc_nn_ ef the _at alr_raft noise

ci_n=uu_oc. T_Is finding led _c _hc d.valopmnnu of -.heL_N oonoo_ nnd

uhc notion _h_.u no£e£naua _uld l_udnaee n._e d_fforaau nu_!_._ory a_pa:l:'iennae,
Sube_quon_ roco_oh _uggco_ad _hA.T. 'the LpN p_.'ocadurc did no_ adequately

E caecum-, for '_'ha c_fcc_:e of eigno! _o_cn or pu._a 'cone ccmp_nan_o.

A.I Duration Effec_s

_o_ And Parson, 18 found _ha_. for noum_ _hou v_riod in

E dursT.ion over o _nn_Q Of 1.5 _ 12 _eacnd_, _udgod cqulv_lent perceived

n_i_a level (co compared wi_ • _ofo_enca _ound w&_h ccus_nn_ _c_nd lsvol)

•nc_nnnad _ o_p_o_uel_ 4,5 d_ o_ch _-_ _he duramen wnn doubled°
Pa_onc I_ _cpo_'cad in • l_ue_ cUud¥ using longo_ po_iode cf Au=o_nn (up

ue 54 eaconde) _,h_ _ha affect a_ du_n_ion ok perceived noim_nan_ _ o
aen_nuoucly varying rune'clan cf level. _ w_ found _he_ _udgod oqulv_lant

p_calvod noia_nano eorraapccded _o 5 d5 pa_ doubling cf _,_c _i_l do=o_ioo
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F in -..he .-ante of 1,5 1:o 4 secon _-, 3.5 per _ouhling _weon 4 and 16 no,ends, •

F _d 2 dB per doubling for durn_ions in exceos of 16 oe=on_, Over ".herange of duranlona examined, 1.5 I=o 64 sacon_,s, the pe=co,:i.vad noiaa level

laorensed _ an average of 2.5 d_ for a doubling of du.rnclon,* oompnrud "co

F _ho in¢=oaso of 4.5 dB for a doubling of duraT.Lon found in "che provlouo

"cos=n. Williams eU al. 20,2_ found _ha'c for _wo elr_af'c flyovers wi_h

F _h0 aLm_ pank loyal but wi_h _fferen'c dura'clena, _he flyover having "cha

ahD_or d_t.-a'clon(I0 _-dewn dude=ion moamL1re ,_ from pe_k level) is _udgod

E "CObe more occep'cnblo. FurT.her_ora, it was repol-_ed "cha_ if _o flyovoEo
_foE _._ du.Tation by a factor of _wo_ _he p_nk _olse level ef _le one

F havln_ _ho longer durntloo must be 2.5 to 4.0 d_ lass T.ban _ha'c of _.ha
o_hor flyover, if ?.ha _wo #.To "Ca ba judged aqu_lly acceptable. TA_

finding in in general a_Toomon'c w.i_h T.he _ooult_ ropo_ued by Pontoons. 19Ao ahow_ in Fi_.TO 3-I, changes i_ signal dtlrn_iou _ a fA_."_Or Of 2 app_ox

_o _allow an zppromimnuo 3 _ r.Tadlng rnlaT-Ionnh/p for or.her aoo_p'cn_ili_T

E rA_ng cntogorloa an well, i.e,, h_roly accopuAhl, and u._accopt_io.

E In a a'cudy by Lit=In and _4nhry 2= i'c wn_ repez-_ed _ha'c ,;Oun_
wi_h du.Tn_on_ ho'cwoon 1 and _6 aoconda did increase annoynnoa, _ut _h_

E the du.T&_ion Offoc_ wn_ alwaF_ _o_c_ when au,,b:)ac':'o wore _T_u_ad "COa'c',_.ond "co _o dura'cion of 'c._o ooun_, and nhau _.he _ge.i'cudo of ?,.he inc_oaaa

,_opondc_d upon the "COO'Cmethod. Al_o, .it w_ ropc)r'cad 'chat the ponal'cy _or

_, _ubl_ng duramen rnngod f_om 2,_ "co 3.1 AD when oub_ec_a wa_o _n_cruccod

_.& ,_".'cond to du.raT.ion co_4,ro,_ tO 0,6 "ca 1,g _n when "_ey _orO _O'C,

PErZy _nd p_3 contend "chef onl_ uhon _ub_ec_o are opamillcally

_.,Tnc'ced to attend "CO du.Ta'cion in e duration e_fao'c obaz_rvod and _a'C whenau_ocu_ a=tand to doraulon, 7.hey _'a ac_ually ra_ing _.ha intonoi'cy of a

mound _.u te_m_ of i'c_ du.ra_len. _'C wnn poln'ca_ out _hn= duPe'clan effects can

E aloe be ohaervod in loudnaa. :_udc_monns, con'C,TL--'._'_0 cha concept tha'c dtu:a'cian

i_ an ,;t.n,ho;':on'c factor in nola.'Lnoaa :)udgnants c_lono.

*Th_ 4,, app_mat_ly equal go a _u_ling _f ac_uoglc onorT_, i,e,, 3 d_
pa_ doubl._m_ of du.Ta'cion,
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F
Zn a s_udy by Ollarhaad 13 in whi=h _hQ perceived loyal o2

F flyovar noisa produced by several aircraf_ ca_e_rles was investigated, i_

was ooncl_d _ha_, _s_d o_ _.he ass_unp_ion of _n_eo_-m d_Ta_ion/ par=alvo_

F ollowan=., _he application of a 3 _ per dura_Aon dou,_iing
level _ad_off

improves _he performance of _he single-even_ reassures an_ i_ clasa _ _he

it- op_!"_ for all ai_craf_ cave,ties e_sid_red (Je_ s.i_crnf_, propall_r-

I _riven ai=or_f_ and hallcopuar_).

i
I

.... A.2 Effects _f _ire Tones

Severel inveu_i_a_io_ h_ve been pe_fo_-mod _:0 assess _he _ffe_o

of pu.T_ _onas on sub,octave response and _o evaluate ".he various correction

proeedu.Ta_ u_ _o _=¢oun_ f_E _.he An¢_aas_d o_n_i_.Avity of human_
i ....

sA_nAIS oonnainin_ _i_c_T_ue fr_aney ¢ompenan_ (e. _., Olla=hood, _3,24,_5

E _or _d _a_Taofis, _8 _a.Teo_, 2c" P_Ts_n_ a_ al,_, 27 Ad=o_ and
011a_h_&d, 28 _n_ l_on.Taons _d Br,.,'_oT/_2"_). Tha _anoral _nolu_Aon

E repo_Ued _y 'r.ha_a nr,ud.tao waa _ha= ",ha pr_oence af _oc, ra_:a f=aquoncAa_, orp_.Ta _O_OS_ i_fl_o_o_ _ho p_TooAv_ "noisinass" of o=e_o_i_ si_al_. Z_

wa_ f_und _ha_ oor_acuion fo_ _ha praooncn _f pu_Te _ono_ improvas ":.ha

o_'_ala_Aon _woon The ob_ac_ive mensu_am_n_ a_d _he sub, octave a_oae_n_

Of _h_ noAoe oi_alo.

A.3 C_m_ina_!_n Eff_c_ of D_a_ion and Pure Tonas

A number of enu_Aas have invas_A_ad ",.heeff_c_a of c_

ducal.on And pure _ona co,TocCAtas en _ha _u_acUlva a_so_sman_ _f aA_c_a_

E noAoa (o._., _oaroona, 2_ Poa_sans and ReAmnanu,29 Adoook and Ollarhaad, _8

and F,z'y_.or _'. al.30). R_SUI_a from _hooa sT,ud;_.e_ int_,.oa'c.e f.he'_ Ob:_o_'_..tva

measu.Ta_ which ino_-pora=o _on_ _nd _u.Ta=ion c_'_a_ien_
provAc'-

a_oeman_ wAnh _u_acu_va _udgom_n_co of accep_.m_Ali_y than _ +.he o_har

_ _U_urO_ which _ aoT.. H_ev_r, _s_ of "c.ha_a s'_ld.i_ aloo C_OIu_d
T.ha_ _ha E_ra ¢¢;mplex _na an_ _Tn_i_n _To_"_ad _a_sures and I:om_ of

che eA_ior _aauras _U_ as L_ and L D wara n_ _i_nA_Acan_ly _tffa_an_An _am-m_ of _air A_AiA_y _o pra_Ac_ suM_ecuiva raupon_o.
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F Be Onher Ef fa_.g

O_her effete on perceived nois_nosa of nlrcrafc flyovaro wh/_h

F have be_n investigated include Doppla_ shlf_ and background noloo, A_
invas_iga=len by Ollerhead 25 repoz_ed _h='. flyover noisao wi'.h a pronounced

r Doppler shift (i,a,, actual flyovers) =aqui=ed lass ¢or_.ac--.ionfor du=acion
7.has nolsma wi_hou'. Dopple_ sh_fc (i.e,, sim_laned flyovaro).

F
} _n a in=at study by _aarsons a_ el. 31 i_ was conelu_d _ha_

LEpN, wi_h 7_b.3 _ increase in _udg.d mn_Li_u_ par doubliog of d_Ta_ioa

F was _ AO_ILTaCe predictor of _he nolainooo of _Tc.raf_ flyovoro oon=_ing

Doppler =hlf_, However, at _l_Icudes of S00 foe_ or las_ and non_.nal opoad

r of 200 mph, Cho LEp N procedure somewha_ und_ros_._.ed _h, oppoxen_ nolainooe

I. b_ appro_.mn_aly 2.5 =o 3.5 dg.

R_ingor a'. el,32 invaoclcjACod ".he raaponaa _ud_nenno of

IUI._O_&.'.OO _o approaching and roo_dln_ So_.nds which ¢oo_inuouoly inc=o=ood

i I! or d_croaeed in incunoity and/or _ro_uoncy. :ZC _Aac

_4

woe re, orbed O OOn"

c_.nuouoinc_aaan in noloo f_a_uonc_ on_ _onai_., no c_e ac_oa eppe_a

_il_ Co approach _a o_earvar io porcelvad _ be _ore _'_noying _h_n wh.n i_

app4_o _O be moving away Zrom _ha ohao_r i_ eplco of =he fa_ 1_ha_ -_ha

" _ ducal.on and _onal anorT_ of bosh algal, wmoe identical (w_ _olarnncaa).

A number of scudieo have reported _ho =anulco of invaenlgn_ions

E, CO do_o_o _ho o_foc_x of _m_ion _. nol_a _he
background or on aub_o_ivo

' aoooaamo_ of Aircraft ooioe eXpOOt_TO (a°_°, POO.TOO_O, _9 POW_ll _d

R_¢O, 33 _o_om, 34 Sco_'nfeld et ni,,35 _nd Bo_o_ and _a_a_o 36),
Ua_ng _hrao hook.aurA noioe levels (LpN of 47, 64, _nd 80 d_) with a

_; po_ fra_oncy of 250 H_, POmoOOD_lg ooaal_dod _._hec back_ot.l.nd noiaa c_nre.CO 7_e _ud_od noloinoUo of _n _Iroraf_ flyover, fio_ovor, T_ ob_.n a 4

_o 5 _ _oA_ion in _ud_ad perceived aolaino_e, _ck_ound aoloa mu_

E increased by 33 d_. _or _la, a mean ra_in_ of "_OLaF _ w_ appra_un_el¥

g2 _ wi_h hock_To_t_d nol,a of 47 _rn,wh_io _ho ma_0_ r_ of "NO.F" waO

appEox_mn_ely 97 _B wi_h background aoioo of 80 _. U_ing =oad 7.T_ffi¢

h_c_oun,_ noloo, Powoll And Rico 33 _apo_ a doc_aaoo in o_e_civa

3-12
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response of approxima_o!y 4.5 d_ (A-waiSted sou_d levQl) _o in_ivldt_l

alrorsf_ noise0 r=n_ing from 45.9 dB to 54.8 dB As _he b_ck_o_nd hOlDslevels _c.-ansod from A _ean lev_l of 3_.3 _u _o 46.4 riB. _ ehoul_

no:o_ _ha_ _he effects of hankgTo_nd noise reposed by PonToons 19 end

F Pow_ll _nd Rice 33 w_re obna_nad with ".he _ok_ound solon romnlnlng

cannot over each _os_ session. Powell and R_ce 33 rapor_ _ha_ whnn _he

levels between each airornf_ noise flyover, no
_ckgroun_ we.To chnng_d

oonslsnen= or si_niflcAn_ eff_s ware nosed.

F' 3. _, 1.4 CompArison of Sin_le-Even_ Measures _sed _o Assess ZndlviduAl
Response _o _Aircr_f_ Holes

_-. A _ovlow of .evornl aa..Tlio,: S=udlon inve_'..igA'.ing ou_)a_'..i_

E ro_l_ono_ to _LTcr_f_ noise or, nco_f;nlc Oio_=l_ O_'ZII_T _o _LT_T_f_ noio_,h_ produced soma cnnflieting' raeul_e _egnrdin_ _he choice of _o op=4_,_

oln_le-ev_n_ man_u_'_. A numbo_ of '_:heno otu_/ea hove amphnolned ".he

E '_'_po:.'v.ancn of ei_nnl d_rn_ion nnd _L_o=a_e f_equon_T oon_on_ in ou_oc-

_.vo naao_o_n_', of _o no_.ea evans. Som_ of _e _noureo invaeci_ad

E _onoldn_aA onl_ -..ha maximum nm_llcud_ of 'the _ound loyal _roduoa_ wh£1e
sOb=re £cno_od fo_ _pl_u_ v_.cin_ion ovo_ n ,pnoifiad tL!na in'_.o_.'v_l of

_o ov_n_. _t ell of "_ana mensu_ns conold_ed '_.._hef_equuncy _n_i-
_u_ion of ".ha sound, o£_hnr o.x'plicicly nnd implicitly.

The choice of _he nLugla-ovant measure providing the b_o_

ob_oc_ivn monnttt'o of _h_ n_o_ive _sonoE_onu of A/_TC_nfT. noise h_

_, _onded to f_om tn o_ud¥. _ number of fnc_o_n hove, m_
V_T'_" _uAy

l_nl¥, =on_i_utad to _ho vn_i_iLi_ _n _he _opO_OA study _ooul_n.

Soma of _.hona fac_o=n _nolu_

o T_pO of _ound o_udiad

o Typo of _o_n_nnoo _ound
o Comp_£aon m_chod (paychophynln_l procodtcro)

_. n Li=_o_.u _ eond_Lon_o Number of _a_._

• D_ _j c =an_e of sound ioval_ _udgo_

•.F._, 0 Spot=el _d _nmpo_nl ch_.,Tnc'..oEieT..;t.=s of tho nnttn_
o 1,tot.hod uso_ _ ov_lun_a too'c .-aoulte

o S_._:) o_ dlff_ronooo

i
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F Although e_ller psychcnccusglc roanarch invasglga_ions have

provided an e_ceaslve ,_a base, methodcloglcal dlffar_ces Among ghana'-nvesclgag_ons preclude a comprehensive assessment of th.her_laclve influence

of oath of _he fac_cors listed above, However, several studios have boon

F parform,d in an a_smp= _o assess "the d_ffore_ces (or Dimilarltlos) among

---_a n_rcus aingle-evanc mena_LTas (a. g., Young cad Pe_Tooa, 37 Schulg- _, 15,17

F and ache., ec ). Using comparison tochnlquoc,
Boas ford, 38 ai,8 various

T.hese studies evaluated -.hepe=fo_nanoe of ob_ec_ive mO=StLTaS Of noise LU

E _a_m_ Of _holr abillry co pradlct s_ec".:.ive response, or i_ carm_ of _haLT
oczTelaclon wi'.h O'_Cr objective mOA_tLT=S. The _A_ori_ of _hoso S_A_OB

F have ropcz".ed chat _ho _ro complex mmasttTes such a_ LLZ, LLs, _d
LEpN, Axe superior tc _ho Simpllar froquoncy-welghced sound level moacuros.

E _owovArs n review of a at_mbar af _h_co S_I_S _Ug_OUT_ _h_c, &ighcug_ _._oE_re co.lax mOAStLTSe nppae= _ c_aln_a booter wlgh human rscponea, _'.hey

&TO only _.r_inal!y bouccr _nn _aaa of _he sLmpller mo_eu_os (parn_cul_Tly

E LA, L D _nd LE) and, in nDm_ c&nee, the _ffarencns between them arc

wall within the r_ngs of _masu.T_m_au a_d compu_rAonnl c_-_cr,

3.1.2 Zndlvidunl Roaponss _o ALTc_nf_ Nols_

F
__ 3,1.2,'J E_rlL c_ Znvaogi_glon_

P_olaglvaly fcw of the _IAer psychcacousclc .-ooe_ch invo_A-
ga_on_ war_ concerned wi_h sub,active response ".'ccnoise produced _r_ GA

E _CrafC, 5eoauss the noise chn_ac_cris_ioc of prcpa!ior-d_ivan alrc_a_
and hollcopg_T_ ano voz-_ d_ffor_nc from _hoce of the larger cs_rc_=l

_ocs, _c in noc clone whether c_Acc_ng slogle-ovanc moasu.-as era, nppllcabla_,o all GA n.iroroft tTpoa. Zn ardor go ovslu_.a thaL', ap_llcabil_T, _wo

a_lior inves_.gac_.or_ opoclflc=lly _d_To_,_ing _acpcn_ _ GA _LTC=afg hnvo

boon :'ev'[o,,vad, Al'.hcug]_. savar=l other a..iraz_zf_', noise invacclc.m.-._.on._ i.n-

ol_dcd GA _,TO_fC, the Z'a_ulg_ wems n_c _cpor_ad wlv.h rccpoc_ co in,_v_du_l

alrc:=a._c ca.gec,'Oriaa, Tne:'efcce, cocclu_sr, a s_ani_cgll_ r_l_god go G_.

_._c_af_ could noc be dorlvad f_om the ropo_'_ findln_c.

_-14
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L_ 1968, Ollurhe_d 25 conduced A pe_--rod _m_risons _s_ _o

__ _udy subjective response co produced
the eels8 G_ aircraft° The

prlm._y objective was _o de,or _mlne _he _pplic_bili_y of the porcalved noise

level concepn in rn=ing the z_in'.Ive noisiness of five represen_n_ivo GA
&iroraf_ ty_@s. Thane _LTc_aft tTpes _Te shown in T_hle 3-2. O_hor

E n._TOr_f_ typOS eval_=od included a Douglas DC-9-30 _nd n Bo_ing 707-120B.

In _he main exp_rlmant, 28 suhjec-.n rs=od 35 recorded flyover

_- snuffs p.-oducad by the seven _Ircrnf_ types (five GA and _wm _Mmsrcial

T.T_nspor_s) .* Sub_e=_s w_re imst,E'd_:ed _o av_!v.aT._ -..he znlnT.ive "noleimoss"

_. of _we a=ous_i¢ slg_nls l_Tesentsd i_ pn_n. The exl_rlm_n= wee ¢enduc=od
iD _ _oshoio e_vLro_m_t (pro_T_esiv_ wave _hnmbmr). The S_n_d0,Td

Reference Sound (SRS) wee an _va band of pink mmlna (i.e._ =nndom _o!esw_h s unlfo_m spectrum lov_l as moaeu.-ed 'b_, a constant p_=c=nnags hnndw_d_h

an£1y_Is) c_n_er_d on 1000 H= _i_h n du_:n_ion of four seconds. In_.srmodi_te_ofer.nee eo_._de wi_h derA_im_ ranging from 4 _o 32 seconds wore OOD_A'_Gd

f_om .hapad wid_bnnd Poise _l_o_rum whlo_ simuln_od _at _hnusn noi_o. An

E "nb_ol_o" _udgod equlv_lon_ levL_ was dome,'m/meal for c_ch sound by _.ra=1:

and indIree_ Oo_p_Ti_on wi_h 7.he S_S. Levels of vn_ioun nlngl.-ev_n_

E' mensuree were _hon do,arm/nod from sou_d_ _udgad equ/v_l.n_ _ T_s SRS.

Twsot¥-slx single-evso_ mcgee.Ten wore evnluntod b_ onlsulnT_ng_ha product-m_man_ ¢oofflclon_ of correlation _two_n _ho cnloulnted

and _udgod levels. Of '_ho ou---_en_ly used elngle-ovan_ measures, i= wns

rel_z'cad _hat LpN, wi_h and wi_hou-, s Cone correction, I_.Z, and LD

gave _ha _s_ co,TeleVise wi_h _he _ub_aG_Iva _Isa ev_l_TuLon Z_S=I_s.

For the GA nLTcrmft eels. Ollorhond 25
sig_nls invso_Iga_ed, ]tspor'_ed

_t a ducat/on mo_:Toc'.ion '_. appeared to ha_e li_m Influence an _he

su_,:)ac_ivo nolslnoes of" flyover sound_. By ccmpe.rin_ ?.ha ranul_s _ ...................'_u_te
f_om A number of fiimul_ed flyover sounds, Ollorhond 25 concluded cbn_

_!s could b_ _xplninod b_ _o _uflunnoe of _ho Doppler f_oquenoy sh._'_,

"Fifteen of '_.hOoo sounds were synnhes!zed from nc=u_l rose= _d_mgs of -_.-he
_Du_a_ion eo_Tec'_./on wn_ defined by : £d_ m 10 loft0 (TI0/15) where

_ i_ an inc_m_t_ ". _ _ _d@d _o _ho po£_ v&lu_ of _he si_glo-_v_m_u_e and TIO _ the _e in".ez'vcl _o_.waon ".he 10 d_-d_rn poin_n i_
"_ho _inglo-evun_ c.'_.mo h.is'_'._ry of the n_£na signzl.
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Tabla 3-2 GA _.=_'._4't T_es Usod in Na£se Raspo_a S_udy Dane:._ad
An Refaronce 25 (Olle:h_ad)

F

GROSS I_'g. H.P./glt_/ST

, _ A_RCRAF_ TY_E_MODEL CLASSIFICATION (L_. 1 (LMs,)

Pip_ Cha_okQa 140 Single Piston Englna, 2150 150 H.P,

S_o_'_/_usi_eB s ALTCraf_

E P_pa: Cbc_okoa 6 S.'_glo Pin=on _ng:lma, 3400 260 H,P.
6-P,_¢a

Pipa: _ac _.,'tm-P_a_n _ngi_, 5200 SO0 HoP.

Tu.T_x)-C=_:_,n_= Tw,in TUr_p==p, S_SO 1300 S,H.P.
7-9 Sonc

La_.TMO_I _3 Tw.'Ln Turbofan, _2,500 S?O_ l_a.
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Several points should be men_:ioned regarding Ollerhond'e evalualL_.on

F teo._nlque And basle find/rigs. First, alrcraf_ other _h0m GA _ype_ were
included An _ho overall asneoemen_ cf "_he e=udy results, i.e., a DC-9-30

F and o ?07-120B. Second, of _he 35 a_rcraf_ flyover sl_nals invee=iga_od,20 reprehended actual slrc_rof_ flyovers while 15 were syn_eslzad or "shaped

r elgnnls" ooes_.TU_Od from so_usl recnr_Lngs of _rcrmf'. flyovers. Al_hou_h

L _he _henlmod recor_i_gn sounded llke a_r_Taf_ fl_overss _here was no

ehnnge An frequancy As _he sound pressu_ level _li_u_ Varied over 7.he

s_gnml _.rn_on, S chLTe_eri$'.io of An approaching _d reoe_i.ng sound wi_h

pronounned frequency components. Pinally, _he me_hod of evaluation uned _o

E evaluate _he ==le_iv_ parformnnoe of _he various _gle-even_ _ea_ToS _u_d
_ conclude _ha_ a ducaT.Ion corre_ion doo_ _ou influence eub_e_ive asumse-

E man_ of s flyover sound _d not consider _ho aocura_" _f _he o_o_"_iva
mesn_._ra_ inves'_i, get e d,

E Uelng _e s'_udy =esul_s reported b_ Ollarhaad, 25 7.he

_ub_o_ivn response _n_s have _eo _ivlded in_o _o a_.rcrsf_ oa_m_oEisn,

E n/r_f_ und And _u=bofsn) ttir_rnft, Pot
propellsr-drlvan (numberer.

_o_h of _hoee a_T_A_ on_e_orlee, a "ra.,_" ord_ri_ ana!¥gin of _he

E releT.Iv_ performance of _he _nn_ly uned slngle-evon_ m_anuroa wen
p_fo_m_d. The ==n_ order._.ng was p_Tormed wink ranpa_, _o hon_ avornge

A_fforamce (aocu_scT) _nd vo_i_billty (eono_s=enc_) _o_woon ".he calculatedand _udgod oound levels. The varlnhil_y Is opoclflod in _ of _ho

s_andnrd dev_aT.ion abou_ _ho mann. Table 3-3 preaen_ _he rssul_s of _he

E_ rnnk orde_in_ nnmly_oo. Z_ m_y be noon from T_blo 3-3 _s_ for _he prop_lls_-

A._.tvon _.Tar_ and for _he _et _craf_ _ha _nn_ ordains Of _e elngln-

o_n_: m_aeu.Tee wi_h raspec_ _o average difference does not follow _n r_n_
orde_ wi_h =e_po_ _o v_iAbility. Tho.si_-flo_oe of _Lis rma=l_, i_

_ _cleo_T. _oweva_, _e froq_en_-w_h_ed sound invel_ e,_a 'cAn m_o'_ eOC_Tn=O
sin_lo-ovan_ mea_u_ae for beth n_re=af_ :nco_orlee w_h _ho _ nnd L_

(nnd L c fo_ _ho _ena) _howln_ _he eel!lea= differences' between _icula_edand _t_dgsf =onponae. Al_s, i_ _ obeerved from Table 3-3 _hs_ 7,_o rank

i

_nC_T&_ Sl _sod ho_e rsfera to _hn ability' of an O_e_iVO MOP.TO N
p_odlc_ _b_a_iv0 _ospon_e _ maine wi_h nks smallen_ po0a_blo _olu_a

3-I?
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Table 3-3 Rank Ordering oE Slnglo-Evonc Heasures Uned to Predict Sul)Jectlve Response to
Atrcra£t _o_na (Propellec-Dr£ven Alrcr_Et and Jot AlrcraEt)# DorAvod £rom Data
Rzenented Ln Re£orenco 25.

., pItOPBLLBR-DRXV_I AXRCR_IFI' J_T (TUR, OJET AND TURROFANI AIRCI1A_I *
AVERAGB AVERAGE

fix flGLR-EV_iT DIPFERENCB SIHGLE-_V_NT BIRGLE-EVENT DIFFEI_HCE SIHGbE-_VENT
MBA_URE, (ARBOLUT_ V_LU_B) _ASURE, _ANDA_D W,A_URE, (ARSOLRT_ VALUES) _ASURE, _I'ANDARD

B_H SBN-B_U_ SBH DEVIATXOH _! B_H-SRB S_H DL_IATXON
dD dn dR dU

DO 1.0 (bpN) T 3.0 X.B 0.3 Z_,bpt _ 2.6
LB 1.5 Lb Z 3.1 (LD)D,L c 0.7 LLS 3.1

(bpN) D 2.4 LA, (LpN) R 3.2 Lp 0.9 LLz 3.5
(LD) D 3.7 (LA)De(LD) D 3.3 bA 2.1 (bpN) T 3.6

(LpR)TD 4.9 LD 3.4 LD 2.7 bA 3.9
Lp,LA,L C 5.3 ILS_ (L_H)_D 3,6 (LA) D 5.9 l,D 5.3

LpH 6.7 L_,L_N 3,8 (L_N) D 6.1 I_ 5,4
LLS 7.0 LC 4,4 IL 8 7,4 LC 5,6
LLZ 8,5 Lp 4.5 (LPN)TD 0.1 (LpN)D,(LpH)TD 5,_

(LpH) T 9.? bpH 9.3 (bR) D 5.8
(_a)_ 10.1 _z 11.1 (_a)_ 7.3

(bPN)T 11.6

LI_OgHD_

Lp - Un_oightod .ossd level
_AeLD,Lc,LD " _requonoy woAgl|ted hound levels
(LA)De(LD) D - duratAoa oorreut_d Ereque.oy weighted oou.d leveln

Lpt I - _orooivod noleo low1
(Lp|l) T - po=ooAvod noAuo level with Lena correctio.
(LDH) D = porcoAvod nolna love1 wAth duratlon correcblo.

(LpN)TD " perceived seine lava1 wi_h tone end d_catlon correctAon
LLS • _tovens's _g VX loudness calculation procedure
LL Z - Zwlcker'fl loudnooa cnloulatloa procedure



.

F orda=i_g on _he basis of v_iAbili'.y %s Do_wha= s_unilar for hoT.h a._roE_f_

cn=o_Eies wi_h _.he LpN, LLz, LL$, LD nnd L A muasurQs showing _o

F boa= corrala=£on wi_h subje_ r_sponsa. WiSh _he exoep=ion of the LL S
_d LA m_AS_TOS, T.his flnd_ng is oo_sls_en= wi_h _he overall EsGsI=s

F repassed by OllorhQAd025

conslde=ing only the pEopaller-_rlvan aircraft, i_ tony be observo,_

f_om T_ble 3-3 _ha_ _.he LpN m_asu_as (=one sorr,_o_ and un=orro_ed) _ra
_._provad in =ez_ns of accuracy b_ A duEs=ion oorre_on, i.a.s r_d_sod

Avorsga _ffoEanco, while _he _o_u_a_ of _he f=s_.ncy-w_igh=od _nsttros_
LA _nd LD, is rsd_cod. The v_.Ti"_ili=y of _he LpN and _.he f=equon_y-

E walgh_ad slngle-even= measures appears _ be li==le affu_od _ s duEs=onCOEr a_iO_ °

For ?.he _o= _Ircr_f=, v.he LpN mensursa (=one corroded c_nd

unsuEroc_od) And _ho LD _a improved in =_rms of ,==Itra_y by s _rn_on

E _zorrosT.£on wh/is _.ho of _ha is ra,'_ucod, However.. ".ha V&=i-
L A

n.b_.l.t'_y of _OCA LpN moasu_'as _.n_. ?.he LA n/lcl LD _aS_TSS _ ;I.21cseA.od

E by _. du_n'..ior, _ozT.oc_.on,

In '1971, Ollsrhsad 13 oonduc'_ad s comprehonnivo p_.LTod com-

_* p_son* =os= Co _soss "_.heprn_i_al dlffe_Tencos between a n_m_ar of

_hod_ for cnl_ul_=ing _ho pe_oolvsd no_se level of nlrcrnf_ flyover

_] _ounds. A _o_,_i of 119 &ircr_'_ _ounAn wns aaloc=od for _m _ho
use

_vos_£_io_. The s_ w_ro _vldo_ into four _or C,_.=_OE.taS_

34 _o=m (=U.Tbe_s= And =ur_fnn), Sg propellar-_ven nlr_rn_ (3_ _S-
ZU.Eh_no _ng_nod nnd 28 pls=on-ang_nod), _md 26 pisuon- and ".u.rh;_no-

_nglnod h_l_oopo=_Ts. The soun_ Inslu_d _u=door racor_ing_ of flyov_us,
_oo_fn, _d landlngs wi_h a wi_ nsso_n= of =icrophona posi=_on_ wi_h

raspao_ =o ".ha fllgh_ path _o chn= =ha soun, dn comprised = wi_ vaE_.s-._.on of

_hos..ou.uc_ which m_,_h_: _e ho_A around ml.woc_ _nffic o_.._o_T_, The

sound_ ,,_ro pl_'od =o _. 'r.o=_.l of 32 su,b_oc-._s in An anacho_.c l.ta'_.e,_c_

_ onv_snmsn_ wi_h ind_vIduml _os_ p_z_o_-med w_h _vo SE SL_ su_ac',a &c a

7_. An "nhuslu_o" _ud_d pa_calvod oqu/vnlon_ loyal wns shoo,nod for

_, snch sound _ _s_ or in_.ro_ comp_=n w_=h s SR_ connls_n_ of an
so=ave ._und of pln,_ nc|_.so oon'_o,cod _.= _ frc_c_en_' of '_000 I_. Ei_n=aan

s_f.nglo-avon_: _.ouuz:os wo_o _ankod _.n '_orma of =hs.'_r a.t_l.:_.=y =o soc.'ura.',',aly
&rid _ns_.s=on?.ly prod_Lo= She p_es_.voc_ loval_ of "_o sounds n_ comp_Tad

_" 3-'_
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F wl_h ob_e_lve m_asures, Ollerhend 13 found _ha_ slgnifican_ diffaranc:eo

_c: ow/0_ becwoen se_s of shOo.lye moat:ores. Z'. wns repo_c:d _hnt in _e_-m_

F of ¢on_ouc:_ 7.he c:omplex measurement prc:_c:du.res including _r+_, _r,_Z+t

_nd ELpN _e esoentlally in_is_ing_Ish_ble, _ Alc:o c:_o_ic:_is=lly indioP.In-

F gu/sh_le f_c:m _he c:om_lc:z measurement pros:salutes ware r.he ELD _d ".he LLZ.

I

DSs_in_ _iff_r,nc:ea were found between _he applic:a_iliw of _ha

olnglo-evon_ reassures of c:c:un_- in _ha four _iff_ant _Lrcraft c:atc:c_rle_.

O_ _he ov_Ec:g_, _ii of The Si_glc:-ev_ot _oao_Tac: w_re 0_LTemal_ c:c:ns_._on_

for ".he:p+.o_on-aogin,_ p=opell_r a_rcraft soun_ buu _c:_nslngly loss .o

fc:_ _ho _ _he _bcpEc:ps, and "-he h_llcop_ero, i+_ _ha_ O_dOr. Th_

d_ic:io_=ios of _ I_T _Tou_c: w_ro OtT+rlbut_d _C: i_pr_par c:c:=oun_Of

_._ ptu:, t_noo Ln The tur_prc:p _p_'t_o _md low fro:quincy h_r_nic: ,ound _._ Thehells:spear oc:unCt=. Z?.. wnn _oason_d 7.hnt tones: £_ _aqoc:nc:lac: b_low 500 Ha

were id_nnlflod far _u.Tboprc:p_ n_d hellc:optor$$ bu_ c:ould noo_ be pereoi_ed

bp !_a_anaro, 011o_hc:ad _3 c:oc:c:ludoc:Th&_ only _._ The: c_nc: Of _hc:_o_

sound_ _ _ho _onc: c:c:=_o_ion to The L_N appc:_r _o pelf.otto no _u=ond_d,

E _d Thc:ftT.ha _rovo_on_ _£rg_ol. 011a_heod _3 =l_c _hn_ _n
w_ rupc:_d

Tho c:o_o _f ghc: plot_n-anglnc:d propoller nLr_=f_ oound_, The: c:c:_To_ioo

E wn_ o_.._t raquirod _nd _hot fc:_ _.u=_opcop_ The naomi for a cc:rro='.ion was
_uaoP.Ic:n_blc:. Olla=ho=_ _3 c:u_yo_ Thn_ The pros:salute onc:d _o d_to_ and

c:o=1"o¢= fo= C_nao b_low 500 HZ maF rc:oul_ in ovc:Ec:o_.Im_ng _hc: o_fo_o of_hooc: low froquc:ncy t=noo. Hc:wc:vor,G_ll_wo_ _6 r=po_ _.ho= Ollc:_hoad _3

i.nooz:1"o_.'T.ly oppliad Th_ _na co_To_ic:n _lo_ 500 Ha nnd racom_an_ ro-

nnal_olc: of _ho c:_d_ da_n _.o provldo bc:t'_a_" _nmi_ rac/_T_Z._' _ho oppl_-

o_il_t_ _f _na c:_:z',:_'acT.od _LpN, ec:pc:c:i_lly=c: h_llcc:ptnr n_so.

_ 3 _ c:o_o_ic:n pot du.ro_Ic:nd_u_i/o_ imp=ovom _c: pc::,,-'foz"mnn¢o of Thao.'L_9'la-ovc:.n_ mmooul'ma f_:= _.1 oir¢_.'nfT, c:o'r.a(_;_+ioo. Finmll¥, 011a:_cod t3

==po="_ad +shot c:n Thc: _:o+o<', of oc:cu_.'nb'-_ l_d conolc:'_c:+n_, P.ho LD i_ +_.hc:boc:C f_o_on_-w_ightod sound ic:vol m_ud_c:d _m _+, for nll protocol pul'pm0c:o,

ic: at iono_ _ _od on L_N fc:_ ro_ng n_rc:=_f_ no:los0

, ,,,,
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r The s_ud_' rasul_s repor_.ed by Ollarhead 13 have b_an sap=rn_ad

Aeco_c_'Lng co the following _ireraf_ cauegorina_'.ien: 1) GA prop.lla_-

V _iven (pie=on anglne), 2) GA _urboprop, 3) comma=clef _e_ (_u=bofnn), And

helisop'.or (pie=on and uurhlne), The GA prOpQllar-_.TiVOn And GA _u_boprep

F Airc_af= wo_To daflned As nlrcraf_ wi=h 9TOSS wo£gh_ no_ ax=aa_ing 12,500

lhs. However, _wo =urbop=ep =irersf_ wh/eh exceeded '_..h_ GA g_oss wolgh_

F llm_ (19,230 ib_ And 35,000 ibs) ware inOlUdUd in _he GA _u_boprOp group
s_nco _haoa alrcrA.'_ do operoce A_ GA _irpo_"cs. Only alroraf_ w_h a frees

woi_h_, of 75,000 lhs o': more wars inolud_d in _he ;)eC a.i_c,:nf': o_=ag_ry.

Z_ _hould h_ n_od _he_ of _ho 34 _a_ nlrcrfaS_ 8ou-_d_ _clu_ in Olla=hoad's _3

inve_o_, 3_ were co_ercial _UC_fAns wi_h _osS welqh_s oxcaoA,t_"

75,000 lh_.

FO= eoc.h _ui.re=_f'_ cn_e_, _'.hec-Arron_l¥ u_ac_ ain_le-ovan_
mo_su_eQ wa_e rnnk ordered oo _ha b_ols of Avorn_a _iffor_nce (note.They)

o_d vAn_L_'£1.1=:r• |oon$1s_an_) be_:waen _he c._l_,l_ad and _udgod =o0.ndlevels. Th_ r_aul_a of _he rank ordar_.n_ nnolys_ Ana _hown on _bla

E 3-4,

W£_h _anpe=',:. _,_ _=cu_ncy, £_ tony be seen from T_hla 3-4 _ha_

E f=_ each of the fou_ nlrc_nf_ ca_o_r_es, _he Lp (_znwe£_h_ad sound level),
ELp, LA, L_, LD, EL D And ELL S n.re _nf _ho bose s_le-oven_

E me,auras of W._eCC_.va reeponno. Connld_r_ng _he propaller-_v_n piston,
_u_op_op, nnd ha!/c_p_ar n/rcr_ _ a e_n_la _i_nf_ ec_::ag_;.'T, _he

E fo!iow_ng hnv_ _on concluded from _ha _oaul_s pra_an_ed on T_bla 3-4;

1, _p and LA £ra, on _.he _vgr_ge, _a _ccu_a_e for '_e "

_opallar-_Lrivan pie=on, _u_boprop, nnd hellcop=or _c_n_

propalla_-_z£van pi_en, _ur_op_op, nn_ helicopter o!=crnf_

3. L_, EL D and ELL S _'ivo opp_o_1_ _a e_ _ogroo of

accu_ncy fo_ All fou_ n_c_ oo_o_E_os.
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Table 3-4 Rank Ordering oF Blngle-Evenb Heaaurea UDed to PredJcL BubJeoE£vo Raoponse
ko Alr_rafk Notae (G& Propeller-Driven Pinion, O_ ?urboprop, Commercial Jeb_
and Ileltcopter) Derived From Daba Preaented In Reference 13.

GA PROP_LL_R-DRZVBH (PX_OH _HGItl_) G_ _IJBUOPROP

AVEn&G_ RV_I_G_
D_FF_R_NC_ DIFF_[_C_

BZHGL_-EV_NT (ARBOLUT_ VNbU_B) BINGL_-_VEN_ _PANDAI_ BIHGG_-_VEN_ (A_SOLOTE V_U_8) BINGLE-_VEH_ _P_DRItD
H_UIlI_, BEH-_R8 H_RRur_+ _VI_*ZON HI_ASU_E, R_H-SR9 HI_SUIt_, D_VI_IOH

B_H dD B_H dO _E_ dD BEH dR

Lp, EGp 0.4 Z,Lz 2.1 _ O.0 _LL z 2. t
2.2 ELLz 2.2 Lp_E_p 0.3 _(GpN),EGL B 2.4

FJ,_ 2.4 e:tD,EG D 2.4 ELD 1.3 _A 3.0
L_ 2.7 F.GLB, _(bpN) 2.5 PJ,B 2.9 S(LpN) _ 3.1

Z_,p 3.0 LD 2.6 EGL_ 3.0 FJ_H 3.4
Iq) 3.6 _R_Lp,_bp_G A 2.7 EI,r. z 4.5 IJ, z 3*6

lf,b_ 3.7 B(LgN) _ 2.8 LB 5.1 LpH 3,7

_G_Z 4.3 bA,(LP_}GGB 3.0 E(LpH } 5.5 LD,EL p 3.0
_GpN 4.4 (LpN)T 3.4 LH 6.1 GL_ 4.0

K(L_N) T ?.1 h%R 7.9 Lp,ELp 4.4
_'n 0.e E(LpN) _ 9.5 bA 4.5
LL_ 0.9 bLB 10,1 bH 4.6
Ll, Z 10.5 LLZ 11.1 (_PH)_ 4.9
L1.N 1|.1 I_, H 13,3

(LpH) _ 14.6 (L_H)T 17.7

Hotel '#he p_of_ _ denoLeo tlzo appltcakton oF an _l_LO_ra_od BI_H_I duration a11owan_e

Legends

Lp = unwoLghked hound level
LA,LH,L H " £requenoy w_£ghkod hound levolo

LpH - perceived .ol_e love1
(Lp_)_ -- 9ocao_vod notre lavel wlkll Lone co_reob£on

JZ*B _ BLeve_fl*o HK V_ lo_000 c_col_h_on p¢o_0d_re
L_ z _ Zwlokor*_ loudnoeo cnlcula_lon procedure
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T_ble 3-4 hank Ordering o_ Single-Event Meaoure_ Used to Predict Subjective nenponBe
(Contld) to Alrura£t tlolsQ (GA Propeller-Drive. Piston, GA Turboprop, Commerulal aet,

and IlolicopLor) Derived £rom Data Pro_ented In neEerenco 13.

COMMBItCI._I+ J_T (TUI_0FAN_ II_LICOPTER (PISTOH AND TUIWINB)
AVEI_G_ AVEILAGE

DIPP_I_NC_ BIHGL_'EV_'SlT SIHGLE-_VBHT DIPP_ItENCE SIHGL_-EV_NT

_Z_GLB-EVBNT (ADSOLUTB VALUES) MB&SUIU_, _ANDAnD HBASUnE, (ADSO[,UTB VldaUEB) _SUn_, _I'_ND_ItD
MB_BURI_ 8EH-SI_ S_H D_VI_TION B_H B_M-SlIS SEH DBVIB'I'IOH

BEM _ dU d_ dU

L0 0.3 l_ Z 2.7 • ELp,L D U.3 E.LLB 3.4
_p 1.4 1_ 2.9 L_ 0.5 ELLz 3.5

LpeL o 1.9 _5DILAeLpN 3.1 ESLS 2.4 E5 D 3.6
_D 2.3 B(LpN)TILLSeE(LpN) 3.2 Lp+ELD 3+2 EILpN),E(L_H) T 3+7

ELL_ 2.5 ELL B 3.3 ELU 4.6 LLZ,EL _ 3.9

LA 3.1 ELLZ 3.5 LA+E(LpH) 4.1 ELA+LLS 4.3
EL D 3.7 (LpN)T 3.7 LLS 4.9 ELp 4.6

g(LpN) 4.7 ELA 3.8 ELLZ 5.2 LD,LpN 4.7
_L Z 5.0 LDtLP 4.2 E(LpI|)T 6.7 LB,(LpN)T 4.9

l.lbS 6.3 ELk 4.6 EL& 6.8 Lp,L A 5.0
'l_b_ 6.9 l._p 5.1 LpN 7.2

_(L_)_ 7.0 _z ?-_
rJ,Z#LpI I • 8,9 (LpH) T 9,9

Hotel The Ipre_l_ P+ dolloteo the oppllcatlon of_ an integrated eJenal duration allowance

Logond_

Lp - "tlnwolglltod oound level
I,A,LD,I,O - EretlUOnO_ welehted uound levela

LpH " perceived zZoioo level
(LpN), f - pereelvod nol0o level wJ.th tone correction

LL_ _ Stevono_u MR VX loudneoe _aleuletlon procedure
LLp..._wtekul_o loudnooo _nleulatJ.on proeed,ro
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F Witch rogpec-- --o Oon_is_enoye *_.ha re=ul--s showD, o_'. Table 3-4

==pporu Ollerhoed's 13 conclusion ".ha'=, on _he ovate.go, _i1 of ":.he s_ugle--

r evQn', me,autos _re extremely eoesie--enu wi--h --he lees', var_bili-,y for nhe

propeller-dLrivee pi's'.on o-ircr_f: followed by 7.he Je_s, --urbopropG, _d

hel_eep--ers, in _hn-- order. Also, by averaging over all al--craf_ caVe,flea,

i= may ba seen _ha-- ELD, LD _d LA ar_ _he mos_ ¢ons_s_en_ froquenc_-

F w_gh_ad sound Lewl m_aeunea _md r.ha_ ELL_, ELLs, E(._;) and _(Lp_) T are
-.he moo-- eonnis--an-- oal_ul_d sound levQl measures.

[_° Conulderln_ _he propeller-d_ivnn pis_on, --U.TbOprOp, nnd helloop_ar

•iror_f_ _ a single _i.':craf-- cn--eg_, _e following have been conol_ded

from _he resul_e presented in T_le 3-4:

E % _-L Z i_, _n "..he overage, _r_ cons_s--en_ for _ho prop_llo_-•Tiven platen, _ttrboprop, _nd hellcop_r _ircz_f-- _hnn for

E 2. LD _d LA _a, _n _.ha _vorage_ le_; ¢on_==e_ for _h_p_opallar-_iven _£=--e_, _h_prop nnd helleop_ar _ir_f--

__ 3, E-D, ELLs, E(LpN) nnd E{Lp_) T glva n_pro_--oly "_he s_m_d_g_ea ef connie--end, for _ii faun _._c_af_ o_gorlo_.

Z-- should be n_ed _ha-- for _ii _ir_f_ cn_e_rle_, i_olu_ng --he
_o-- &LT_Taf_ _he Lp_ wi_h _ _ono co.action ghow_ _TOm_I_ po_r am_tr_-_

end poor ¢o_si_=oncy ¢o_pan_d wi_h _.I o_he_T uingle-evon_ m_aa_.Too.
However, applying _ ¢o_ion for slg_al _LTn_On _mproved _h "._0

_o_a_ un_ _.ho ¢o_le_an_y _f _ _on_ eo_o_d LpN for all _._T_Taf--

E _a_o_oriog •

3._.2.2 _eon= Znveu ui_._onm

D _-- o2 _ha reoen_ psychoamounni¢ s_u_ue have b_aa _aoa_nad
wlnh aub_o_iva _aeponsa _ helicopter cud l_rgor _m_ei_l _e_ _LTC=nf_

_j noi_a. _owavar, Shepherd 3g reoen_l_ ao_plo_ed _n invaer_.gu_.on of _ha• _.noyanoe from nolae produced _ _ lighu sdmgle-an_nod (pin--on) _LTC¢_.

Uning a _-,_i¢_i ca_'.ago:',j ' ooaltng _achn_qua, 30 oub_aouo g,_vo =moy_nea

_a_ing_ _ _ --_¢-_1 of 25 Cepa rooordad eLT¢'ra._ aaunde. T_aea _ound_ h_d

, _ 3-24
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pa_ A-wei_h1:_d .ound levals of ba_:wean 65 and 85 _, _md 10 dB-d_wn

d_ratlon_ of between 2 a_d 45 seoond_. Shepherd investlga_ed _he usa of a

F n_er of single-even_ measures i_oludlng LA, LB, LC, LD, 5pN, (LpN)T,

LE_N, S_evens's MARK VZZ, and Lp. Th. following conclusior_ wera

rQpo_ad:

rashly u_ed single-evens moss.as helps e_plaln annoyance.
Tho beoofi_ of _his addition depends upo_ _he maa_ura
_od And _he fo_ of _he dv,Ta_ion co,caP--.ion empl_d.

E o Zn g.n_r&l, _h_ inc_eoso in _he v_luo of -.he prod_-
_en_ co_rala_ion _eff!olao_ obtained wi_h _he add£_ion

of a durauion _orra_£on is only marg_nAlly signlfloan_

E fo_ _ho _J.TOr&._ sold
inves_ign_ad.

o A 5 d_- and • 20 _-down du.Tntioo corroc_ion appe_,r "co b_

E _ul good o.o the ¢¢_nvon_Lonal 10 d_-down du.racion ¢:orcoc_lon,o For the aLrornf_ sounds inv=£_.g_:ed, ",he 5 d_-down dursT.ion
_Toducad ¢on_isoanuly, -.hou_ no_ si_ifioa_ly, largo=

E produ_-mom_n', co=rola_ion co_ffi¢lannOo

Zn n racnnu s_udy ,x_ng ¢hs _.b;jo_ive ra_pons. _ oov_r_,l

holi_op_r blad_-_isp oh_To_OrISTA¢_, ropor_od _ha_: LA _d
LAwson 40

LpN _J[_dor.s_L_=od ¢ho ¢_J_o_c_ ¢_us_d by _'npuls_vo non, as by appro_A-

' ._ mn_oly 2 d_, Thi_ finding was basod on _s_ ra_ul_s of • numar_&l _na_ry

_onling procaduro in which 40 _ub_occs _udged The _Jmo_co (nois_ma_o)

[_ of wn_h_o¢=od hollcopoe_r aound_. Using a _a_ni_uds es¢_m_ion proc.d_o,Pn_'..srs¢:n 41 sl: al. invoot:igaT._d -.l_e &cLnc_v_.nco (no;LJino|so) rospo_l.qo of

n_usl h=llcop_a_ fly.yarns Tw_n_y-flva ou.b_o¢Cs Cook _ in C._o invaa_'.i-got:ion and s DO-3 (prop_ll_r-_ivan) a_rcraf_ wn_ u_.d no a _ofaroncs sound

sou¢oo* Z_ w_8 ¢oncludod _ha¢; I ) Thora i_ l_io dlffaranos bo=woon _ho

_' L A, L_ _d LEp N _,_ prod_._._g sub_ivo roupor_o, 2) Tho aq_Iv_lan_

continuous A-w=Igh=sd sound iov_l (LAeq) pa_To_-m_d as w_ll as any of _

o_ha_ mnG_u_as, and 3) No Gorro_T.ion _oE bl_do Slap was found whlch i_provoa
_o prod/=Uinn of anno_unca. _n_nros_.ngly, i_ _=s ropo_od _:h=_: _h==o

Woro _Livldunls ,,_i'loIso _o_.._gS _f _,.noyano0 wa_a moro COnS_._'COO_'. Wi-,h _0
L C _£d L_ f=o_aoncy-woi_h_od so'£_d IOV_I_.
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F Powell 4"_ _vest_gate_ 72 actual flyoverD of _wo helicopters

and e sm_ll single engine propeller-drlven _ir_f_. A _OU_I of 97 subjects

F located indoors _nd Outdoors judged the noisiness of _he _alrctnf_ using s

_ume=ioal c_te_ry scaling procedure. Z_ was concluded that:

F I. No _i_iflcant _n___rovement in the noisiness predictive

•billty cf LEp N was provided by siT,her _u impulsiveness

_. _-rmc_icn o_" _qn impulsiveness =_rra_'.ion ba_ad on anA-wmlghued crest factor.*

_. For equal LEpN, the mo_ im_ulclve hellcop_e= was conslstontly

E _udged less no_sy th_ was the loss i_pulsive helicopter.

Zn _wo ctudlss 43,44 conducted undsr FAA cpc_o_sh_p concs_g _cice

-r ce_iflcntlon c_i_e_ria _d implen_n_ctlcn _sldare_ionc for V/STOL =Lr-

cr_ft, a n_mbe_ of c_gle-ove_t measures were _vestig_ed to det_e

E _halr validity in n_sscsing nnnc_nnc_ response nnd _o es'_ima_:_ n_ise

isvsls that will _ escoptnble _ _o_nuni-_ios _ttrroandlng _irporns. 2n _a

E ZLTSt study, 43 35 subjects m_de _uh m_n_tude as_tlen _nd .bc_lu_e
_c_pc_bil_y judgments _o both actual _nd slm_isted reccrdlngs of _rctnft

E flyov_Ts. A _o_sl of 32 fl_over _i_sls wars presented at flve _ffer_nt
l_vol_, The fly_vmr= _nclud_d commercial _et powered aLrc_ft, sm_ll and

E msd_um prcpellsr-_T_vsn piston _n_ _urhopr_p c_mmu_cr alr_nf_, both s_ngle• and twin engine hslicopte_s, n V/STOL _li_y jet fish,st, • _-ilt win_

_ttTbop_op V/STOL, nnd seven _'_,'_-,_.nticns r_prscantin_ STOL alrcr_f_ _cn-fi_t_--stlcrm nnd operntlonn. _n _iI, _0 different s_glc-ev_nt me&s_ca

ware evaluated including LA _nd Lp_ with each c_rra_od a¢cordin_ I=0

E c_T_n_ FAR°36 proc_dtlr_s for _one, d_ratione _d _ose _d d_Tntlcn _ln.h.'i._o ,_ .
Stevcn_'s MK V_ _d MX V_ ware _ico evaluated, hut no c_rre_ions w_Te

_, applied _o 7.hess l.'_rccodu._.'na. _ec_use the s_udy results wore cot pressnted

with respect to t_c _udlv£du_l _Lrcraft ce_eg_rlcs, (_.e., propsller-_rlven

_. piston, turboprops, helicopter, sic.), the conclu_inn_ .'opec'tad in th_s
st_y could not bs _pa¢iflcslly related to _he Gh-t_l_e n_.Tctnf_.

_T_e CrSSt factor in pe_k sound level m_U_ _ SOund level.
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F _owevar in ?.he follow-o_ s_udy 44 i_ was concluded _hA_:

F I, LpN wi_h _e cu_ren_ _AR-35 duration c_rrac_ion _rocedure
(LpN) D reliably r_flec_s a_oya_oe _o helloop_er noloe,

._ 2. No correction for "slop" or 7_ne is _aqu_Ted,3. (LA)D (d_atlon cor=ecuod) is not OignlfiCA_ly d/fforonU

from (LpN) D fo= meosurln_ effects of h=lioop_er _olao,

4. _1_m%_a_ion of "hea_ slop" _a oq_Ivalon_ _o a mLwi_ of
L. a 2 to 3d_ {A-walg_ted sound lev_!) roduc_.ioo :ola_iv_ _o

Annoyance response.

[
_.I.3 Sub_ec_v_ Re_p6nse _eoou.ras So MUI_I_IO-Evan_S

3.1.3. _ Typoo of _ul_£ple-Even_ MaaSU_eO

E _oc21cT._on And undaro_ndln_ of Community rospon_e r_ noioo
canno_ bo mndo _ololy on _ho baa_ af _he phyoloal pa_ameto_ n_d acouo_c_l

OhA_a_o_is_IoJ of _ha _oi_ OA_O_T_, FO_ T_IS _Oa_O_, laboratory otu_._
of h_mnn _o_ponua _o ai_crnft n_a do no_ p_ovid_ ouff_o_ent infoz_n_on

E aloha to _llow nn adoqun_o un_o_ot_ndlo_ of COmmunity rQa_ion_ o_o_t_l_oh l_m_s of aocop_able noloo oxpo_ura, As o _ouult, op_n/oo

(ooc_al) ou_woys hnva boon u_od _o collacu data conc_nln_ tha dagrao

of d_oaa_fac_an o_ unnoy_nce expariaacod b_ ind/vldunl_ axpoaa_ _

v_ous l_vals of _LToraft no£oa, ."_naoodn_n are _an correlated w_h

o_oc_vo moaouroa _hnt acooun_ fo_ _ho nLrc_o_la nolso ch_rac_c_T_o_Ioa

An_ _ha volu_ o_ a_ro=a_ acc_vin_ occu.r_n_ ova_ o opao_fled po_io_

"El of _.mo, Tho_o ob_ac_ivo _asttronl o_ _itlpl_-_va_ _n_u_o, _To T.hon
u_od _o ooalo oon_mi_y or _wou_ to,panda (as oppooad _ ?.he to,parma of

F_ 4ny ona individual) _o varlou_ ou_.Za._.ve nmg_i_udeo of alrann_ no,an

Tho f_To_ Studios conco_od w_h community reaction _ _..TC_t
nolso woro un_o_akon in _:he Un_ad S_nta_ dusting 7_ha a_Tly 19500. 45 _n

_'m la_o 1950o, ou.Tveyo waro oondac_ad _ound =ovar&l _n,:i._o_ S_m_an h._
_o_co m_.lL-..A_'y _ir h_.oao _,o _dont_y no_ao _blo_ _aociotod w_'_:h ".ha
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F advPm_ of Je_ _Ircraf=. 46 Zn 1961 and 1967, comprehensive surveys wore

performed a_oand London (Hea_LTOW) _A_T_r_.4?, 48 Prom _967 _o 1971, P_ITUa

r' separate _1.-vey were conducted ".he Vnlt_d S_sS _o i_vQs_ig6_e
offor_s in

community r6oo_ion +.o ¢ommor6i61 je_ _ir6rnf_ noise &Tound seven major

' =_po_o [5o6uon, Chiton, Dnll6s, 1o6 Angeles, Miami, _nd New York) and
_wo _mnllor =i_y 6+.rpor_6 (CT_:anoog6 a_d P_no/S_r_)o49, 50

F+ The f!rs_ mul_iple-ovon_ mons_o proposed foe n/--cr6.+_nolso was _ho

C6mposi=e Noise Rnnlng (CNR), _valopcd specifically foe use in a/rpor_./land umo

F pl0nni_g. PoE _akeoff and landlng opor6mion,, CNR is doflnod ma_bo-
ma_i_ally by: 49, 50

E CNR- _0 log10 _ _nT.ilo_{[(LpN)_ _ 10 log10 (ND_ • 20 NN_)]/10 }-12 (3-1)

_.. who_e _ is a _ingle 61ans of opera=ion (aircrafu _:ype, _ype of opornmion,

flight p_h, o_6.) producing 6 porv.lculnr _ype of nolo6 ov_n_ 6_ _ho poin_
in _o_'/'..ion, NDj _d NN_ a_o "._o o,.l_b_r of _y'_i_e and mi_h_Im_

occu=Tanm_n in ch6_ cla_o, roopmo_ivoly, and (LpN)_ is ch_ maxlmc_

E por_iva8 noino level in _m_ claeo.

_+ Two poin_o mhould be noted zmg_ing _hc CNR fo_mmln_.Ioo:

I. Z_ _661_ spaolfi=6lly wi_h olrc_=f_ nmlso "avon,s" on_

c_Cl_de_ o_har _y'p60 _f _oleo.
2. The niph_ poo_l_y, wh/oh ia oq_iv_len_ _ "13 d_, iS b6600_

on on _S_O_ inoroOl_l_d OomE_ani'_.y _nsi_vi_y _Tin_ +_ho

_+ '_tho C::NR_redio+,_,.vo aqua+_.t.oo _ of i=_+:"r.,.leular im1_--'_anon bocauo6i: fomod '_he b&6i+ for mmny 16:6r mul_iplo-ovan: moaoxtroo.

An a rooul_ of a number _S =ri_Iolomo of _ho C_R mo=s_Ta _nd
foe a 6_ of ocher _onaoo6, _e Noi6e E_p_murm Pone¢as_ (NEP) pro¢a_u_a

._. was developed an'_or The sp_noor_hip of *_.-haP.,'IA _ 1967. 51 The _ in
•_oS<"6d mn_homnclcall_ b1_15:_

NEP - 10 lo910 _ an_ilog_[(LEpN) j _ 10 IO_0(BD_ + 18.67 _N_))/I0}-88 (_-2)"

who_o CLEp_) _ i_ _ho "offo6_ve" perceived noiOo level,
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F
The _F _iffsred from _he CNR in _hzee reopeno:

r 1. The pares_.ved novae level concep_ we_ :splaoed by _e
effective pe.-_ivod noise love1 measure whloh accounted

_¢plloltly for "-he effle_s of flyover duration and dis-

['[" _Te=e frequency components.

2. The gene_-alizanlen of _ql_IVnlonu noise level which we,

_h_i_ed _ough continuous in_eg_a_.ion or ut_7.ioo andwhi=h ooul_ includ_ _.he effe_s of an_biee_ noisQ. 53

3. The dlf_renee in 7.he consents use_ as normnllza_ion

i _e_o_. _o e_Jus_ _e moas=eB _or _:_e_ent volumes o_OpOZ'II$.;Lon•

E The _hlrd m_aBure, ",he Noise and N_mbsr Tndex (NNI) wa_ developed
in E_gland as on ou_ow_h of _h¢ _oci_l sul'v_ye _endu_ed _tlnd RSnT_LTOW

A/rpor_. On _.heb_oi= of _he flr=_ survey, _ha h_I was developed fz_m a
_= fi_ A_a_e _osp_as_, assuei_ a _rlorl dependence on bo_h m_i=e level

E nn_ n_= ef avarice. The NNI i, g_v_n t_y: 5';

NN_ - ,0 io,, 0 _ J_nn_il_,_ [(LpN)_/_0) • ,_ Io_ Nj] -}88 (3-3)

E where io _ho _nl number of evan=e in aN_ o_a_ioes OT a_c:L_iod

p©=:L_d of "_Lm_.

InvasTAgnT_ena :on_u_=d in several _ha: cou_rlos used _ha

zesul_e of a_i_ud_n=l eul'v_yo and phynloal noise men_u_am_n_s _ d_valep

e num_a_ _f addlr_ional rcla_ionnhi_ he,wean _,,_i_y r_op_ _ a

m_asu_o of nelsa _'poeura. _ a ra_ul_ of _'.hoao _an_!ve efforu_ _o

E _ify =_nuD_._:y :'OSpO_Sa _o _ir¢_f_, as es eO_oo_, a
well o_hor noi_

number of nn=ionally &n_ in_ernn_ionally recogr_Ized mul_iplc-oven_ mansu_ao

hnva b_sn developed. SC_ of _hoae me,stereo include _ho German M_nn
R_ne¥_oa Loyal (0), _hc French Za_paophlo Zndox (N), _ho Sou_h Af=ic_n

H_laa Zndax (I_)_ _he Zn_c_nn_i_e_l CAvil AvlnT.Ion 0r_anlza_ion'o W_i_h_adE_ulvel_n_ Con_nuotts _are_iv.d Noise Level (_ECI_TL), _ho No_hazlands Tonnl

NC£S_ Load (B), _ha Unload S_a_es' Dny-Nigh_ Sound Level (Ldn), _he
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F Unload Kingdom's Noise Pollu_.ion Lev_l (NPL) end Traffic Nols_ _ndex (TNZ).

Ano_har mul_Iple-even_ m_s_sure used by she S_a_ of Cnlifornla for pu_osos

F of land use plannln6 around _irporu.s is _hs community Noise Equ/valen_
Level (CNEL), However, for sos _. purposes, CNEL is equlval_n_ _ _he Ldn.

Mathematical erpresslons for _hese mul_iple-ev_n_ msasu_ss

_a prec_od i_ Rsforance 54° Howeve.-, mos_ of ".here measuras bSB.T s?-

l., sUron_J rss_l_u_ce 7_ -.he CNR, NEF, and NN_ m,nsu.Tes wi_h only m_or. dlff-

e=sno_s in compu_a_on_l de=_il, For exa_le, _he L_ is givQn _:q6

Ld_ - 10 Iog1_ _ _u=ilo_ I [(Ls)_ * 10 iog10 (ND_ • 10 NN_)]/10 }- 4_.4 (3-41

[
_ho_o (Ls) _ i_ defined _s _ho Sound Exposure Levol $2 do.- _he _-_h no,so

isvsl or evans.

E 3.1.3.2 Pastors Affec=_ng Mul_le-Evsn_ MOaOUZ_S
In _ha dovolopm_n_ of runny of _he mul'.iple-evon_ moasuras,

i_ has boon _cnor&lly sssumsd _hs_ co_uni_y zasponse is r_la_ad CO
s m_ss_o of _ho aos_s_ioAl o_sr_y_ ai_her _.o_&l or av_rags, _c_Eiono_d

ovor s sp_olflad _s_-vnl of _-_rn,_, B_sod on _hls _ndsrlyin_ nSO_iOn,oq_Liv=isn_-snar_y mo_ols h_vo b_s f_mula_sd, Gcosrdlng _:0 whloA s 10-

fold ohnngs in _hs_ asou_ssl eno_y or numbar of svsn_s is oqu_v_isnc

_o _ 10 d_ thongs in nolsa exposu_o loyal, hdd/_ion=lly, m_s_ of _ho

mululpl_-sv_n_ msasu=cs include a wai_h_ing favor _o scsoun'r, for v_-_i_g

no_s_ sonsi_lyi_y of psopla wi_h _ime of c_y. Y._ somo snss_, ad_u_T_nn_s

for sonsonal v_r_a_ons m_y _ insorpors_od. Zn "_hs follow_ng soo_iona,

_he sffooCc of ".he number of events and she _imo-of-_F wai_T_mg adjust-
monks on _he vsl_i_y and accuracy of mul_iple-evan_ reassures will bs

d/scua_sd. Emphasis in foc_sod on _hasa "_WO "aoous_io_l fss_orn" sinc:o
_o_ are gsss_nlly considered _o _e _'wo of _he m_s_ i_p_r_nn_ parnm_c_rs

=ffoc_ing _hs oo_al_ion bemuses n_lao _ocu_s _nd com_mi_y response,
A+ Effo_ of Number _g Evan_s

B_od on nn _qu_val_n_-onsrT_ m_dol, N idon_onl nolna events

will sum in aocordancs wi_h _hs rsla_ion_h_p, K log10N who_a K m 10.
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_iT.h only a few exoepXions, t _his e_-_n_ rela'.Lon=hlp is _neo_-porn_ad l_mo_ of _he exls_ing m_l_£_le-even_ m_asu.Te_ used _o qun_.fy nirc_nf_

_+ no_--Be Q_Omv_Te.
Based on -.he 1961 London (Hankow) Ai=_or_ noise a_d opera-

r _ione _n_a used to develop ".he NNI, Galloway and Bishop 53 have compared
_he mean aPu_oyanee scores de,ermined from _he sooial euTvey data wi_h

cal¢.'ulaned CNR values. The mela_ionship between CNR and average Annoyance is
shown i_ Figure 3-2, 2t m_y be seen Tl_at _he CNR rating firs CAn Sub_oc_ive

_ud_ents of noise e_osuro _i=e well, i_ spite of _he _fforent _a_erin wh&ch _he number of events Are eccoun=od fog in "_e CNR a_d NNI equations.

Galloway 16 repor=e 'P..he',:booed on Annlyses of _he eocond OOC_.A1

e_+vo7 _o_nd Hea_hrow A_po_ (19_7), "+he de_ree of co_.-.elatlon between

E eoacnu_.It_ _aepon_e And noise exposure is, in general, qui_e in_enoi_vo _o
i _he value of K u_od _n the _mm_n_ reln_onsh_p ovur _he range of from 2

i _ To 22, bur That some fo_m of K log10N in unef=l in aase_0ing annoyance
j 1- roeponna. Zn a _cont invos_i_ulon of =he _Tade-off offeouS of alrc_of_
I

ooisa level and number of evince, Rice 55 p_eean_s etud_ _enults _h_ch

toad _o euppo_ _ho _ae of X m 10 ae an approprla_o value Lu _ho _
I

rela_onaY_p. However, Rico no=AS _hat baaed on The rnaul_s of The _nvoa=i-
m

gallon it eppeans That _e =o_nl numbo_ of ev_n=s influences annoyance

_udgmonco wi_ op_ _",_ values of K _Ing one,what propo_on=l _o The

_+ number of ovon_. In 1972, Tanner 50 ropo_-cod _ho ra_ulne of a _d_
_o invoaP.Igate T.ha offoc_ of co_orolal _t _L_ noise from emnllar

[_ city (oomm_e_.al avianlon) airports and to c_mpare ?.host d_t_ wiTh _',.l_ooe
from an aanl_-or atud¥ 4g of _ha effete of commercial _e_ _.Tc=af_ nolao

_po_stt:_a in big c_tlo_. The ro_ulne in'+'Loatad _ha_ a n_iflcnnt dlffAr_n=oex_.ens between The sm_llor c_las and _o bigger ci_ios w_Th _'eopa_: _'.o -.ha

rolac+onan_p between annoyance _nd aiscraf+ noi+e e_oeu=o Ar cq_ values

b_low '125. Zt wo._ reported ".ha_: "_ho n--_or of h_ghl_ _nna_od po_son_

The am_llor ei_'.iaa wo_ leeo Than half That in Tha larger ,'_'.._.ao ag Thaoo

_R v_luoo. Z_ wee concluded P.hat one of _a fat=ore _oat l_kal_ roapon_ible
for cha _ff0renco ;in _nno¥_nco _oepon_a wa_ The rel_T.Iv_l_ lower _/rc_&f_

_Taff_n volume ob_'v_d aC The smaller city &irpnz'_e.

"SO_O Of Tha0o c_¢opulor_o inclu_ _he Moan A_o_anco Lava1 (_), _hoNo_eo _nd I_umbor _ndex (NNZ), And _:he T(_cal NO.%OOLoad (+_),
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Rylander e= _i. 56,57,5S reports _hau, _sad on dnta from a

numbs= of aircraft Noise Social surveys, -.he de,Tee of _oyan_e exprassed
by _ nalse s_osed population i_ closely =slated _;o th_ pa_k noise lev,l

__ of S_gls flyovers. For areas exposed to s low numbs= of d_ily ope==_ions
(35 or lees) _he ex=ent of "vary annoyed" in =.hepopuln'.ion is esseo_lally

zQ.-o provided _he oalse levels (of singla svcnts) do not axcaed a m£x."(m-mA-wclgh=sd sound feral of g0 riB, at which point _he pc=cant highly annoy.d

ice=oases markedly. F_ _eas e_posod to a high number of opera=ions (50

o:" _re) an incToasa in _he ex'.ent of "very annoyed" ks found _hQn _he

nclss loyal of _hs no_slast nlrc_aft excaod._ 70 to 75 dR. In 'r.ho_a hic_

E cxpolure _aas _s repc.-_od _.hst =he inc_ensQ mean _nnoyunoa wi_h
At of

_UX_L_ or pa_k A-welgh_ad noise levals _p to 95 _B ks llnaar with a

ccrrala_Lon coefflolon_ of O.9g.

Co,or _d Pa_te_racn 59 have _c_ntl_ inv,aT.igat,d _-he genor_l

E _ali_i_y of "_.ha "aq_Ivalant-cnar_y" and tha "pe_ A-wellhead _ound ISvsI"

oonc_p_ as ._pll.d to _._itnity anno_.nncs ".o o.i_cEaft noise° _sin_

E data p_ovlou_ly ga_hsred _round nln_ U.S. i= was concluded

tha_ nnno_nncc =aapocas follows n_i_har ccnoopt. Add_tionAlly, i_ w_

=spo_,d ".hat;

_. Annoynnoa _ssponoa can _m b_u_sr pradi_-"_ed _y _ran_g

lovol und flummox' of _vao_ as V_i_las, :a_ha_
Sap.=ate

_han _o_in_n_ _h_m in _ _inglc-numbs_ _pouu_a p_,Tnm_'_an.

_ 2. _oynnoa _ncraAsas s_ac¢_.,tly wi_h anerT/-_nn isvol f_r
_n_nnu doily cpors_ionn.

3. _o,y_'_=n in_=aaos _ith numbers of cp_atlor_ up _ 100-

_. _99 pat tiny, _hsn do=taa_a, fo_ high n*_,_._s=a,4. Tha s_atlstlcal _isT._ibu_icc _f indlv_.du_l nnnoyanoo vn=i_

w_h loyal _nd numba_ of svanns, _hus _nfluanoing _ha _havlor

of uny single colas moasu_a, _ch _ a moan Dr a pe_rcan_ila_luo, talntlvs _ that of nook-her mca_u._s,

_. _ari_d of _ha Day

Most of the mul_ipla-svao_ reassures dlvlda _a _ _nuo _wo c_ m_re

d_a_a_ _ psrlod_. Soma of _hsss ps_L_ may ha w_htcd _o account fc_

v_Tia_as in c_nun_y _snni_ivi_ _o _s_ durin 9 _hs_o p_io_. Thasa
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and n/_'._me, Or _ree periods, day'.line,evcn/ng and ni_ime. • Ro_ard-

F less of when.her _he _ay is d/vided into _wm or _hroe _ime pnrlods, nlgh_.imenolno oA'pon_e or nolne levels a_o gen_rally wei_ued h_ a_ add_ional 10

F riB, The 10 AB p.nal=y _:roa_s nlgh'.=im_ sounds As t.hough _:hc_ wore o_horI0 d_ more In_esna 7.has _hey actu_lly are, HowevArs speclflc doctunQn_a'.ion

in Suppo_ of _s I0 d_ nlgh_=ime pasal_y ks Sca.,_., _ appears _hmu T_O

E s_loc_ion of a _0 d_ v_lue was made more om _ho b_sin nf _ud_s_ _-_ on

actual oolem_ific findings, _e_mo_e, _us_ifi_a_ion for _he u_e of a 10

E AB has boe_ homed _he basis _ha_ _hero
n/gh_c:im_ pon_l'.y primarily om no

sT--_ongovi_snc_ _n oon_adi_ i_ uno. For oxnmplo, _he uno of a 10 d_

E pooal_7 appl_ed _o ni_h_'.ime oxpoou_a in _.he _EF prooadUre appoors _o _ave
bnos oAr,'led nvor from _ho e_rllor CNR scheme. However, ll_'.le _'_i_a_ivD

dn_a _o _uppo_U a 10 d_a n/gh=*.ime w_ighTJ.ng have CYSt been processed fn_=_h=r '_e CNR or _hm N_F procedures.

_,' The _PA "Lnvols based _ho choice of for 7.ha
Dncum_nt ,,52 _0 ds

n_gh_ime w_n_ing of noise isv_l= on iT.s _onslve prior u_go and _m

E AA_A ob'.nl._mdfrom 55 mo_n_i=_ solos og_-voys showln_ _e 7J.m_ v_inv.lm_
of Of OSV_.TOV_OS_AI mmln0 10VOI over a 24-hou_ porlnd. SupporT. for _o _0

E dB ni_h_m- p_sal_F wa_ baood on 7_o following _ee asnump_ons: _ ) _s
n_ _i_o _V_on_n_ _, oonnld_rod mot. din'_bi_ d_Ti_g nlgh_.mo

i _ _h_ _ay_ _) _ho _'_orlor baokgro_md nolno levnln T,ond CO _Op by 10 d_or m_ro ds.Ting _:ho nigh _. in mun_: communisms, and 3) "_he roducad as_.vi_:y

ins_do homes durinc_ _he _gh_im_ oon_bu_ss _n ".he gonsr_, lowering of

_,; in_orior noise lovnls. Thu_, i_ w_s concluded _ha_ nnlns nven_s oo:,-,.',:;,'r_,ng

dU._isg T.ho 2_.gh_l.._m should _ w_tg_'_od _n rafl._c _he ,l._nro_d L_'unlvo-

_t oon_ of _n:_" cLto%,'tt.t'b_.n=ct. _JFch_noro, "c.he "Levnls Doou_om_" s_a_:_d _0._O_
thin 10 d_ n_.gfl_,_, ponal=_ who app=oprln=o bon_uo_ i_ would: I) _Uu_Tn

_ha_ _:ho day sound loyal (Ld) and _o nlgh_T___o sound lovnl(L n) co=_-
hu'.ad a_o_ oqtmlly _m Ldn in low nolno env_.ronmnnns (45 _n 55 d_), And

2 ) apply pr_nn_Ta _w_.Tds A 24-hnu_ raduc_on in n_ina l_valn i_ h_gh nnioonnvi_nomanV.n (65 _c_ 90 _).

"For a _wo pa_.od ,_y uho A_y,_..Lr_._in f_:om 7 u.m. _:o 10 p,m. _d _ho ni_h_ is
frmm 10 p,m. r_ ? a.m. For a '_,,h.roo por£od day _ho dsy_mo _ from ? n.m,

? p.m,, ovunuLng is from ? p,m, _ 10 p.m., And digh_ in from 10 p.m, _o _ _,m,
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F Racan_ s_u_Lies have presented da_a whi=h suggeo_ _ha_ a 10 d_
pan=l_y for Dlgh'._m_ perio_ may no_ be the ,pproprlo_.e wei_hr._ng value

F {e,g., _oEoky, 60 _id_ll a_d Jones, 61 Olle=hoAd, 62,53 And H_n-Aco_i¢__nd Holse64). 3AneA on r_SUI'-s from a 8uu_y of variations in community

o_tnoytLnce _tnd Now ¥onk (_), _oraky 60 suggos_ that _he 10 _ ponnl=y

F is mu¢h _oo high, Pidoll and Jones 61 inve_ui_!_nd _he effects of redu=i_

_Igh-.=ime noise exposure i_ o comm_._/_y near Los Angelas _n_ern_=ion_l

__ A_rpor_ b_ 25 -.o 30 d_ {A-walgh_d) b_=ween 11;00 p.m.a._d 6;00 n.m.

3_d on _.he res_l_s of this inves_.ign'.ion, i'.w_s reported thA_ the

_F nodun_on in _olso had no _ppreci_l_ sho_-_-m eff_ on _ho
OX'IOOSUle

.-npn.'-_=__losplng habits, co_mu._i_a_ons intolerance, or b_liofs

E d_ngar or mlnfoas_ce of _he Offered popul_i_n, nor did i_ si_ifln_n_ly
change tholr levels nf _unoynnca, whether a_noynnoe was np_¢ific _o =pooch

E _d sloop _n_=fo_anc_ or _ononnl '_o aircr_f'_ anion. I_ was _u_gouned _hn_n ponnlblo _lann_inn may li. in the nigh_- ponnl_y, indlca_ing a

possibility _a_ '10 (_B iS "c.oo l_rge. _n a _oc_n_. u_udy by Oll_rhnnd 62

E c_ncnr_Ing _he _in_ve nnnoy_nco of _i_c_nf_ noise in c_mmuni_ios :u:ound

L_ndon (HOA_O_) A_'p_z_, i_ wag r_po_o_ _hA_ _L_a_ noise is ¢omai_r_d

E _ b_ weigh, i_ _n_ns of d_nn_rh_o_ _d a_oy_nco, d_.ring _ho ey_Dlng _h_ul

_h_ing '_'_o dnF (one nvenlng ai=crnf_ flyovar b_ng egu/val=n= _o four

E d_y_-_- _Ircr_f_ flyovorn) £n_ _h_ ni=cr_f_ nnioo c._u=ns ll-._in or no
dis=u.rb_no, _'.o moo_ people o_ nlgh_, preoumn_ly bocnusa '_'hey _lonp '_h.Tough

_._.. I_C_OVOZ', poopln who _T_ _iS_rubod n_ _igh_ nnnmi_l" "_.he &Lo_nc_ _o
ba _ro ,aroma _ud _ro _n_oyln_ =hnn _tLTi_g _ho _nkin_ _y _d ovn_.ng

hou-'J_. Z_. w_ concludnd _hA_ with r_apo_.'_ _ *_.ha s_---_uro of _ul_Iple-nvnn_mnanu_g u_nf _o prodlc_ comauni_y e..-_oy_.nce from a_Tcr_f_ opara_inns, nn

nv_.n_ waighUing of abot: _. 5 or 6 c_ =Qnms moro appnopr_n_:n _d _.ha_ ".he

commonly u=ad we/gh_ing of 10 dB i_ proh_ly _oo ln1"ge and ex_:emd_ ova.- _._o

10n_ n par_.od of "_'[_,.. Z'C _as _u_gon_od c..'_n'_ p_rhap_ _h_ evening uim_

p=riod be _-_nnd=d _o 1:00 n,m. _ =ova= the :_i7.icnl "f_lling _alonp"
phnno =rid _ apply n Zn_o worth.Lug f_.- the nnmnlndnr of _a n_gh_.

In _ _ncnn_, i_vaa'c._.g_,'clnn _ do_:a_-_.na _/_por_ nc_ino lovol_

_.hot _TO _paT_._io with rasldnn_i_l living _¢_ivi_lag, _n-Acnuonin_ and

Nolsn 64 2opor'=nd noo_.l_ which ST.Tongly supp_:_ Oll_=hoa_s _2 non:lu_ion_

:_ga=_'Lng the pan_l_ion for ni_c_imn flyova_ _n_.Tuslonn, Zn ch_ study,

co_mun_y _:i_o _mul_nn _yaT.oma wo_o pl_cad in _hn hom_s of _wnn_y-fo_T



F
._. fnm&l£as _ha_ were na_ previously imparted by a_unl Airpo_ n=iso. Four

dlfferon_ _ir_o_-c noise csndi_ion= were si_la'.ed. Three csnd/uions in-

valved my fligh_s of 150 com_e=¢ial alrcraf_ (2,3,and 4-engine L_.Tbo_en
and _r_f_) produGing overage N_P v_lues of _6.9, 32.5, nnd 26°9. The

_' fogl_h =ond.i_ion add.d 18 D/gh_ fl/gh_s (10 p.m. =s 7 n.m.) which tea=lied
in a _nn NEF of 32.9. Baa_d o_ _he fin_Lings of 7_is 5nudy, i_ was

concluded _hac=

+ r

% Zn_erferencs And general _'_ny_ce was hiqhas _. _ _he evening

E _mr (7 _.m. _o 10 p.m.);
2. The 10 _n _on_l_y for _ight flights In _qo larg_ and =o_l_

reduced _o 5 or 6 _, S waighT.i_g value which would _r0 4a_tr-

ately _aflec_ co,auraLly r_sponse _o Ai.-po_'_ noise erv;_vor_montn.

A_ ad_T.lanal rolevan_ flndiog was chat, on _he average, par'.icipan_ _sn_d

E _o _AA=oa_i_nto she number of fl_over in_11slons _._oy _er_ a_u&lly exloo_ioasln_,

suggesting _he pos=lhi!icy cha_ -=hey ware responding pr_-ily _o _he louder

E fl¥ov_ro.

E 3.1.3.3 Comp_.v£sos of Hul=iplo-Evont Moasur=s Used to /ussaso ,"ommun&t_Rnuposs= =n _L_'C_r_: Noise Zxposu,Te

A. Theoroclcal Comparisons

A n_sr of s_=_io= have ¢_mperod _om_ of _ho =uzTsn_ly used

mul_il_le-svan. _. moasurns ]_y co_pu'c:Lu_" =in,is-sure, or _acLugs for onch

reassure using idantLcal no£mo and opsroti_nal p_'nmocers. Tho _'a_.u_

vnl_ao for each m_l'=il=la-_vant m=asuro ,_a ther comperad (gona_l.l¥ on T.hs
_a_o of _s _umbar of opo_a_'._.an=) -._ decorm:Lns ".ha d_gr_s of cozwslatlnn.

_ G_.lowa_, and Van Gierko (55, for example, co=¢p_orsd _'.2m C_R, NN_ and

on ".he _=is of she num_nr of _a_ opornclon_ for a situa_.on whore

_.ho 4varaga max._m_m psrcoivad no/so loyal wan 110 d_ WiT=_ a dt_.ra_-.ton of 15

aocsnd=. Z_ was ¢oncludod -.hs_ _n diffnrnncss nmonf "..hose "..bran prossdu.ra=

n.To ve_'2 s_ll compared =o _he overall uncszl:ain=_ Lu mactsu.T'_ng _o=_4n£_y
=nn_'._ton. However, _ch NN:_ _nd _ pravld_ _ _i_hsr ponal=7 on n_un_

F_ of opust_on= above 50 per day for a glv.; salsa loyal _han does _Ro
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F 6arendipi_y 66 =prepared _he _R, _F and NN_ on v.hebasis of The

n_or of daytime opera=ions for _wo dlfferen _. oases; I) wi_h equal _ao

F noise measures (i.e., LpN _ (LpN)mn x- LEpN), nnd 2) wi_h _oqual base
nolso m_Asuros0 For _he firsn case _he following relationships ware deoermlned:

N_F - CNR - 76

_R - N_I ÷ 68 - 5 Iog10N

E NEF m NNZ - 8 - 5 leg10N

._. whore N is _ha _o_i numbsr of opera,ions. For _he second case, _hsrele_onshlpa wer_ _!ven by:

E _F - c_m÷ - 76(LZp_
C_R - NNZ ÷ [LpN - (LpN)mnx) • 68 - 5 Iog_0N

E NEF - NN_ * [LEpN - (LpN)mnx] - 8 - 5 lo_10N

G_llowey _6 has compared a number of promlnen_ mul_iple-oven_ measureson the basin of _.he number of day--s oparn_ions aeeu"_,.ng an effusive

E _Ta_On of 10 socnndo, a _L_Imum LpN and LEp N of 110 dR, and _h_ne_p_i_n _ha_ LA ks apprmxlmn_oly 13 dR less _han LpN. The n_neu.Tss

compared included Ldn, C_EL, WECPNL, B, _, N, NNZ, NEF,_nd _R.t_

._ _' Thle camp=flees is shown in PI9%LT_ 3-3. O_ _he basi_ of _his c_mp_Tison,

Galloway 16 e_nclu_os _hs_ all of T.ha monsu_oa _re highly ¢orrole=_, and _ha_

mos_ ars onnoopgunlly _dengionl for all _rnc_ical purponan, difforinq only

• n miner do_n/l nnd, Thus, social eurvsys n_n be correlated on The banis of

_n_ of The ra_ing m_asures.

Z'_ _hould be no_nd _ha_ in all of r.he above comparison =_u_laa,

_.he e_proselnn_ used as • basis for comparlsoe ware general, or only

&pprc_imn=icns, _o The a_ual mul=_ple-svon_ oqua_ions, sppllea_io

A _:od ea_'. cf nois_ and opara_ional conditions (i.a. ,a fixed noise
lov_l and offoe_iv_ _ Auzahien, and only dny_ime op_ra_ions omnnldored).

Addi_isnnlly_ _ho _ssum_d relationships among _he e_ngle-even_ moauuzu
used _O compu_ The mu!_ipln-aven_ m_neuraa _zo only appro_mn_one baaed

on averagoe of m_asurem_n_ _._a, For example, _h0 dlfforoncss benwaenLEp N and L_N or LpN nnd LA, and The effecnlve _im_ du.Tn_isn of _n

o.trcrcf_ flyovar v_T_ as a function of dis_cmne from ":.ha _._sf_. Under
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F
m_a ro_li_ic conditions, _ha reln_ionshlpe among the m_l_iple-evon_ moan-

r uraB would _, Eos_ llkoly, somowha_ dlffcren_ _h_ _hose reported. Howova_,
be_uoo all of _he measu/es will in_.-onee or decrease p_opor_ionAlly wi_h

F SO_,L,_.peasants level and n_er af opera_ior_, a high oo_rele_ion wo_id
e_ill b_ e_pecu_d°

The EPA "Levals Documem_ "52 s',n_ee r._a_ _horo Ls no fixed
r_la_imnehlp be_waon L_ _d CNEL, CNR, or NEP _e _ dlffarencee

_. ba_weon ".ha LA And _he LpH fraq_enc_ welgh_.i_gs _nd _h_ _llow_c8 for
du_aulon, as well _ _he minor d_ffurencee in eppronoh _o ad_usuing for

_Igh_i_e noise evo_s. However, ".he followi_g appro_imn_e raln_io_Lipo

-_ warm gi_mn:

E

L_n - _EL

Ldn -"NEp • 35

N_ -" CNR-?0

B. Em_i_ic=l Com,_arls_no

_ numbor of s_udlo_ hnv_ oomparod emma of _he _Tam_I¥ usad

mul_ipla-ovon_ moaou._a= _).7 compu'.ing olngle-mumbe_ ra_in_ for _ch manor,To

using ".,ha oemo flal_ mon_ur_m_u_ dn_.a, Thoeo raT.;Lng v_luea _.Ta comp4rad _.o

do_no _h_ raleni_noh_po _mom_ ".hamul=iplo-ovon_ mo_eura_ _nd I:o

E dorseT.ins _h_Lr dogToo of oo_r_la'.ion.

U_ng acoustical meoeu_nm_ da_o ob_alnad er_un_ nev_a U.S.

_i_po_'_o, T_eomr 4_ repoz'_e _hA_ _.ho _R, NNZ* _u_d NE_ _Ta p=e_ic_ll_

_n_o_ch_go_le _d hi_nly _n_orcorralauod, p_i_iArl_ in _he _ango

ah'pa_d _.O _ _o_in_. The followlo_ r_le_io_hlp, _d oor_oapondlng
co_la_om |:ooffloieat:s wars repoz?.od:

_R- _ ÷ 72 (r - 0,90)

,, _;Z + 56 (m " 0.99)

_'_ Tho co_alau!o_ _fflci_ b_wamn N_ nn£ NN_ w&= _ivon n_ _ - 0.88,

• NNZ wan laf.inad m_homnu_lly in _hi_ e_u_ _y ",:ha followin_ e_ro_oion:

_ whore HI_Zd 4,ud I_Z n ore _:ho valua_ dogaz'_.nad far c_ _d n.t_h_,_oape_v_ly.



F

F Using _he results of a number of _oci£1 surveyB ¢onc_nlng

_ir¢_f_ noiset Schul'.s67 presents rela-.ionsh/pB be.'ween Ldn _u;d

NN_, These zeln_ionships _re show_ in the following _ahle_

Ldn a _ NNZ _ h

Survey ' a. h

E

London H_n-.hrow {1961) 0,760 37.5

_.. Swedish (1972) 0.877 31.7
Sw_._ [1973) 0.833 33.5

London HenT.h_ow C1967) 0.855 33.5

gQn_rnl zQlau_onshlp be_wesn LCL_ n_d NNZ hns been do_srmlnsd

E b_ avana_ng _hn H,suhrow (1961), SwQd_sh, _ud Swiss equn_ons and is glvon

aB L_ - D.82 NNZ '_ 34.2.

C, Ra!a_ion_hip Between Mul-.iple- =nd Sin_,le-Even_ ManDtucas

Z_ iD _nor=lly _gTO_d _h_ _ha _._no_nse rosponsa sf a ssmmuni_
Cu_pn_ad _o _l_Tnf_ noi_ i_ n_qun_nly pr_i_ed _ an acou_i=nl _nor_y

i! E summ_io_ _dol. Howevsz, £1_nn_vs mod_l_ such n£ _.he "ps_k A-w_i_h_sd
_O_d loval" so_n_p_ havo boS,_, roans'sly proposed b_ hnve =h_s fat _t

raos_vod b_ad suppsz_. Z?. would ba of sores in'co1-a_'r. '_o exnm.tna -_zsla_onnhlp beu_an =he mn_._ or po_ lavsls sbs_-vad gOT S num_a_ o_

_ndop_nd_n_ -.im_-v_ing aven_, such _ _craf_ £1yov_rs, _nd =u_ul_Lug

numuls_'.:f.va floi_a _,Tposu,_e l_vals mo_.our_d n'c 'cho .o.,_o lo_nloss. Tho L_n

m_l_ipl_-nv,n_ monsu.Ta was salacT.ad for =his nvo.lunT,..ion.

FO_ a n_las of sln_l_-evon_ nnlso_, Ldo c_ be es_i_1=od

b_ =h_ fnllow_ oxprosslon: 52

Ldn • L_._ + 10 io_I 0 (D/2) • 10 log10 (Nd _ q0Nn) -49.4 (3-_)

wh_r_ LAm_X _ maximum OF p_nk A-w_Igh_sd =_und lay=l,

. duration of _he noise signal ma_._u,_ad _rom =ha 10 d_*

D _wn point, nasonds

N d _ =onsl number of dn_im_ ov_nuo

_-40



F
F For slmp!ici=y, i_ wall _ nssu_d _ha_ all Of The slngle-evon_

noise SineCures are idee_J.cal and =her_fora, _!i will have oqu_l LAmax

and D values. S_hul_z 57 hns presented n rela=ionship be_ee_ =he 10 _B-

dow_ du..Tn=ion _.._d ".he LAmnx Occg.--_in_d_Tin_ an "_r_T_f_ flyover. This

L Esla=ion£hip is glv_n _u_:

D m . 0,534 LAtex + 73.2, secon_ [3-6)

Su_s'.i_u=ing _,hl$ exp=enslon i_=o aq_n=ion 3-5 and leu_in_ X

re_osen= _he perc_nnage of n_g_gtlme fllgh_s (i.e., X - 100 N_ • Nn )

".he L_ oqun_ioe becomes;

[
L_n - LAmAx • 10 iog10N * 10 log10 (I + O.09X) * 13-71

10 log10 (-0.317 Z,Amax .t. 36.6) -49.4

E _g o_=nlon 3-7, _la_o_h/ps between L_ _J_d LAm_w

foe V_T_OU. =o_inn_io_ of _OU=I _Aily opera=ions _nd percan_ag_ _fn_hc_-? oper=_ions can b_ a_,._m._.ned.

Jmeum_ng 10 .pa_¢en_ n/gh_im_ opo_=ions, Figure 3-4 sho_
L_n as a fun_ion of LAmnx and _o_al number of _ily opera_._ons.

_ Pigu_o 3-5 |how_ ".he _J.ffa_eneo _waen LA_nX and L_n _s a fun_'_ion
of LAm_x an_ _o_i n_ba_ of _ily ope_a_ions. Throe _ily _.T_ffi¢

vol_m_s hnv_ _,_on show_ ;Ln aach flgura: 35, 150, nnd 1000 oporaulon_ p_T

Figu_ns 3-4 and 3-5 ohow _he _Ta_ing _oln_ionship _oCwaan noise
level and =_nal nu_ar of oran,s, _h_a=uo.-i_Ic of _he cqulvalan_-on_gy

• wo/gh_o5 s_un_ lay.l" e=Lmulua/re,pon_, mo_1 propoead h_ RFI_ 56_57,58

n_ _1, _coEcLtn_' =c_ _',heoe =u_hoE_, for a.reu e:_'_osc_d ":.e _ly op_n=inna

_'_ 3-41
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r
F of 35 or less, ".he percent "vary annoyed" in _hs population is essentially

z e_ provided she noise levels (of single even=n) do not exceQd _ nmxlmum

F of 90 riB, at which polo= _he percent hlghly annoyed i_orennsn _uLrkndly,I
Also, for areA5 e_$osed to daily operanions of 50 or morn, an increase i_

F _o pQ.-cent "very annoyed" in fov/_d whnn _he noise level Of 7.he onislant
_ir=.-aft axcea_s 70 tn 75 dR, From Figure 3-4 i_ may be seen -.hn_ for

F 35 _a=al daily opsratinns (assuming 10 person', nighte_- opernt.lons) nchange in maxlm_m nnlse level of from 40 to 90 _B, resul_n la a nozTa--

r spending c..htmge in '_ of from 23 no 68 d3. Assuming nmblent Ldn nnleolevels of 60 dB or less, _he airornfn oporntloon do not begin _o _ntri_u=e

nl.c_iflo&ntly (on sun energy, heels) _o t.hs noise environment (or are nnt

noticed) _atll thai.- maximum A-weLighted noise level approaches 80 no 90 dB.

However, for _n=_l daily operations of 150 nr more, _he =nnY.r_bu'.inn of "_:hs

I F hircrof_, nnlse _o _hn _nt&l Ldn becomes comparable to t.ha_ Of '_..ho _8um_d

ambiao_ n_ maxi_ A-w_gh=od nolne levels Of from ?0 to 75 dR. For _n

noi_n inwQl r_g. (70 _n 75 _B), i_ m_y be soon .&rnm Fi9%_e 3-4 T_%nt _hn
L_n can=rlbur.lnn_ from n 1000 daily _.irsraft opo=nY.lnns would exceed an

E am_an_ level nf 60 dB by frnm 5 _o 10 dR. Add_=Innnlly, leer.oases _n _hnm_e_m_ A-wolgh_od levels would ms=it in propoz'_innnl _.ncrn&nan in _o

_o_al Ldn. Theme i_or_non could o=5-£r even for _.hs ni_ua_Inn where _hn

E nolelnn_ alrcrnf_ nnprnnontad only _ small parcannng_ of _ho _nal numb_

of daily operatlnnn. For e_amplo, if _ha _rnffls v_lum_ at _n al.--po_ is

L; 185 opornulon_ par _a_ wi=h 35 (19 parsons) oparn=inn_ l_--fn_.'m_d ]_ _ho
noi_len'_ _.ir_Tof_, it _y be .oan from YiglLTn 3--4 _hn_ if _ho _nt_ an_

n=inlnn aLrcrof= produce maw_m A-wnlgh_ad iov_l_ of 70 dR and 90 dR,
roepo_ivoly, _ha moldier alz_nf_ woulA control the _al Ldn. Th_s _u_,

of _O_TnO, an o_--._anm¢Ann bu_ I_ oo_von _ ill_nT.ra_e _1o poi:_'..

Zt i_ aln_ i_tonnn_ing _o no_e _hAt, nn nhow_ on FI_LTO 3-5,

E an _he _onnl number nf daily nparntlons In&Toa_n, _he dlfferanoo bet'_osn

L_ n;',d L¢_ def.'reArms. The i_.:l.tcn_;l_n bolng _hn_ an,_nr CO:T_-_

E opar&tlon_.'!,c_n_.i_Ione, _he maximum A-W,','_gb':ndnoise level &_uld nn_.-vn
an adnqunta n_lnm _oeu.ra _u_d response msunu.r=.



F

3. 1.4 C_mmunlty Response to Airn:Af'. N=£ne

There is little d_u_ _nC environn,_ntel nolne interferes wi_h
and disr_T.s An ex'-.ensive range of hu_a_ a_£viT.les. The sub_e_Ive

F impressions nf the noise, _nd T.he acnlvi=y inT.e_ersnce and d_n=up_len it
produoss, _re b_llnved T.o conT.Tihune si_ific_uly to _he gansr=l feeling

F of "_ng_SnnQ. Howevars iT. is _nnerally e_-_esd ".ha_ _hess _'_o _n_Tibo_orssloes cannoT, ndequn=ely p_edi_ 1:he degTse of induced enflo:|,_nne e:<'psriancod

hy _dIVldUAIs l_Vlng in _.he vlclr_i_y of noise So.Toes. _ fAc_, 'P.hO

r rsnultn of =_L_y ST.udlos hnve shown poo_ c_=T.eleT.ion between indlvldu_l

rsnpo_sn _d m_st_cd _hymlcnl ch_Ts_nrls--_cs of ".he _se e.nv_ronmnnt.

Typ!c£1 ros=l'.s f.-om ¢ommumi'.y noise stt.-veysshow _._AT. less _hnn one
qun_-=er of _he v_ri_ce _n is_vldunl annoynnce r_n_ons can _ a===i_u=od

E to physical n=ino exposure. ."_e rn_n_n_ v_rianne is _nl/evad T.= h_
c_unod _ dlffernncos in sens_iv_T._ _o _noynn=n by noise (o= nsioa

_r_oyAncn suooepT.i_li_y) _ng indlv_du£1s AT. _he nam_ _xposu_e level,E_llar _nno_._'Ance pre_i=u.ien medals So=ousted for _hese dlfforonG_ O_-

_in=ll_ in _o weyn_ q ) b_ Sverngln_ =he responses of i_dlvldunl= =nd

using _hn m_d_nn response _ A prndi_"_ion meAsu_s, _nd 2) _y Luc==por=T._n_

mosuu.ros nf pn_¢ho-_oo_.nl v_-ri_les" (or in'.ervnnln_ nonocounn_c£1

E v_i=-hlas) whi=h _rn purpsz-.od _n _ffo_ _/_n=ynnc_ independently of noi_e

exp=eu.Ts, _l'.hou_h ho_ meT.hod_ increase _=hs norrslnT._,on _e_:ween nnnoynn=e

ronp=n=a _d n=i_s _'po=u_s level, _*,are Is so_ question _a_r£_n_ the
rsl£";_"_£1i'_ ' of .T.hess meT.hods, pnl-_iculn_ly wi_h ra_d _o e,==_blishln_

_i_erlon isvnlo _o n=n=ss osmmun/_y noise impel.

M_annml168 h=s _infind ou_ S numbo_ Of posS_!O _._T.An_on_ of

_hs _o Of n_ nv_rs_ or "C_I T._ndon_y" rospo_ss rsle_i_shlp. FLTS_,

_s average rusponse dean _o_ pr_vld_ info_mnT._on rogn_ding _h_ na_u_a nnd

_'_ a_on= of T.hs vAr;Ln=ion _.n s._noyanco rnponos, Se¢on ,_, The svsrn_e _'nnpo_e
rol_T.£onsh/ps Are _onr_uc_ed from p_r_ioul_r _inn_ions of psy_o-soe_&l

fn'c_sr, r.hnT, ex_.s=nd sT. n p_==icula: po_uT, in _, _m s pnr',_:ular l=eali_,.

*Sn_ _f _a_o v_r_nhlen inclu_: :) oi=£n_.sn_ aho_:T. _n _ffecT.s Of nlr_sf:
noisa _n heAIT.h, font _f _Tnf_ crashes, n_T.i_u_s _bou_ r.hs preven_-
a_.tli_, of *:,he n=ino o+,Tpo=uro (m.'f.afn_so,nca)_ _d ,°_'==.!=u'4o'n ='e_urding' "..ha
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F Goner&firing _heso resul_s _o o'.her locali=ios o.- _o c.he f_ure in T.he same
looali_y implicitly essttmes "c.hn_ _ho a_i_ud_ s_ru_u/e in _hesa o_hor Bi_u-

F a_ions would replloa_e _o_ found in The pn_i=ulnr survey. _ i_ ovldan_
".ha_ chle p_r_Icular nsssumprion would _ inv_lld if _hsre were changes in

F _.ho mix of teleran', psycho-aoci_l a_ui_udes _._ _he po_ula_ion Or if _ho•ifferenn _ng _he populations belng compared. Finally, sul-veys debited

{ _ ;o aaT_b_sh _he CSe_T_! "_ond_ecy _ e.ha =iek of regional biases which
t

I o_id rile=or'., _onken, or even reverse the e_p_ed oen_rn! _endency res_l_,

Schul_z 67 suggests cha_ =he impo_nce of -.he nonacousuic_l
re.Tin,lee h_ve been ove_emphesi:ed and _ha_ A pos_L_lo reason for _he low

co=_olA=ion _weeo individual annoyance response _nd _oloe expootLTe level
has boon ".he poo_ hc_dl_ Of _he ecousuical ve_Tichloo0 Sohul_z 67 also

a_g_o|_e _hA_, w_h raspa_-_ CO a_.Tller noise s_l-veya, half of ".ha _ccmplopopul_ion a_ e_=A helen e_pnour_ lev_l who respond b_iow -...ha can_r_l

_;endanc_ hnva .imply no_ heard Y.ha noise m.nnurod in _he su.-v_y. The

E p_inc_pal .-aason _or _L'_= in n_enuo_ion of _e nolne feinT.lye _o _ho

_oa_omen= loon=ion du_ _ di_nnce, hauoe o;.'tar._a_:ion, ehloldin_ by o_hor

_' bu/idlnga or _arr_in, naive rodu_inn 7.hrou_h _uil_ng sr.l-'u_T.ura
nnd

i=aOlf.

_-_ Schul_-_ 57 propoaos _ln_ compared wi_h _he cooT.r&l _endeecy

a_n_ep_, n more moanlngful and _aoful m_hod far predlc=ing cocuzurA_

reaponoo to _ol_ _o_poa_.Ta would b_ one _eod O_ "l:,:_¢an_; highly Annoyed".

Zn addition _o 7.he high ¢ozT_la_ion between _ho nolao 0XpOStLTO _U_ _ha

_. a_pra0,ad ou_e_ive roa_ion, ".,ha una of l_nraan_ highly _._oyod in
supposed on the baals of _he f=llowln_:

_. The madinn r_sponna i_ much mo_e dlffioul_ _o 7.rnnol_a
from one _noy_u_ao an&In _a _.noT.h_, in eve=:,_y "_ms

chn_ aria u_dero_ood by poli_einn_ and poli_ m_.kara;

2. "P_.Tor:e_= hiS_.ly annexed" aa::Tieo a =c_zmon-oenoe impor_
cha_ =vora_ :raopono_ camplacel_ _,_;

3. Ave=ego A.,moynneo rosponoo i_ di_s_or'+'ad _ "_he raapoooa__f _.._a "au_a_e_iAivoa" And T.ha ":L_parc_TbableG"_

4. The _odia_ =OO_OaSa does noc Odoqun_ol_ _oe.-iba _ha_ p_'C

Of T.ho pepuln=.J,.oo whoso oxl_ro:soad annoyance ec_u_.l!y_angoo wi_h d_ffarenees in noise o.Tpoeura;

j _. 5. The median _oaponsa 'co no_o en_=aapon_ aaaon_inlly _o "no
==_lzin=a" _.nd la noc uaal._.ng v._'in -.me _n_.ui=y noiaa

i _roblo= z'= all
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'| _-.ween pe.-_en'.ageof _e e._osed _o_t_a_on _._ly _noyed _nd ncise

_- C):_O_U.TO*_pec_.f:Led '.n _.e--z_ of ou-.doo_ dn_,-n_.gh= _'und level. Thane

.-_iA'._.oD.ships we.-e devalope_ f.-o_ -.he _:..TS': Lor,_ _e_+.._owA_--'_ _t_.-vey,

[
ili w_ _cvelo_d f_o= _'-a .-ep-'esmo_..ug+'_de.-mte" responses _ -.hea_-..Itudes

L
__ .'o_ul_= Of ".he .-wo Lo_don-Hoa-.h--ow su..'veys emd -.he elc3_= _._. _ c_---':.%=.-

_" &i.-po_ su.-vevs, +uPeshown +._Pigu._e3-6.
U1

5chx_l_67 boo rnoon_l_ dev_l_pod a geoa--_++-'m_.-ola'--Ionmhlpbo.-woon

i-- al_ven O_."VOyaÙons_.dm.-od in -.he ev_!u_-..ion+.nmlu_o-.he fOIIOw_I

_ 2. E_onch A_._c'Znf_{_966)

• 4. _m=J._hALTC='a._'c.(196_)

g. S_u_m A_.T=_-+_ (1973)t

1 10 • _onob _%_..i_'_,_,_ ( 1973 )

+, 1"_. _a.-_ N_._e SU.--Po_-E_A(1974)

I, M T_o _r.l_ US=d "_o dovolop -..he genm.-=llz_ =al_.onuh_i.l_ t._

+

+__ o_uarcs, o=,_,._g o,".a.-._.|._,.oa! .'_=_=,ioo ".,:=ob.uiquoo, Ix=m: f_.'. =iu,a".._.on=

!_ :".-vo I:_,:m devo!o.p_d ,:.=_',',g-.ho _oLlow'L,'_g ".h._.o .o=_ o.* _,,'_=:
I

L,2
i
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... I, All alr=raf_ and non-alrcrafu da_.a pelage;

• 2, Aircraft da_a po_n_s only;

F 3, Non-alrcraf_ da'.a poin_s only (lass -.heFrench Railroad
da'.a),

C Linear, quadraT_le, and cubic func'.ional forms were fi_d _o

each dn'_a ee_. In a'_.i_:ion_ bqs_attne of _he significa_ nllmba_ af dn'.a

L- poln_s below _n of 55 t d_, bes_ fi'. equations were also tier.loped for

each _a ne_ ¢onsldo_ing only _hose poln'.n equal _o or grna'.ar _han L_n

' of 55 _n. for _hle _he llno_r and cubic f_un_ional
However, ease, only

fOEmB were eva!ua_ed.

[_ Fez _he alrnraf_ da_a oa_ only, -.he bes_ fi_ relationships

darlvod ._rem all available _a_a pelage a_d Stem da'._posen wi_h L_

_" oq_l _.o Or ._TaG=_T _h_ 55 _ are nhown i_ Figures 3-8 a_d _-9, respectively.

FOE cmmpo._Ison, ".he relation.hip dovolmpe_ by Sohul=: (as prnnenued in

E Ro_oron=o 67) also shown i_ o_.ch fi_,
io of ";ho.e

E Table 3-6 prenon'.n a complete e._--y li_'..i.ng of _e re_Tanelonoquo_ions developed for all eurvo_, _n seen, funcnlsnal form_, and _ha

_wo L_n _n_o po£n_ ranges. Ad_Li_onally, r_levan_ s_n_s_icn inclu_.ing

Y.ho n_._5.n_zd o_-2or of estimate _n_ ".he produc_-mom_n_ oorrelo_ios coa_flolon_

4._0 prols_od.

Table 3-6, "_ho following ooncl_-ion_ can _ made _=g_d_ng _he a.nnoy_|u_cer.nponoo _a_a zopo_od b_ S_h_l_._ 67_

1. FO:: each of '_'he -_._l'oo AA=A no';:.a =mn|;idoro_., T,ho_o
_a_le_i_ally i/_=io difference among 1:he T._TOO f_ion_l
fo_m_ used _o ob_aln b_n_ fi_ relationships b_woen pornon_

highly o.nnoyod and L_n. This appl/no _o bo_ L_n _n_apoln_ _an_om, i,_,, all a_ailabl_ _a_a I:)o:LnT.e and only _a

po_uUs wi_h L_n oqu_l =o or %Taa'Uor '_h_ 55 _;

r_ "55 _ has boon i_n_fimd by _ho _h aa _ho ou=_oor yearly _M-nlgh_ sound level_hs_ will proto_ public hoal_h _d wa!fnro (in =anldon_lal _.ToaO) wlch a

margin ,_e na:_o=.',.
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'Z'able 3-5 UBBT FI*_ _UNCI, IONAL FO_MS J_D I_LEV/_'r _|'ATtS'I'ICAL IJ_TA _3R I_.LATIOHSIIIPS I_EPI_BEHTIHG P_RCBHT IIIGI|r.Y
_NOYED (_II_) AB A FUNC'rIO_! OF DA¥-H_GIIT _OUHD I_V£Ls _AS_.D OH UhTA PI_SENTED IN It_F_.I_NC_ 67

ALL AVAZLADLE DATA POIHTS USED IN I_GRES_OHB

_EI_ _ A + _[_dn) + C(Ldn)2 ÷ D(Ldn) 3

FO_ DA'_'_ S_TB DATA _OIUT_ /_ B C D OF ESTI_IA_'- CO_F_CI_IT

_I _CPd_ J55 -99 ° 50 I, 06 0 0 10 ° 9_0 00 UT0

I.ZN_n /_ nCI_E_ 8D -98 ° 26 I ,_5 0 0 12 ° 294 0._75

NOH-_Z _T _ -105,02 _ ,94 0 0 0. ?U4 0° _75

_I I_CI_I' _ t55 I_I.92 -4 °562B 0°0475736 0 9,234 U°910

NOH-AZ _C_U_

_UADP_'ZC I_ZnCflAF_ 00 121',24 -4°_647 0,0496931 0 9.950 U°921

_OtI-AZI_C_ 62 |_6°r33 -5,9399 0,0584534 0 7.793 0.903

_nCI_E_ _ I_5 230,21 -10.0340 D. 130262 -0.40B004 9,241 0,911
_ x10 -3

cUnIC /LI_Clb_ _ U0 215.99 -9.2?7_ 0,116643 -0.331349 9ogD0 0,922
OH_¥ x10 "3

HOII-AI_CP_E_' 62 69.24 -2o00021 0 0,206250 7.014 0,902
_IbY _ (_•) _0 "3

F_unah _Iroad _urvo_ d_b_ nok Inaluded

_ /_ddl_on o_ _h1_ _orm did nob _nprovo corro.ta_Ion coe_olen_
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T_bZo 3-5 BEST SZT FUHC_XOH/LL FOI_HS _ND REI,r_V_T _I'ATISTIChL DATA FOR [_EL/_TIONSIIIPS_PR_SENTIt_G P_RCENT II_GIILY i

(Contlnu_d) ANNOYS0 |_If_) _B A FUNCTION OF DAY-NIGHT SOUN[_ J_VEr., _ASED ON D_TA PRESENTRD IN I_EF_I_NC._ 57 i

OtlL¥ D,ATA _OIHT rtWITH L_n.EE_0AL TO O_ G_Tr_R TIIAN 55 do US_0 IN IZ_Gt_ES_IOI_

_ttA = A + B(Ldn) _" C(Ldn) 2 + D(Ldn) 3

_oIIM DATA nZZTS DA.T.APOIt_Tn A _ C 0 O_ ESTIH&T_ cOr_F_ICI_IT

_IIRCItA_I_ 133 -118.53 2.10 0 0 9.8_B 0.075
nt4D

LxtI_AR _I_¢l_t_i' 59 -124.50 2._7 0 0 10.504 0°OOG

_O_-_CI_[_ 59 -114.38 2.070 0 0 B.597 0°87G

AIRCI_[pL, . .

_ADRATIC AI_It_FT -
Oi4L_

Ot4LY*

AI_C_"I' 133 14.95 -0.823279 0 0.189597 9.741 0°09_

_ND (_*) xl0 -3

COUlC AInCIt_T 59 8.54 -0.735085 0 -0 °19G373 10.769 0.900

C_4L_ (_*) x10 "3

_OH-AI [_r_FT _9 51.9_ -1,04365 0 0.275783 8,004 0.095

(_L¥* (**) x10 -3

* _ronoh na£1_:ood ourvoy d_a no_ In(_ludod
** Addition o_ tiila form did no_ lmprovo corrol.tion coofE£o£ot_
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-_ 2. Baaed on --he ds--s used _o d0velop _he =o_ess_.on
relationships between percent highly _mnoyed and Ldn, it

F appears _het _here is ll--_le dlfforenoo between annoyanceresponse to alrcraf', noise And response _o non-alrcrnft
_.Se BOOTeeS ;

3. beG'. relationships between percent highly nnnoyed
The fit

_d L_ Are gener_l!y as good_ Led in some _Asos bet--or
when da-.a points wl-.h L_n lens than 55 dB _re oral--ted,

i.e., when _he "superse_;itlven" one _. considered,

Z-- should be nosed --ha_ general agreamen_ does not _s-- oonc_'ning

F --he annoyance response slmil_i_y _etween _ro.-_f-- nnd aon-_--cr_f-- o_i=o

SOU.TOSS.

E
In s feces-- l_borstory s--udy* by PO.ce, 69 si..-'Ueoe _u_:)acus

E withe o_'p_nnd to akre_a.,ft end UrlLfflc noise wh_.le an_ng,,d in s racr_--ionnl&_ivl--y. _=curd_nge Of _he noise produced by 2shrug ?4?*s, 707'_, 727's,

nnd McOennull Douglem DC-10'S du_i_g inndlng operm--ion_ w_a presented to

E eub:}oc--e s-- r._'L,TOah-walgh_ed og_Livnlen-- of noi_a levels 40, 50, _d 60 _,_

nt --_l_ee rA_._s of 4, S, _,d 16 per _w_.F,=y-f:Lve _L_u'lu_os. T:_Affio no:i.no was

pros_u--sd s-- ".he ,_ma D_SO levhls for _neh of _he following throe dlff_T_t

Si--ua_lolal;; I) dlst_ freeway 7.rnfflc, 2) huE_ divided highway, _d 3) a

qlLio_ resld_nti_! 4roe wi_h _._ek_. The study =a_t_.--e i_di=a--ed --h_--:

_, 2_Jsod on ev_&ge _lb_eo_iva ecele vhl_s, _Afflc noise

w_ _udgod si_nlflc_ntly more Al%_,O_ing _ra
nnd dlf flcul_

_o l_ve with _h_n _Lrcr_f-- nsise for O=D_I indoor Leo q
levels.

2. There is no =ingle m_nsura 7.hn_ will predl¢_ a_unl su_activs
ro_poueo_ fee bo_h _iro=aft _d T.T_fi_ _,ee.

HOWOV_T_ _ CAresSing _Or _i=e Ted_ct_on (b_.il_ng

a_tonu_--ion), *_ R_.ee_g p;:eeents da_a showing _ho parcen_ highly snnoFod

_rTha stud1_ was condu=--od in It eimuln'_sd domestic living room hu.il--w_ n im_bornto_ onvi_onm_t, _nd isolnted from _i_ r.oloa _Csp--

ths_ which was dal;i._ornt_ly introduced d_Lu_ ths cou=sso OE the

a.,t'pa=imen_. •_*For _ir=_sft _nd ".ha d/s--nnt _ro_wsy _r_fflc, =ha noise r_duc=lon
wnn _u_ 2Gd3, uhars_s for _he d_vldad hlyhw_y _nd --z"_c_ _T&fflc,
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F
ns e £unct_.on of ou=dosr n=._.se level for ho'ch _..r_rnft and _.Tnffic noime

F se_r_a_. These d_e, along wi_,h A bas_ fi_ l_nanr _elA_ianshi_, era show_

:in Figure 3_10. _n _he develop=enc of this rel_ionshi_, Ldn w_s se_

_" equal to Lee _ • 3 dB.* As soon i_ Figure 3-10, -.he pernen_ highly

•._noyad by _i=crnf_ noise or by 7.Taffl¢ noise, A= eq1_l ou'.door Ldn

r levels _Te, for all prac_ic_l pu=poses, identlc_l. Air.hough Some response
diffnr_nnes m_y ex/nt between ".he _o so.Tees, i_ would h_ difficult _0

[ coeclud_ =ha= _he_e differences are si_n_.ficnng.

F£9_re 3-11 prenen=s e comparison of e number of _u_gostod

relationships percen_ highly nnnoyed exposure
between ned no_se levels in

_er_s of Ldn. R_in=ions_Ipa shown in _i_:o 3-_I include =he following;

E 1. Co.seed _ea_l_s of bo_h London-HenT.h_=w Airpo1-: surveys

_nd _he elgh_ _.S. AirpozT. S_'V._e _(R_f_r_ee 52),

E 2. Sch_lT_s gen_rAli=_d r_iA_ionehip hnee_ on _Llovon sociAlI_t.wfO_;S {R_foronce 67);

3, Compo_£te r_l&_ionnhlp comp_is:d of _ho following:

E A, ST_igh_-li_n fi_s f=r ai_crnf= _n_n sots (p_eeonted
R_forenn_ _7) using all Available dnT.n po_u. _nd only

E _n_ points w'.:h L_n eqt_l _ _r _T_tor "r.h_n 55 d_,b. _om_inad ou=d_or _=r_fc n=ise _nd T.r_fflc neise rou_n_e

dnr_ presnn_d by R_ce (Reference 69).

WiT.h rsspent CO GA _.Tcr|_f': _nd GA _r_ open=lens, roln_vely

llt_le _ffo:_ hen bo_n focuno_ on _unnnlfying on_uni_y response _o noi_a

_.'penu.Te, R:h:mnnn 7q , B_-:i_,72,73 _md _:iI e= h_Ve =anomaly
=1.94

rnp_'_'.ad roeu.lt= of co_nuni=y e,._voy _:u_.oe onncarn._mg -_o roAc_-ions

E n_ise a_osu_a _r_und _ui.rpe_:"_s Serving pradom_nnn:ly S:_ll, non-com_r,-_Ai
nl/c_f_. The _osul_: p=ae_n_ad in _ese _tu_es, however, e.To no_ m_fflc£on_

t_ develop _m.nc.t_,_Lvo =_la_£onuh_pe bnc'ween percon_ highly nnnny_d _nd
level of noi_e _p_nu.To, nt in&_: on & bns_e com_rabl_ wi_h aT.her _oln_ion-

ships l_reviou_sly shn_, N_voFr.holoe_sod on _ho _'_enl=_ pEasen=hal in_hooe =anent nT.u_.on, _._ _ onnclu_d _hA_ _. _Crnft opara_'.ion_ cnn, _nd

do in Some ensue, c_e no_un_.'_" noise p=oblnm_. R:h_m_un 71 found

"_ .thac npprox.imn=nl¥ h_.lf of CAnon l.t.'v'_mg non= 'can ,._.='por'.s invan=_.gated _ro

=_",=ye_, _n s_mo ring'=as, _ _:Lrcr=ft oparnhio_. _m an inves:_.ga_.on

_This role'c.io_:shil_ wgs derived on _e ba_.s Che_: _-.he magnu_sd

,'_'_'_eran:a between "_Aa d_y'r.Lme ac/u,ivzlon= sound lavhl (L d) znd r;.hon.tghcnimB o_/_,.va.lunC _und level in '=yp_.::l rer_den'_'..'_,._,l i:|=on_ _._ p=o_)"_"ly
on ".ha order of 4 A2_ (_oo p_ B-9 o_ R_fn_onco ?0),



F
involving algh_ GA _.rpor_s in MaSesehuseC=S, Harris 72,73 concluded

"..ha_ a_: _ese aiz_por_:s:

r I, Cumulative aircraf_ noise ne=r _he _nhien_ reeul'.ing fromo_h_r noise sources resul_ed in concQr_.ed communi_ ac_ion_

2. ALrpo_ neighbors fi_s_ complained about levels of melee

F exposure from _ouch-_d-go _TS_._ing opern_le_ hbouu 5 _gImwc_ -.hnn _hey fLTS_ compl&ined nbou_ levels of noise

_postu_o from norm_l _ivnls and depnruures;

._. 3. less, foe a noise level, when
Neighbors compl=inad given

_he neighbors, _-_e FAA omd T.he nirpor_ l_oprio_or were _bls
_o work _ogeT.har.

E Harris 72 su.ages_e noise exposure l_n_s =_ residen_i_lly

E earned _a=s _ro_nd GA '_ype ai1-par_.s i_ accord=race wi_h _hu followingz
TTPE OF ACTIVITY NOISE EX_OSURZ LIMIT

E Z_rnn_ oper=_ionn Ldn of 55 d_ or _h_ _¢_uoml
=v_rnge of _ho Wnhlen_ L_
plus 5 dO,"whichever io gwM_r

Touch-nnd-go epars=ion_ Ldn =f 50 d_ or _he nnnoml
=verage of '_.he s_blsnT.. Ldn,

E ' whichever is _Tc_r
_is 72 nlso _u_ae_s noise exposure llm_s foe _rens _To_nd

E comm_rclzl (alr co.-rio=) _po_'._ (Ldn of 65 _) and _u:ound alzl_r_s
se_-_in_ m_llc_r_ _m_ nlrc_nfn (Ldn of ?O dB). Al_hm=gh The n_ise exposttro

" r l_mi_s far GA _ype n_'.-poz--.s_e _rsm _0 _s 20 d_ !owor _mn _or _e o_h_

_pe_ _0=, E_-_is 72 does no_ d_scu_s _he re=so_s for These _J._Zorens_=,

E _nll e_ =1. 74 performed 221 in=ez_iows a_ _5 _i=aa _nund an
n,_'ps_'c eoz'ving prmdominnn_ly GA _cr_f_ _ _o invsa"'ig=-.s ecumun._._y

_ospon_a _:o nois= from G_ _.rpmr'c oporn'cimns. Zc won rmpoz'cad _teemp_ed wi_h a l_.Tger airpo_ sorving lar_ar eommerolnl _ircr_f_, lower

_reen_A_es Of _pemoh i_e_ferenee And high A_O_n_CS _TO rS_O_od hy T.hm

GA n_.vpor_ oom_ml_. _eve=, _ho _A =lrpo_-_ e_uni_ cL!d _ep_z_c s

higher pareon_e of sleep inferrers=ca. Z_ uas tans=nod _ha_ _.he hi_hs_

_rec_.'_'nge of glee_ _tLTb_eO repoE'.;oA _ _ho G_ _.ir'pomT, osm:_u1_Lt_, WAS

probably duo _o _ma_er noise son_i_ivi_ roeul_in_ from _he InI_©_uo=_

n_u.Ts of n_gh_ fl_h_s°

_ _sr_f_ types included _ha follDwings 1) e_eeuclvs cu_be3ecs, 2) _win-_n_ine propsll_, 3) li_hu gin_le-sn_ins pr=p=ll_ (100-200 _?), 4) l£_h_

sLnglo-engin_ prep=lle_ (200-300_)_ end 5) _win-sn_ine _u_boprop.



F

F
3.2 Ou_._r .Dose - Response Reln-..ionships

r 3,2,_ Co_unioo'.ion Zn=erferonoe

r Ono of _h_ mos_ obvious nolJn i_s nbLli_ _O
of is

•_U_O_fO.'Q wi_h speo_h _o_u._icA_io_, The _o_ee of _poeoh interference,

• _ _.e,, The man_J.n_ o." diar_p_ion of _peeoh, £s a Zuncu.£on of _he _ypoL
of _o_cntioo And ".h_ oondi_ioos unde_ which i_ mus_ be m_n_i_od.

F E_v_Tonmo_.nl no_o m_ _n'.o.Tf_e with fooe-_-foo_ ¢o_vQ_ons, w£_h

E _nco.-fo_a v_i_ _he _bil£_ _o ho_ w_'n/n 9 _hou_s or co,_n_, _hu_s• nc_oo_n_ =ho prob_h£1i_y of _oc_don_. _mo of _ha mon_ impor_An_

f_c_o_ con_i_u_L_ _o _p_ach lncarfa_ono, _clu_o: 1_ _he ch_r_c-

_ha _nu_:fa_'=_.n_ _und, nnd 3) _p_oo di_n_ h_cwaon _hn _o_Tcc of

2) dOSTOO of cla_ic_ of =ha _u_ory _£_1, 3) ho_ng _oul_ of _ho

'_a f._a_'uano¥ _ngQ of _paach o_an_ from nppro_._aly

100 _o 6000 _LT.. _,_ho "._=i v_rin_on _n _u_onsi_y loyal (dy_nmlo rnnga)
of o_oas_iva _ound_ £m npp=o_Amn_oly aqu_l _o 30 d_. Speooh _ ch_Ao-

_£zod An _n ooou_=£=&! u£_n=l wh£oh tmdorgoos :nl_£d flu_un_i_no bo_h
Ln sound lav_l _nd f=oqucncy patrol-no. '_a _n=.gwn_n nnd rao_n£r_on

of _.ha=o oonn=nnul_ s_If_,ng l_=_o_n_ _" onoann_l f:r opu_unum _l_och£n_ll£_i_ili_° No_sa _c only _m_i_hna _ha _il£_y _o _eCo_ _ho

'ch_afo_o _:_._a nana.t'_.tva _:_ '_o loYal, -..ha ana_'_T' d_o_.ri_u_on w_nh

f_ nounA.

_'_ A _um_or of _=_ nohomas hnv_ _on _ovalopod upoo£fio_lly

for c_nn-.._y:_u,_ _'_a |;pooch ,'L_'ca_:'_oranco a.'_goo'co oE no.toe, _o _oa'c

Ei prum_.non_ of _oeo _'a_

3-60
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F o A----.iouln'cion Index

F o Speech In_o.-forance L_valo Preferred Speech Interference LoYal

Tha A_icul&_ion Zndex (A_) is a ¢=iculatad
numa_i_nlly mOASU,TO Df U_Q

_alllglhili_y Of 7.Tnn_m/_cd or pconessad speech. Zt _es in_o acso_u_

' _" _he llmi_aclons of _he _Tansmlsaion pa___ and h_ckground nolsa. Toe AZ =on
k

r_ngo i_ mn_i=ud_ ba_weon 0 _o 1.0. A_ valuas of l._s _h_n 0.1 _d Above

F 0.6 =apropos= conditlnns whore _he speech i_ell/glbili_y is goncc_llylow _d high, raBpacuively. Speech Zn_e_fo=eeoo L_vol (SIL) _d Profaned

Speech I_t_rforonco Level (_SZL) ore onlculnted qu£n=£=ios which _DvldR a

_ _do to _ho _a=foz'_g 4ffa_ of nolso on rooopuion of Speoch, Toe SZL

is _hO _TiT_I_O=IC AY_TAg8 of ".ha O_AVO h_ i_ _hc mos_ _poz_t _ of

•ho speech f,-a_oo_ _ngo, 000-1200 _, 1200-2400 HS, _d 2400-4800.

Using oc7._vo bnnds based on praforrad frequencies, _he pSIL is _ho _ri_hmetlc

AV_T=gO T_cn OVOr ":he o_avo b_n_ levels centered n_ 500 S:, 1000 H:, _d

_ _ 2000 Ss. A _u_Tan_ly proposed measure would nlso include _a octavo h_nd

i E canuo=od st 4000 St..

_: An nssnsnman_ of -.he ."n_g schomes has boon presented

[ Schul_z 15_7 =hA Ynn_v _nd Flynn 75 And will no_ bs di_ouusod ho_e.
!

Hswavar, sores _mpor_nn= _nlonn of _ho use of _hos_ rn_ing sob©man

E m_ som_ n_=an_lon.

The _ mo_hod h=c boon ucad ",o estimate speech in_clllg_hili_y in7.ho I_TSSOnSO nf _c_sdy-s_e_s _u_d _:_no-vnl'ying nolso snu-"cos, _40WOVO,T,_.t_s

Of _a AZ mat.hod for p_O_C_ing in'.clllglhil£ty Of _pooch in "she p_sssnoe

of fluc_un_Ing nolsa lovel_ _s quas_ionnhla, hn p_in_od sun by Ynnlv nnd

Flynn 75 _ha AZ is hn_od upon, nnd h_s baan.prlncip_lly v_lidn_od ag_n_,

_n_allig_b_li=y _.as_:s invnlvlng adult m_.lo _.knrs _d _rn/nod l_stoso_n.
Thus, _ho _ onnnot bs &nnumod full_ sppl_cnbla _ f_io _l_c_n _c

E _h_l_Ton nps_e=s.* A_d_.Ionnlly, _ho oompls_y _f _hn _l_ulnT._on

_, "Zn n rocan_ s=udy by Ps_oonn s _. _1. 78 i_ was found _hA_ for _ha_poach os_.'.ogoEins of: 1) ncrm._l, 2) =n£ssd, _nd 2) loud,

E ,po_s::_. _owovo_, it wn_: _ound _.hn_ _la spa_ors show a _roa_o:_



r

r procedure ansocia_ed w_-_:_ -.he A_ severely, li_.l:s i_6 use _s _ prAc_:icn.l

r manns for _onnu.Ting envi_or_en_sl noise ieva!s.

The principal _4".n_on_ of _he SIL And PS_L procedures _TO:

r I) hal=hot i_ for evnlus_g _he
sppropria_e spe_ch-ln_e_fo_Ting

uffoc_S Of noise wiT.h co_s_dorAbly more enQr_ A'. hlgh froquencles ThAn

r s_ low f_oquoncle_, A_d 2) neIThor aCOtLTa_QIy m_nsuroe The mnsk_.ng of
L

Spooch by noi_ con'.aiDing inuenDe low freq_enc_ =omponanCSo

F F£_a 3-12 shows _ha _slAulonship be=woos Gpmake_-l_s=an_

sa_n_£on dls_nnce ss . function of _ for no_mnl v_cnl sffor_ and _ion_

E (given _e_ S_L, (0.5, _, k_Iz), LpN , LA)
nnlso loyal in of PS_L 2 nnd

And ns s fttnc_on of v_ioua vocnl effor_.s And n_len_ n_ise l_vol_°

F h numbor of _udie= rsls_od =o The speech inu_,-farance a_foc'_.s

! Of _iro_'. flyovc_r no!s, have _oan rsviowod. TJs.'i._g wo_ i_uolli_bLl_y

i COI_, _ar invos_ign_:od The _paach offnc_swill/nms 77And in_ferance

! Of rocordad "_-up" _d fl_ove_ no,so frc_ _a_ ('_bo_e_ And _.Tbof_) And

} p_op,lls_d_ivan _i===sf=. _ Half of The inc_lliglhili_y =s_s worn _4_.

_s_sd wiTh _o _i_o fil_ar_d _o =shirrs _doc_ spocT.r= and levols. _8

spsoch lavol, s,loc_sd worn 80 d_, 84 d_, An_ 88 d_ .'or _ho ou=door _nt
:©ndlulon And 65 _, 69 d_, and 73 _ f=: _hs _udoo: _n= condition.

E nwn_o_ _f _=7_g scho_as WO_. USSd A_ A m.AnS of OV_Ius_.Ug And V_liAAT_g"..ha splotch .t.nT.arfo_Ancn offsc_._.vanaao o_ ".ha atrc:=sf_: n_s, S_me Of Thaua

rn_._g _ch_mos incl_d_d Lp, LC, LA, SIL, A_, And LpN. Z_ WS.

rapc_ad Ch..c _

1, Tha _pnn_h incorfe:_ance offac_s of '_ho nolsa f_om _aC and

propallar-_ivan _i._or_,f_ canno_, be sdoclun:'..all., av&lun_:od_o_ L c o_ LA mossu._as;

2. S_L or LpN cnlculsned _ .i_nr _ho full- o= _/3-oc_nvo

; hsnd methods, provido mndo_s_al_ _.=CU._&'_'.Om_Thod_ o_on_:Lmu.cL.',g "cha spooch in_'.n=_oraneo offsets _f _
noi_o;

3. The _ c_lculA_'.od )_2 a,'.Thor Tho _.l- o_ _/3-_cunvo _md
mo-.hod_ pradic_ wiTh =oaannnbla nccu_sc_ _:l_o undn_n_nd-
_b_.ll_:_ of _pooch _m CAn prs_snne of _hs _.Tcr_ft An£sos

_ A,_cr_t _'p_s worn: 707-120, 7203, 727_ nnd n St_par-con_=sllnT._.on.
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_PPI(OX. AI FOR NORHAU VOI *. HOISI.,-DISq'AhtCR AREA

32 -- , , %O HIII_.Ri_ UNA ] I)ED

E PACI',-TO-VACP*

2 • ARE ]HPossIIII+B

a
NIIEliI_ FACE-TO-FACE: 0.5 t-_
COHMUNICAT] ONS IN

1 _ NOIIHAL VOICE I5

POSSIB[,P_ AI O. 5 [).25

I I I
SIL 20 30 40 50 60 70 O0 90 ]00

PBIL 23 33 43 53 63 73 03 93 1(}3

t.pN 43 53 63 73 83 93 IO3 l 13 123

L/_ 30 40 50 60 70 130 9O 100 lIO

Flguru 3-12. REQUIItED DISTANCE 01_'NI_EN SPEAKI_A AND LIo°'I'EtIER POR SA'I'ISFACI'OI_Y
FAC_-q_-FACE CO_4UNICATION AS A FUNCq'ION OF AI FOlk NOI_t4AL VOCAl,

EFFO[t? AND AHI_IV, N'I' NOISE L_VF, I, AND AS A PUNCTIOI_ OF V_RIOUS

VOCAL BFFORT,_ AND _ll_IEt_*r NOISE L_VEI,S (Croln Roforenc_. 79).



,

_i 4. The full- or I/3-oc_nve b_ud menhod_ of cnlculnT.ing either
LpN or A_ g_vo ossenuially The _ame =esul_ for _he _oi_o

- c_ndi_ions _osued i_ _he s_udy. However, T.he I/3-o_vQh_nd me_hod should be generally moro _=l£_ble And nccurnne

".hart_h, full-o_ave band toe'.hod whon nppllad _o _ wldar

F vn=ie_F of _Ircraf_ noi_en.
4

lu n lazar s=udy, Willi_m_ e_ al. 20,78 condu_ad An inva_i- :

F g=_ion no de,aEgina 7.h_ ox_en_ _ha= s_m_Ia_ion of Dpeach n_Iv_B
influance _he accepUnhili=y of single flyovar noi,,. Unull _h£s inv_i-

" ga:_on, mos= po_choacou_=ic inborn_r_ s_udi_s had h_en performed in
which _ha o_i_ _=sk _.h=_ wns raqu/rad of s.,_,cu_ wns _o rn_e _ha i_vld_l

• ranl-llf_ s_ua_:_._ns_ fl_ovor nol,e from a_=r&f_ _-udns upon OngO_.l_g

E
Ace_p_nbil_y _ng_ng_ wore ob_:alned undor _.he followlng _.hrae

E oxp_r_mon_l _nd_.'_.onn :
_. 35 fl¥ovars _nng_ng f=om 63 _o 83 L_ wi_h no

2, 45 flyov_, _g:img f=_m 63 _0 g3 _mnx with

_; 3. 35 flyova_n _nngLug _=c_ 63 _o 83 _ wi_h

For e_e nacond _'pe:rlm_nT._l _ond_._n, =h_ _0 addi_:_.on_l flyovoru
wuro pro_on_od &long w_nh ap_och monitoring l_vala of 7_ and 83 d_.

T_on_-n_._ c_llog_ s_ud_n_: nnz'vod _n _ub_oc_: And _haLT _oJc wn_ P._ _&=o_ho a_nglo-av_u= flyov_ lu_run_on_ on n fou=-p_n_ nd_aculv.l ca=_9_=T

_c_la. The .c_la u,od WA_ (I) Of no concarn, (2) accap_ahla, (3) bnxaly

_, accopP._lo, and (4) u_accapP_bla.

F_ _ho _wo _paoch cond_onn, i.a., wi_h _A_.o-TV lln_an_ug and
_alophona lln_on_.ng, _ub:_ec_.= _noworod w_iT_an quas_ton_ concoz'nin_ _ha

con_u_l OpOOCh moanaga. _ho fly,vat n_na_ pronon_od wore ovolu_ad ,

I

; ['_ 3-64
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+_. In _.ha EPA Ai_or_/Aircraf= No,so SUudy, ?Q i= w_s rapo_ed

_a_ _wo mo'P'Q+'_Swad a _ypi_al outdoor coo_u_icu_ion cL_scan_e in _T_

_ena. I£ ordoE _o paz_i_ 95 peEcan_ a@n_Qnca i_alllglbil£_y =_ Chls

d_=An=a uolng n0Emnl volta af_oE_, i_ we, de1:a.-m;[.nad chac _oady, _nninuous

F A-wo_gh=ad _c_cund hound levels cnnnoc exceed 50 dB, Thln !oval woo

_Jcommondod on _he m_.mum pG_naibln value _o= in_.-u.d_.ng aCnAA_ no_nn for

[ npoach aom_unioac_onn oucdoo_a. Since _hn mnnu_Cuda of -_,_,,_c _11 onvi=on-

_e_cA1 nelson glucc_acnn ov_ _/mn, _h_a _ p_'mi_slbln loyal woo

.t+_ca.w'p,car.ed aa an avn_nga o_ equlvalanC-noncinuou+_ level (Laq), FO_'
inda_ _nvLTonmancn, nn A-wai_h=nd Lnq Level of 45 d_ wan IdahO.glad on

__ _ho _.-_uz_ p_T_i_olhlo value which w_Id =saute 100 percon_ _,nC_n00_all_qi_£1_Cy for _'ol,_'_od _nv._&clon. Z_ was po_i._:nd nun _hnC _ao=h

incaz'farooo_ _Z'iCOE'_A _a_d on avoEn_ Or oqutvnlonc-conc_nuou_ oound loyal

_Oa_J.TO0 _TO hOaC ap,pllnd CO _vLTo_moncal nolaeo which _e a+caody,

HOWOVOE, aV_Tago no_nd loyal _aao_on _TO ¢ol_.se_"vl|_iva whoa applied _o

E non-nobody no£oen, when maximum 10voln do no_ oaua_ = c_mplaco 4.._co_Tup_n

of opooch cn_nu_ioa_o_. E_WeVa_ when mnx_n_ 1@vole a.,ca S_glolnn_ _o

+_ CO_L_@ _mplaco _nc_rupP._nn of _oach communlco_.Ion, a 51cun_ioo which
ag'+'on O¢_'_TO w_._h _[.o==_fC Elyovn_n, n_L_oyo_c_ o.-lu_rla _rn probably m_o

appl_o_bln L_ _oonnlng _t_m_, _.up_a _h_ speech crlcerln glv_n _ Corms
_f po_m_n_a _f non_mnc_ Inco=g_.+..'onoo.

; M Fo_ _oald_i_l arena, _ha EPA "Loyola Domumm_ "52 identified

L_ v_luoa of 55 d_ _u_d45 d_ no ",',.hamnxlmum pn_u_an_bla levol_ of

LnC_udln_ nolno +_o _llow n_£afanc_, spaanh _ommun_oaclon in cP,zCcS_o/_' and
_0eE OOIO_ O_VLTOP_onCn_ _oapo_.ivaly, _+_ wan =apoz+c_d _ha_ b@la_ cho_o

l_v_l_, _20 ;LffOGCO O_ "p_llO hoOl_.h a_d wolf_o" wO_id ooC_,E a_ a E_a_I_of inc_Tf_=_noo w£_h speech. Al_hough ",.heoutdoor maximum pe_Li=olhle

level idonT.tflnd in _he "Level= Document" _a 5 d_ lowo_ _h_ _hac racom-

•o_d_d in _ho _,Tl_Or EPA Ail'po_/Ai_Enf_ N01s_ S=udp [ assuming Ld_ CO

ha opp_Pu_n_uoly equal CO Ln_(dn_ ) + -t d_), ic woo =opened _a_ 7.ha

_+_ a_dlclan£1 5 d_ would ninT+iflon_ly inn=nasa _h_ av_o_o =o_m_cy noi_

o_-_ont_Tn_ooponno f_om a_p=oxi_ncoly 17 percent _ 23 p_=C@aC h/ghly

/_ _._t'_oynd. no.sad On d_ ._EOnO_.Cad i_ 'r...ha E_A "L_v_Is Do_nc", pic._3.Tno
3-I_ a_d 3-_4 p=aoanc =.laclo_sh_po bo_,'a_n A-w_ghcad equ/vnlanc-¢on_mu_

hound loyal nod pageant e_n_noo unlnnall£_ibillcy foe _ndoo: and outdoor
no_a environments, ronpa_iv_ly.
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3.2.2 Noino-7_duced HUCLC.t.n_LOSa

t _xpcau.=: CO n=i:a of =_f.4.cianc ._.nr.eooiCy _:: s_inionCly Zon_

p_:i.adn of "elms :oaulta in _ tem_:_-¥ innraa_: of =ha '_'eahold of _u_Lbil-
i'-'

I' _=_, i.a., Ta=poro-_ Th_anhold Shlf_ (TTS). Th_n Io:= u_unll¥ can ba

:sgainod in appro_=sl¥ 16 ho,.u_s afta= c._o noi=o o,_'_osu,co c_c'=_scsa.

Ropu,:_od _su.Toa CO h.igb, in:snsi:_, nn£so la,;'e_l.s wb/ch santos IA.T_'S TTS,
wall svont_lly load to LT_OVO_SI_Ios _sz'mnnont loss of h_Ting# i,o.,

E Nnlas-Zndaosd Po_m_n_t Throshold Shift (NZPTS).

I_ has bQan :_ound "c.hat roclu..7.Ar OXpOSU.,TS"c_ A-wolghT_d so_nd

Iovols of f=om 50 ns 80 _ for in OS 8 hou._s wall
poEiod= _coss _uss =om_

TTS :in n =£gn_fionnt pEopo_on of _ho populAr.on _oo_d. Nolso LTOm 1000

_O 0000 H: aprons CO c_as_ _.%e _Tsstao_ _S wlch noi,o-lnducsd ho_Tin_
' lOOn inSt,.ally o=curzing At npp_.'o_'J.mn'¢ol¥ 4000 Ha.

E _ i_ gonoc_ll_ nO-good -.l_At far n gOvon Loq , i.utn_m_cton_ s:

tineP-vn.*'¥ onion will p_odaco loon bossing dn_n ¢hnn s ¢onninuou= onion

E s_mo ono_gy. Zn o_r 1:= m_e s z_aso_smsnt
_ho ssou_tls&l _aoon£bls

o_ chs pntsnti_l hoanin_ d.nn_ge :n_ul_ing f:om ec_posu_o CO ,_-vozyin_

E no.inn, : numbo= of con=apt= _vo boon p:oponad to daflno _o e.rad_g
:sls_ons_ bncwoon o_poau_o clmo _nd noiso ioveZ. Tvo mor-_olo_es wh._.ch

hnvo boca sand s,,.c'l:onnivsl¥ to a_ao_ss naa.cin_ _-,'.-_a _:_contl,_l a:_ c_e TTSnnd CAn aqunl-ooa:g¥ ¢oncopts. ;B:iofly, cho TTS ocmcspc ,stats. C_at _. TTS

mAn_u:sd 2 _U.nucoa _tor oossntiAn s_ • 8-hsu: oolse oxpAn_=o cioa.1¥S_=O_m_CSU _ha _L_TS incu._od sloe: a 10 ".o 20 ¥0_ ¢¢po_u_o CO chat

soma loyal. _o oqu£1-ooo_y conc_p_ sn_tsa cho_ equal am_unco of _sund

E anoCgy will c._us, equal amounts of _Z_TS =og_dloo. of -.ha disC.t'Cbutlon

of _ho _orgy _OEOSO _.,_S. No,thor csooop_ hn_ boon sho_ CO b_ applIunhlo

E to noiso _n in nun by s number of studies wh/¢hAI_ll exposures pointad

hays n._nm_Ln_d 7.ho unos snd _,_'¢o¢ton.s of both menhodolocjieo. Novoz't".holans,

_hs squal-snoE_, ¢oncop_ has boon soloctod bY '_a E_A on 'r.ho _=._,s ".hnc"
L'_ _ s roa.ooaahlo p_ad'_c_co: _f TTS nnd _'_st An tso_ =o be ¢onnorvo_.tvo

E with :_'ospoct; CO ".ho obnoL'v_d c..h_nc'r.oz'i_t.iss of envi.ronmontnl oolso ov_.-= 24-hou_ T_.mo p_=iod.
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0ely a few s_udlea have a_ompcod _o d_ec_l_ ralnca actual

co_m_Izl.t_y A_T==nf_ noise ax_Bu_e _ noleo-lndu=ed hoe.flag leas. Pe--'_all

F 4_ Al. 80 ._.nvae=i_od she effete of ALrc_n_ nolna on _he ho_LTin_ of

rosi_on_._ in CD_/LI_IOS su_-_ot_nd_ng LOB A_gelos %_arDA=ionAl _.Zl_O_C.

I_vesT_gA_lon =ee_l'.a in_ieA_ed _h£= &_ _he h_gheE audible f_equsncies

_._o:a wa_a cron_s which eu_eecad poo_or ho_in_ foc she aiz_oru community

as SOml_LTed wiCh an _e_f_-eo_o-f_a communi_. However, i_ w_ _apo_od
T._A¢ b_auss of _o uncozr.ALn_ee in _he _cudy _SUI_ c.ha e_on_ poo_o_

hS_T_n_ of _o _pOE_ commu/Li_¥ _anidan_o could r_C b_ conelualvely
l_m_sd _o _._er_ noiee expocu.To.

E R_cen_ly, W_rd ec el. 81 _om_cod _o doc_-mins r.be audlcory

_.Teshold sh_ of eu_se_e expoe_/ed _s pao_ A-W_i_hT_d no_.a loyola of

_. 11_ A_ produced by _oco:cdod commare_s,1 _ac n_._c_f_ (DC-8 and 720-D)
flyovo=_° S_.X-hOUE eX_SUZan CO ltndin_= nnd _nkaoffs _ she _aco of I p_r

TTS wee da_o_.nod _ m4a_in_ aud_=o_y Ch_eshold_ _ _o_ f=oquonclea in

bosh a_,_e _fca.r 1, 2, 4 and 6 hou_ of exposure and a,c _'_,_oa sr.he= f_a-_uoncies _f_er 5 hours and comp_=inq _._oao wi_h pre-expoeu._a _.Taaholdn.

ROCaVOZ_ won followed _ _oe_ng AS 15 minu_e In_.a_ln for 2 hou_a nf_o_

E Chs laa_ flyover _nd ago.ln 16 hours af_o_ ox_su_o. The mann TTS 2

(_mpo=o.'y _aehold shlf_ 2 _.._uuoe af_a:_ _au_e} _td anu _oach 5

a_ any f:'aquancy fs_ oi_he_ e_cpoeu=e seedless. W_d a_ concludes
_I.81

_hS_ _c.hoponn_l_=y of _uffo_ing _ meaau.Ts_blo _m_anen_ Ion, of h_anin_

E _ a Zouul_ of ni.-c=af_ fl_ove=s in a =asldon_inl neighborhood is =_mo=e!
even fOE pa=sone who l_vo _e_a_ly ad_nc_= _0 a hu_y _11_.

E_ _nm_su au AI. 82 invee_i_auud _ho TTS duo _ =nco_dod "_eof;_e

W_h _e_ A-walgh_od levels Of f_e_ 75 _0 _00 c]._. The as0Re'_:i¢Rl ane_y _

E Ch¢ _oi_ s_al woo ¢onconc_Tanod prissily _ she f=oc.r_oney_ge Of _m

500 _0 4000 H_. Five no_'_nl l_onocs wSEo exposed _o flyeva=s a_ _ l'n_a

of _ paz" 2 oE 4 minu._:a¢ for _bou= g hou.Te e= A 'elms. T2S moae_omen_a wa_o
_,da 0,5 _u_oe Afro= ¢¢=ea_.oe of _.he _oine 4A'pOS_.TO _ V_LTIOUJ_i/_ol'vAle

of She _o_nl oxpoau_s cima durn_on, _i TTS mo£su.Tanon_e _opo_ed woes
T,ho svaz'ngo .roTSau 4000 _Iz obC_.nad f_o_ all five _t,l.t_Jac'ce. ROeUI'_:_S
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i in_Io=_ad _h=_ _._a 9_ow_h of TTS s_ 4000 H¢ i= appno_"t"uely expressed _a

F n run,ins of LO_IOT, where T in _a exposure _imo in minuuas. _nad on=ha _udy ronul_n, HLvamn_=_ a_ el. 82 _apox_od _hn_ a.,_auroa _ po_

A-wai_huad lavaln of 75 _ n_ a =a_a Of I _ 2 mnmu_n= d/d no_ _od_ca TTS

__ s£gnlflcanuly diEfo_n_ from _hn TTS for n n=n-axponu_o ¢_n_Ion, a_d _.h==

_sw_h OE TTS _oo no_ bog"in ,_nt:il pn&._ A-wai_usd lov_.,= ;_.Ta _,-wann 75

an,q 80 dL_.

¢'ha EPA Airpo_/Ai_o_=f_ _;o!_o S_ud_ 70 p_oaanu= _n_ which

F =how _._a_ '=ha mn..d.mu= NZ_TS produced in n populn_on _f_ar f=_y yaa.rn of

no_sa ¢ucpo=u_n (_f_sr _.hn rigs of _wen_y) in more n_varn for 4000 _ ,_h_n

E _ho nvnr=ya of _hs _vn_L_ionA1 speech f_nqu.n=i._ oE 500, 1000, and 2000

_=, E_ & ra_,_l_: o_ _= find/n_, n =ignificnn_ p_opo_ion o_ _hn ox_a_J.n_

E he,in 9 - loan or'_ari=z h_a _aan 1_nsd on _a a.vo_d,nn=o of =u._n_,n_._l
nny

loan off ha_n_ n_ 4000 _¢. A_dl¢ionnll_, _ boo boas found =hn_ n 5

_. NI_TS v=u_Anlon _ _n in_vidunl_n _LTanhold of ha_vlng in ganacnll_
=one, dared 4= ooEm_l. _nad sn _ 4 _ dlfforanua he,wean _u_dooE dny _nd

_ nvornga no_4_d Iovaln, _J_d on 8 hou_Ts of o_dooE exposure _ in_n=-m_an_ no_a, ranul_ing in _n A-w_.g_od ==nu_u_uou=-equ&v_lan'. _und level :

E of 80 d_,, i= wnn =on=furled _hnu Ldn _f 83 _ o= isas will produ=s nonn_nn"t_la ho_-_g chugs _as _.,htt 500 =O 4000 H= _a in 90 par¢_ of

• h© popu, l&=ion. DUO no =ha uno==z_.n=ian =nl=o¢in=ad wi_ =om._ of _J_a

_. aa=ump_ion= ==do in da_ivin_ r.hn max._mum paz_n='_'_',ln Zoval, i= wn= :=co=-

m_ndod _a_ n _o_1¥ o=_door Ldn of 80 _B _a used an _ho noise mcposu_a

E I_ _o pro_:ac_: n_a_m_ h_-ving _nn frsm s_.rc,-_f_', nsina.

T_J.n_ in_o nc¢oun_ _hn= 4000 H= i= _ha mon_ =on=i_ive

E ha_in_ ions _nd _.ha'. loosen of loan -.bnn 5 _ a_n gsnorally no_ considered

nO_.iS_t_io =_ ni_.fi=_, _¢ho E_A "Lavoln Do_n= "52 id_n_ifled _._

E 8-hour loyal nO_ 75 _n, 24-hou=v level non
=_'po=ure _seod_ o_ n ax"poa u:_.

axoan_n_ 70 dB a= raqulni_n _o _ro=a_ 96 parcan_ of _e populn_ion f_m

E _an_ar _hnn s 5 _ NZI=TS. Tots recommand=._'ion w_n "annd =n ax_onu.=a no
• =nndy nni=o of 8 hou._'n pa_ ,'_y, $ dn_n par w,=ak, ova=': a par'rod of 40

ya==T=. Fi_u_s 3-15 prnnas_n cut"van -_ow_n_ _ha ma.v_u= and average r_ina-Luduoad _a_=nnan_ _A_anhold sh_f_ expoc_ad af_s_ a 40-_aa_ axp_nura (from

"The= iovai =nd du_n_on of noise o_po=_Tn will produce _ N_PTS _ 4000 H:
oE 6 _r_ (A-_L_h=ad) in _ha _n= =nn=&nlva 10 ps_=an_ of _._a popul=_ion

_'%=_ 40 _n_n o_' dniZy nx_o=nra,
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F _ 20 t= 60 yo_Ta) _o _ 24-hou_ A-walgh=ad _n_.nuouu-_qulvnlenu level°

The _-von =hewn in FighT, 3-15 ware developed from dn_ prenenned _e EPA

"Lovoll Doc_mo_n" •

3.2,3 Sleep Dilgu=h_uoo

F
Sleep _ eo_ One OOn_U_UOUS or u_t_orm ¢on4.it=io_. l_ i_ a

__ eoml_lox ma:io= of :_a=os nl-_oogh wh:Loh =he h=a.'_ pro£j=aanaa in a _,c1_.o
_an_oz-n, _epea_od nev_r=l nimeo ova:: CAo cou_aa of _a sloepln_ paz'iod.

Al_r.hough _.h_a a,ro no ehoA"p di_=_.onJ between d/fforonn _nao, £_ _.Dgmnsrally a_Tee_ _hn= ?.h_:_ _.=_ hanically fiv_ s_go. O_ sloop. E_ _nge

In idonn_f_ad b_ npao_fio p_u_e_-ns of f=aquon_ _d nmpl_udo co_n_io_

_. wh_oh _e nypi=_lly o_a_.-vad f=_m ala_oanoo_hslogTnm'(EZG) .-ecor_n_,

L4J0o_n_o_ _vasr..igon_.on_ h£va _hown '_.hnn noise c_ effao_ changes or

E _hlf_u _ _leop wi_hou_ Co awn_an _ well
_n_go_ a=nunlly

•_ l_oduci_g _o_i _E b_hGvio=&l swooning. A_t_sl le d_fln_d _ _ho

E =anponaa whloh ra=ul'=a in an _EG 1:a':'=c_'n hav:Ln_ som_ o= all of _'.he cho:n=u_'-
_:toa of _n :w_a EEl, whlla bahavior=l aw_onlng :_u_.res a op_o_f_¢

mo_oE o_T va=bsl =eepo_o. 83 The p=ino_pal f=_ors which h_vo bean fo_dUO _f_cn EoOpO_OO _o _,_isa dt_g oleap include: _) &go, 2) _ox, 3)

, sloop n=age, 4} noi=a loyal, _) frequency of noi_e occurrence, 5) noi_o

qun!_ny, and 7) pranlaap &o=ivi=yo Duo _ _._o exu=ema bahAvio=_ and

phyaiolo_icnl dlffeu:onoan nmonq _ndlvldunln, and _ha _tspo_od effete of

h_b_un=_on and ndnpT.nn_on _o n=in_ expo_tu_o during sleep, fuw s_ud_a= hnve

_mpnod to dauo:;.be _.ho effecc_ of noi_e L_ a way which can he u_d to

E as_-_llsh =ri=_rlon l_9als. Tho_ SnU_._L which have preoon=ad _n_inn_ivo
_mulu_-resp_nm_ raln=_on=h_pa hnva focUaad =_n_n_n _n _loap 1_=u_

G di=_up_.on and aw_an_ng :_pon_aa ra'.ha= _._nn :ha _o_-u- _nd long-'=e_'m
nfUor _ffa_2 _Gh a_ puychologicnl and physiological _._.uo]:dar=, or _IS_

E perfoz_nco do_Tn_£_ion dt_Tieg parlods f_llow_._g _lo_p dls_rh_u_oa.

Zn =_ of _i.==Wnf_. noi_e effoons, a number of ._elevnnn _u_.aa

E h_vo _oon perfoi-.'ned (e.g., LeVite 84, L_aS en _I.85, Borsk'y 60 and L_k_n_S3,8_,87).
LaVore 84 conduced an _.nvo_.g_,on _ _ass _o _rou_a! producsd by 7,he

oecur'_'.onca of nolea fro_ _Tan _:L:o_= flyovers (_oo_n_ ?07} _nd _y dlffe_en_
0.udi=o_l, frequenolaa w_Ich wa:e _qunnad for _u_ac_iv_ hut not phyo_osl

• An LEG ._.1 & 9wap_.o_l =eco=_mg of _ho v_z'ia:_.on_ in pocann_.sl

i r ha'_wo_n olm='t._odoa adhered 1.o -..ha o_a£do of '_ho h_nd,
i-t



F

F in_anai'._,. _a ai_crnf_ noino was praaantod _.o aix malo su_a_.a on

F =_ndomly ,alocCad n_gh'., ova: s 14 dny po=iod. Nina flyov.rc wars p=aaao_adsash nlgh_, ica=inG opp=a_aly 20 daccnds _nd Ec_oh_.ng a mnwAmum A-wslghcad

,ound loyal of opprorJ,nn_aly 80 dB. _o _soul_c Indlco_ad _hn_ bEocd-h_nd

oud_o_ sUlmu/._ will roli_iy producc _d_Ulal _nd _o_ _hiB _ousnl

Cp_Tc _o OU_iOa_ Cha physclnl procaocs of 'dhs _tmu.lua b_, a _. IC_U C

E 1=o_i(:d of 5 m_nu_oc.

Tha dlff_an_ nud._.=sr_, ,' f=aquancino wa_a praoancod co _i,g_._ mnlo,u_a_a on _h_os nighn_ ovoid: o 4 dn¥ pa=ind. Sound_ oonni_'_ad of 20

E pra_an_cienn of ona-_-_ed occovo band Cound csncarad on n froqu_noy ofq2S _, 250 HZ, _ _000 HO, all _qun_od foe ioudnaec _ _n A-_o£gh_sd Could

loyal of 80 riD. Raoulna _hswad _._n= all frdquonclod wars affoc_'.ivo in

E p_cdu_ng _.rou_ol in cloaping Cu.b_as_o hu_ r._ey w_. n_c nlwoyc Cq_ally

_f_'c'.iva an woul_ _ p=acLis'_ad on _.ho _acic of _:_ai= psychological _u_naca.

E L_VC_TC84 conolu_ chart chc sgfo_T._vsnssa cf d_ff_n_ froquonolod in _a _"
_cuu_al co_ooi_._.a_ won noc p_ad_.ouahlo on ".ha _ain OE cha LA appro_-_ion

o_ _%_u_l loudnano.

L_o 8_ Cu_zm_.T_:od fiVo l_eor_ Of work O_ _ho S_-_ord Ross_ch

I_c_i_u_c whloh _'.ni_d "_c '_he invao_iga_ioo Of _dc= S_S_'_. _d c_unul_t_

v_i_blaa _h&_ oppa_dd _o _ _ha mn_or d_cormlnnncd of h-_-- .-aspon_a

E dub-sonic o_ud ai=crnf_ noises Tha _-_,_-_'i_sd
cuparsoni= dUring dlSO_,

):OSU,IT.O of _hoso d_u_oo su_ad_ _r.:

' 1, Childish 5-8 _o_a of _ga a_'a ,,,,_s='ml_ unnffo_"_ed b_ nOiOd

_u.ci.n _' dlOop_

2. Ol_ar oub_ac_a _u:amora :mnnitiva co noise _h_ aro _oungo_

; 3, W_mcn a=d mord sanci_Ivo _ ndiao du_ing dlo_p _hnn man;
4, WiThin _hoi_ ag. _OUp, _Ivldu£10 _y vn.t'y 9TaO_I_ wi_h

_ocpc_ _ _hs_ rolonlvs sondi_vi_laa _o _o_o d_t_._

sloop;
5, _s fraquon_y of _ahnviorcl Cw_onlng ida run.ion of

";:ha inuonni'_y of =h_ sub-don._.c :)o_ flysvor noi_a. ._

_al_ in_s_i_ _.nc_oo0on, _ho f_sn_ Of b_v_oralow_anln_ ol_o "_nc_oosac, _nd _ho frsquancy of no did-

CO_'_IO EE_ sh_u_o dss=occsc,
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F

_ a ia_o_ s_udy, LV_Aa 83,87 conducted a com_rahQns_vQ _ovlGw

of domestic and foreign sclan_£f_c IICerA_U.Te on she effaces of noise on

hum_ _l_e9. Lukas83, B7 concluded _haC _va_la_in dn_a indlca=e _aC

A roasonnhly ACCUrate p_adic_£cn o_ _ho f_aq_ancy of _leep dlerup_on can

F _',a _.nda if _'_o no;Lsa _ do_c_it*ad ,in CA:'_ of s_n_'ln-avanu maaauz'os

w_ch Account for i_n _poc=T_l e-h_c_ariA_.tco _nd t_ duramen. LEp N

_. npp_a_ad to ba _1_.1_ m_a ACCU_A_O _h_n ai_hor or S_NEL, H_w._m_m
ELA

_ OE _H _TO _T 1O_ AC_IEA_O T_ O_OE _ _o _OA_ILT_n W_C_ ACCO_ _"

E fo_ d_rn_ion, _di=_onnll_, l_ WA_ =apor_ed _hA= Ov_ll sl©ap qunli:y _
¢_ _ prodi_nd vi_h reasonable accuracy f.-_n mul_pls-aven_ manau_eu _u_h

E A_ CNR, whoa _ha_ 0.TA =_iculn¢_d ualn_ EL A o_ LEp N na _ho haole sLu_l_r-aven¢mOnaU_A. RnlA_un_hlps he,wean fruquonc_ OE _l_p dis_pcion and _lAa

iaval, and f=oquancy of _ou_1. ar _hnviorAl Awa_anlng nnd noise loyal

E w_a davalap@d f_m _ha d_n pr_uon_ed by Lu_na 83 . App=o_no ma_h_-

mnfilcal _,_'_Eaasion_ far _hoaa _aln_.ionsh_ga _o given by:

E FSD • 1.40 LEp N - 74.00 (3"8)

FABA • 1,03 LEp N - 58,90 13-91

wh¢_o _SD io _ha f=aquancy of sleep d_.o_upt¢on and _A_A io -.ha f=aq_on_F

of _TOaSAI C¢" h_havia=nl Aws.konincJ, Z¢- should b_ r_cod _hau r.ha LE_ N

_. u_od i_ aquae/arm 3-8 and 3-9 was c_.lculAtnd u_Cn 9' ".ha t.Cmo lU¢_tal
between _ha 10-d,5 _wnpain_o of _ha r_iA¢ signal _s _ho _ffac¢ive duramen

_d unlnf 0.5 oases a- nn _ho .-o_onon duration.

Thi_ooon 88 h&o racnntl¥ p_oAan_od _e _naul_s of _n invasc/-

g&_on _o doto_A _ha prob_ili_¥ of _iocu_snco Of
sleep, AO _ud_od by

E_G =oao_d_, by savQn n_ioao p_ nlgh_ produced by a _ecord/n_ of a .

E p_ing _ruok. _sponuoa wa_a mOan,.Ted in _ of sleep di_ruption
(d_f_nad As sloop _ga oh/fie foam dnap_r _o ohnllow_) and hehAviurnl

AwesOme a_ A f_otlon of l_s_ A-woi_.d sotlD.d loyal. :_'_y f.vo

Ot,lb_o¢'¢,8 Eang;L_" L,D. Ago f=om 16 ¢0 77 _,¢TO of Ac_8 (1_ bo.'.'.cwaanAgou Of

*SIoa_ _at_y is maaou.Tod :in _ of: 11 feelings Of well _in_ on
anouaal, 2) foal_n_o _b_ut ".J:o gana_cal quality of _1_op, and 3) an

aun._._n_aOf how i¢. _ook fall
l_a_ no
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16-28, 8 _la_s and 4 foc_zlQa; 12 ha'owens aqas c_f 46-51, ? =nlaa, $ _'omalon_

F and 11 bo_woan Aga_ 55-'/51 sll _.0) woes axposttro ,q "_o ponk levals of35 co 75 d_ ova= _ pQ=_.od O_ 24' =UCCOaS_.V= nishCa. Zr. w_

E ¢on=ludad ",:ha_.t

2 1. Young and old paopla _Lve no.sly ':ha :k,z,mo rosponsa c,o

C no_.aa wh/Io m.4-,qdlo-ngod aub_ac_.z a.Eo m_ro aans_c_.va bI,

2, '_a sT..imulun-r_mponsQ _a_l&_ionBhlp cnn _ _ou_lly app=o_.-

E =n_ad hy a llnea= =_in_inns_p bocwoan rosponaa and pol_,'_A-walgh_od l©vel;

3. The _=b_ili_y of nh_f_s in sloop _o _ shnllow_ loyal

E "."as nec sppan= co _.d_p= in 24 s'._ccoss.'_.vo D/g_z'_s w'i_l s_v_n

7alus in nhou_ _e wa_;

E 4. _opo_a _oEses_o wi_h dU_O_O_ of C_e noise, _ l_u_o_ OVe:_"cho l_mi_od r_ga of f._om _rnc_-ions of o sacon_. _ o.m.Lnu'co.

E _d_i_ionnlly, s_m]_._od _._o s_.mulus-=oopon=a =mlnclon-
Thioeosn 88

=hips dn_ivsd f=o_ &v_sgo =asponso d_CA (&v_=n_od ova_ nll _gse) fo_ sloop

E din=upu_.on (shifT.= in sloop _ngo) nnd _hnv_ocal :w_anlngo wi_h =ha dn_
glvon _, Lu._ns 87 in an _lle_ suudy, Thianson 88 =opo=_od _h_c -.ha

E :o_aeo_©n lisa =apraeon=_ng nho p=ob_blllcy of swn._an.'L.ng wa_ _ :nnoon_isSAC _o Lu_ms _ dA=n _oop_ _he: =.ho slops opp_nEod =o _-- _3o l_w. Also, -..ha

E =s_ous_on llna sop=soon=inS _ha p=ob_ili_y of sloop dls_apulon wn_ in_ood e_-_amon= wi_h _:a d_r_ f=_m Lu_&s 87, bus w_.s _hlf_ed ahou_ 10 d_ OE

ha _U. '4 7.hn_, nl_hough no :ela_ionsh_p bo_w.an LE_N (An dofinad h_

LU2AS83 ) _nd LAm_X woo :upo_od by Thlosson $8, _x_uLn=_ion of Cho

E dn_ pz'a_an_sd shows =has _h@ maximum A-_algh_d lavels v_:_ ¢onvarUod _o
opp_ow_r-n_s LE_ N vsluas using =.ha r_inclpn_hip LEpN _ LAmax • 21.

E This AppEOY.'_.._A_O .-sla_ionshi_ h_w_n LEp N a_d LAtex ks &los SUppol'_:od
by dn_ .'opoz'_:od by L'.zkno. 83"

E,,'
E "Uain%, ,'_'c_ p=oaancad in Tn,blo Z. of Raforanus 83, "_he _vo:nga _.f.'s::ooco

bacweon LE) H nnd LAm_X woo 20,8 ¢_I).
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_U =acQnCly, G_iefnhn _,_d Mu.za'_89 hnve p=e.anuad _he z_aaul_a

r of a l£carncu.Ta _a_ch concave.rig _ha affQccs of noi_a-inducad 81oapd_Tbancas. Tha _c_mulu_-ra3pon_a raln_ionnhlp_ we_o _van in _t_ms of • :

p_con_ of nw_oning_ _nd in _rma of pa=can_ of O*r_¢u_.ona (cb_fi_ad u
- i _.1 rae, cc£or.a %aaa chair, o. chnngo of one o'taop occLgo) _.o _, _unccion of

I max,.mum A-walghcod loyal, Tho followlng 9unmoral conclu_ionn raga.Td/ng ".ha

E I, _andwid_h - Slaap d_acu_bn.nca_ a.Ta _nnco: wi_ch inc_o_sln_bandwidth;

2. Numbo_ of SC_UI_ Pa_ _iGh_ - A no_._a of _oda_nco poo_

E ._n_an_i_:y oc=u._n_" _ogul_Tly £_ lonn dlscurhing _hnn 'chas=mo na£sa occu,.T_:i.n%, _nndomly,

3. D_.c_on o_ Noi_o E_pouu_o - H_b£=un_£on co hollo du=inQ

E a_aop dapand, on Cho _u_or=_.',.'_on _n:onC of c_o no_sc, and
on _o'_.tvn_ion. _i_u_ion foe nu_on_m.ic =o=I:_n_sa_ _A_ no_,

E Addi_ionall_, i_ wm_ _opo_"cad _hn_ wi_h in_o_n_n_ a_, "c.ha

E p=oh_il_y of =w_on_L_ ro4=_iorus h_com_ _=_c_T, wh_rons _h_ p=_h_hLl_y

_o _ub_ _ no_ CI,_T S_._¢O rosul_ for _ffo_en= lahoEn_.o_y o_mr_.monn_s

E _T_ con_Tndi_o_,

FO_ com_u_£_on, _h_ s_.Imulum-_oapon_o ruln_ormhips concm_n_ng
_ha p=o_billuy of aw_anln_ nnd _hc p=ohnb_li=y of slaep dlarupr-lon

E p:aaan_ad _ L_n_ 83, Thiosa_n 88, _nd G=£afahn and MUZOC 89 n__hown _U_F£_U_OU 3-16 _nd 3-_7. The _a!_=_onshipn a.To qiv_n in to.-ms

L_N (_ daf_n_d by L_&_ 83 ) n._12_L'_g A :'1 _ dlffo=onca ho_we_n LEp N

E 4_d LA_L_, i,e., LEpN m LA_Ax * 21,

E 3.2,4 Non=u_._o_y Ph_,iologicAl Effoc_s

In ".hn phy=iologic&l ra_pon_ _.TaA, _hO rn_UI_s of humannnd _m_A oxpoEimon=a ahow _hn_ nva=ngo OE inT_'usive noi_a c_n ac_ _ a

_nd p_symp4_hor.lc) =_sponds CO S_.ros_ful &gan=s (uuch a_ noiua) nnd

T.TIO_ _o _ag_iA_a _ha pa_'_LTb£7.1on i_ bodily func_ion_ b_ _ffoc_i_
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E
[- eha.ngnn in clrculac_l.'.. =aspire.inert,,, axc.-or.ary, and _'Lanclular cLcgn.nu.

Po_ longer co.-_ heine axpon',,=a, c_a rauul_: r_.1, be. _,_ c_'o_i.c ac:oaa

F al,ud:c_e. S',_oa. in known c_ _ u _acCo: _ cA, dovelapmonC Qf popc,la

"_lecLcJ, cardlovan=ula. _ dino_,nn (h1,pnruannlon and co=onary _"cor I, d,_aaaaa),

_. zn,_ ia auapan1:ad co b_ a fa_n: in _n uging pcncaaa.

r Zn=caanad hZood prnnau=a (gana=:z111, conn'_darod an advo:c_ahealth effort) and £1:na1:+andan?, effecr.a Ira,re _en nbaa=ved bach foc

aho=c-1:arm nnv_conman_l helen oxpoeuzea, and Longer-rearmoenupac_,onaZ

_. no_oa axpoauzoe, gO In cha cnnn of _oino _eura _n "cha c_Tl_nr ec.ngaa,

n e1:udy of ach=ol ch;Lldznn axpoaed co no.'Lao from hanVl, nc.Taa'c ==zfflc

__. (1000 cn=e/hou.c) ehowad chzc c_ay h_d conaidarbly higha: blood praa_u.ca
chlul children f_:== echooln in q_._.a=e= an=he (c.rnffi_rata =1:50 c=_ra/hot_'), g_

E Sav_a_. ::ud_aa Of wo:kc_ _'_ooad 7.0 high noina lavolo hnv_

E incL'Lnacad cb_onlczlll, elevated blood _rannu_a, and pa=ipho=al c4==ul_co=y•nd ca_ccL_.ov_e_:' pEobloma. W=:'kare ch_on/cAlly o_aud Co A-waighcad

no_.en loyola _ _o 90 1:0 96 _u _c_ge exhlbi_ad o_Iflc_ly c/Eo&'_o_

E incidnncn (3 _o 4 1:emma P,_C_noz_nl =a_n) of hypaz_a_on. 90 _dd/clannlly,

E axpoatu:a) h_d = 3 rimes T:oaco_ ::nc_ of hl,'poruono'_on c=:p_ed =0 indua:=='i_.
wo=/c_re w_'=h no a'4_fica.nc hoa=ing loan. 92 The evidence -,,hun ind._cacn:

chac ac_ooo :onc1:'_onn duo co nn_aa exponu=o co+ueo hi_?,o: chart na:m_, blo_d
praaa_a (a _eiacon1: rneponau), and 1:ha1: :opo_cod and prolaagad ::oleo

E oxp_n_Ta m_ _a _ _OaT_TibU_in_fGCCO_ _O ch_ollic or _U1:0 hy_or_e_io_, c_docher c_=ct_=vaac,,_.-.,' proJ_Z0mn. Thua, nmlae.-inducnd ncraon may aoc ._caaaac_l_

|nnn._..faoc _caalf anl_ in hc_ing dnnmga o= faclc_o. As an addlci_n_1 oxnmpla,

E hna1_h dec: f=_m ch_ U.S.S.R. in_:ac. Chac chnngee in gena_el m_b£_.cy

And _II ch_Tn_c_ in papulA_'.ien_ llv_n_ in 'noisyaron_ of h_g clui_8 n_n

. definitely ha _n==ala=od wi_h nolao lov_la.93

O_hoE nalna S_ToO= _ae1:s_._whlah phya_ologlc_l rnnpo_o w=emaaeu.Tod have _aan conduanod _n ln.bor_c.ory n=ud_oa u_ing conC_nuou_ _nd

inc==n._.c1:on= c=noa and raearde_ _.=nra,'.c naleo. _a ranulca _=d_.cacod "r.hac

E _t,n',.or_.c1:=n1: noise l_d a n'=.nnga_r _:_occ cAun concinuoms n:_:o on cha

nol-v_u_nyecom and a._,.Td.iavaoc_ fun_£oning, g4 Thua, +CrhOr._'_.! n=:i.ea
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Q_pOOUC0 C_na may noc be an 4,_l_:_can= nn _.nd._¢&_or of o=naudico=y pbyo'Lo-

log£==l o_focco a, cho pac'_a.-n o= combinn=_.on of noioe axpoou_o and qu_aC

F _'iod_. Zn & ceac using' ra¢ocdod _oC no£oo, c ¢onclnuous noioo _cpoou='o

o_:Lv_.ont _,o 120 _:L._O_';L_C ac LA_zUc • 87 c_ inducad o_c&.J.nod cono:Lon Of

r cho sl, mp_chac£¢ na=vou.s _o_, and _Lnc=Qn_od compla_Ln=s of hypor_onn_.on. 95

In Cha oano cf phya_ologlcnl eEfocns of noCso on peoplo Liwing
L ne_ co_or=_nl Jac ¢izporu_, & law o_dCoo hnvo boon c_nduc_ad w_lch

__ indlo£cQ • _0_ raln_ionahCp bo_w_on high ¢i_o=£f_ nolso l,v.lo _nd_¢_c_nood p_yo_ologionl _on_iono. Pooplo living in ¢cons whoro mnxCmt_

A-woighCod a.tTc=_fC noioo lovolo oxcoodod 100 d_ ¢omp,-_nod CO n ¢t_nLfic_c.ly

E _o_.coz" da_'_'oa _ouu p=oblemm =olncod co na_'vo_u|n_oa, nod ,Hgooctva _.nd

c_d_.ovaooul_ oyscc_a =hart did pooplo 1_vin_ in &cazo _h_u_o _c_u_c no._.aa

E loval_ wcco in cho 80 co 90 d_ =nngo. 96 On & moc_ ob_occlvo b_£_,
mo_auE_mon_ of _pac¢._o ph_a£olog_onl .-onpo_ao ¢n ¢t_po_¢. _a_ o'aoidon_

E sub_a_cod co vn.Tiou_ loval_ of ¢LCCr_ no_.oo i_d_.cncod chnc _a_.onn
:_no¢_n=od d._..-ao'r.l,y' in p=_pocCion co n_ino loyal ,i.uc=o_,oa. 97 TAn c_ngo

¢n _po=_fi¢ phyolol=_ic&l _o_ponsoo waco rolaued '=_ _o n_no laval_ of T.hano,on _vonco, w_l_ ¢ho oombinod ¢m "wholn" roacc_ono (ph¥ololog_o_l c_d

poycholog£co.l) wa_co =oln_,d _o no_oa ucalo_ which ¢omblno no_i._a iovol and

E number of ovan_o. Tha=o _ppa_Jcod _o be no adnpnn_ion ".0 n;Lrc=nf_ molto.

Tha study Ind/on_oo _.h_C ¢_J_dtovomoula_ _ffocCo (i_o_onsod blood p_ooau_o,

o'..o. ) =:ooul= f=Pom :ha _nnoynnoa :o_c_.+.ono _0 '_he ___--'.-T.*.-.fC_=¢oo omI_oot=a,

Tbo concluo_nn wo:o cho: ao_ooomonc of _o=¢. noi=o _.mp_c: _hould b_

oonducc_d using n oumulnnCvo Cypo noioo axpoou.,,To :n_in_ oc_lo (wh_oh
Oombinoo _VO_ nolo0 IOV_IO _d nU+_bOZ' of OVO_+'_o), n._d _n'_ ro_l_o_in

E pr:coccion of the _=p0¢¢ a='on :ms_danmn' hoalCh :oclULVeo a l_J_i: on
mnxCmum noloa loyola fo_ oLn_le-ovmn¢o.

3.2,5. _ Dahnvior_l ESfo¢co

Z_. h_o boon snggoo=od _+=, spoc'_/t_.c and non-apoo¢fio offo_co" o_

ioncJ-CaTm ox'poou_o _ InP.._,t,n.,Ivo/nnno¥,:L.ng noiso ¢_an cc+nc_+'t_u_o _ o ¢h_on..I:

_,_ "S_oif'_¢ of'_a¢¢o incl,.do au_co_ _nd bohnvo=i_l =aoponsao, w_Llo oOho=_o=p<_=:o.-'p _nd po:_¢oc_-._ phyo¢olo_£onl _.ndpo_¢holog¢ozl ::aoponooo m_hc bo
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B_ctgln llyn_omo wh/¢h ia ma_fOm_ad b_ ps_¢hi&CJcic dCsooda=o. A ravlow of

" 'c.h,_ 1A_e:ar.u_e cU.ecussinq chose _u.o-a_ac.-r. _a'cZo_]_.gs in_t.oer.e_, _orexample, cha_ evo-_, n_,'d _areon sulfa:log neu._oeAs and av_ t'Af'..h pozaon

w£_.h o'.ho: man"._l d_.ao_dorJ developed 411nals as a =aoul_ of m_poeu._o co

F no,'i.ma • 98
i

_.. DLcocU _ bacwnan "..ha highe= lmvelo o_ _,.r_af_ hal.so
exposes

and manr.¢_, diso_da_m in :naAdanr.n llv¢_ nnnr a.trpozT._ have b_on diffAo_l_

Co ¢,l¢.abllmh oon¢lusAvaly. S_ud/eo near Hc_.h,Tow A/_O¢'_ (L_ndon, England)
• n,_ Lea tmgalms Zn_a::-naEio_,,el A¢_o_¢ (c_lLfo_nAa) have _ndinacod _. hCghar

.__ _'aoa of admC_oion_ or. pa¥c_Lar.TAn alLu/¢o for 9aoplo llvin_ An ohm om'cnb-llohad _._c.Taf_ noiaa aortae. 99,100 The mA_¢E cciT,_oAom of nhooa a_.u_i,a¢

ham baon _a_ do_T_aphJ.¢ _ac_ra, rar._ar 1:_¢n ¢Lrc¢a_l: noAso by _r.s_If,

m_¥ bo _ha oauaa of _ffarenoao in _o incidonoo of mon_l illnaeuoa.

E roaidanan na_ Hoach_ow ¢Lrpor'¢ once again a_a s_owin_ a _.yhar =ace of
_s¥ch_ar._.c a_ssAona _'a_ hAgl_ n_Aoa =enos. 100 Analyaas o_ OCAO_

E faa'_nra An _n prob1_m o£ _o_,¢ng cause a._d e_ac_, :esul: An sugcjooc.lo_a
then Ln _'ui._h no.tea _aaa wP-sro c_a people see no moc_mU._= f¢= co_a,_.ng

E r.ho no.ton and doopzcLr of any a11svla_.C_n, a gcoAco_c =ace of pmychAar.=icproblam_ will prac.ipA_n'_'.m.

Wh=_ _l 4vld_n_ i= _ha= (ohvioualF, i_ wo_,ld .oom) _ ¢T_ of

hCgh no£_e ¢w]poeure ":.hero ia a ma_'kad intro..co An _e proper'CAne of l_,o_Io

An_en_aly _.nnnyad. A_ "chore _e more vary annoyed people in nha high n_A_e
:ones, in n_J=_rAcal _o_ _ha_m will b_ _ora people auffmring oympnom_ of

ill-offac_ who _Tn likoly no a=_TibU_O _OSO ,,ly_pr.ona ¢o _ho ooia_ expose.TO.
In =raged r.o ¢_':no_¢noa relar.md or ag_avar.nd p,_cbologioal ,problem_ _nd

dam_aphic o:_ o¢._mr anvi_omnenual leone:s, -..ha c=Aoe=ion of rome of psyching.Ticad_i._oAonn _ay nor. ba ou_fAcian_ly nonsir.ivo _ always de_ac_ cha acute or

ch_on.tn affecr.s of noAan on _aople or. rls_ An a largo nr.ud¥ popular.lea.

E _a_'_ad n_n-apmci_A¢. 91 T_o n_n-_pacAfic ra_pomsa_ include ca=diovaeculA=and ¢_a.¢ 0¥onam_cAc c_ango_ oncb as blood pressure inc.-'_nma, mu_¢'_lar
onn_,Tac_Aona, and haar¢ rar._ increase. '_hn persie_:A.ng :nopn_eo chac have
been in:Linauod include ch_omlc s_u_aon _,nd_'_ma, pnychooomar.Ac cM.oo_dmrs,

_nd MahavAo=AAl and pa=_n_nca disorders.
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3,2,5,2 Pa._fo_Ance _ffoc-r.=

r •
_- or _hl, nio&l _ao_:= li_aly _o oocu_ in nn occupa=ional or _tlit:_ry run,inn.

F of no_._ o_ I_.TgOE_,nc_, _,T.ha_ r.h&_ _o affo_'_o on _arfo_nce overt _,
po=iod of _.mn, on people who _ expooad =o noi:a p_ior _ and du_ing _=ha

::s_n. Zn foc_, in a 1973 s_udy =o dovalop pozTo;"_,_o _an'r.n for uoaonmnn_
of nni.'_ s':._noo =._foc_.=,i_. WAO _g:.;_n'.od _._IA'.. _=.-'_..£i= .'_isa =*'.l'eoo=s =A_,

._. hAva _.hn_.T_u_unu_ affao_= on S_ =o_=s _*_s: a b=iof 4xpoo_Tn _ud onO_h_T _oo_o nnl_ _f_T o_c_n_d O_O_U.TO _.nd po_.'_._,_-m_nco du_n_on_. 101

Thun, _ i_ no_ cloo.r _han ouch :_cudloo produoo ro_ul_ _hn= ate =olov:n_

E _o _hn =onldno_lal onvi:onmun_ with h_h nolso iovalo, or _ _ha _ffoc:.o of

noisy nnvLTonmonn= on :ha p._rfo:m£nco of children in school.

E _r_a SUCh rOCSO_ rnvlow of _.ho _ffs_o of g=nnEnl noin_ on b "_"'_

po_o_'m_._co wan eonduc=sd for _s pompons af pro,'_c_ing _n affac_n of_-_u.'Tin _ _rcrnf_ no._.no. 102 Tho _rodi=7.ions wo::s ",._= unda_ Ca.-T._LU

nond_nno whets onl_ low or _ed pe=foz-mnnoo woo noosso_zy, __rcraf_

onion would hnvn n_ ogfsc_ or nn _nhnncln_ offs_, In _:_ whirs poEfoz-m_co

•_ onpne_=_ w_ ro_ad, h_hl_ vnr_nhlo alrcrnf_ noina (irrolnv_ _o _ho

•ASk p_form_mca) would ronul_ in perf=_'.nanco docromon_,_. Howovor, _ho

ou_c_c _udy d_d non includo in £_= rovlow many of =_o =sl_vnn_ s_udlao

E nv_.lablo. For aruamplo, in one suudy i= wns fc_u_d _h&= _he perlod_c
p=asanc, of _a_ n.i=oraf_ nolna (a_ = pa_o.ivsd nn_o_ iovel of 100 d.B) had

no S_gnlflCA_= nf._.o= on 72=0 _.i_o-on-_.Tnnk of = paced V_S_AI ".Tnnk_.ng
•ns_. _03 Tha =al_vnnco of _.hi_ s_udy is no_ clone slnco mou_ pooplo

E n/=tmd a.i._o_.n _.TO p:obn_=ly no= involved LU specinl_n_sd _ns_',a similarp_ood v_n&l _,rncki_g. In _,.nothor, par_npo morn rolav_ s_ndy, '_ _no

fo_d _.hA_ hnuh opood And Accuracy _n A momo_y-docision .-o_p_n_o _Ank ',_n.-'o

-do_nd_d hy las_ n_:il_:s_ innlu_n_ ni_cr_fl _oi_O, nl ovorAll slued

_rOOn_.TO Iovol_ in =he 100 d.B _ulcJo, 104 Oth_: s_ud_ao have ind_cn=od

noi_o lava1_

1=o _n into.non in man_:nl fn_._'uo and _o inh_._i_n of npp_i'_udo for pa_.-T_z_uimg

E =nS_._, 95 Thn =a_ul== of panf=:mnucn _o_n in a _rn =scan= o_ud_ o_-_od
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F
_nd_c&_ad oh== A-wal_hcod no,so loyal& below 85 dB _.ra noC debill_&_iva an

F name _cholngloal _nskn (roadlng), al_haugh £_ wa& Eapo_od _h_c prav!ouo
=0so,oh hod shown danEumancm in condlng parr&cruz&co with hlgh_c (115 dB)

no£oa loyal&. 105 Add_onall¥, i= wan copoE_od _h4_ n_da=a_:o noi&a

F loyal& (84 _) &ppo_ _ &oc _ A A_.TO&OOr fOE _=o OQDJBI=IVO p_opla

l=oEfo::'_u_.ng a _Lff;i, oulc poychcm;oco= =oak.

3.3 An_ansmonc of 'r.ha Applicnhil_cy of ExloAin_ Hanl_h a_d Waller&

F C.Ti_a:rin,.,_.O Gonar&l AviAtion A.i_c_af_ _oise and _o GenerAlAv£A_ion A/r_o_1: Co_nzn!_ioa

o_f_n_ncly co cha gonoEzl fnal'_g of nnn_y_nco _x'_Eio_co_ by in,_'_vidcuzl&

E l*vin_ _.n oh& vin_c._ of ma,_o_" no'_ao sou=can. _oisn inn&&To=an wtc_ opoach
_nuni_ac£on_ nnd d_acu=_o sloop. R_peas:nd _._poaura _ _£_o of su_f_o_nc

E incan_l_y fo_ Ion_ po_odn of -._mo will" ro_ulc in _oma dog_oa of paz'n_nancIon& of ha_in_. Ocho= off&con of nol&a on po_pl_ _nclu _- n_nnu_ozy

phyolol_g_oal a.nd _ahnvlocAl ron_io_, And in O0_;_ n_on, nnlao _y _gTn_

phyotcA1 _nd mun_l Cnnk p_,,-fnEmnnco. Wi_h :_'O_paCC CO GA a/=or_.'c n_ino,

:_1£1:_V_1¥ fa'.' oCUdiO_ hnva :i,uvaac£_od _ha dooo-ra_ponso _:aloC._.onnhipa

aaaoo_.,;c.ad w_.=h oh& _0ova hoalch And wolfnEo no._na _ffecu,s
_o po_nc_l n_oo imp_ upon ot_'_ou_-_ _tr_o_'_ cnmmun£_oo. '_o_ofa_o,

E _aoamonc of '_ho applloahili_y of oxloc_n_ ho_l_h and wolf&re G=:i._.o=:i.n
GA _i_n=_fC no,no _n_ Co GA _/l'l:OrC OO_nu_IC.loo m_C ha, fan _o mooc _,

inf|u3.-ad gram "_cn _u_d _nclusiono du=ivad from ouu_Loo involving c_mmoro._.,._A_._Or_C o.'_d oChoE non-oLEol'af_', nn.'i,ao oou:_c&o.

1 P,_oponoa
Znd_vldual

A .-oviow of &_llor And mo_:o roe:eric psyohoa.cnu&cic :_.'ooo_:chinvoo_'_gnc'_on_ con_o_n_ng ind_vldunl re&panda r_ GA and _na.-c_l A_c_of_

_ no_aa, n_ wall a= ocha_ onion SouIana, h£s £dan_iflod aomo cnnfllc'_;Ln 9'
=osulcn .--og_rdln_ _n =halo& of _ho optimum mnnsu_u(o) for qunn_ifying

human ::a_l:On_Oo Tho d.ianT;:a_n_: ::apo_"_ad among -..he v&.v_.uun scud.ioo

I _i _ov_owad _.= bal/ovod _o _ n_ri_u_io _._ &numba= of expo_man_nl f_c':.o_.'&

(no& SocT..ton 3.1ol.4), H_WOVO_', hn&_d on ova£1_blo peycho&c_uocic 'Case do._t
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mpo_l_.t.c,,ll_, ::alaco,_ '_o in_L_.viSunl =oaponse _o GA a.ir¢:_af'_ noiaa,13,25

and conaiacancy =f a nun_ar of cu_an_ly u_od f=aquancy-woigh_d And

¢&lcula_od soul_d levol mon_u.Tos, Tha f_llo_inq c_nclu_.ons rag"o_d_.ng the

I" _plic_hil_.cy of '_hooa _._encly u.sad aingle-even_ m_4_su.To_ co GA al._=cnfA

(a_all p:opaZlar-d_van _c:_C and hol_copc_r_) no,an 4=o:

.! 1. Tha f_aquancy-wo_fh_ed sound loyal m_nsu_an (LA, L_ nnd LD)

F loyal moa_su_o, (LLs, LL Z And LpN ) , AI=o, fo= all I_aCV._.CO1
p_poaoz_, -..ha LA, L3 and LD az'o e_a.n_lly £ndi_ingu_sh-

h4_:waan CAO f_oquancy-walgh_ad hound iov41s (LA, LB And LD)

• nd _._a cal_ula_od _und loyal mansu_a, and(LLs, LpN)

2. T_n_ c_Ez'oc_od parca._vad _isa lov_l l_, _n "_.h_ AVO_&gO, l@s_

_- nCcu_n_a _nn p_ca_vad n_i_a lav@l wi_hou_ a _na _ac_ion.

_.. Wi_h _o_pa_:n co _nn_n=ancy, c_a_'o i_ ll_'_la d/ffa_nco
_waon 7_ two pa_c_ivad noi=_ lovol m_GSU.TO_.

3, _o nccu_n_ of _a f=aqu_ncy-_a£gh_ad sound iov_l maa_su_oo.t_ 05 '_,h0 _.VOE&QCL__O,_UCU._ by G '4_.TA',',',',',',',',','_/0f4AllOWO.,D,CO. T_O
_CC_;.TACy Of _._0 C&IClLI_AOd sound lovol _O_ILTOa i_, on _0

nveu_a, in_Te, a_ad _ _ du.rnCion all_anea. F_ ho_h oound
m&Tglnnll_ inc_oAaod _' _ duration _ll_wnnca.

4. Tha cal_ulncad _ound lav_l meauuraa _nd LpH) wi_h
(LLs, _L Z

E _ound laval moa_u.Toa (LA, LB And LD) w_h n du.Ta_on_llowanca.

5. _e f_oq_nncy-wolqh'.ad ,o_u_d l_vol moasu.Tas (LA, LB, And LD)
wi_hou'. A d_-Ea_on _ll=w_nca _d, uho cal_tl='.od sound loyal

' m_asurau (LLs, LLZ _nd LpN) wi'.h a _&_on _llow_nco n=a, on
_ho AVU=AgO, _ho moa_ accu.Ta_o _d _.ho mo_ con_is_n_

Gtt_an_ly used s_glo-ovan_ _eA_LTeS. _wavor, _ho_e A.TOO_ly _g_&l difforo_.cr_o b_weon _eue _wo _ of oou.nd
loyal m_suxaa.

E T_I_ 3-6 proaafl'.n a summary li_ng _ha dnun u_od as _o b_is fo_ _ova

concl_iOn_o p'_d_.ncjo =epol"_ad i_ O_'ior lnva_!ga=i_n_ npoclflcnlly

E ad_',"o_lin_ • re,portia CO GA n_.Tcraf= _o =upp_
£ndlvldunl _on_ r.ho

a_ovu conclun£on_. 39,4 _,4_, 44

On "r.ho ha_£_ o_ p_ovidin_ _oa_oonn_l_ accuracy nnd c_n_i_can=y _n

p=o_Li_c_.ng _u_oc'._.vo _o_spon_o, aavo_Al of _he _u_=on_l¥ '_sad g_-oc_uancy-

wai_A_od _ound level _oa_u=a= _A _I_ulAAo_ _ounA lovol m@4nure_ _._o
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Tablo 3-6 _nal¥ola oE _m _ol.t£vo AocucacX and Conal.toncy o_ Variouo Slnglo-_vonC Hcaouro.
Unod to Prodlot BubJoot_vo _oupo.oo to Gonoral Avt_tlon Alrura£_ Ito£Do, Do_lvod Erccq
DaCa Prouuntcd on T_bloo 3-3 _nd 3-4,

Fruquonoy-WolghLod Calculatod
Bound Lovol Hunnu_uo SDUnd LoYal _oa_uro_

Hlthout Duca_lon With Duration _£thout D_cation HLth Duration
Allow_nuo Allownnco Allowa.uo Allowanco

L__A £__g It) (LA)D (LDID (£D|. LLS LLz LpH (LPtl) T ILLB) o (LLz) D (Lpll) o ILpHI_ D

AO_U_Goya

dD 2,9 2,5 2,0 6.4 3.7 2,9 7,7 9,5 9°6 1L0 2,fi 4.7 401 7.1

.ConM£u_onuy.
dU 3.9 4.0 3.fi 3.3 3.2 3.3 3.7 3,2 3.0 4.1 2*O 2.5 3.0 3.3

Logond8

LA. Lg,L D - frcquonc¥ wo£ghCed _ound lovolo
(LA)D,(L_)D.(LD)D " _roqueno¥ woiohtod oound loyola w£tll a duratlon allowanco

LpH - _orco£vod noLoo luvol
(LpN) T - po_oa£vod no'£oo Zovol w£Ch Lon_ corroatlon

(LpIt)TD - porco£vod hollo lovol wlLh Lon_ corrou_lon and dura_to, allown_uo
LLS - Btovonu*u HK V£ loudnuog _loo_atlon procoduro
IJ, z - Zwlokor*u loud.oau o_lcul_tlo, procoduro

(LLS) D - 5tovona_o HK V1 loudnou_ calculation proueduco will| durntlon allownnuo
('.r.Z) D - Zwl_kor'o loud,_o0o oalculaLto, procoduro with duration allowanoo



I..

r appau| ",..ho.ca cona =or'_'o_ion _s no',. raq:f._'ed, at: laa_t,c fac the paz'c_ivad

no_..qo l_val mcLaau,._ols, and cA&_. a du_,.'_ion co.<"_occ£on _ beno_.t.c.i.z_, only'whon app,Lf.ad co c.ho c_l_ulacod :lound lavol ma_urozs. Tho_cafo3:o, _J.1:h

ra_pocc co _ _.._c_af_ no£Jso, cho ,alacc£on of ono of "_ho cu.c_onc..l¥ uaod

o:Lncjla-avan_ maa_tu,caa ovaz' anoChor w:i.ll raqu.'i_o a judgamanc cagazd_ng

c_&da-o:_f bocwaan 'c.ho docj'_oo o_ accopc_lo accuxac'y and con_,_conc_' ,and the

compla,_._¥ compuni.ng oh0 vo.lua of _ho a.'i.n_l_-ov_n_, m_c,au_R.
0._10OC'4 Aw.O,4

F 3.3.2 c.om_uni=_' Raaponoa

With raapacc co GA a.i_c=afc no_._a and _,A _._..zpo:c"c.=parac_ona,

E _alaC._valy _..ccla a_fo_ ha_ boon foc_,_ad on quc,nc:i.f¥i:,,.g co_',;.n_._y =aopon_a

•:.o no_.,a ox_oau.ca. _ac a_ CAO mfl,.ac:i.ng _aau_aQ of c:o_un_.'_ F =a,aponaa co

E a._ccL-._?, no£_o _,,_a baaad on. c.ho c_oncol_c _hnr. cho da_'_ao of znno_u.nca

cccpa_c.'i,ancad by .i.ncL_,v:i.dual=_, and cha cc_un.tcy aa _ whola, can ba a_qu._coL_

E pco_i,c;_ad by zcouac._.c_.-anarg_,- _tu_c._.on modoln, m_.haunda_'1_'i.ng aaaum_,_on
of chooo &cocci.to.l-aria:r97 modala _ cho.c, no,i,aa o._aad popu._,_.c_.oc_ w:Lll

E o_a_:i.onca a:i._.lz._ dac_'_aaa o_ e,nnoy_a whan oxpo.ad Cc_ cqu,_,vzlanc iovo_so_ ncoua_i.co_, ona_c_.

E .._.c_oug_. _. nu_bo_- o_ .t.nvesa_.:f._c:l.ona _ve pz'aaoncuc_ acudy

concept, §0,56,57,58,5_ Chaco _.ppao_,a co ba gon_tr_L1 chzc.: I)
A_a_:mo_l_

_._o da_aa of znnc_co 4xpa_ianc_d by popu._c_o_ c_0onad co a_..cc_

E noi_a i_ _._luonc=d _¥ both CAu _o_ hUmOr o_ noi_o evuncs And ".ha no_=o
loyal _npl_udo of Chooe orange; znd 2) _ad_c_on of cc_un_c_ renponne CO

E no,no c_poau_a banad on £ _oa_o o_ _e po.-cun_ of _hcs exponad populationw_h _ "hlghl_ nnnoyod" provldoa a moro meaningful And unag_l monnn of

_soo_ng _oi_o impa_'_ _hAn o_hoE m_As_0s'b_sed c)n avoE&go _r _ac_n

monau.Toou_ad _o _uAn_if_ _o_u_i_y noi_ oxpoou.Ta_u_ _ noi_a av_nc_ LU

&cco_nca w_'.h_.ha _al_clonohlp, K !OglON whoso X m 10. Aiso, mooc ofChoaa moa_u,F,oo _nclu_o a wu£g_Aing f_c_o_ :o accoun= f¢_ vo_ying nolna
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F
_cn_.t_.v_.t:_' c! people w_.uh Uimo of dot,. Genarmlly, n.igh'c_imo noise oxponurn

r c_ nc_Jc lavcle _z'a wQLgh_ad h_ nn nddlclonnl 10 clB. Rocan_ inve_tlgn_cns
hnva p_'o_antad finding, which Pond "¢0 _luppor'¢ _'_o uoo af I_ • 10 =_ an

appropc£_.'ca valua in ",.ha no,.ca avun1: u"mmin+J rolntionuhip. 16,55 _tcwavcr,a_har rncan_ _vest_gn_ion_ hnvo rmpcz'_ad flndln_ wh/ch _uggo_ _.hnt _hc

. 10 d_ _IghnTAma w_gh_.Ing _o tOO h_gh, 60,61'62'63,64 No_wlth,_nndlng

E P.hcuo =acanc findings eunuch'n/rig _hu 10 d_ ni_ht'_mn wai_h_.!ng, r=sulc_

f=_ A num_o= of a_l_a= _J_d _oro =ouon_ _oci_l SU_-VOyS52,G7,_9 co_a_Tin_

_u_oo f_c_ _i_¢_ c_ wall nc OChO_ _i_a _O_TCOO, hov_ churn _od

coz_olA_.on and c_nclctancy _m_ween _h_ pe_cen_ of _Ighly nnn_cd pu.-_onu

cud cloy-night nounal loyal (Ldn),_ mul_iple-avan_ conCU_a which atom N
nuJ.=o ovonto uJlinc] _ 10 io_ N rolA_cnnhlp and appLioa _ 10 d_ w_ghT_ng to

E n.i_h+_,,mo m3_._a ovan'cs.

Tho=o_o_'a, wlch ,=olspuc+:: uc GA uL_c:cnf: no£+sa c_'poox=+o, P.ha_'o

.tJ l_tlo =mAcon ¢o o.,_c'c ChAt commun.+..ty onno:{onco _Pooponac ¢_._.az'_.n

I:_cad on z'olo'm_.cnohipo bc++.+',,++aonpc_cunt h.tghl_, ¢unoyad and co_._o _;,._+_++_++u_o

m_cu,Too such ¢_ _ would nc'_. ha nppl._.cnbla I:o GA a.,,_o_, ccmmuP.._.-..lao.
_IOWCVO+T+findJ_Jlgo f.Tu_ A _._h_T of cc_mu_itp nnnoyonc_l roopur_o _l_¢udCoo,

Ilumo _lpaci_.tcnll¥ =olatod ":.o GA ¢t_c+nft mo;L+a im_c¢, hove au_rgoo+Cod _"_
cu_po.cod, w'tT.h ¢.ho o.va_ngo _o_l_un_o of cummun;L'..ioo A.t-uund ln_gor ¢¢)mmo:rc_.A1

_L-'I_O: I) P.ha pa_cont_go of the pcpuln+,'++cn m++'paz'++Lanclng h/.gh nnnu_,_nuu(at o g_.vcn no_.oa,m,+.':_a,=oiovo_.> m.,_,_,a lowo.c +o=_ =L-._cc-.o;s0,ss,s't,sa,7"_
4znd, 2) ¢_a no_.:la owpouuzo i/mJi,¢ ¢onJ|Ldarod 1:o _o nccoptAblc by m_mt of '¢ho

/'_ a4._c_ -'. ¢cmmun.it_ mnZ, ho co much _ 15 d_ luwar far GA ,,_Jpo_.?2, 73 It

i_ bOliOVCd 7._ot P.b+aco dlgf_Eoncoo between C_mmo=ci,._ _nd GA O,t.'poz_

c_m_t_it_ =os_cn_o ate+ :_=_; l_.kel_, duo _ luwor ovoE_ll _ioo ax"l_ou_

p_.'oduood hip GA a._C..T+_f', opo.+.-nt:Lons a.nd low e_." _¢k_ound, c= _xbion=, cc£_e

E luvcl_ o_ou.nd GA _f---"poE¢_'t. Thc_ofo_n, oxi_n_ aJUlO_|U_Ce dooo-_'a|2p<3noo
zolo_ucohlpa (i.o., pc_ccu= h_ghly nnnoyod oc a runt'.ion noi_o exl_ou_o

lavol) mn_ not ha nppli_ic to GA _c_ oommuni+¢.lao.
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F
F 3.3,3 Co_unicn_:ion Znl:erferanca

Tha A_clc_In_ion ludAx (A_), _ho SpeQch L_orfa_once Loyal (511)
nnd _'.o P_af_ZTad SJ_=h In_erf_rancQ Loyal (PSIL) az'a _ng _.ha mom_,

p_omlnon_ rn_ing ochomao davalapad spoc_flonll¥ for qunn_ify_ng _ha _poach
in_orf_Tanoo offa_co of noinao Howova_, duQ _o _o oomplaxi=y of "..ha

cAlc_IAulon pEOCOdtLTa, _ho AZ iA no_ coD_sldorod _o h4 A p=a==ioal m_,_, ofP

[_ maAO_Tin_ _ha in_o_fA=anca offAc_A Of GA ni_cr&f_ noiAo. Also, _ha nIL and

"_.ha PSZL _a no_. OAno£darad appllo_bl_ _o _A a/.Tcraf_ noiAa o_nca ooi_h_

F &CCU.T&_aI_ mensu_ao _ha tuna_k--_n_o_ sp_ach b_ n_iAo con_u_n/n_ in,Anna low

f_oquancy ooml_nen=s (b_!_ 500 H_). _ m_y 1_ =_en f.-om FIT._T== 2-I _nd

E _-3 "._=ic_l pEop_lloE-d_ivan ALTo=of: _ud hallcop_ar nni_ ara
d_mn_ad b_ l_w f_oquancy _ooaA, _on_rnlly bo!_w 500 H=.

A nu_bor of _vo_ig'_.to_ hAv_ boon pa_fo_m_d =o _SOa_S _

_paaoh in_o_faEon=_ _ffac_s of _.Tc=nf_ flyova_ n_i.a.20,21, 77,78

E f_ndlng= raAul_ing invaA_£_n_.ionn _z'a no'_ d_ac_ly
_ha from _:_aua

Ap_l_cahla _0 GA ALTO=_f= noIAa olden en_naroiAl :)at (_o_o_ _ud _u.Tbof_n)

_o_Af_ _nd !_-Tgo prop411ar-d_ivan ALTn=n_ warn ".haonly ALTc_nf_ _ypa_
L--

_v&lu_ad. Nava1'T.holono, _._ was ropc_.'_od '_hA_'. _ha _lA_'_nn_h:_.po _,ou-waan

E ncoop_ill_¥ =n_ing of a.trcr_'r, nol,a and v_rlou_ nlnglo-avan_ mOAAU.TaO Og_ha pn=k noi_o lovol_ _a _noon_i_lly _ha .amo wh_h_ _he =A='.ng was

_h'._tnad in '_.ha _sanoa _f opoae.h or wlnh ,_aaoh l_no_n= =U a c_n_fo_-r_bla

E l_o_on_ng loyal.20,78 Th/A f_nd_ng Au_gaA_ _hn_ do_-_nAponsa maAAu.rao

_AIAT_U_ _COapT_£11=y And noise OXpOOt_TO _Igh_ b_ equally As affec_clv_ i_

E aA_n_in_ spaach In_arfarAnoa _ffac_= of GA _Lrcrnf_ ooiua.

Tha E_A "Lav81s Do=_n_n_ "52 p_'aoon_.s np_ooh oo_nun/cn_._AnoEi_n_in fn_ Au_oo_ and indoor n_isa Anvi_onm_n_A in _ of p_ro_n_

oan=on=_ u_n_ll_._ibili_y And A-walg_=ad _qulvAlan_-cnnuL_uous .ou_d

I_VAI. _ownvor, _h_ EPA AII-po_/A_Tc_TAf_ Noi_a S_udy 70 poin_d ou_ _h£_

Aponch in_AEf_An_a o=i_oEi£ baaad on &v_u:Ag_ oE cqulvAlon_-oon=_nuous

_, moAnu_., ara ban '_. Appl_.ad "_A =uvit'n_an_:Al nn_.nao which _*a
noun,4 loyal

A_oAd¥. Z= _A _l_o poln_d on_: _:hn'_ _._o _va_&_ or _qu_.vnlan_-oon_inuoun

mAnOt_ToA Ann O_n_a.--v_i_o whoa Appl_od _A n_n-n_ndy noi_s whoa _ho
mny.imum loyola do not o=u_a A complain ._i.un_p_.on of _l_ch oommtmlc_.ion.



r

F- _alA ec el, 74 conducted a social uu._vey arouA_d _ aA_o_c

eo=vA=g p_e_mAnancly CA a.t_c_afc co AnvesCAgace com:numAcy _es_onse conoima f_Tom GA aeA'_occ eparacAon_. Z_ w_e re_ect chn_ campared with the

avckcaga re_ponme of co_unAcAoe azound a large comme_cAal aA-_rc, iowa::

_ccenCa9ea af _eec_ Anc_a=ence wccce repo_'Ced by _._a CA a.t_occ co.unArM.

However, thai fAn_.n_ A_, mon_ lAkoly, _a_.cad more co dA_fa_eneea Ma_aen

E '::bea_piA1:udoe of CA aAzc:afc nones ae eaaparad wA1:h co_ezcAaA
a_c.caf_ noiae (sea Table 2-2).

__ _aaed on the above f_dAnge, A_ A_ balAavuc_ chac ox,laC:_g

co_unAca_d._n c=A=a=i_ ate noc a_p_J._a_le co GA a_c_a_ noAse o_ CO CA

E a4_o_ c_mmurctcAea, and cha_ annoyance (o_ aceepcabAlA_:y) c_i_e_Az a_o

p_bably mo_a appIAcable in a_eaai_g "c.he Am_a_ _ co_u4_ca_A_n ingot'-

. fe_ence ca_ad by C,A aAcc_afc nonce _.han speech o_ c_m_nAcac4_n c=A_cu_Aa
g_ven :in _e_ of _=ccu_ of e_n=anca _n_-celLi_Al£_,

[_ 3.3.4 MoAae-lnduca(l Hoo_A_ LOa_

n@Ane U_'pO:IUA'O nnd no_.sa-L_duco_l hearing. ?0,80,8"i,82 _Xowaver, abe

C_CLE_.& C_e_.VOC_ _Z_O_ chOO4 £_ven'_._u'_.tc_l_ A.TO conaAda_od applAcable COAA_'C_Af_: noi=e _;nd _o GA a_.1"pn_ nOm;nU,,Li'.Aan.

3,3.5 Sloop DAe_u.z:bcLne:_

SeverAl AnvoecAgmcAon_ have bean pe_o_ed _e a_soen _._e effo_c_
O_ a_TC_LfC _ni_e o_ nloe_,60,S_,85, _ However, none o_ P.h_ee i_ve_A-

gnc_cna have _od_eod _uancAco_Ave doaa-_as_nno _el_onshApa An ca=ms of
slee_ d_.n_.u._on_e an,_ nolne _x_ooure l_vel.

_" Lu_caa,83,87 T_ineaen 88 and Gzlofahn and Hu=.c $9 have

_an_nul¥ developed sloop _t_rA'u_anea raln_innohlpe given +.n _a_ of _lenp

_A_pcA_n _nd oloe_ nw&._oILing o.e n fun_.in_ _f ai_glo-ovonn noise _n

level. The _in_ion_hlpe d_vel_ped ]_' LU_AO 83'87 ware _nsad on Human
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rasps.so da_ =ola_ed _o a v_le_y of noise sou=coo, moo= of which (76

p_eoou) wo_o ,ub-so_Io and ,up.=so_ic _s_ nlrorafn. The ralanlonahlpsdovolopod by T_Liooosa 88 wore h_ssd on reaps.ass f_am a raco_dlng of a

paas_g _zuuk. Tho rsla_.iossh_po d_va!opod by Gr_ofahn _nd Moron 89 wu=a

Ol|lO ]_tflO "4 O0 ;'.'aspo_4|O. EalAnod _0 V_2;'-_-O,,U|:[;OtOO _:LIESO0; howovar, _t14

=ala_vo paroao_mga of _c.-_fc .sloe oou_ooa was not ropo_ed.

[
A camp_rloon of _ha sloop dl,rupulon and sleep awakonln_ cr.-'L_,az'_.&

dovolopad by Luhao $3,87 _d Th£eoaon 88 show roaooanhl_ good apToomon_avon =hough _b.o .alas o=_mul/ w_ra, for ",,ha mos':, i_, _._o dlff_T_n=. A

comp4_aon of _a _loop d_o_upuion and sloop awnkonin_ c_i_a=ia davalopad

E b_ G_afahn and Hu.=o__9 hawavar, oho_o rnr-_a_ poor a_aumnnc wi_h bonh

_ho Lu_nO $3,$7 and _ho Thlaoocn 88 c.r£narln (_oa Fi_o 3-16 and 3-17 _n

E SaCT..._,OS3,_,,3) •

E E_'_m_,'_.oc.ton of ",ha "c'ima }').i_c.ocy a_,'_ OCTAVO _and a_anrum of_'_s n:_ck no_..so u_ad by T_°'_.o_ann 88 (_,t_o 2 in Ra_oranoa 88) anti n,_.mo

h.'Lanoc_oo and n_i_a spectra af !savora! pr_pollo_-_van a._,rcr_fn 106 ,Aows

_. _io o_la=_n¥ _a_waan _ha _wo anlso oo'.z--co c'ypoa. ".,,'_"oroforo, on

nAo _o.'t.o o_' "._a a._=U.lu=:.cy, :it _,, oosclu, clod '_an _o slaop cLlo.':u=l:)c_nco

cr;Lno,c.'La ,_avolopad _ Lu_aa 83,07 (and suppo_:ad _F _rino=ia davolopod _,

Th/osnon 88 _ro appl_cnhlo _ GA n_.rcrnfn _i:_. Ho_ovar, i_ should h_ no_od

_h_ for 7.ha _o_ _I_-Z, _ha GEiofoh_ and _UZOn 89 c-_la show loss
sloop d/a_u.Th_t_=_ c_n_i_v_ny to n_i_o _z oo=]p4.rod w_h "c.ho _in_r_a

dovolopod by Lukao 83,87 _nd Thiooaan, 88

_'.h roepo_ I=o GA _J.."po_ oo_mu_I_ao, _ho appllca_illny Of _b.o

_,E 8_an_g sloop d_snt_rb_oo _i_orlo io oqltlvo¢_l, _sod on 1Ahora_.ory

invacn_gon_=na, lu hno _oon rspo_cod _han _olao occu_rL_ rz_ndoml_ or

infroquonnl_ (4 ._Ua_on wh/_h m._.c_hC _e oxpo_sd at GA _._.-po_. wlu_
n.lgh_.'ci=o opara_::_.ono) is mora c_.s'_u=_ing _ cho a,".-,._ salsa oo_u._::in_'

_, ro_ul_l¥.83,87, 89 Add_T_onoll_, b_,od on flndin_s fro: an invao_go_on
of c_unlny =o_poooo -.0 n_laa from GA _._O::zU_= ops_s_-Ionn, i_ wag rspoz_od

_._an comps,Ted wi_ "_._a avorago :o_po_o of a commun/ny _ound a l_TgaCO_¢:U.'O_._.I Ai."_o:_,, a hlghor po=csn_.Ago of sloop ,_taT.ur_:ancn wag topaz'nod

h_' +_o _ o.:L.+-pSP'P,co_u,u-'Ll:y. "74 zn woo ouggoonod ChoC CAo h_ghor parcon+P.o,9'a

of .loop d'_'cu=banco =opoc'cod b_ "..._o C,A _or_ co=:',_Ln_, _r_o ._:o_l_, dUO
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co _eenmr nalan eanolclvlny _osulnlng f=cm the infrequent nature of n_g_n

F Ellgh_, Lu_es 83,87 =apace _e_ flndln_ from one Invea_£gnclen hoveg_o_ _a_ slae_ _innur_ance f_o_ iow-_o_i_y o_roat P.TafSl¢ (_.8 vehi=leo/

_+ _._.) waft gEanCe= _h_ _han g=om hlgh-danoi_¥ _TaffiO (4.3 Vehi=lao/_-!_o],hun _ha oppaoito =eo_l_ wna oboe/ned wi_h _e_ _LTcrnft noi.ee.

E 3.3.6 Non_uclineEy Phyo_ologic_l and Bob=vie=hi Di=e=de=: and T_
¥_o_eo E_ec_e

E Al=hough 9=owing evidence au_geana • _ between n_leo _nd

num_o_ of non_udito_ ph_0iologicnl _nd _nvio=nl _scrdere, and drug,&dan/on

Og phyei_l OA'ld m_l t_S}_ _fo_ee, _gJ_L_va ori_o_le g_ _.hoea r_ine

a_o_P.n enco_,'iee ha.re non _'an boon _ho=oughl¥ quan_fiad. Therefore, an

E &oll_nnmonn of P.,_o _p_lio_:_.i:_ og a:_i.o_,._g cT_i.tlo_'in for P.hooe soles o_fei:."t+'e
eacogac.ian co +._ a.'t..cc_'mt-., omiaa o+ co G_ +U._orr. communlnioe cm'+.no+c '_o m++da

E 4n _h_m P._I_O,

3,4 canelu_ion, and _.acommonc+,,.n_ena

+
_aoad on an evaluanion o_ axl_clng hanl_ _nd wol£a_e c_ice_i_

E ,_nd,, _ _oan_monn _f _hs applAcnhillc_ of _hesa cr_naria _o GA alrc_nftno£=o _nd _o GA a.'i,.-po_: commun_._ea, _he following coneluolono _nd reanm-

E mon_niona LEe prooan_ed|

Zndividunl Response

E _ +_.haba_i_ of p_ovidin_ reasons+bin e_cu=ncy and cens_.:Inoncy in

l_r.'o."+'i._'cing in_Lvidual _ub_ac'_iva ='a_pon_la, seve_c_., of Cho cur:Pencly "..toed

f_equon_-welghcod sound level mono_Too and cnl_iAned _ound level men_uroo

_TO con_i_ed applteaJ:le CO GA _i_c_a_n noise, _o ._equenc_-weighcod

oound level m_nu_e_ (LA, L_ and LD) wi_houn a du.Tn_ion allownnoa (c_

OoE_aL'+P.ion) _d +P.hOO_l_la_ed _lOU_d lovel mo_.,=+oe (LLs, LL Z _d LpN) wlnh

• +4_.TllniO_ ollow_e _LTe_ on _:he _voEage, She _oe'_ &=_t.l,+_&no +_t_d T.hO _ZloO'_
¢on_i_on_ _u.-_ennl¥ u_ed eLuglo-avenn moa_u_ of GA _i_c_rafn noi_a.

Uowevo_', "_hcm-_ _o only mo.Tgin_, dit_forencee ba_,+_an _haee _+_o so+_ of
sound level monotLTee. T_oEofoEo, in i_ _ooo_end_d 7._=_ _o e_mpl_E

_'secl'uenn_-weighnod _OU_d m_eat_oo (LA,L_ nnd LD), wi_oun & du_nnlon
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cesarian, bauaed "_o nmsasa individtml mu_Jecclva renponae e.z GA ¢i=c=nfc

F noise. &inca, for all p_n_icA1 pu1"po_es, "_ha LA, LB and LD _'o oa_onc_.nlly
ind_n_.n_u_ahn_la, ell l_".zaa of _e.hana f_oquanc_-wa_gh_od sound level

F n_aa_ng _Q cnnnidQ2?o_ acDl.tvA1Qn_ wi_ _e_pct_ _ _o,¢_c_._'_g individunlat._ ocClvo =aapcnan.

E CC_Cy Raa_c=naa

Th_o is li=_la _on I:o axpa_ _hn_. commu,_._:y a._noynn=o ranp_n_n_=iCn=_-_ b_=ad on _ ==l_onoh/p bocwann p,=conu hi_l_ Jnno,ved and noise

a_l_O_:u=a =_=u_aa auch a.= _-n/ghc =:und level wou.l_ no_ bo appllc,,blo c:

F GA a:_-_o=_ co_unt_e_. _=wuvn_:, _in_Ln_ f=o=• numba= of c_mmuni=_

_n_o_nnn_ _n_n_a _u_.a= _nggos_ _hn_ o_r.;Lng cnmmuni_y _nno_aneA

E c=inn=_ tony nnc be applicable _: C._ ai:_: ¢==mun_o$. The=nf=_:o, _.ho

_ol_owin_ =ac=_onAn_.on= a=n p=a_snn_od:

E 1. C:_uni_y no_a _u_'v=y_ _nuld _ c.:nduc_od _/=und n_v_=:l

• nno_n== c=_a:ciA a_o_ld ba dovol=pad An,_ c_)mpA:ed v_'.h _xln_mg

E c:_u_i_ nnno_nnce C:i_acin ¢.O do_o_Ino _ho_.: de_ of =nE=:aln_.ien.
3. _nv.il Annoyance c=i_n=In cxa d.velo_ad zpaci_ica!l_ re= GA _.=po:':

c_u,,_=.te_, :he _lsa-=aaponon =eln---tonabip developed _, Sc_ul_.= _T

_b_uld _: n=ad =o _anaa commu=i=y ann=ynnca f=c= G_ _J.rc=nf_

_ Com_i_n_ien .Zm_al_f u_onco

E_.In_g _o_m_-_,-'_.cnT,..tonc_.i_8rla a_o noC, fo_ _ho most p_T_,•pplln_la co GA nLrcrnf_ noina o_ '_o GA ai_o_-:, commun_cle_. However,

bacnuan o: _ho _ima-vn_,in 9 na_:u.rn of =i_:=,f_ no_.za exposure, i: in

bnl_ev_d _A_ _oy_=o (o= nccep_nhili_y) ¢ri=_=iA _.TogEob_ly _o_o

npplic_lo _n _non_ing _ha imp4cc of :_mmunlcn=ion interference c_u.od _y

C_ a_Tc:Af= no_ae c_an a_onch or c_n_u=_c_C_zn c=i_nci4 given in _ o_
pennon= o_ sentence _i_=nlliglbili_y.
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F Noiae-_nduced _ea.rA.n_ Lone

r _xiscAng noise-induced hen.tAng lose ecico.cia ace connidared
applicable co _ a.t_o_nft noise and to GA a_A'po_ commun_iae. Al_hough AC

r ia believed _ha_ _e crlce_ia idonclfled in _he EPA "Levals Do_AmQnc "52
ovo=osCAmn=o _e efifec_eof G_ aAre=af_ noise expose=e, it io =eec_mmended

Chose o=inerla be need co aeneas _ho pemonCiA1 noise-induced hoa='_ng leesAmpac_ upon C,A aA_po:'_conmu.nAcy=eeAdanCa.

E Sleep Die_urhaneo

__ Ex.i_'cAng Oleep 'q'i.a_:u_hnnce =ri_a=ia azo _.onnideEed appllc-_,le coGA a._e_af_ nolee. _wove_:, winh ra_pec_cco GA a:l..mpo_'_ communities, P.ha

applAc_Lbilicyof _a existing sleep dietu_bAnce C_A_OE_ A_ e_u_vonal. Find-

E Ange _=ea n numbe:Pof s_u_Aoa ou_goe_ _hn_ :Pandorao_ im_o_uonc eccu_enooe

of nnA_e (a oA_uation which mAgh_ be expected at GA a.t_orr.swash night,Area

E ope_n_Aone) a._a mace diet_=_,i-8' than _he same _oieo occu_-_Ang_nT_rly.
Therefore, in ia _eeommonded _hat lahe_e_omy and field scn_Aee ba c_n_ucUed

E co obtain reaponae dn'r.a spacAficallM ad_.caee_m8the rela_ve elcop _to_u_-
b_nea _fac_e of _andnm e_ inf_equan_ _eiae ennui'merinosa_ compared wi_h

_ee/_.nz" _" unifo_'mnoise occu..-_'oncee. _ioo, unt£1 'P.h,_oo _aca o._o available,A_ A_ _.'ocemmendod m;'Aa'_,c_i:o_ia developed _M Lu_asa_'a_ (and suppe::"_e,d MY

E c_itn:P_adeveloped My Thieaaon 88) be u_ad co aaaaaa _ho sleep hi,ca=broncooffno_:sof GA aA_c:s_ noise upon GA a_o_ eommunA_Aeu _eaidenCs.

Nonauditoz,_/Ph_aioloqical and ,BehavioralDi=o_ders and Tank
P_rfo_mnc o Effects

Al_ugh %Tow_g evldanee _ggea=e A lin_ b_ween noise _nd n

nu_b_T of nonaudit0ry physiological And _avlor_l disorders, and de_Tad_en

ef phyoieal and mon+P..+_,co.o_ pe=fo_mu_nco,defAni_Ave crlcaria fcc_cha.o
coieo offoc_e oa_a_ioo have no_ yo_ bean _o_eughly qu_ulcified. T_erofo_e,

an aeno_smenu of ++:haapplAca_Aii_y of exiacing c=ito_i_, fe,_ _:.hoso noise
effaces cece_ioo co GA ai_c:Paf_heine and to C,A aA.-po=_commun/_ioo cannon

E be mado ac P.h.ta +time.
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F
F APPENDIX B
L

GENERAL AV%A_tZON (GA) A_RCRAPT/AIRPORT pARAMETERS

F W_CH INFLUENCE THE E_TENT OF CO_4UNZTY NOZSE I._ACT

_h_ _ppendix prQoan_c dn_.n z_ala_:ad +co mome of _a key phyeinnl
_amaua_a which Influanca P.ha nolaa impa_ on c_mmuni_las au.TrauncLtn 9 _-A

F nlrpo_-_n, ninon _ha=a im na =aaagnlaad dafln_.inn of GA nil-pa_n, i_ hnnbean naansc_u,'y _o daflna _ana ad_oE_._ nm _h o_a wh/ch _arva pradomln_r.l_

GA _ypa _a_nS_. A dare,inn of GA ni_po_c, in %_n_i=_v.lvc _armo, ban

+E bonn davalopad S=om _n=n p_anonuad in Fada_nl Avin_ion A_m_n_a_.T=_on (F_A)

_u_Lin&_ona nnd i_ dia_u_=ad in Sa_£on _,2,

In ndd/_Ion _o P.ha colon omls_ion ¢_-_ac_:a_i_ica _nd ova=_ll

no£_a iovcla a_oocln=ad wlch GA aircraft, a num_a= of o_ha_ phyai_,lp_nm_a=a h_va bnan idonnlflad which hnvc slgn._ic_n_ in_luanaa on -,ha

naca_smen_ on _mun_y no£ca impac_ rasul_,in_ + frown ai_Pa=Pnf= oparn_iona.

Thacn pn_ma_a._n GEa_

1. M;LX of nin_=nf_ _+yp=o
2. Loyal nnd d_n_._inunlon of dn_ly oporn=iono (by ai._po_'_ t-_po)

3. Pli_ pz'oc_du.,'_an4, +opul_on _.n_._ibu_:ion (or dmnoi_:y) _Tound airporuc

In P._O _acnlono, dn_:a each of _hoaa phynlcal
following concarning

p_nm_no_n will ha di_cuuaad. A basal_na caland_ yo_ (CY) aS 1975 has

_'_ b_on IIolac:t".cd. _o ahoica OE 1975 _a n rafo_caco _'oA._ w_o baaed on =
n_ar of con_idaun_ions| I) baaollno yan_P of CY 1975 la connls_on_ wiP.h

o_ha_ E_A aan==n_ _ffo_'_o invo!vin_ GA _olaa impa_; 2) duo _o P..hn inha_on_n_mo Inq aouoc_a=ad wi'.h +P.._oaaalm_lar.lon _nd "_.ha dla_.ri_u:ion of n.tTc=af_

a_T.Ivi_y dn_a, C¥ '1975 zop=aa_n=a _ha moau camplo_o aall_c=ion of _olnvan_

a_a_=_.=nl _._ cu.Tr_nnly nv_inhl=; _nd 3) a si_n_f_c_n= body of ac_ivi=_

A4_A con¢o_g ".he lav_l and dlur_u_ion of _1 A_.TC_Af_ opor&_ion_ a_ GA

_.%_n has b_n _lloa_od nnd avnlu_od by _.ho Offlaa Mnn_oman= S_s_omu

oE _+o 1:',_. in _ 1975,
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F
_,ody of _¢:iy:Lcy d._c_, concn=_.ng =ha lava1 nnd ,_s_rl_u_.lan af GA :i:=,:af¢

F opn=a:ton_ a: GA _._-po=_a ban boon collac:ad end _valun:ad by :ha OffilaMnnagnman= Sys_omn of :ha FAA in CY 1975.

R_lavan: =ca_=clcal data concerning :ha _ of GA hire=mr:_:u_a 9ana:ally _ivan in :cures o4' _.._c:af_ :ypo and _r_-_y u4: na'..n_,_z'lan,

F Two nou::cnn wa:a found which id_n:ifiad _ha =_ of G,% _.¢c:_ b_, :y_aand by _:_:n,y u_a cn:o9o=y: 1) FAA Sca_la:ical H_m_boo_ of Avla'r.ionl,

and 2) SQlaC_ad SCa_i_r_.ca r Uni_ad S_=:o=: Gona0:nl Avla_.ion 1959-19752 .

GA X_:::_C flooc nt.'=n and mix w_:o doco=m_n_=d in _c:o=:dnnca wi=h _o

E follo_%nq nLTcrnf: 'c1,paa and primn_ uno ¢a:ogoc.tan:

E Al:e_:_f: Ty_a P_imor_ _ Ca:a?nry

51nglo _9'_na PAn:on, Exnc_nlva

S_nglo Eng'.tna PAn:on,

Twin E_'ina Pln_on, Ao_lal A_pI/caC_OOn
Lean _r.h_ 12,500 l._n.

C_n_::: chnn 12, 500 Ibm. _.r Tnx_

E 2a:bop:op I£du_Tinl/npa=ial

T'u_bo_ oc RnninlTu_bofnn Ochoz'

E _ali¢o_:ar-Pinuon

_aLieo,_c,cr-Tu=bina

El .,_ on1:Cma:ad d_=:_bu:¢on of :ha =u_ of ,:¢C.Lva (CY 75 ) c._

_T:=_: by _ypa ¢uld p_._m_,-y _u_a ca:n_ry _a aho_¢_ l_ _bla 9-1. Thadace. ¢ho_ in T,,_=IO _-1 doao no: :ofloc= "r._a a_'P.'u_. =aZn.:iva _ o1:

lovol of _i¥ opa=&¢io_ occurring a: GA ad.rpo_'_=. Kowavn:, _nad

_'_ dl:_ o_d _'om a 1975 GA =¢_v_=y su.r_, ¢onduccod a'¢ 245 .publJ.¢ uOo
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'L'ablo B-t, _'_I_'_U DIB'I'nIDUTION O_ AC?IV_ (CY 75)
GA AZRCltA_I'U¥ 'L'¥_ AtlU _¥ PI(I_An¥ UB_

ALE_ratL Ty|_a l'rimar v U_u ot AJrurAt_ . ;uL*l
Aurlel Z_dUaL_Lel/

_xucu_lva ULlltilona _'nrnolll_ A[_lllLai_lon lna_r.cLlmlAt Air _axt U_la_iil _tt.Lal Other

Hln_lo Hllgl&e Pilton tG_ 30_9 2_U]5 H21G 645U I1_ G)U 24tU 15_) _0541
I-3 HuitJ (]0o_)

" HI._]I _l_in* _LIto'n '14i0 _64)0 t_tH0 1_4 _IZ_ lOS4 00_' 4)47'' t_0'0 O0017

¢I_,_0Q _bl. ., (IhH|.
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6|t IN agaumad LItAL t,rbotar* A_ora[t rnl)reuorst ni)|)ro_Jlattoly 25t _ _al OA _et tlooL*

• _Totile mi_ _ot' _| to J_fl i;er_un_ d._ to _oUh¢ll!lM

Hotel lighters An i)&rnntliouai _e_rt0OlSt J_rcolxt o_ tote| GA alruratk fleet,

H_U_OGI I_G[GKG_J [ &rid 2.
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r _.r'poz'u_ in All 50 Un:i/cad St:.a_'.on by tha Off.inn of _'mg_an_ S1,n_ams3 of

• _ha FAA, n eompo.T£non of _he e_,_od actlvo GA floo_ dla_ibu_ulon wi_hT~

L ncl:uA1 =11, GA npor_t_.on, by =cca._t typo _md pr*,_,'y _wa cam ba _dn.

Thona compArd.nonn 4u_o nhot.u in Tn.bloo B-2 and _-5. Z_ can _'a noon _.,t--

[. b&nad On nvollobl0 d_n, tho d_s_.T_bu_ion of "_.ho GA flaa_ mix, in t_-mo of

po_cont nf _al floo_ olno, 10 =oprnonn_n_va of _ho nc_u41 dln_ibution

[ o_ _ly GA a/.T_nft _=-_.ivlty.
L

- _o2 LEv_, AND DISTRIBUTION OF GA AXRCRA_T OPERATIONS BY A_RPORT T_E

FAA n_n_stlcal dA_n ohow _ha= in 1978, _ho_a warn apprn_,nntaly

60 m_lllnn a_TCrAf_ op.oEn_Ions &t FAA-to_orod U. S. c_vll And _oin_-unn l_nd

-_n=-_.litian. 'l Of _h_n _o_gl,nppEo_.im_tnly 45 million o_arn'_'.ioca worn p_-

__ fozmad by OA _'c,_L_t. Z'c on_:,'l.mstad _t
"c_n who o_ar_t_.ono n_ _:hn ovo_

400 FAA-_'.c)_vn_od _...-'poz'_ rop_annn'..od only _bou_ 34 _n_:eon_. of _'.ho _:ot:nl n_mboz'

El o_ GA opo=g_.Ionn in CY 1978.3 Thn =amnining 66 pa=can=, or npp=o_L_n_aly
85 m_.ll._.on npa_gtionn occu.t_ad _: nnn-PAA "co_o=od and non-toworod public

4_d lOrivn=o u/so o.i._'pn_. A_d_in_ally, It wnn a_'_"_n%:od -_.h&t _out 7,000OE .53 porcon_ nf _hn morn _h&n 13,000 landing fnc_li_lao on _nco_d wi_h

_._ _o FEA _a=o opan _o puhlin uoa and hnndlod n_ io_ 98 percont of all GA_,._c=nft opa.To.tiono. Non-¢oworod public una o,:L.-po_'_:ocan b,e onnagor_od

ncenz'_Lng _o =._n _ypa(n} of runway nu."f_ca(s) And "cho li_htln_ oys_:n_(n)

in opnrn_ton. Tnbla B-4 prnnnn_ n o_ llntlng of "cha ont_nm_od d_n-

_T_ut_on of U. S. o_vll _nd _o_t-_o Airpo_-cn on _ooord wi_h _ho F_A in CY

1975,

_crnft ncV_v_y d_a cancn_nlng loyal and d_n_but_on ofopo:_n'c_.on0 at n g_.van n/,,-por_ a.Ta _cnrdad or out:imat:od in to:.'mn o_ gonan_.

ALTC=ng'C oa_:n_rla_ and oparnt_.ons, i.a., all _._c,-aft _e co,agone.nod no

C_ _ _ (AT), co_mo_o_l ai_ cn_:_nr (AC), or _._-1_n_. _pnn, and n_n-

7Aono ann coun_nd n0 o_ho:_ lonnl or £tinn:_an_." Only FAA-towa=ad _i_po_cn

"Loe_I. npa_nt_on_ _:n =yplcnll¥ '_n:Ln.i.ng fl/gh_ conn,.sting of _uch-and-_oa_
o1" _shoE'_'. diutnn=n or du-'n=inn opa_&'_'.ioca. Z_innz'an_ opnrn'_',.._.onn _ro dnflnod

_ On nn a_.._vnl Oparntion at an _porC b_ an _nrnft which hno noc dnp_-v_od_a_ Airport. in _o prov_oun 30 m_nu_no o_ n dopaz'_u_o from _n _---po_ by An
• t,Tcrngt whinh don0 not l-o_u.--n _o _.hnt A.t:.'po_ in uhn _'ollowing 30 mlnutoo°

_ • 1t-4



Tabla 8-2, DZS%"R.T._[_'."ZOHO_' ACTI'YE GA A.T2,CB.%._'2_m_ 8Y

F A2.,'_RA2"_ '1'1_E; &"%'1975

ACTIVI_ GENERAL AV'r_.ATZONA_RA.-'_ _._ B_ ._RCRA_ %"ZPE (C%' ?S)

F. _j 2_/ 3j
A,_'C_,, _'_ 'l'yp o No. % 1,1o. _ No. q

[
S_.n_lcP'ang_.na 51379 31.0 49699 30.2 1910 27.2

......... -L:
i s;Lng'lz_-an94 "• 86117 51,9 87514 93.2 3684 L?.,4

m l_:L:Con;
' L 4 Pln¢os and ovor

E M-_'r..t-ong:imo 20330 12,2 20213 12,3 951 13.5
P£=_.on

E 'l_=bo_:op 2519 1.6 1069 1.1 216 3.1

E _,;.cbo:aC 1331 0.8 1098 0,7 119(*) 1.?
L

F
i u- _bo_a=, 444 0.3 366 0.2 39 (*) 0.6

E 2279 I 4 2737 1 7 79(*') I 0
HOl_.CmlaCag-
Pia_on

Ho_.col";co=- 1563 0.9 1042 0.6 3B ("") 0.5
'l'1_b:Lno

E
TOTALS 165,961 100.0 164,938 100.0 7,032 I00.0

0
1/ - ;_AA STAT. iL_DBROOK - CY 1975 (Raf. li
2/ - _._-AV'9-76-12-C_ 1075 (Rof. 2)

[_ - 1975 C,_ ACTI'VZTY SORV¢2 (Rof. 3)
3_/
• - _5n_sod on the ¢uloump¢ion ¢ha'.. "cu.,Tbo_loC and 7.u.cbognn ¢L¢crnf_. =opz'oo_nn

_, appEox_m_ol_ 75% and 25%, =oap_c_¢vol_, of _a _ocal GA _o_ float."" - _aac_d on _o avorago d:La-._ibu'_;J.on of Pin=on and Tu.Tbin_ _l_l_OO a_
p,Tosmn_:od :in --1/ and _/,

0



F
To.blo "-3. DZSTRZ=OTZON OP ACTI'?S _ A._"_REFT ;_'LEE'_ BY

ACTIVE GENERAL AV_AT_0N A_RCI_IFT FLEET BY K_RCRAP_ USE (CY 75)

• - _Q=_LVO 9342 5.6 8970 5,5 432 6.3

EiL....... .M

! BI_:LnOO= 35415 21.3 40?73 24.8 1409 20,1

po=sonnl 810_4 48,9 76015 46,2 3057 43,6

E AaE_l AppllC_ion 7176 4,3 ?383 4.9 70 I°0

_. :Cnm_,_=l:ion_. 12419 7,'5 12514 ?.6 1387 19,8

t E _ T_A(') 6331 3.0 9048 3.6 330 4.7

F"
Y,;t_ _T:Lal/SpO :,_._ 2544 1,5 2479 1•5 91 1.3

1_n_l 7669 4, 6 6939 4.2 "*" -

O_ho=(''P) 3961 2.4 3037 2.2 ;136 3.4
165,961 100.0 164,538 100.0 7013 100,0

I/ - _AA STA_, KANDBR00_ - ¢Y 1975 (ROE, I)

2/ -PAA-AVP-?6-13-CY 1975 (R.f, 2)

3/ - 1979 GA ACTZV_."_ SURVEY (R_f. 3)

eee . Z.'AC_.Ude_ _ (='¢_O,C _flO Ca':.ag::io::



[
[

F
A2._OIL_S ON _r_Ol_ _TH FAA ZN _._,_ YEAR 1975. t

]_ i

A.T.R_OI_S A._I_OIL_S
AY._OIt:_ _.,A_S.T2ZOAT?0N _TGL_C TO PS"BL_'_ ' '_DTA_

-[_ T0_AL TOWF.K_D

FAA 407 407
HO_-FAA 40 4 44

TOTAL _0HTOW_%_D
AZ_2OKTS

L.. _AV_D AZ_ LZ_TZD 2,566 203 2,771

p._V_D AND _¢,_TZD 519 801 1,320
_AV_D A_D L2GJfI'_D 535 173 706

E 0h'_A1_D A._ Dh"L'tG_TL'D 1,940 4F002 5, S42

tOTAL 6,009 5,183 11,192

E

,-7

? ........ .-. , .



F
F

_a_Lt._ dLlly _acord._ of _i,'crn_l: opQrat:ion_l _n_.a, _aaa d_c£ a.ra _acordad

on 8cnndn.rd FAA foz_n_ and _u_a uoad ao '_hQ _s_._ for a nu_ba_ o_ F_% _c_"4_'c_.cal

pub_.c&_onn. 'l_a non-Coworod public uJ:e a/.zl_cn p_ovido o-1_ os_d._s_a8 of

_ow_od oz' non-_owo_ad a_po='r,n p_ovido op_arAon_l counc_ by a1:oc:_f£c

d_ conc_Tning a/.Tc_nf_ _'=_vi_y n_ v_lo_n _es of public u.a _o_'_a in

p_oz'_d by apac_._£_ n.tzc=ng_ _o_. E_w_v4sc, Lu 1975, _ha 0_'_._o og

Hnnn_/a_a_l: 8yn_o_ of 'cha F_A conduc'cod an o.,_o_s_.va C_ aC'_.ViC), Su_Yoy A_

Flea _mw_=, a_.ghc hnd non-FAA ogo_A_md _:owo_:n And 174 had no 7.o_0_. ThO 174

E non-+:owo_od _.rpor-.n includod uhoae w_h runway(a) which woras I) l=avod

and l_._hcmd :_1 pavod and un%£_hcad 3) unpaved and _._gad, and 41 '.mpav_d

E And un_hl:od. 0p_zn_Lon&l _ wa_a room:clod in cn=m_ of the m.un_o.c and
_2P_ o_ o_o_a_.ion pa_'fozmod by _poc_ic _ _Lrc_ t'yi0aa ng 4nch n_.']_o_c

E on p_bl_nhod _AA _'_n_%a_.c al d_, 4,5,_ 7._a _._po_'_a _nclu_od in _ha 1975
i &c_.v%'cy mu_voy wera o.._nn_ad accordant _:o _a _c_t_. or u_:i_n_od nocnl .

nu_ba_ o_ annual opa_n_on= foz _ 1975. _a_a _o_a w_o _on _ou_d

type, £.a., GA oz' com_oz:ci_. M,,m c_c:_- (A,"). An a:L=_OCC wa= c%_,aa:Lf:f.od aa

_OnCa_: _hnn 0,85; all o_he_: _owo_ad _o_:s n._:e

clnna£fiad _occi_ nLr C,_oEU; (sea foo_.noCu*).

_C.T_n ._OE =ho _:w_tEod aJ----po1-_clA_nif_ca_O_ _rO hASod On

S_C_CSl dn_n conca_"n_n_ iovol oE opazn_.ion= A_ _o_=• poc_od aa Gonadal AVlAC_On A._,zpo_s %._ "_A Ai_ T=nfflc

Ac_tv_:¥, CY 1975" (_mf, S)°



._ All _..-'poz'u 'Cy_aa, cowarad oz _n-_warad w_a ,.,-'Tangad accaccL'Lng

Co _.ha laval of natal _nnunl opa=_ion_. _cL%_Ion_lly, non-cow_ud a_._po=_i

wa=a _oupad aceo=_ng Co cha con_.guraclaa o_ nha _nway(1) (i.a., pava_ oz

unpavaf _nd l%gh_ad oE unllgh_ad), Tnhla B-5 praaan_a a _n..n_y flat,Lug of

_ha a.il-po_ _agor_a_%on nch_ _ad in avolun_.ing _ha loyal _nd dia_.b_-
L

_-on of GA _i_a=af_ opazaciona a_ _¢h _-po_'c _o. T_bla "a-5 waa dava%opo_

E f_om s¢_ci_'c;LccL d_. pz_aaaaca,4 in _._,A pubLJi.aac.to_. 4,5,6

T_bla _-6 p_aaanca a %_._.Ing of Cha laval _ud _._%hu_ioa of

F" G,% uJ.xc=_'c opa=a_.ona fo¢ _ah _orc _ £daa_'.ifiad in T_Io B-5,
t

_a_la data 0.CO basad as C/_o _as',:J.'cs of C_O 1975 G_ scC_viay s_cvay _¢_o¢_ad

_= aach _d_-por_, fo= o_ch ,._=_f_ _a. Baaau_a _a m='vay _n_ ws_a

aollaaT.aA fo_ *_o sapcu_aca _y_, ona wsa)c,_"y ¢u_d ana waakand _y, r.ha
avco_&_a pa_e_n_ of coc_l oga_ar.ion_ hna baon _u_cad co _aaunc _o_ _.ba

_,. p.cobc_la dJ,..ffozanaaa bacwoan Cba Avaaaga laval of waokday and waokand _yapa=ac¢ou, 'Z'_'i.a ad:_u_cmanc wan mnda uning _ha following aqunn_on:

q

w_a_a Ad_)t o Ad_u_ned ava=A_*a waakly pa_caa'.nga of _cc_f_ opa_an%on_,

G WD_ ,,. waok_,,y pa_conT._ga of _d._c_nf_ o_a_A_lan_,WEOq m waakand. _y pe_canr.nga of _.rc=n_ opara_.onn.

_.3 _LXGHT PROCeDUReS USED AT GA A_T_O_S

_, _a fllgh= pEacad_JCa, u_ad on 7.akaoff or i£I_g ¢_ h_Va
ai_ic_o_ afSoaT.s on _a da_caa of noisa mc'poauco produced _ su,T_ou41ding

_._%_o_ sau_u.r,-i_.as, V_.ika Cba procadu=a_ uuad by l_'gar ¢o_c¢¢¢¢% ")an
_.Tc_nf_, GA fli_h_ l_acadux_a _.Ta x'_o'¢ aJI wall d_nad, p_---_cul_l¥ An

p nan-Cow_sd niEpo_--_. Alr.hou_h mnny _.owaEad, as wall n_ non-_ow_Ead a_-ps%'_, _o h_va apa¢_fi= nn_aoff And Z£_d._ op_nanloaal pEocadt_A, '_a=o

Lt=_.la a_nnd_dd_n_ion _,m_ng _II _---po_'__ypau.



T_lo B-5. CLAS_ZFZC..ATZOH0_ TOWEREDAND NOH-TOWERE__'_RPORTS_SE_ Z:q.
EVALUA.TZONO? LE_,_ AND DZSTR.T_UTZONO_ CY ?5 GA OPI_RATZO_S_'

F AVQ=a9O RSC.'_ of
Numbo.c Avsr&go

F Towar SC£_Ua ?anga of Total of TOC"I _umboc _Atw COand Volumo Annusl _cr_fC Annuzl o_ Avors_
.._izpoc.c cac_,9"ocy opors-.iona A:L=C:C-'_C _.4.._o::C:s '_ c _..

T_o(:) O_o=ac_.on_ Coc_.do=sd opo=cLc,_.oon
LOI_ L4:U _lum c_

._'_.. oc_ Co 100,000 55,000 69 0.91
Tow=cod
(GA plua AT) M_DZ_]H 101,000- 154,000 84 0.94

_- 200,000

_GH G_SA_'.O,T_nn 282,000 45 0.99
201,000

_. LOW .T,aaa _sn o.c 59,000 96 0.'78
CO 100,000

Tow_od ....(AC) _Z1_,1 101,000- 14;1,000 74 0.70
;100,000

IL_GH _:oe.uor c_m_ 289,000 42 0.5;l

201,000

LOW loss "c.A_t'_.c_ 17,000 144 0.88
oqunl Co 25,000

140_-T_WCt_O_

r'- P_.vod Runwnya- MEDIUM 26,000- 36,000 153 0.9;1
L;i.ghC_d _nd 50,000
Ul_l_ghcsd

E HZGH G_os'.o_ C.hzm 88,000 104 0.93
51,000

2 'Non-Tows_o a ,
Unpsvod
Run_,e,ys - A'TF.,RAGE 2,000- 18,000 20 0.90

-_,; L_.ghCod And 47,000

w DA_4A on FAA s'csn._.sc.icAl _cs _'a_on'cod in Ro_'oz'an_a_ 4, _, ;u_d 5



_,abxo_-o. LUWLA.ODZS'_ZZZUU".'ZO,OPn_ZLXor, AZnCn_V'X'OVU_*ZNOHS_ j/i
DI_PEItHI_I_D PIIOH C_ 1975 GA _C'1'1VZ+1'¥BU_Vg¥ (ltl_P,3)_ V_.I,U_9
GZVEN IN ¢_[tH80P PEIZC_NTAG_ OP t_O'_'AL OPBIt_'XONS |_CONDED

|+llt°n'Zllglnud Ji_OWO£ 0_&kUl lluJl_Sr Gt nllI0lu-ln_Ino _ _Ingle-l_lnl+

IZZ_ 10 29*94 7.1_ 07._1 O*OO 9*U9 0*00 4.29 0.10 1*_9 0.10 |.40 0,Q0

I_OIU_ 10 00,42 5,71 02°60 0,40 9.1_ 0,41 l,?_ O.O_ |_01 _ _,09 O,O_ :lll_ll 0 |_*|| 1.|0 _4*00 |*_ _.79 O*O l*g_ 0.0 0*_9 0+90 I*_| 9,_

[JQ_ 0 20*_I _*II 35+14 |4.44 10*01 4.20 I*95 1.00 0*0] 0.41 0.40 011|

•.I+ 'l+'ow_d IIP+lJI_ 15 00,0 1,4Q 43+01 0*IG |0*4_ 0,00 4.GI 9+0 O,ll O.|0 |+_ 0+_

_z_, ' O 00.39 _.56 32.0_ 9.0+ 13.69 0.70 2.+] 0.g _+30 0.04 0._3 0.0

+,IN 0 30,90 II+14 0_,01 9.U0 0.00 |,00 2,01 0,0 9,00 G,O 4, I_ 0+_2 [

L/911_e_ IIIg 14IEDIU_ J] 06*g| 0.11 44*_0 I*60 9._9 0*|| I*0_ 0*0 0._ Q*8U I*0_ 0,9

U_t|loh_e4 i

IIlGII 0 00*G? 0*_4 _*_1 4*20 4*90 0.14 0,_O 0*0 0+II 0+0 O*_ 0,0_

Unpsvsd

llu_ly_ - AVIIIP+G_ _7 41,UI fl,97 3_*10 _,_7 4,4_ 0.0 0.0 0*0 0+0 0.0 1.15 0+O

Zt - |k|n++llllk opllrl¢ionll dof/nld 4111 takootfll oc laridinou,

ilu_l I_wl _9 _uk etnt _o |00 l_ozcuJ_l: du_ t_ Iroulldln_l*



F

Fllgh_ p_ooadturaa v_'y from alrpo_u. _ _o_ for _avaEal =aanonn

In=lt_d_ng; 1 ) opo_'_lonnl _00t_TI_IQnS _n_o_od h_ the _L._pO_ OI_=&_OE _T

r "..ha FAA, 2) _o_ and d/monm_ons of av_il_io _uwnys, 3) gaoGTnph_Lc_l
fOG=V.TOO _-_O_dlnq "..ha ai_poz'Z, And 4) VLTiahili_ _ piloting cooh_..tqlucDs.

_%d_ion=lly, fligh_ pEocad_ol _._od A_ A givon _E_ v_xy dtlo CO wa_h_
¢ond_on_, p£1o_ exporianoo, _T_ff_c volumo, and _ypes of _c_nfc un_ng

E _ho _o_.

E "_.3.1 Landing _=oooduro= .....
Landlngn a._o g_no_ll_ aooo_pl/nhod' f_ & _.Tnfflc p4c_el"u unod

._ CO innu.co _n o_dc_Tl_ flow of C.Tnffic into chn ni_p_, T:_nffic pac_o_no ara
cyp_cnll_ don_n_cmd An o_-._ "Io_" O_ "=_gh_" _ca_n_ which oon_n_ of

_- nnp_Ta=o fLt_h_ pa_h_ o_ "l_n" _Tou_d n _unwa_ of _ho _-po_.. Thoao iOgn
I.

I. 0p_nd Io_

2. _ooowind lag

E 3. _n_nwln d l.g

4. D_o log

E 5. F_nal io_

Tho T.Taffio p_=Co_n i_ on_o=_d a_ & opaG_flod Tr_flo PA=_O_'_ AIC_CU_ (T_A)

!_ s_ud_o 7,8,g,_0 hnvo shown chnn n_-'_tml oppronoh and landing Rrooodu_oo

_._ v_ny _nno£d_Tnhl_ f_o_ t_o ol_u_u_od laf_ and ri_h_ _n_-_o rooo_ondod

by _. pa.c_nula= =_'por_.

HO_OV_T, i_ An _C_C _ nchiova oomo O_A_T_iZA_O_ i_ _hO

E fl/ghC procndu.coo ac non-COwucod aJ..c_o:"cn, Cho FAA has _ocon',.ly pu.bllohadnn AAV_O_ CLTc_inr AC 90-66, "Roc0_m_ndod S_nnd_rd T_nffi_ _a'_,corno f_."

A_._I_.uO 0po=a=_ono aC Unoon_ollad Ai_po_n". Th_ aAv_ozT =_c_a_"

E _onommands _h_t n dow_w_ud an_ m_.d-po_c of c_o _wa)" _ u_od _nd -_hn_

spoo_f'_c dop_v_u_ p;.'noodu_aa ha unesd co _mL_.._o confllc_ w£-.h _ngf_c

_ un*,_g. T_o c=ooow_nd log. TAn FAn =ooo_mondod r.rAffLe pAcing'no _ud don-
_p_Lono n=u nhown in Figu=os '_-1 _nd _-2. Also nbown in _hooo f.t_._oo n._o

_' _yp'_c=ll¥ u_od upwind on_on CO -.ha _ocomlnondad _f_n pn_Aol_.

35-12
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d

L RECOMMENDEDSTANDARDRIGHTTRAFFICPATTERN

E L Ezlto_ _cca_cz :Ln LaveL _l:L_0 &h_ _ m_.dpo_c o_ _a _ay, &C

2 _ pactl_ _lc_da _C_I _o_ _pcoJch e_d o_ _Q l_d_S

E _v_y I _ d_ 1_S°

_y_ _a dapA_ and _ _l _, _ 300 _eOC O! pac_

_o _l, Shc _u_'i_ b_yc_l cha ds_l_'_ _ o_ cha t"_ _p_ _a_h_,lll_

E
_ 11-14



I B.3.2 Takooff PE,ocodu=on

C_nsida=_blo offo_ hAa boon foc_sod on Idan_fylng _ha O_._A.1
no_a _An©mon_ r.4_oa_'_ p=ocadu_a(,) for 1:.ha la_goE c_o.Tcinl ;)A_. _iro_af_..,

5- RO_A_£VAIy l_io n_on_lon howova_ hno boon g_van _ _ha nm_ll GA _nf_
I. "cyJpoo, _acnu_a of ¢onsidornblo diffi_oncoo in pa=fo_.-"mnnco =hnI&cr.o._;Lor./co

_a_woon l_gaE co_a_c£nl _._c_of_ _d GA _ypa _c=_, i_ _._uncloau:r-

_. wha_ho_ fli_h= proc_d_ucao which h_vo boon domonsr.rn_ad I:o p=ovido no_oa

loyal _.'adu_:.ionn f_ _:.ha co_e:r.'ciol nv_,.a'_.on flaa= _=+o applio_ln 'r.o _'_a C,A

in no_ o m_.nglo

fl_h_ pEocod_ w_id ba ap_Enp_io_o fOE All GA a/_TC=Af_ _o_, HO_OVor,

_od on __m_ad &vnila_lo _.nfo_on and on =ooulno f_om An_lynao _nvolvln_
t_

14_OE C0[,'_,OE=._.A1 Ai._C.T,_I_., i_ iS _-l._..kol_' ".hn'c A S:i._lO "bno'c'* pEocodt_o

could _ unod by &ll G_ n.t=C=Af'C _ypeo.

Z_ _On_T&I, C_ atrc=_Lf _. _kooffo can bo clnoolfi_d AS

E_ 1) noz_znl, _) nh0:r'c f_old, c_ 3) "m_o normal an_
ohooncloo _ooff:

_£o_ii¥ nmdo wi_h =_ro dogT_o flap _o_.Toc_ion, no_l _nkooff powc_

o_=_+'sg an"_ _TCT_ A_i_u_n anhlovo "ho_ =n_n Qf C_+tm'_, " T_O
p£=ch 7.o

•h_ flold hod Oh_aclo _a_offo _o usually m_dn w£_h flnpo o_ondad,

_LTc_n_'c p.l_:ch o'c_.t'cudo _:o o=hinvo "b_n_. Angle _f _1 _rnt_", Thono procndu.To0

E _.T@ moEo Eola_od "co _afo_y c_no_doEor_ionn _hnn noloo _nmon_ o_ _nT.T01.

R_con_ly, A_rons 11 aYuzm/nod a numha_ of nol,o =on_ol _nkooff

p=ocadu.'as u_.n_' ".b.=oo _ _c_'&f'_. "_'.ypao: 1) a _:w:i.n-ang:Lno :)e'., 2) a
•w_.n-an_ma _£n_n (p:opnllo_), and 3) a oLuglo-on_no pinnon (p_opollor).

E Th_oa fllgh_ p=onodu_oo w_To u_od foe bo_h pi_on _i_o a_Tc_af_ _d _wo
foz_ "ch_ _o=. _a.Tonn concluded _.ho_: e._n fllgh= prncedu.To which wnn bon_, in

E _:o_.-_u_of no._,oa =odun_.on _n__.ddoofa_y, f_ _a n_.=crof_ _yp_ wnn _ hoo_ fo__h@ ot.h_ a._TOZ'nf'.. =ypoo. I= wn_ cnncludad "chn'c _ho Op_tl _.n_0off fl_h_

pEocndn.To fn= ooch GA _=raf_ WAn1

_, _blinhad. _s in followod _ on lmmodiA_o po.V-.inl_ioprn_TncT.ion f_o_ ini_l _n_ooff f!np_ And n'_:, 'cha o_mo

an_na-nu_ :oqu.t_omant (P_-25 | •

_j '_-15



[
o Twin-eng%ne p%acon - Ror.=ac= go_ wban _u=ugf£mlonc runway=nm._,u_ _o= a at'.Z=igh': nhaad l:_LLng, _nd m_Ln':aln

:llmb powo=. A= 500 feo_ a_=va g_ound iQvol, :educe powo=

•o no=real cl/_b se_r_ung. (No_o_ no flap emunlng

E con_Iguratlona w_e _£van).

o Singla-_nglnQ platen - Cl_mb n_ "70 kno_n (ZAS) wi_h _t_ooff

_.. pewee nnd :e=o flnpa _o 500 fao_ -_ove 9wo_nd loyal. A=500 feat, =adu:o powc_ _o =non.ended no=m_, cl:Lmb aac_,.n_',

5.4 POPULATZON DZSTIt%BUTZON (DESSZTY) AROUND GA ANDHES-GA A_R_ORTS

AvoEngo poj_1_A_ion dandifies Arou,ud _OWOEOd And non-_.owcLrad
GA and non-CA airpo_ have bean decermlnod for a repreeen_a_ive sample

of n%_'po_ _ypa= Idonr._flod in Tn_la B-§. _aea dn_ WO_O o_'_!n_d f=om•ha 0fflco o_ E_vi_onmonc and Enn=_y of _he FAA whloh p=ovidof a lio=:i._g of

_ho populnclona w_e_ : :&dluo of S:om 2 _o 10 hiloo, in _'wom_io %nc=amanco,

E o.To_.md ova: 1500 'cowo:od _,nd non-_owe=od cuL.-poo'_o _.n =.ha U. S. The popul_-

_o_ d_a Are baaed on "cho lg?o U* S* _opulahion Candies, The pogula_.n_

E dnna£_y volume wo_o deuol"_.uad foam _o_&l popular.ion _ud _oP.nl 1And a_oa
w_.n c_culs= _oan .+==m 2 =o 10 m_loo, in _wo-m_lo incr_n_, for _ch

_- _-po_ _ypo, E_OO9_: re= _ho fi_o_ =we-mile ='&diu= dlannnoo, average
L

popul=_.on dona£_ia: worm do1:o=nuLnod re= c%_c-_,_ _ndn, Lu _wo-n_ilo inc_o-

_ mon_, ou_ _o 10 m.'Lloo f_cm each _-por=. Po_ P.ho fLra_ _wo-_io _ad_uuvO+Iuo, P.ho avo=.'&cjo 13opuln_'+on donoi'..ioo wa,=o do_._r'm_,,nod from+ P.ho 'c==ILl

population and _o_l land _'on wiT_d.u ".ha _o-milo =&d_u_ d%o_nncm, m_nuo

?.ha _c Area. The average populnulon donni_ y value wir_Lin : S-mile

=a_.uo of each e.Iz_o_u.=ypa w_ =leo do_ar',_,,,=d, A o_mplo of =he _AA lla=-

Ing'O iO ehow_ _ Figure _-3, T_Io _-7 p:eo_n_s _ _-_-_y of +P.ha popular.lea

donoi_ioo do_oEnuLnod f_om _o oomplo=a llnP.Lugn p=ovidod _y uho FA_,

+t,+5 ESTIMATED NO_SE %MPACT UPON GA AZR_ORT C_MMUN_TL_S RESULTING FROM
G_ A_I_RAFT 0_ERATZONS

Tha E_A "Lovala Dooumon_ "_2 hen Idmn_'.fiad 55 c_g g_ -.he ou_doo=

_ooxly _y-high_ hound level (L_) _eq_ni'.o r.o p:o_o_ p-_l_c ho_l_._ c_%d

w_lS_o f_om _ha effoc_ of envi.Tonmon_al noloo. People lJv_n_ in Arena

ox_ooad 1:o noloo levels c/_onn_ _,_n Ldn of 55 d_ will be a,'_'paO_ed

_p_ upon C_ _.-_or_ oommun_=£an =ooul'=&n_ f:om GA a.i_c=:_f= ope=a_onn will

, _ ba _luan_iad in _rm_ of _ha nu_ o_ p_oplo e0cpoood ".o L_ v_lu_e of

i _ 5'; _._ c= T=_._=u=.

+Mi

J _-18
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Table 0-7, Population Donoit_ Valuon 0¥ Airport _ypu and fly Dintnnco From Airport,
n_aod on D_k_ providod by Lho Olltau ol EnvlronmonL and _norgy oe UIo _A_

_owor Population Donol_y An a Funoblon o_ Dlatnnao
fl_atun & Volume F_om the &lrport, People Per equate Nile
Airport Catagor¥

_'_po(a} Hun_or o_ Avorn�n
Airporta 0-21-/ 2-4 4-6 6-0 0-10 0-53/ 0-10l-- /

ConBldoro4 Hilaa Miloo Xil_u Xlloa Hiloa Hiloa Hllau

'_on0r0de
L_ 62 813 900 701 446 206 fl30 507(Gcnorai

_vla_ion
&

_lr 9_1) H_DIUN f13 1007 1017 1557 1244 947 1742 1209

IIXGII 44 2017 2415 2231 2245 2063 2420 2217

Towered, LOW 09 556 495 411 200 206 402 210
m (Air

Carrlar)
0001UH 73 1410 1330 1076 067 692 1200 910

||IG|| 41 3354 3739 3711 3030 2200 3000 2991

/.OH 90 323 226 142 135 105 220 144
Hozz-?owo=ade

P_vod

Oun_aya - HF_DZUH 136 340 301 104 96 50 269 129
_t�htod &,
Unlt�h_ad_

IIlGI[ 74 1040 '1316 1100 1030 050 1243 O_0

flon-_owa_ade
U_pavod

Runwaya - AV_IZAG_ 55 510 497 470 300 320 494 396
_l�h_od &

Unlighted,

l/ Alrp_r_ land area not Included in _alauln_ion



r
r A _wladga o_ =wo lmp_ ia zaqu_.Tad in cu:da= ".o

L_u',_me_o=a

p_Tfo_m An _asaman_ of ca_un.il:It nalsa imp4c_, roaul_,ing f=om ;l.Tc=nft:

•_a nu_bor of _ao_la w:Lch:Ln_ha z_i=a a_"J_aad _.=oa,. A _=a ma_.'_g_ul

F _p_'_ a=saaaman', e_ ba parfo=mad if "_ha ambianc (o= _x_ck_o_d) n_,.alavaL_ _a al_o _n_.da=ad, Tna foLlcw_.ng aa_V._,onn_ananc a dac_uLl_d

s [-- do_sc'z':L_C_y_.onof t:,bo pz'ocoAu_aa u_ad _o _nrm.tna =ha =oq'ui._aA impa,c'c

| _L,T_aCOZ'm Aria "cha a_cim_T.nA num_a_ of GA c,_..z'poE'cconm_uni'_¥=aa_._ntn

:_.mp4c'coA_ GA _._c=afu no£na,

- _,5,1 A_OA A.TOt.t_d GA Ai:_C)E'_ Zm_4C_Od h v C,A Ai_C!'A'_T. NOLsA

Gallow&¥ 13 haa Aavol=pad a m_dol co =al&=o nc_L_a _'paoad

n=on =u--'_oundo,4 by a npac£_"_oA NEF (oc Ldn) nn_, "..ha numba= of _*

_ propollo_-d=£von xf._c:afc opa=ar_on=. '_o r_laCionah_.p £n g_.van aas

_.. (10 1Ogl0H - _ - 5,92)/8A • 10 (_-I)

L =

(10 lo_',_0_ - L(_n * 29,08)/8A ', 10 ()-2)

E who=o A :L_ _=aa in nqu_=a m/ion.

E Equ4_n 2-2 l= do=_vad f_=m _ approw_ca rol_ni=n=hip ba_waan N_F and
Ldn _:Lvan _:12

E Ldn & NE_ • 3_ (_-3)

:_:::fC opa:a_.on _.= comp4,T_lo in no,so _._c_ _ _pp:o_-caly 200

E p=opalla:-drlvan a_.=c=x_fU• 13

E

, ._-19



F
Ii _usctd on 'r._a clA_;o,p=a=en_ad on T_hla= B-5 a.nd B-6, • cL'L=C=:L_.C,4.On

w_ dat:o_u;l.nod Jot ':.ha Cowarecl an ,4 non-Cowa]:ad GA o_L=_;-'_ onl:t (G,_._,'l:o='_s

F _ daf_.uad in SacT._.on B.2). Tho cLt=c_Tibuc£on of GA a_Lcc::zt_'c, alonf wi-..h

_ha "a_fa_va" n_baz" o2 d_l¥ opa_rn=£onn c_:a =hown an T_bla B-8. _*_a

r affa_va nu_ba_ of dL_ly opa==_ion_ 4,, _ha v_lun _ unad in oq'_n_'_onn_-1
&nd _-2 and £= docaz_z_nad b_ aaun_.ng cna _ac _'c=n_c opaz'a_.t=n a. 200

r Ua,:i.,nc;oq'c_..on 'n-2 ,_nd =olv::i.n_ fo_ Ldn _ a func'_:Len

_=rc_nd_n_ _ and a_focciva n_a_ o_ d_£1_ opa=e._on_, _a a_pac_od

_. v_lua _ C,_O of a_ch of Cha G_ wan dacoz_l_od, _aLdn

,zvo_ncJo _..='_o:'U a_-ana uaod _:o c_coz':],:L_o C,_a ,,_pc="_ baund_"_ nol=a loyola

_. wa=a do=_vod fi::o= dn_ =u_p_ad cha 0f_ica of F.uv_,'onmun_ =rid _nc_c_ of the
FAA (=aa Ficlt._o B-3). FOE each GA _Tgo_. _a, c_o bound_r_ n=_._ta laval=

E _a,_a computed: 1) _:.'Lao a_poau.ca f_'c:,mGA a,.'_¢::_"_ Ol:_:c'_.=io_ only and, 2)

r_. _,onc no_.=a laval f=:: oa,e._ GA _or:. cypa w_ compucad _::o_ o=p_._=_.

-,! rolAn.'i,onah,_p= daft.nod in _'m _Z_A"100 Si_a S_udy "14 _c_=_ _,y/_gh_

_b£on_ no_=a lavel nnd _anid_nci_ popu_t_on dan=i_'_, _ T_bla 3-9

E _o=an_= • _'_ of _a _,'po_ hound_z_ no£no l_val ve_lua= mid _ha _

w_ch _ha ndd_£on of _h_ ==d:£on_ no£_a _: _ha n_i=a level _:na=_od by G&

_Lv=_zcg_ opa=n_ona, onl_ c_o Cowc_ad GA =_'po_= a_a ox_uc_ad Co _:_va

E bcund_"_ nalaa lavels which axcaad Ldn of 55 dB.

_,S,2 '_=ni,;_cod A._Oa a,_d Numbo_ o_ Peopla Around GA A&w_or_.s EXpand

E CO Ld_ V_lua= of 55 c_ _ G=oucar

Uain_ aqunn:Lon B-2 _tnd c_o e_foc_va nu_az_ off d_L1y G& u._¢_

E oportO.on= p=anancad on T_blo _-8, the e=_.u_ad A_O_ _nd nu_boc of _oo_la

o_p_=od _o Ldn v&lua= 55 d_ or _on_o_ wo_o c_icula_od _o_ _owa_ad nnd

"_=C:L_a.":oawa=o doco='m,:_ad f=_ two _.'Laa _-_o=u,_e conCt_._ionn: 1) no:i.:a

E c:L_cc..!.,z==:o_. (=._..nua_.-'_oc"c ,=.ca_) and _.oc_!. popu.l.,_.c_n w_in • 5-=.'Lloz'acL't._ of ".,t;a z._poc'r.,



Table D-U, Diutrlbutlon of khe Avorafa Hux_bor of Daily Oporaklonu
by GA Aircra£t and GA Atrport Type, Derived frola Data
Prooentud on Tableu 0-5 and _-6

Tower Status . _vora_ Number of Da£1_ O_oratlonu EEfOOLIVO
and Vulu.l_ P_o_elle_- Turbojet/ t_umboc of D_il¥

_lrport Type(u) Category Driwn 'lutheran Ilolicopter Oporatlonu, t H

Low 155 3 3 759
Towered Medium 379 6 11 1590

(G_ _luu _T) lllgh 744 l0 12 _756

Hon-Towor_dj

paved nmtwayu - Avogago 105 0,5 2 20|
Lighted and
Unlighted

_olI-TOWoEod#

Un_avad
IlU.Wa_u - Average 44 O I 45
L£ghtod and
Unl£ghtod

tone Jot operation uouz|ted ao 200 propeller-driven airoraft opugattonel

One |lolX_optar operation counted a. one propeller-driven atr_caft operation.
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Tnblu fl-9. O_ Airpor_ _ouadar¥ Parm_otor_: Avora9o Airport Area,
_nblont Ouluo LQVOl m_d Airport Boundary Hoinu Lovol
R0.ulkln9 from OA ALruraEt Oporatlonu° (_aued on CY 1975
OA 09aratlonn _akn).

Day-Hlohk Bound Loyal a_
Avara_o Al_o_ _ounda_yt dn

Towor B_atuo _irpo_ _ibionk D_y- OA A£rura£t
and Volu.lo /_oa, Hl�hk 8ound GA Airo_a_ Nol_o PXoo

Airport Typo(u) Cakogory Sq, Hi, Lovole ¢ dO Noluo 0nly _ublent floluo

Low 1o74 53.1 56,0 57.5
Towucod Hodlm0 1.32 55.9 60,1 01.5

• (o_ pXu. 0T)
Ilioh 1.64 57,1 G1,0 63.2

Non-Towurod,
Pavod Rtn_ways -
Lightod and Avorugo 1.05 5t.I 52.0 54,?
Unlightud

I|o_-Tow0_od#
Unpavod
Bunwayo - Avurugo 0,21 51,2 51,0 54.3
Lightud and
Unlightod

*Iul_ionk day-night aound lovol caluulatod from avora9o population donuit¥
coulputod from tim total o/rcular aroa (minuu airport aroa) and total
_opulation within _ 5-m£10 radiu, of tho alrDort.

!
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Table n-10. _nklmaked Area and Number o_ people _ound GA A£rporku Enpooud to

Ldn Valuon of 55 dU or Grunter (_anod on C¥ 1975 G& Oporat:£onu Data}.

Area Expnnod to Ldn Valuaa Xumbor o_ _uopln

o_ 55 d_ or Growler# Bq. HI. _pona_ to Ldn Valunn
(minua Airport Area) o_ 55 dn o xGrnat:orr4/

'L'o_or O_akuo Huu_ur GA A£rura£t 0_ Airoraf_

and Volm,u o£ GA a£roraf_ Holno PlUU C_ Alraruft lioluo pluo

Airport Type(u) Ca_ogocy /tlrpoct:u Xolaa Only banbiont Holna Noluu Only _blun*" Noiaa

LOw 69 0.55 0.04 31e499 391.727
Teworad 1/ Hodium 04 4.46 23.q42/ 652e023 3.371.397

(G/_ plea AT) II191_ 45 9.05 37.19_/ 1,070,211 4,003,379

Noa-Towarod,Pavnd Itunwaya -
Ligl|_d and Average 3007 3/ 3_/ -0- -O-
unl.tght:oQ

Non-Towtlrod t

Unpaved i
Runw_yu - Avorngo 2475 3/ 3/ -0- -0- a,

Llght:od and IUnllgl_kod

I
.1,/190 FA_ t:oworcd a/rpor_u only.
2-/Ai_blant: day-nlgh_ aound level grunt:or ti_nn 55 d_i area _nd nun_o_ o_ people

_hown ¢opra_unt: a_na oxponud t:o hdn valuoa nqual t:o amblont no£an loyal plan one d_.
3--/Area expound to Ldu valuou o_ 55 dl_ or 9raato¢ Is within al_po_tt boundary.
4--1tlumbar o_ people oxpoaod lu equal t:o t;ho nolno aapo_od araa t:lnma Hm avo_aga populatlon donnltty

computed _roln Um _ot:al _Ircular a_cn (._lnua airport: urna) and total populattlon w:Lt:l_ln a 5-m£1a
radlun o1' tJ_o airport:.
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.F_o:a_'_ad t._c=cto,_o_ _0. _a_ a.t.z'e_'_U__. opa_,_'_on-l, _:_a _,,ca abow_ oa '_"%a _-I0
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