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A Comparison of Four Atmospheric Corrosivity Modeling Results for

Aircraft
Mu-sung Woo', Jae-won Lee’, Ji-hye Lee’, Kyong-jin Woo', Jongchul Park”

ABSTRACT

Aluminum alloys are important materials in modern aircraft. Aircraft failures due to corrosion
are fatal and costly. Thus, information about the atmospheric corrosion of aluminum is helpful
for aviation safety. This study employed four corrosion models and 12 environmental variables
to improve knowledge of aluminum atmospheric corrosivity: PACER LIME, ICP, ISO CORRAG,
and a modified model of CORRAG. This study applied each model on 47 aircraft operating
bases in Korea and compared the results. In the results, The risk of corrosion was different for
each model. The cause was the difference in environmental variables according to the model.
Especially, the effect of ozone, which has recently been increasing, was shown in the results of
PACER LIME. These findings suggest that caution is needed when assessing atmospheric
corrosion risk as a single model. Furthermore, it means that the application and integration of
various models are needed to improve atmospheric corrosion risk assessment.
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Frot o @ A5l gk HA o2 MAH, vA|
HA] 5 Aol2F, NO& SO, & 5 ot ti7]
3ol Ao FE mA= A Stk
(Roberge et al., 2002)
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AEAG H7F 4 B4 JZ=E oSk A7s0] AU
THSummitt et al., 1980; Mikhailov, 2004).

71529 AE8E Brlske ®Hol= PACER
LIMEZ} ISO 92233} o] E5% AA(Classification
schemes)E 7|§to 2 ol Wo] 1L, RAI5H
A= EdE $He A4 2¥Z olste I
5°l AHRoberge et al.,, 2002; I1SO 9223:2012,
2012). BAA W o 2= FAWIA| Corrosion damage
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Program on Effects on Materials(ICP Materials)
5 TS whHol AotE At Summitt et al., 1980;
Klinesmith et al., 2007).
S UM Al 5719 d7|FA e 24
ATE0] £95 v QcHPark et al., 2016, 2020).
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e 71 AREe A 5K Prep), AHT71X(Tavg),
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Table 1. Atmospheric environmental variables used

in the study
Variables Abb. Unit
Distance from shoreline Dist km
Chloride surface adsorption | Claepo | mg/m?/day
CI” concentration in Prcp Clprep mg/L
Annual precipitation Prcp cm/yr
Average temperature Tavg T
Relative humidity Rhav %
Absolute humidity Ahav g/m’
Rhav > 80% &
T |average temperature | TOW. Category
O |ot
W
Annual rainfall hours | TOWj, h/yr
Sulfur dioxide SO, pg/m’
Fine dust PMio pg/m’
Ozone Os pg/m’

"TOW: time of wetness; Abb: abbreviation.

or.kr)E 53l HiZ == National Ambient air quality
Monitoring Information System(NAMIS) A&Z
2855t t71d Ame 99 7zt B35 A7
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19 HEE B F 93719 71 IS AHT 17
9] Hi71d #5 A A=E ES5HltkFig. 1). ©]
oS AFEL AT W AR B2 AR o]
Ao 7] &0 £ A+E g53 IS Z]'i— A
T A Aol Fofstr] 98l Akme] BAH 33t W
A2 P51 3 i e E= 17]’*’“ AR
ofl4 @o] ol-&&= dAY 7I5A(Inverse Distance
Weighting, IDW) #HE ARESIATHPark et al.,
2013; Yang et al., 2019). IDW E40&=R 4.1.3 H
el RY] sf, raster, stat FolHHEE S8t

_V;L o flo i
n: b

125°E 126°E 127°E 128°E 120°E 130°E 131

39N

7N

3N

B

38N

35°N
3N

3N
3N

3N
3N

4
e ® ASOS | |
0 50 100 km A NAMIS
I |

125 126 127°E 128°E 129°E 130°E

Fig. 1. Meteorological and air quality monitoring
networks used in this study
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Diste= A|HFEAARE &Esto] iMoo 2R E
Zk 57 LE7IAAS AAAYE BAs] g5
SIHIL, Clyepo= Park et al.(2016)2] FFolA AA|
Sk SiQto = RE Q] A9}t HSES] W S2HE #
S (4] DE EEsto] S5t Clyeps W71
A Az 23hE vt drd AW A3k o]
2 4B =T(AIRKOREA, 2021)2 B#slol ol
1 1.28mg/LE AMESHATE AdisEes AdsEs
29 4 (2)F Argste] ¥3etATHLab Science
Crab, 2023).
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¥ e ARE e ek ST B AT 3
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S5 o] AR ARE 30 ko
g=ah B oleigo] Uik olo] L < ol
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2.2 A7YY

&
1 Ais v
29} Zow, A= Aol
ks EH7] = /\]“301‘1’% PACER LIMEZ &
ﬂ]ﬂ](Classﬁlcatlon scheme)°ll <3131, ICP, CORRAG
2} CORRAG-II+= BAIH ZL¥(Statistical model)ell
&3t}

Table 2. Atmospheric corrosion modeling method and variables used in this study

Atmospheric corrosivity models
Variables Classification scheme Statistical model
PACER LIME ICP CORRAG CORRAG-II
Dist @)
Claepo O O
Clprep O
Prcp O @)
Tavg O O
Rhav O
Ahav O
TOW. O
TOWh O
SOz O O O O
PMio @)
O3 O

"PM,;o was used instead of the TSP (total suspended particles), which is a variable for PACER LIME.
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2.2.1 PACER LIME ¥112|% 2.2.2 1ISO CORRAG

19659 W] &< 7IAE 571 F4 Y s ISO 9223 ERAA 8 F484 ¥4 TOW
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Aol AZ1HM. tiE 7] oF B2 AFulE A7 Y do] 2A AEHoR APEoH 44
Bl 2le EX*O}L e E&%OW—CEﬂ ol g BA 244 IRl mEh ekt Aol =EEI

o 2847t RER ofet 1 AN olsolxw
A AP 7] 34 el sl Aol sleke 7
Hsto] Alglo] AFYE|QIL). o= o5 B4 ArkE 2

& AH(1, 2, 79 9L 7 A D 7P wF

AF’L T 4 A9 BA TAE gt 24
tlole g sttt
I A3 Fig. 29 T2 ERAAE s

PACER LIME ¥312|59] A HiA £7 7|Eo2E 9
HHP) o ZHE Hojzl AZRlH| 4.5kmE 7|E0=E
L2717} 4.5kmBET 7R B AASEHES A
Zhoz EgRHr}h 4.5km Ho] AZoMs Aos=
32 P5F S VEoR NEA(EREE 7.1g/m’, A
it F=F 125cm)oll Wt Fig. 29F o] &3t}
apR[eto 2 olASlEK(SO,), HIAl HATSP, 371 & F
FHA], & A4E= PMy 39, .9_—‘—(03) s 7E
= qu@}oq 2E 724 552 AAS AZhH~C(eF,
FANSFOo R EFHHSummitt et al., 1980).

2% 93] 98 B0 BE 24 JrE 27
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sgolake 2] oot 9|
410] 7]ojshs Thake o
Eahthe

222 95t AYA Bx
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gk, 712, NO,, AHgH] &
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Fig. 2. The PACER LIME algorithm for determining the corrosion severity (Roberge et al.,

omw> >

1986E 1SO 7I&HYs(TC156)= A4 2 ul=e
5171 A1YGoflA ISO CORRAGEHR:= &4 AJH &I
2RSS AZF. &, 2, F0lE, ofd 47K =

4 AES BEgy UAg 2l FEHE RSk

1986~1998\7F Bt g4, 715, S&ARME =
4d HolHz g% 4] 9= lel“: et 5

A1g 2t BAA ATASTE AEEAHA 5).
log (rate) =—0.739+3.26 (7O W) +
5.02(50,)+6.71(Cly,,, )

5)

7194 log(rate)= EFrETe] 19 21 F4]
E(g/m?/year)°] B3t 3|9 ZAijolty, TOWE &&
Azt AS, SO o8, Clapos F3HE 32 &
o]tiRoberge et al., 2002).

2.2.3 ICP

UN/ECE goolld &sdhe
Long Range Transboundary air pollution(CLRTAP)
= 23} AR Zol= ofE] Agol #IF 7| FA]

Convention on

3o W3] AFSH= IZTZ IOl International
> 43 ug m3
> 6149 m3
> 36 49 m3
< 43 ig m3
< 6149 m3
i< 212} < 36 49 m3
A3y

2002)
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Co-operative Programme(ICP Materials)s X3
sieity. 11 A% dFulEe] 4] REE Atk
4] (6)Z AQtstact. off 42 ICP Materials®] 9
3f 1987~199540] =85 8 Ay AyE 7[Htoz
A= 9iet. 20019 10670 AfolEo] digh AgAw
o] 4]9] 1= (0.74°]ATHCLRTAP, 2014).

ML =0.0021(50,)"** X Rhav <

exp (f(Tavg))tl‘2 +
0.000023Prep(Cl,.. )t

prep

©)

f(Tavg) = a(T—10) : if (T < 10C)
b(T—10) : else

@)

oJ7|oA ML FA]oF QIgh &dulzo] £AITF
(mass loss, g/m?)°]1l, SO= o431}, Rhave A

F&ot}. Prepe A AEFolH Clyp= 5ol
23 dA o] skolth. Tavges 9HT2E 10T
oldd wiet mgtd wf ZZ ohE Adaa=0.031,
b=-0.06)E AR&RIch t= EFulEo]l &H 7T
(Aw)olch.

2.2.4 1SO CORRAG-II

G715 S5k 9 270 Qe HeTe
T FeiA Uk ST RRe) By mEe
g A7be] pak o) 4]

SHA REdsh=tl eAI7E Qlof, 71E B} R 2ol
A B &4 25t nf 050] 9lo] Ho] oA
AstAZl= 8ele] Hrh wbA 1SO CORRAG-II=
ISO CORRAGY] HlolB& AMgsto] 87 24 E Al
7o FE B4 A4S s BdE skt
AEH 02 1O CORRAG-11= th715A0] that 374
9] JFE "rFe mdo|tt

Klinesmith et al.(2007)2 ISO CORRAG A&
AbESted| ARGE TlolEE ol-8ste] RS wAgst
I, 2L 2 4] (8)= AR

TO W, z

c

a([’)t}
1y Qe

50,
E

D
}1—&-

J(Tavg+ T,)

y= A-tB[
®)

A7l y= e FAoR QIsh &MFHum/
yr)old, TOWi= 95 &4 AR Bl &S o83t &5
AlZE A%, SOx= °lAERE, Clypos AEHE
Lojrt. Tavge AWH7I20lH, ARH ],
9] A4 B2 Table 33 Zoh £ dAqolA=
o] HYsictY 7HYsla, Flato] #sh ©SE o8
I EHKlinesmith et al., 2007).

. AZat

3.1 07|

Zr 57] 87 A= vt 7] ol == o
ULt Table 4= Ao ARERE W4l Zho] ®flo]
o}, §57] 2-87|A = sjto 2 HE 200mAH 94.6km
Ago] At Jlor HHFHo== Site=RE
35.4km o]A€ Ao A5} Ut st 2HE 7}
A 77k 3ol F57] 2871A0ME 2 36.2mg/m’
9] @3kEo] F&EI, sijtegRE FFY W A
A2t F57] 8717 M= 4 0.2mg/m*9] Fst
o] FAd Zog U A A vt

HEO] 21904 100.0cm/yr oS HolH th$-A|
JoflA= 150.0cm/yr o3 Bk ot By 5
Aol GF A A Fo A= 100.0cm/yr oJste] 4=
F2 Hlvh wEbA 357 87149 A e
83.4cm/yrolARE  163.6cm/yre] EXE EJoh
ABPF7I22 11.2CHE 16.9CE B0 Alisx
T 50.4%HE 74.7%% Rt SO 4 3.0u
g/mPRE 12.6pg/m*] BEE HJTh PMig 31.9
pg/mPRE 44.4pg/mP BEEE BATE Os= 32.7
pg/mPEE 86.1pg/m’9] EEE Bt}

g9 vl S

Table 3. Empirical coefficients whose numerical values can be found in Klinesmith et al. (2007)

Pecimen Equation coefficients
type A B C D E F G H ] TO
Flat 0.094 0.05 3,800 0.23 25 1.14 50 0.42 0.01 20
Helix 0.27 0.05 3,800 0.23 25 1.14 50 0.42 0.01 20
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Table 4. Average annual ranges used in this study

Table 5. Summary of categories by models

Variables | Min Avg Max Unit Model Category
. PACER C B A AA
Dist 0.2 35.4 94.6 km LIME 0 4 34 9
Claepo 0.2 33 36.2 | mg/m*/day Cl1 C2 C3 C4 C5
1cp 0 47 0 0 0
Prcp 83.4 125.9 163.6 cm/yr
Cl1 C2 C3 C4 C5
Tavg 11.2 13.2 16.9 C CORRAG 0 0 42 5 0
Rhav 59.4 67.9 74.7 %
Tof| 3k
Ahav 7.0 7.8 10.1 g/m’ moll ERF= A,
CORRAGY| A= C4 5ol Hehts dHihd
TOW. | 30 | - | 40 | Cawesory ICPS] Aol AY 7k Aol7k WAyskA] Sloer.
TOWh 1,778 | 2,237 2,518 h/yr [CPOlA A|AH Zjo|7} HPsHR] Qko. Qlojog WA
SO, 3.0 8.4 12.6 pg/m’ Azl & & Sl W sl ZaEo] Qe C
PMio 319 | 404 | 444 pg/m? o]& wkoltt. ICP& 5ol 23 CI ol 5
Os 327 | 516 | 861 g HEE AT Wt Joke Ao E Jae] o7t #

% The range of the Clye, was excluded from this
table because the average Cl” ion concentration
(1.28mg/L) in precipitation of Korea, was used for
all locations.

£ Aol AR ti7] 33 k9] ¥fle ICP ¥
£ o] Sfell 49 =7He0lM 5 o7 845 &
F(Roberge et al., 2002; Mikhailov, 200453} thA

FARILE ICP ZEle A7 2~19T, At
T 56~86%, SO; B 1~83ug/m’, O3 B= 14~82u
g/m’, A7FTF 33~215cm/yr, 5 W CI 5==
0.1~12mg/Le] X5 ZH= t7] 3 A=E &8st
of L= 2 Aol ARE F 05 AlYsk
% o] ¥l T} Aol ARSE 05 gk
o] §49] 82ug/m’ B} £ 86.1ug/m0]7] W]
ICP 3=7F 7RI 4] 2Al di713gel Hlsh
T U O3 w7t w2 AoR yekErt

3.2 7] EAIN ol Zn}
4771 Qe dhsf tiFet o] WS Egolo] H
4] 53 EA39 A3 PACER LIMEZ} CORRAGOIA
I ekt ¥ 1CPF CORRAG-II
o Ysiae A 2t K4 5ol Aol YEhA] ¢
SJtHTable 6).
7t 599 EEE Aol Table 59 Zth
PACER LIMEXIA] AA 552 97, A 552 347K, B
SE2 47101t} ICPol 9Jgh moloflA= 477] BEF
7} C2 55l ==tk CORRAGO] oI5t 2 ojof|A
£ C4 530l 470 Aol ==Y, 4270 C3 &

4] S nEfgith 2 A el 23 Cl o]
2 559 AAE zolg 1Esk= ] A Qlol, A
= FAFZA 9l 1.28mg/LE ARESIY] W&ol CI
ol FEo] xjo|7} Fo] WrPE|A| Aok, 11 At
A 5gol Zpol7h WASHA| Aok 7130l it

A¥E CI° o] s&9 zlolg 1&gt ICPo
oJgt 5goll Zfo|7F Yeht=xol dtiste] AESIFT.
ol2 98 RE A Ho| 12.8mg/LY =S 8353
o} o] 32 59 1270 =71} A, mlsollA B
= 5] Z3HE C 5% H9(0.1~12.0mg/L)oll
A F3tghol] sigsitt 2 ATe] ICP Lo ARgH
1.28mg/L9 ClI° == 12.8mg/Let 7F43199E )
1E7E SFolEe] 4% A 0.6g/m’ Zoz
UeRith o [ds] Be XHY 4] HErt C2(R2
oA BAVY) dA] sigotgnt. webA CI ol
FEE IS stolk AE F4] 9F 550
£ Zpol7t UepA] 49kS Zos yehEch

CORRAGS} ICPY] Afojx= (I o] 5ko] &3l
4 Brhe g49 984S aElcks Al Qe AL
2 dohElth CORRAGE ICPS} g siQto =R E 9]
Alg EYE 4 AsHES] U S8 WSE At
Bato] Fao] HjXe A4 RS 1Egltt. Table
594 CORRAGY] C4 552 &5 PACER LIMEOIA]
AA 52031t} o= CORRAGY] C4 57 AHo] 3
FozrE FFH v dskE m F2EC] s
BAEJR= AL oJustc}, webAd CORRAGS] A3}
o= C4 53] YerARE, 1CPe] Axjolat= A- 7H
Zo]7} WHAYSHA] k2 A2 Ao 117 wiHol wE &}
olof oJsf vlEH Aoz WETH
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Table 6. Atmospheric corrosivity modeling results for locations

D PACER LIME ICP CORRAG CORRAG-II
Category g/m%/yr Category g/m?/yr Category um/yr Category

1 A 0.23 C2 1.65 C3 0.155

2 A 0.24 Cc2 1.72 C3 0.161

3 AA 0.24 Cc2 2.31 C4 0.184

4 A 0.23 C2 1.72 C3 0.163

5 A 0.22 C2 1.60 C3 0.141

6 AA 0.23 C2 2.08 C4 0.178

7 A 0.22 Cc2 1.72 C3 0.154

8 A 0.23 C2 1.74 C3 0.164

9 A 0.23 C2 1.69 C3 0.159

10 A 0.23 C2 1.70 C3 0.158

11 A 0.18 C2 1.54 C3 0.141

12 A 0.22 C2 1.80 C3 0.172

13 A 0.23 C2 1.74 C3 0.162

14 A 0.23 C2 1.72 C3 0.161

15 AA 0.22 Cc2 1.88 C3 0.160

16 A 0.22 C2 1.86 C3 0.172

17 B 0.22 C2 1.70 C3 0.159

18 A 0.25 C2 1.83 C3 0.166

19 A 0.19 C2 1.71 C3 0.154

20 B 0.24 Cc2 1.82 C3 0.176

21 A 0.23 C2 1.71 C3 0.161

22 A 0.22 C2 1.75 C3 0.166 Uncategorized

23 AA 0.21 C2 1.95 C3 0.166 due to the

24 A 0.23 c2 1.66 C3 0.154 i?;;{lf?iagfo 2

25 A 0.25 c2 1.79 a3 0.162 ohore for

26 AA 0.24 2 2.26 c4 0.186 the values

27 AA 0.20 C2 1.99 C3 0.172

28 AA 0.22 C2 2.47 C4 0.207

29 AA 0.17 C2 2.16 C4 0.152

30 A 0.23 C2 1.73 C3 0.162

31 A 0.23 C2 1.73 C3 0.161

32 A 0.23 C2 1.73 C3 0.163

33 A 0.23 C2 1.71 C3 0.162

34 A 0.22 C2 1.57 C3 0.142

35 A 0.24 C2 1.78 C3 0.170

36 B 0.24 C2 1.82 C3 0.176

37 A 0.24 C2 1.91 C3 0.188

38 A 0.25 C2 1.82 C3 0.172

39 A 0.28 C2 1.86 C3 0.167

40 A 0.25 C2 1.81 C3 0.173

41 A 0.26 C2 1.76 C3 0.156

42 A 0.24 C2 1.81 C3 0.176

43 A 0.24 C2 1.74 C3 0.164

44 B 0.25 C2 1.76 C3 0.166

45 A 0.24 C2 1.76 C3 0.166

46 A 0.23 C2 1.70 C3 0.160

47 AA 0.22 C2 1.84 C3 0.139

% The detailed atmospheric environment of each location can be found in 'Appendix 1°.
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Fig. 5. Changes in air pollution by year from 1997 to 2021 in Korea
(Concentration change = (observed value-mean) / standard deviation)

= 1997958 202197HK9] A= A= d7| Y
T 3l HojEth Y& ZF &) tigt Z-Score
2 X HSE ou|StcHZ-Score=(FZ3-Bd) / E
FHAD). I 23S BH, SO9F NO,, PMyef] 5&E
A vlgf FZo FAske FH Os= AEHHo=
S7FHL ok HE O3 wre WEEY AHA
PACER LIMES] YA7IER] 36pg/m*E €1 Uct
(Appendix Table 1 #31). &2 IZujFo] H2
B opgt A F719e dHsHA THEo] ot
(Roberge et al., 2002). 0|2} 22 AT}= ASFo=Z
74 ATl doiMe FAR ofet A=A 7]
9] HHoAN= HT HEA 5oL Qe 2 5=
of e AT A7t /st A= AARITL

B A= B2l B2 = - I A=
£ EU=E 7 337] L7149 di7] 3 A=E 4
5P| ol SN ARolA Hol E8EHI =
IDWE 37t Uik W os &-85iqlth o] Wi
A& A AAAGE 7o s S 35k da
of ¥4 EHS wrgsk= dl AT ltkPark et
al., 2009; Park and Jang, 2016). & 74 ¢<=
A =2 "7l &4 ARE AES] Yoix=
Co-kriging, PRISM, 18]1 7|AesH 5 Ho} o}
ot AAdE WA S &8 997t At ok
o A= #H SFESH AFel 23 d4 o]
=2, AF A AR HIE Big= 71 AT} Hlo
g mlojdS B B art ok

Klinesmith et al.(2007)9] &7-ollA HA4 BH7}
139 AL7t 7Y FHo| thErE AL F4 &5
7t =2 AL 7] SEE ozt 71A|19] JH, 17

ojt} 59 ot Sof whet e 4 ek 2 A}
stk ol 7 ARG 29 F G710 Aol
wet Aolgt HHA AR AT 4 ks Hold
8% 4RI 4 ok ST & A7l o] &
7 9ol 7141 Fefell st ThA Ralgiet. &
5 Aot §37] AFYY 28 S5 1y
a9 8719 B 5L nefslel H4) PES B
7RI UEF BAst 9 AR waErt,

9ok e Ao FHAGLE Brok B AT &
Puiet 2 Aol P HAL Fuske BN
IS, 0F, P45, 4ot Dl s 53
e 7t BRAA 2 FARHRD] Hg3igrte 2
o oot giek. Hobrt 2 54 mo| wule] wet 2
° Aoolet ThE 4] 918 SFL W 5 9w,
22 skt 7] 0l o8 FAks e B4
94 ol vk & ks A2 Selstrk
= ojn] g o7 Ame WekEt oj: 24 9
71 glol TRt WS ula - WAL A= o
2 97t 2nE grugdos A5 AEstel W
2o M2 BIUYS Fo] AT wzo] WYL
AABIE] 25 Selutete] B4 Hopy =S YT
W F23 /1% FRt @ Ao sjEh

References

1. Park, J., and Jang, D. H., “Application of
MK-PRISM for interpolation of wind speed
and comparison with Co-kriging in South



AT LA

47 2ol mE 5719 w7] F44 Ho| A} uiw 89

Korea”, GIScience & Remote Sensing, 53(4),
2016, pp.421-443.

. Yu, T. J., “A study on human error risk
analysis of helicopter frequent accidents th-
rough AHP method’, Journal of the Korean
Society for Aviation and Aeronautics, 31(2),
2023, pp.47-48.

. Kim, S. C., and Lee, O. H, “A study on the
through the
correlation analysis of the situation awareness

improvement of education
and education satisfaction of helicopter pilots’,
Journal of the Korean Society for Aviation
and Aeronautics, 29(1), 2021, pp.82-83.

. Park, J,, and Kim, M. K, “A study on the use
of a terrain aspect variable in producing the
applying
cokriging: A case of Jeju Island”, Journal of

precipitation  distribution map
the Korean Geomorphological Association
16(3), 2009, pp.59-66.

. Youn, D. S., and Park, J. W., “The effects of
organization's safety culture on aircraft
maintenance technician’s safety behavior”,
Journal of the Korean Society for Aviation
and Aeronautics, 30(4), 2022, pp.105-116.

. Roberge, P. R., Klassen, R. D., and Haberecht,
P. W., “Atmospheric corrosivity modeling a
review”, Materials and Design, 23(3), 2002,
pp.323-325.

. Yang, H., Yi, C., Chae, Y., and Park, J.,
“Comparison of statistical interpolation me-
thods for downscaling of summer temperature
data from the Korea meteorological admini-
stration’s digital forecasts”, Journal of the
Association of Korean Photo-Geographers,
29(4), 2019, pp.19-32.

. AIRKOREA, “Concentration of Major lonic
Components of Acid Drop by Year (99~'21)",
National Academy of Environmental Sciences,
2021 Addendum to Annual Air Environment
Report 3 April, 2022.

. ISO 9223:2012(E), “Corrosion of Metals and
Alloys -
Classification, Determination and Estimation”,
2012, pp.2-7.

Corrosivity of Atmospheres -

10.

11.

12.

13.

14.

15.

16.

17.

18.

Park, J., and Kim, M. K., “Comparison of
precipitation distributions in precipitation
data sets representing lkm spatial resolution
over South Korea produced by PRISM, IDW,
and Cokriging”, Journal of the Korean
Association of Geographic Information
Studies, 16(3), 2013, pp.147-163.
Klinesmith, D. E., McCuen, R. H., and
Albrecht, P., “Effect of environmental condi-
tions on corrosion rates’, Journal of Materials
in Civil Engineering, 19(2), 2007, p.123.
Titakis, C., and Vassiliou, P., “Evaluation of
4-year atmospheric corrosion of carbon
steel, aluminum, copper and zinc in a coastal
military airport in Greece”, Corrosion and
Materials Degradation, 1(1), 2020, p.159.
Summitt, R., and Fink, F. T., “PACER LIME:
An Environmental Corrosion Severity Classi-
fication System”, AFWAL-TR-80-4102 Part
1, 1980, pp.45-48.

Park, J., and Kim, M. K., “PRISM-KNU de-
velopment and monthly precipitation map-
ping in South Korea”, Journal of the Korean
Association of Geographic Information Studies,
19(2), 2016, pp.27-46.

G. W., and Cochran, W. G.,
“Statistical Methods,” Iowa State University

Snedecor,

Press, Ames, Iowa, 1967.

Park, S., Yun, J., Lee, D., Yun, S., and Kim,
S., “Study of the determination of the
aircraft wash interval by using environmental
severity of air force bases’, Proceeding of
Journal of the Korean Aerospace Society,
2020, pp.336-338.

Mikhailov, A. A., “The classification system
of ISO 9223 standard and the
response functions assessing the corrosivity

dose-

of outddoor atmospheres’, Protection of
Metals, 40, 2004, pp.541-550.

Yun, J., Lee, D., Park, S., Kim, M. S., and
Choi, D., “The effect of aircraft parking
environment on atmospheric corrosion severity,
Journal of the Korean Corrosion Prevention
Society, 20(2), 2021, pp.94-104.



90

S5, oligl, olAd, 97K, W5

Vol. 31, No. 3, Sep. 2023

19.

20.

21.

Park, W. D., Gook, P. J., Cho, Y., and
Bahn, C. B., “Wash interval optimization to
prevent atmospheric corrosion of Korean
aircrafts made of aluminum alloys”, Journal
of the Korean Corrosion Prevention Society,
15(4), 2016, pp.189-197.

Findlay, S. J., and Harrison, N. D., “Why
aircraft fail”, Materials Today, 5(11), 2002,
pp.18-25.

Lab Science Crab, ‘Relative Humidity,
Absolute Humidity, Air & Humidity Con-
version”, Available from: https://blog.naver.

com/atago59/222963579990, accessed on

22.

23.

13 June, 2023.

ENDMEMO, °“Liter to Square meter Calcul-
ator”, Available from: http://www.endmemo.
com/cconvert/lm2.php, accessed on 13 June,
2023.

CLRTAP, 2014. “Mapping of Effects on Ma-
terials, Chapter IV of Manual on metho-
dologies and criteria for modelling and
mapping critical loads and levels and air
pollution effects, risks and trends. UNECE
Convention on Long-range Transboundary
Air Pollution”, Available from: www.icpmapping.
org. accessed on 30 November, 2022.



& %S1°0 €0 99°1 v 0%'SS | 80Cy | 00°L | 90¢T ¢ 1¢L 19 €71 | 8T1l 87’1 SZ0 $6°L8 | ¥¢
991°0 12°0 6’1 vv IS | €TTYy | 198 | S€0C ¢ 90°L 65 L¢l 1€°Ly1 87’1 0s°S LLT €C
991°0 70 SLT v LTS | T6'TY | 86'8 78T ¢ 0S'L <9 7€l 18°0Z1 87’1 0] L6°GS | TC
191°0 €0 ILT v LLES | TE0Y | €08 | SO¥C ¢ S¢'L 99 9Tl STyl 87’1 €0 €996 | 1T
9L1°0 ¥Z0 81 d 89°CE | 1€FY | LSOT | S6ET ¢ YL 99 LTT | 69T 87’1 (4240) 8LLT | 0¢
%S1°0 610 IL°T v S66% | 0T9¢ | 86°L | ¥T8I ¢ L9 9 a4t G8°¢01 8’1 €0 S699 | 61
9910 sz0 €81 v LT'EY | 9%°CH | 90°01 | 9%61 ¢ 86'L 0L 0°€¢r | 8L%T1 8’1 0’1 €0ZI | 8I
6S1°0 0 0L'1 d LSTTIS | 89Ty | 6L | 8EET ¢ S0’L 9 ¥Tr | 92911 87’1 Y20 €016 | LI

E] ZLT0 70 981 Y LSHY | 9L7TE | 0T0T | 0861 ¢ 9¢'8 9 0°ST | 67'L¥1 871 08’1 T L 91

mﬂ 091°0 70 88’1 Vv 09°0¢ | €5°¢¢ | €TL | 621C ¢ 618 89 6'CT | LLETIT 8’1 Sy §TT <1

M 191°0 €C0 L1 Y €L'TS | 886E | €8°L | 8SCC ¢ yL8 1L %L | OLFET 8’1 9¢°0 yC1e | 71

M Q910 €T0 VL1 v 9F€S | S96E | L9L | TLET i 9L'8 €L 0%l | 89°¢¢T 87’1 0L0 ¢ | €1

Mm ZLT0 @0 08’1 v 6E°CY | ¥6'IE | 0LG | 8LTT € T8 L9 ! TT%¢l 87’1 SL0 9T¢ | €l

Wrm 1¥1°0 810 y<1 Y 86'8L | 6T6E | €TEC | 8CEC ¢ 80°0T 1L 991 | 95°¢91 8C'1 oe'1 0701 11

W 8510 €T0 0L'T Y 19°8S | 1Ty | 1I'L | SO¥C ¢ 0Z'8 EL 0¢T | L6'TCL 87’1 8L°0 18°0C | OI

__w_L 6S1°0 €0 691 v L9TS | TOEY | ¥9°L | 86ET ¢ LT'L 99 ¥l | Ty8ll 87’1 920 71°¢8 6

W 791°0 €T0 L1 v C0es | 8€Ty | €98 | THET ¢ <L L9 81 | 68071 87’1 6£°0 6y 6y 8

m“__ ¥S1°0 70 L1 v GTTS | 6%°6¢ | CI'8 | 9061 ¢ <L 99 LTI | $5¢€01 8C'1 €¢0 8¢’ 19 L

=5 8L1°0 €C0 80°C vv 9T'1S | L16E | 98 | 8ISC ¢ €S'L 19 671 | €6°¢Tl 8’1 11°01 780 9
1¥1°0 Zz0 091 v Se0s | 68°I¢ | 00°S 10T i 608 0L (A% 17°9¢1 8C'1 6£°0 68°6¥ S
€91°0 €T0 CL'T Y 80°¢S | 8T0¥ | 708 | 79¢C ¢ 7¢'8 14 S¢r | 96671 87’1 Ss’0 98°1¢ i
¥81°0 ¥Z0 Tee Vv LEFS | FTTY | €8°L 9¢1T ¥ L8 SL ¥l €estl 8C'1 2622 6Z°0 ¢
191°0 Y20 TL'T Y 877G | C16E | 108 | 8I¢C ¢ ST'8 IL ¢€¢r | 8TTel 8’1 170 96°Sy C
SS1°0 €C0 91 Y €ET19 | S8TF | ¥99 | 8F¥C ¢ 208 0L ¢l | 0y'sel 8’1 0%70 96°Ly 1

Wﬂu 14 fuard &/ /3 | IL/ w/3 A108a1e) | qu/37 | w/sn | wm/sd | 1Ky |A108a1e)| Ju/s % 2 I&/wd /8w | Aep/ur/swr| un| a

mm [-OVI0D | dOI | OVHIOD [ANIT ¥4OVd| O | OWd | “0S | “MOL | °MOL | aeqy | aeqy | *° | doig | D P10 s1q

Ww synsas Bujspow ANAISOLI0D 8y} PuUB S9|GELIBA [BIJUSWIUOIIAUS duaydsowly “| 9jgel xipuaddy




Vol. 31, No. 3, Sep. 2023

92

6€1°0 720 781 vV y1'98 | €L0% | 167 | 8LLI i 68L | ¥L | 0Tl | ¢£¢€8 871 <Ly cre | Ly
091°0 €0 0LT A4 9%'SS | OL'T¥y | T9°L | SO%C ¢ 60'8 1L I'Cl | 5921 | 8T 540) 0s’cy | 9%
991°0 ¥20 9L'1 \4 9105 | ¥8'1¥% | SL'8 | €0ST g SOL | L9 | 61T | L9971 | 8TT ¥9°0 9997 | ¥
991°0 Sz0 oL'1 g 88'8y | LI'TY | TI'G | 86ET ¢ OL | 89 | 9T | €€6IT | 8ZT LE0 9T°¢S | ¥y
$91°0 ¥2°0 yL1 v Ly'Ly | 80°Cy | 788 | O¥ET ¢ €L | L9 | €21 | ss0zl | 8T 620 060L | €%
9L1°0 ¥2°0 181 v y0'0F | 69°CY | 6701 | 9T¥T ¢ ye'L | L9 | STl | TTeel | 8Tl 540 1€y | &
9610 920 9L1 v 68°Ly | 7Ty | 1€6 | LIST ¢ 6I1L | 69 | 911 | 9%6IT | 8TT 82°0 68°SL | ¥
€L10 <z0 181 v 19%) | L9Ty | ¥S°01 | S€€T ¢ 9zL | 89 | 0TI | Z0€el | 8T A0 €8s | 0
L9T°0 87°0 981 A\ 96°S¥ | S0T¥ | ¥O'IT | OI6L i YL | €L | TIT | FECIT | 8TT €90 1047 | 6€
7L10 <z0 781 A4 YISy | 9€Ty | 6801 | 8EIT ¢ 7L | 89 | 0T | S67TTL | 8T 440) SIGh | 8¢
881°0 ¥20 16T v CLTY | 60'TF | 65TT | 8E€T ¢ 9¢L | 99 | 8T | ¥IQIT | 8TT 4 6901 | LE
9L1°0 ¥2°0 781 q €9°6E | 0¥y | LSOT | S6ET ¢ 9¢’L | 99 | LTl | s¢TTl | 8T €50 08°¢E | 9¢
0L1°0 ¥2°0 8L1 v LYTy | 9°€Y | Ly'6 | 6T¥T ¢ 6S’L | 8 | 97Tl | ¥8TLl | 8T LS0 0L0¢ | <S¢
10 70 LST v 6€°LS | SEFY | T0'S | TTTT ¢ 8¢, | 89 | €Tl | ¥reer | 8Tl LE0 s | e
2910 €0 L1 \4 79S| LTTY | 68°L | SS¥T ¢ €L | L9 | LTl | 6vTTl | 8T g0 o5 | €€
€910 €20 CLT v CLLS | 60'TY | 0€'8 | S¥ET ¢ OLL | L9 | T€l | 89Tzl | 8T1 60 8005 | ¢
191°0 €0 CLT \ yOIS | T€8¢ | 178 | 0g€T ¢ ISL | 89 | 92 | 19011 | 8T 540) wey | 1€
7910 €0 CLT % I€€S | 820% | $08 | 91¢T ¢ y'8 IL | 9€¢1 | %00¢T | 8ZT €90 1692 | 0¢
7510 LT°0 91T vV LT08 | 9€6E | 20 | S€0T ¢ €00T | 0L | 69T | OLTIST | 8ZT €8T 070 | 62
L0Z0 720 Ly'T vV 699% | 08°CE | 926 | €T0T ¢ 0€'8 | 99 | LFL | L66GYI | 8TT 91°9¢ L10 | 8¢
TL10 0Z°0 661 vV 00'8% | L9FE | 006G | $10CT ¢ €18 | %9 | 6%l | 8L0C1 | 8T €59 T | LT
981°0 ¥2°0 92T vV OL%S | 80'1% | S8L | 01¥C ¢ 6¥8 | €L | ¥CI | ¥0LTT | 8T 81°07 ¥€0 | 9T
2910 ST0 6LT v TLCS | SVEy | 978 | 19T i LU8 | €L | LTl | LTIl | 8T 71 6LTT | ST
1A faurd K/ w8 | Ik /w3 Ar0891€) | W/87 | /84 | w/3d | 1&/y |A1oSe1eD| /s % ) I£/wd /8w | Aep/un/sun|  ury
[-OVNOD | dOI | OVIOD |[dNIT ¥IOVd| €O | OWd | %0S | “MOL | AOL | Aeyy | aeqy | 9L doxg 0 o) 1 “

panuiuo) | 9jge| xipuaddy



