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2-1 — 3

T (°C) RH (%) w (mg/dm2/day)

79 % 25 79 0.003 2018/09/17° 09/20
27 68 0.4 2018/09/03° 09/07
28 80 0.3 2018/09/03° 09/05
-~ | Cud: 0.35% -V o FCD < == Y [ JIS 6
31061 SM490A  SM Yo [k | JIS G 3114'D SMA490AW SMA — 3
L ™y a2 FCD - = ™= | A1 <2 —h V' - AL
90% Y — < L 22~ A
— L 2.1~ A | #600 — L ms
oV | ¢4 = L 1 om™le - - 4 %
PE Y D K AL ™M= . i i - 4:\/
— — | 1 — L ™ —
— L - -V | | 13 %[ 15 - -
g ™ | g [V
- Wl - 1 4
1 < o — ¢ D ad eV
2-2 - 2 |-
mass
mm
Ni (mm)
FCD 373 201 040 0024 0007 035 002 0046 0.00
JIS G3106
: : : : : ' ' ' ' 20x20%6
Svagea 016 033 165 0025 0001
JIS G3114 ,
SMadgoayy 008 024 104 0009 0003 030 052 0.17
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2-1 —

2.2.2 4 =
~ | cud 0.35% . 0 FCD-1 < -
Yo [F JIS G 3106!® SM490A SM Yo || JIS G 31141 SMA490AW
SMA  Cu% 0.009%< p<$= 34 o™ FCD-2 — 4 AL

™.y — | ™4 L 20<20=6 mm< v o % FCD-1< FCD-2
= ™= | hv' mms Logoy <aAfvlL -V - L
2.3~ A | Ph- |4 eV ey fid ™=

— 4L 2-2+~ A 1 | - L, — -
D IR - %™ L A Demei L -
o= -V 3V | -8 - 10 2008 2017
— % | 4 — - £ % -V | -
-V | < -V k=T ¢ fi O %
|+ Fe/ag ACM # fiod ™= gal fia oy AL 2-3  ACM ¥
fi o — A 2-4~ A 0.1 nAd 4 ¢fio % o Y
4k (Toew) / € F 0™ | (Tan)#E Ned -x M= |
™y ACM ¥ fi O — % 0.1 nA# Nef < ™e - A

1

# o= ™| — # Ned # 0.5 nA
| 1nA — 1L o
| O wmei - = ¥V wmv. ®@¢D k- |4 1.8x2.4 mm
— Loy - %t | Adobe — Photoshop
cc2019 4L ™= - </ - L 2=-~r == 2
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AL s # -V | —t 4 = 4 >
fi ) =v 3V — ~ == EPMA d ™
4k v ¢t |~ FCD-1< FCD-2-— - == XPS ULVAC-
PHI Quantera Sxm &L ™™ L -
2-3 —
Ni
FCD-1 3.73 201 040 0.024 0.007 035 0.02 0.046 0.00
JIS G3106
SMA90A 0.16 033 1.65 0.025 0.001
JISG3114
SMA490Ay | 008 024 104 0009 0003 030 052 0.17
FCD-2 387 216 042 0.024 0.004 0.009 0.02 0.043 0.00

Habituation 30 min

32N2 RH40%

!

Cooling 30 min

27N2 RH98%over

+

Dew 5 min

32N2 RH98%over

!

Dry 85 min

32N2 RH40%

v

Appearance observation with

a microscope

2-2
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mm/h

mm/h
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Number of corrosion cycles

2-8 — —

34

1



500 —wiax
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EPMA v e Hfi -

— v pHfi~ 4 2-10 - A SMA —

- | Cu— % t 44 Fcp-1-— - L cu% o= %4
FCD-1 — Cu | sMA<s <= ™ sSMd FCD-2~ | Cu-— | t 4 o
™
SEM @) Cu
100em
—_—
100em
—J
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XPS

FCD-1< FCD-2 — — XPSea .+ i & 2-11~ A FCD-1-—
z | Cu(metal)- A{HD - % 4V FCD-2 —
£ | Cur A HD | td o™
2-12~ EPMA~ = -V ~ %1 { FCD-1— Cu - LA

FCD-1 — - | Cu-— % - t 4] % — FCD-1# | Cu
— | td o™ — Y |- -] CuYommo i ==

< o= “vs A

(a)

Corrosion origin of FCD-1

Corrosion origin of FCD-2

Foundation of FCD-1

(b) % 10*
Cu2p
247
Foundation of FCD-1
~ ¥
8 W
: 2.2 Cumetal : 932.7 ev
- 1
‘» Cu-O | Corrosion origin
S i 1933.6eVi/ of FCD-1
= 20 i
c 1 1
- 11 —
K
181 Corrosion origin of FCD-2
938 936 934 932 930 928
Binding energy (eV)

2-11 FCD-1< FCD-2 — — XPS ®d < J i

(a) (b)XPS @A « J i
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1) - %

- - A 25 pp.679-
683 2017.
2) = | v
— < 43 1 pp.26-32 1994.
3) — 1 44
A cr 90 0 wm) — < wmo fi < 83
7 pp.448-453 1997
4) — t 3 =9 Ne 35
7 pp783-789 1996
5) - -
< 53 1 pp13-19 2004

6) M.Yamashita, H.Miyuki, Y.Matsuda, H.Nagano, T.Misawa The long term
growth of the protective rust layer formed on weathering steel by
atmospheric corrosion during a quarter of a century, Corrosion

Science 36,pp283-299 1994

7) , — ¢ — ot @2 i ,
, 381 , pp.77-81, 2004.

8) , , £ —

— , 75 9 pp-605-611 2003
9) = - A

— , 70 7 pp-465-470, 1998.
10) , JIS G 3106 (2015).
11) , JIS G 3114 (2016).
12) ©> oD — Y |V —

( ) 46 10 pp.580-591 1973.
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3.1 | 8 k-
AL < o= A -|| < o= < o= £
E I VAR - %1 - 4 - A
<4 - — - %1 < — AL
=V
3.2
3.2.1
- | o h V' i S RO ' wml % A
(FCD 147>=67>6 mm) < == JIS G 3106 SM490A(SM 150>=<70><6
mm) < JIS G 3114 SMA490AW(SMA 150706 mm)& ™y 5 v
| — AL A 2h V' ) FCD-Ferrite <
RO ' wm! FCD-Perlite — L . -1 0 %
| - 0 FCD - — I Y,
L—2 N h V' wmi | Yo |k 1.5 £ 7100 - 7100
7 - oV RO mml | Yok 1.5 #z 9000 -
= 9000 # 1.5 - —33 %[ - L ™=
-V | = M=E 2 < ey — L 341
r 4 3-2- A
0 % S Lo oso=my
% — 4 z — — - L o= 7
AL s <V
3-1 —
mass
C Si Mn P S Cu Cr Mg Ni
2016 FCD 368 187 040 0022 0001 034 002 0039 000
2017 FCD 375 199 040 0024 0009 035 002 0047 0.00
SMA ! 0.08 024 104 0009 0.003 030 052 0.17
sM 2 016 033 143 0.025 0.006

1 JIS G 3114 SMA490AW
2 JIS G 3106 SM490A
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3-2 — $

em
Rz Ra
59.5 15.4
27.3 6.8
- ) 27.3 6.8
3.2.2
- - %1 - 0 | < FNed % / — -~
d $N(_)-|| (50,)— L s ™ 3 g0, = ™M=
| - %1 — | . ~ Ned 40 50 <
={=< =0 1710 e=2%4 D/ - + - | to0o0f=m™
i< 14
-2t | Yol 2.5 knm Yo |k
5.3km - - — % Ne «' fiR® Lat.33<35"N
Long. 130=12"E «" fiR e
— 4% = -V 0% —
| 2016 < 2017 -2 %Ned /4 d—v @« fi-
o4 * 2016 | 221 4w o = —q &£ - == — <«
e o kv edfia v 2017 ol fi D« fi ar= <f ©
— <t odpA==yv @ fi ~ oV —v @« fi = — L 3.1~
A
B 2017 — Yo |F —v @« fi - -
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|9

4

tilhs i A e, o
| | - 1 |
| | | I
l . Y Y r | —
N
()]
SEE SEE
(2T (RTEM
S |5
ro )27 188
A-NIRE o =
HilEEE A #
s
70 50 75 | |
>« >
65
1™ i
3-1 —v @« fi - 4D 0 AW o o b i
- 7(K) RHC ) P(nm) % |-
'"em® 3 2 D y(mdd) — L 3.3~ A
4k 3-2~ A | 1 2 %4 4
Vv
3-3 - ¢ D 2
T(°C) RH (%) w (mg/dmz?/day) P (mm)
17.1 78 0.28 1756.5
17.8 69 0.52 1683.1
23.7 75 0.29 2380.3
23.2 79 0.78 2418.9
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3.3.2 $

- %1 t dyean (MM) < t (year) < — 4L
3-7 3-11~ A — | diean— t~ A z No| 5
Vv 3-11 <V Orean = an t* — as b% |-
N R - 2 - Rl ™ L
0.9 < o2o0f =™
 — -= ™M= 4 z — —
' 4L - 1o - beooa -
] % - Ned — FCD-Ferrite | 77% FCD-Perlite | 72%
% — FCD | 61%% Nef 3 V - A -
| % - Neq — FCD-Ferrite | 93% FCD-Perlite |
86% 2 — FCD | 73%# Ne — b— | -5 = o
[ =% - %1 - - 4t -
- % - %™ < — P — _
~=™M= 1 2 < .= 4 % ez ™y 7V —r k=
% | ;™
* — % | - 2
- | % — < — # Ned 4 —

— | - == 60%< - 10 S —
75%% Ned J - %1 < A A — —
b— | =| < o= - 10 £ — <
- EFNf 9 e * - b -
o= o™ sof=m - - ads s =

whd - M- A -1 - ' -
% %oof=™|% 1dr-~=™M=]|v @cfia= - ml o= ™
% Ne| e R | b v @« fi - | «r o &
o= ™o ™My L - <t 0 | F4 L odA™ <%
- t % - %o o[ = ™]< 44 2 -
4L - — % 90 =% - bk
— a | - — saf=™| 14-=m=L
<  e= -4 A ™Mqr 0 ¥ - -V I < % oz ™ <
R
< # - - 4 Nef — - %=
— | d < o= - 9 - -
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% e=™| L s %[ ¢ d - Y ™ % 4
i hi
a b R
FCD 0.018 0.434 0.964
FCD-F 0.021 0.452 0.977
FCD-P 0.019 0.487 0.984
SMA 0.018 0.628 0.991
SM 0.023 0.565 0.991
3-7 t dpean (MM) < t (year) < —
i hi
a b R
FCD 0.037 0.221 0.945
SM 0.049 0.390 0.945
SMA 0.040 0.404 0.981
3-8 v dpean (MM) < t (year) < —
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i hi
a b R
FCD 0.045 1.000 0.961
SM 0.039 1.000 0.917
SMA 0.037 1.000 0.961
3 - 9 i dmean (m m) S
i hi
a b R
FCD 0.079 1.000 0.984
SM 0.087 1.000 0.993
SMA 0.057 1.000 0.957
3_10 1 d/ﬂean (mm) S

52

i hi
a b R
FCD 0.043|  1.000 0.995
SM 0.041]  1.000 0.987
SMA 0.038/  1.000 0.991
t (year) < —
i hi
a b R
FCD 0.058/  1.000 0.988
SM 0.081  1.000 0.996
SMA 0.052|  1.000 0.986
t (year) < —



3-11

3-4

0.4

dpean=a’ t° FCD
g o)
& 03 K. U. 45°
© —6— Momochi 45° ad
%_ — A - Momochi 0° /é&\/
2 02 ©UR.45° /// o~
2 —o— Kyoda 45° T g
% —A—Kyoda0°/@/’ ////
(&)
% 0.1 4 // j z7
= o 7 N
Ve
/5
0 ‘ ‘ ‘ ‘
0 1 2 3 4
Exposed period, t / year
t dpean (MM) < t (year) < —
T - — a,b <
-9 a b R
ZA7N 0.018 0.434 0.964
y 45" 1 0.023 0.565 0.991
T 0.018 0.628 0.991
ZA7N 0.045 1.000 0.961
45 1 0.039 1.000 0.917
T 0.037 1.000 0.961
ZA7A 0.043 1.000 0.995
0" 1 0.041 1.000 0.987
T 7 0.038 1.000 0.991
ZA7A 0.037 0.221 0.945
45 1 0.049 0.390 0.945
T 1 0.040 0.404 0.981
ZA7N 0.079 1.000 0.984
A 45 1 0.087 1.000 0.993
[ 0.057 1.000 0.957
ZA71 0.058 1.000 0.988
A o 1 0.081 1.000 0.996
[ 0.052 1.000 0.986
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Maximum corrosion depth, d.., / mm

Maximum corrosion depth, d,,,,, / mm

0.25

o
N

0.15

©
[

0.05

3-12

0.25

o
[N

o
-
(6)]

o
-

o
o
ol

3-13

dmaxza) dmean
a : Coefficient
SMA 2
/U a R
o
Y FCD 4.641 0.879
FCD FCD-F 3.488 0.088
FCD-Ferrite FCD-P 3.463 0.973
_ SMA 4.524 0.955
FCD-Perlite OECD SM 3.653 0.961
o FCD_Ferrite
e FCD_Perlite
OSMA
ASM
0.05 0.1 0.15
Mean corrosion depth, d ..,/ mm
i dma)( (mm)S i d/nean (mm)_
dmax:a) dmean 450
a : Coefficient U
O
' a R
FCD 2.593 0.837
SM 1.980 0.755
SMA 2.555 0.699
OFCD
ASM
OSMA
0.05 0.1 0.15
Mean corrosion depth, d.,, / mm
i d/]]a)( (mm)S 1 dmean (mm)_
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Maximum corrosion depth, d,, / mm

Maximum corrosion depth, d,, / mm

0.75
dmax:a’ dmean 45
a : Coefficient
O
g
0.5 -
0.25 A
OFCD
A SM
OSMA
0 T T
0 0.15 0.3 0.45
Mean corrosion depth, d .., / mm
3_14 1 dmax (mm)S
0.75
dmax:a) dmean 45
a : Coefficient
A
0.5 - 00
0.25 A
OFCD
A SM
OSMA
0 T T
0 0.15 0.3 0.45

3-15

Mean corrosion depth, d ..,/ MM

¢ dpax (MM)<

0.75
dmax:a’ dmean 0
£ a: Coefficient
£
= 05 - FCD
g
©
s SMA
8
3 0.25 -
é OFCD
= ASM
= OSMA
0 T T
0 0.15 0.3 0.45
Mean corrosion depth, d ., / mm
! d/ﬂean (mm)_
0.75
dmax:a’ dmean O
E a: Coefficient
3
£
©
= 0.5 -
g
©
c
2
S
3 0.25
§ OFCD
5 ASM
= OSMA
O T T
0 0.15 0.3 0.45
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Mean corrosion depth, d, ., / mm

d/ﬂean (mm)_



0.75

E dmax:a) dmean FCD
= a : Coefficient o 4
= _
g A
= 05 o ’ .
s FCD 1.969 | 0.846
7] SM 1814 | 0.801
S SMA 2479 | 0812
‘B
o
8 0.25 |
S OFCD
>
£ ASM
s
S OSMA
0 T T
0 0.15 0.3 0.45
Mean corrosion depth, d .., / mm
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