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An Experimental Study of Corrosion Characteristics
of Steel Bar for Concrete Reinforcement

Yoichi TSUKINAGA

Abstract

To see how the corrosion characteristics of reinforcing bar depend on its type and particular
environment where it is placed, plastically strained reinforcing bar and scale coated reinforcing
bar were exposed outdoor to atmosphere at five points in Hachinoe for a corrosion test and
further the same materials were sprayed salt water, artificial sea water for an accelerated
corrosion test. The following conclusions were drawn :

(1) In the atmospheric exposure test in Hachinoe, the seaside area was found to have the
most corrosive atmosphere, which was followed by the industrial area where the corrosion
proceeded about 65% as fast as in the seaside area. The suburb, commercial and residential
areas did not differ substantially, presenting the least corrosive atmosphere with the percentage
corrosion rates of 31 to 38%.

(2) Climatic condition and air pollutant that were found to mainly affect the corrosion rates
were temperature and chlorides. Environmental factors were found that the corrosion rates can
be expressed by multiple regression equation of corrosion rates.

(3) The accelerated corrosion test in artificial sea water gave similar results to the
atmospheric corrosion test in the seaside area.

(4) In our tests, plastically strained reinforcing bar differed practically nothing in the
corrosion rates from the unstrained control.

(5) The scale coated reinforcing bar presented rather slow corrosion rates. The percent-
age uncorroded rates of scale coated reinforcing bar was estimated to about 80% in the inland
area, about 35% in the seaside area and about 55% in the industrial area even five months after

the start of exposure to atmosphere.
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58- 9 | 10.00 18.8 83 WSW | 180.5 | 396.8 | 178.2 | 0.40 | 0.017 | 7.02 | 1,686 805

10 2.30 | 11.1 73 WSW| 40.5| 361.0 | 207.4 | 0.48 | 0.017 | 2.63 317 164

11 0.60 5.8 81 WSW| 33.0 | 241.5 | 164.8 | 0.40 | 0.016 | 2.70 172 135

12 0.20 0.4 80 WSW| 50.0 | 207.8 | 162.6 | 0.41 | 0.019 | 3.53 380 45
591 0.20 | —2.7 76 WSW| 32.0| 254.6 | 180.4 | 0.30 | 0.019 | 2.17 276 210
2 2.20 | —3.5 79 52.5 | 282.6 | 158.4 | 0.52 | 0.014 | 2.10 265 398
3 2.20 | —0.6 74 WSW| 30.5| 436.7 | 214.8 | 0.39 | 0.017 | 5.92 352 502
4 1.50 4.1 82 WSW| 142.0 | 496.3 | 218.8 | 0.32 | 0.021 | 8.98 622 | 1,151
5 1.50 9.3 86 NE 60.5 | 534.2 | 184.0 [ 0.23 | 0.020 | 6.29 155 720
6 2.63 | 17.1 80 NE 71.5 | 549.3 | 196.7 | 0.23 | 0.016 | 5.22 84 386
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8 2.63 | 23.9 79 WSW| 43.0| 598.6 | 273.9 | 0.25 | 0.015 | 7.19 456 522
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" & &| 1.000
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BETIRCA | 0.396| 0.498| 0.458|—0.515|—0.216| 0.625| 0.776| 0.574|—0.523| 0.358| 1.000
mFEAA4> | 0.856| 0.230| 0.114| 0.116| 0.407| 0.646|—0.020| 0.037| 0.247| 0.038| 0.406| 1.000
Mg A+ | 0.422| 0.324| 0.553|—0.490|—0.244| 0.764| 0.659| 0.311[—0.400{ 0.383| 0.865| 0.392| 1.000
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58- 9 5.10 18.3 80 3.1 ESE | 180.5| 396.8 | 178.2 | 0.03 | 0.004 | 2.71 1,036 30
10 2.70 12.6 67 3.6 w 40.5 | 361.0 | 207.4 | 0.04 0.005 | 2.09 188 23

11 0.10 6.0 77 3.5 SW 33.0| 241.5 | 164.8 | 0.06 0.007 1.78 106 63

12 0.15 0.1 73 4.1 w 50.0 | 207.8 | 162.6 | 0.09 | 0.008 | 3.23 306 104
59-1 0.15 —-3.0 72 4.1 w 32.0 | 254.6 | 180.4 | 0.08 0.006 | 1.80 201 176
2 1.50 —-3.8 75 4.0 | WNW 52.5 | 282.6 | 158.4 | 0.11 0.007 1.98 134 351

3 1.50 —-0.9 71 4.2 w 30.5 | 436.7 | 214.8 | 0.06 0.006 | 4.39 294 307

4 1.90 5.3 76 3.6 w 142.0 | 496.3 | 218.8 | 0.07 0.008 | 6.26 369 599

5 1.90 10.1 83 3.2 E 60.5 | 534.2 | 184.0 | 0.05 0.008 | 2.80 63 127

6 2.93 17.8 79 2.6 ESE 71.5 | 549.3 | 196.7 | 0.10 0.009 | 2.63 40 224

7 2.93 21.6 84 2.3 ESE | 140.0 | 519.9 | 184.8 | 0.10 0.009 1.79 62 288

8 2.93 23.7 76 2.7 E 43.0 | 598.6 | 273.9 | 0.04 0.006 | 3.17 396 42

YEElE, BEMSETRT (K-2 B8)

#13 WBIIBUC 51T 5B R & & MG S B RREE M o) E AR R 1%
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Wi | i | s | E | R | k| B | | e | g deia | A e | 4t

B & mt| 1.000
A g | 0.763| 1.000
i | 0.371| 0.511| 1.000
&, % | —0.645(—0.933|—0.714| 1.000
8 4] | —0.630| —0.847|—0.773| 0.878| 1.000
M & %t | 0.681| 0.452| 0.569|—0.466|—0.377| 1.000
g 4t | 0.613| 0.712| 0.487(—0.729|—0.716| 0.330| 1.000
AEEEH | 0.334]| 0.479|—0.153|—0.320|—0.290|—0.056| 0.695| 1.000
WL | —0.386|—0.339| 0.137| 0.054| 0.257|-—0.071|—0.199|—0.451| 1.000
—RerE£ [ —0.302| 0.020| 0.481|—0.306|—0.155| 0.023| 0.249|—0.174| 0.714| 1.000
BTFICA | 0.035|—0.134|—0.113| 0.197| 0.189| 0.263| 0.336| 0.449|—0.157| 0.104| 1.000
fegi 4> | 0.563| 0.203| 0.002| 0.020|—0.141] 0.571|—0.014| 0.132|—0.563|—0.678| 0.263| 1.000
i+ | —0.136/—0.337| 0.080| 0.153| 0.345| 0.286| 0.193| 0.029| 0.513| 0.472| 0.626]|—0.201 1.000
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58+ 9 4.00 18.7 80 2.4 E 180.5 | 396.8 | 178.2 | 0.08 | 0.010 6.77 | 1,697 791
10 2.00 11.0 67 3.1 |WSW| 40.5| 361.0 | 207.4 | 0.07 0.009 2.97 210 166

11 0.20 5.8 77 26 |WSW 33.0 | 241.5 | 164.8 | 0.09 0.014 3.18 338 434
12 0.30 0.1 73 3.3 | WSW| 50.0| 207.8 | 162.6 | 0,11 0.014 5.22 299 98
59- 1 0.30 —-2.9 72 3.4 |WSW| 32.0| 254.6 | 180.4 | 0.13 | 0.012 3.28 264 265
2 1.85 —-3.6 75 3.3 | WSW| 52.5| 282.6 | 158.4 | 0.15 | 0.010 3.21 161 366

3 1.85 —0.6 71 3.2 |WSW 30.5 | 436.7 | 214.8 | 0.15 0.011 6.75 341 410

4 1.60 4.6 76 2.5 |WSW| 142.0 | 496.3 | 218.8 | 0.26 | 0.015 | 12.86 612 1 1,952

5 1.60 10.3 83 2.3 NE 60.5 | 534.2 | 184.0 | 0.15 0.015 8.22 367 | 1,188

6 3.77 18.0 79 2.2 NE 71.5 | 549.3 | 196.7 | 0.16 | 0.014 9.93 561 | 1,447

7 3.77 21.7 84 1.9 NE 140.0 | 519.9 | 184.8 | 0.19 0.014 | 10.21 900 | 1,880

8 3.77 24.0 76 2.3 |WSW | 43.0| 598.6 | 273.9 | 0.09 | 0.009 | 12.91 | 1,327 | 2,310

FEER, WEMSZTT (K2 BR)

F15 BEMBBIC BT 2HAE AT I L REEFM AR O BEHEMGR

B B|& R _ZEMU|E T|E k|6 B
B OB B | B OE | LA | A F | 44>

MRR | X BR|E R &R M| BkE| R

W & & | 1.000
Ed i | 0.836] 1.000
i | 0.454| 0.540| 1.000
B i# | —0.679| —0.854| —0.822| 1.000
B rﬁ]|—0.591 —0.607| —0.813| 0.734| 1.000
fE 7k & | 0.549| 0.455| 0.569|—0.569|—0.517| 1.000
B & | 0.743| 0.718 0.487|—0.763|—0.537| 0.330 1.000
HEE MM | 0.441| 0.471|—0.153|—0.290| 0.168|—0.056| 0.695 1.000
HiEE 4 | 0.027|—0.146 0.321|—0.249(—0.177| 0.371| 0.367| 0.045 1.000
ZRMt®E3% | —0.309| —0.100{ 0.507|—0.338| —0.373| 0.175| 0.067|—0.347| 0.601| 1.000
FEFSLA | 0.592f 0.606 0.492| —0.721|—0.350| 0.459| 0.865| 0.672] 0.537| 0.257| 1.000
EFEAA | 0.748| 0.753| 0.466|—0.612| —0.370| 0.675| 0.482| 0.394|—0.152|—0.266| 0.547| 1.000
Wl (#4> | 0.633| 0.699| 0.586|—0.816|—0.389| 0.449| 0.863| 0.638| 0.478| 0.206| 0.944| 0.566| 1.000

16 EEHBBICHEITIMEAR NG SELREERNE

mak|w m|m x| A #| R m|mkE|eae |8 B K| CBGI R TR % %R

®op BOLA| A A [ 44>

# 8 | (TE)| cor | @) | e |5 (M) s () ooy | (& o) | (155) | (i
6 m/s) |(16%fL) | (mm) m (h) |\100cm®/ | (ppm) | \km km km
R "l or *| W orf *[or *| W?* W* W= or *| of | of *| or "| or "

58- 9 3.40 18.3 80 3.1 ESE | 180.5 | 396.8 | 178.2 | 0.03 0.004 | 2.71 1,036 30
10 3.50 12.6 67 3.6 w 40.5 | 361.0 | 207.4 | 0.04 0.005 | 2.09 188 23

11 0.20 6.0 77 3.5 SW 33.0 | 241.5 | 164.8 | 0.06 0.007 1.78 106 63

12 0.05 0.1 73 4.1 w 50.0 | 207.8 | 162.6 | 0.09 | 0.008 | 3.23 306 104
59 1 0.05 —-3.0 72 4.1 w 32.0 | 254.6 | 180.4 | 0.08 0.006 | 1.80 201 176
2 1.35 —-3.8 75 4.0 | WNW 52.5 | 282.6 | 158.4 | 0.11 0.007 | 1.98 134 351

3 1.35 —0.9 71 4.2 w 30.5 | 436.7 | 214.8 | 0.06 | 0.006 | 4.39 294 307

4 1.20 5.3 76 3.6 w 142.0 | 496.3 | 218.8 | 0.07 0.008 | 6.26 369 599

B 1.20 10.1 83 3.2 E 60.5 | 534.2 | 184.0 | 0.05 0.008 | 2.80 63 127

6 3.13 17.8 79 2.6 ESE 71.5 | 549.3 | 196.7 | 0.10 0.009 | 2.63 40 224

7 3.13 21.6 84 2.3 ESE | 140.0 | 519.9 | 184.8 | 0.10 | 0.009 | 1.79 62 288

8 3.13 23.7 76 2.7 E 43.0 | 598.6 | 273.9 | 0.04 | 0.006 | 3.17 396 42

YR, RMERELZTY (K-2 2H8)
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Bap= vy - AEBORAIET A ERIRE (B0

217 (R 5 2 AR & HIE S 4 2 s B R o BAHM MG
I i i , u e | B OB o®|CEMULE OT|E R|K =
MR |4 BB R R R P EKE| BHE | n wl | E % ok 1o | 442
AR & 1.000
5 =l 0.827| 1.000
bl |4 0.199| 0.511| 1.000
B | —0.708|—0.933| —0.714| 1.000
& M |—0.569|—0.847|—0.773| 0.878]| 1.000
[ & & 0.433| 0.452| 0.569|—0.466(—0.377| 1.000
B & 0.633| 0.712| 0.487|—0.729|—0.716| 0.330| 1.000
B B B 0.452| 0.479|—0.153|—0.320|—0.290| —0.056| 0.695| 1.000
WEE b | —0.281|—0.339| 0.137| 0.054| 0.257|—0.071|—0.199 —0.451| 1.000
—E{ba%|—0.210| 0.020| 0.481|—0.306|—0.155| 0.023| 0.249|—0.174 0.714| 1.000
BEFipalA | —0.113|—0.134|—0.113| 0.197| 0.189| 0.263 0.336| 0.449|—0.157| 0.104]| 1.000
mFEAA 0.271| 0.203| 0.002| 0.020|-0.141| 0.571|—0.014| 0.132|—0.563|—0.678| 0.263 1.000
FREsA A |—0.201|—0.337| 0.080| 0.153| 0.345| 0.286| 0.193 0.029] 0.513] 0.472| 0.626|-—0.201| 1.000
y: n 7 Bkt 5EAaE[mg/cm?] LA ADL B —FT 5400, THEHSICE
x . AFESRIE [C] Wi —15%, PEEEHIRIC B \TIE+27% O
%21 BFERE [%] BETHIEL, $RODERKE,
xs: BEIEKE [mm] i n
xi: BRIGEEE (A & [meg/day/100 cm’] 33 KTRWHARBERROMME
xs: BB LEREE [ppm] H-2 (R RR BT AREERELL
xe: ARIETIEV-UAE [t/km?] %, E-19 I (BERBATEKEAXKEERR
xr: ARMER A 4 & [ke/km?] s (ERID ORERO LY,
xe: AREBREEA + v & [kg/km?] RERBRATEKCLAERE, TALL11

aBI b ~b 1TFE-18DEERD,
raRosERX L VB LAELEAED

E#ER-7T~K-1112r~T,. BAEEAFECK
+ 5 EIRRDFERIT, &I 0.919~0.996 %
A, BAEEREAMECNT 5ERER, BE
i, BRI, REA R DS, SERIED 8%

BieindTiT - -iBEHIB O BEBERBRERIGE
L, F-19 RT3 cissiiEko R BRHE
OTE 1/5 OfiEOEIEMT 5, HErBA
TH#KIC X B RERR L, BEHROFTFCE
FARAEEYHETALDOEDRFETHS
Wz B,

#18 EDRAFRENE

# oH | BREEE | TEHRK | Mt | BERE® | EFEBE
a 40.256 8.582 —22.579 —5.455 —12.829
b —0.074 0.071 0.074 0.179 0.120
bz —0.378 —0.029 0.512 0.118 0.357
bz 0.073 0.008 0.057 —0.008 0.049
b4 38.878 —1.941 150.291 26.621 173.021
bs —1334.31 —317.97 —4990.61 —463.41 —4348.92
bs —0.151 —-0.353 4.385 0.200 3.792
b7 0.004 0.004 —0.021 0.001 —0.020
bs —0.015 0.002 —0.028 —0.002 —0.024
HERE RS 0.981 0.959 “0.985 0.988 0.990
# 5 F 0.963 0.919 0.971 0.996 0.980
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ANFIERFRE H5%

,.P
40 2P H0.05
—o— £ fl & /’
- [ B 7
» H0.04
30
& Z z
Eo 72 40.03 E
~ a0k “a" ol
; 0.02
& L
®
10
~0.0L
0 1 1 L ¥ 0
3080 90 18020 20 360
. iﬁ!&lﬁ!ﬂ! (dayl L
SToiTiE T F 3 4 5 6 7§ 9
‘B3 ‘B4
RAEReF (month)
K-7 mEMRCRGEBAEERE - RIFE
401 Jo.0s
—o— % Wl 18
- @R E
H0.04
—_ 30‘-
E .
2 A g
< H0.03
E ’I’ E
- 20t /1 iz}
‘.ﬂ w
& aT 40.02
=" ™
i o=
10} .=
4 40.01
0358080 150 Z70 360 0

Kﬂﬁlﬁ'ﬂ (day]

9101112123455?.3;9
‘"3 ‘84
REEs% (month)
K-8 THRHIBICKTHRAEEERDE L DIRE

34 BHUTHERY SEE & RETHH
DERER

F-20~F-2 CEHOTREETLIHHO
BEEXEXTT,
BERECL - CHBHOTAEETHHH
DI ECFHCHARFREEROER 2T TH
EbHH0, BEELLTHEETHY, BT
BHOT 2B CEHFOBRRENSE EE
bHoT, ARROER»LREBREOTZOR
BIZLIZBEBEOREIFZED bt bz

40 -0.05
E @l |
[ER
=0.04
~ 30r
E P,
E, 3 “0.035
s 201 7 7 ]
« & H0.02 %
1= # W
10k >
== Jo.o1
0358030 150 210 200 %o 0
L 1 1 1 il ﬂIklmﬂﬂ {dayj L 1
§I0Tz T 2 3 45 67 5%
83 84
e (month)

X-9 RAHBICE T LREREAE L BIRE

40+ Jo.0s

& (mg/cm?)

#

50 270
mmun (da) Y

i i i L

1011121423456?89

HAEREEN (month)
X-10 FERHIBCHTZERERE - ORE

Sor

B
R-2D3~FR-BIERMGHOERHES
NI

ERFHERIL, BRIVZE L ciEEtsy
ALTVDLHEIR BT ERV-CREES
rRETRRIZ 0% oFEXRL, BER
BB L WA TN 35%, TEHIRTH
5% AL T, EEREALTHERZH D,
DEXb, BRABERSE EE Bk
WTHEEES y AETREDCE vz
%,
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BBy - AEAORRERCET 2 ERRE (50

B i K
40 J0.05 —o— EEUTAE L
—o— % ‘ﬁ-'i 18 GO O O T AR HU10% '
R ———0—-— BHUTAE RUF20% 7 o |
<40.04 ATk /',"
W - —o— BRUTAE L7
t . ;;E\ cm—O--- SRV T A 0.06
= —-O-= B
~— g er
w 20r = EI.H: | 7 '_/’D ~0.04
& 40.02°% “ 4 o
e = 20+ )
10+ =3 S el
0.01 _&/'/ it
0 . -0 0 L v = =0
150 210 270 10 20 30
I O TR T mnﬂ”!m] I(daly} L 1 HERWIM (day)
911112 1 2 3 4 56 7 8 9 o
83 H-12 {RERBICRIIEREERE (ERD

FEEs (month)
R-11 EE#EBcR32RAEEERE & LIFE

=19 RERBRATLEK L XAERZEREERR (FR1) OBEEDOLE

& & (mm)

2

REXBALEK KARE AP I
sgny | ZELT S | BEOTS | o o g 5 | gy | ZELT S | BEUTS | g g gy 5
(day) | (mg/cmz) | (mg/cm?) | (mg/cm?) | (day) | (mg/cm?) | (mg/cm?) | (mg/cm?)
10 14.8 16.6 10.4 50 18.7 17.8 6.5
20 22.6 25.8 19.2 100 25.5 26.0 14.2
30 29.1 33.3 23.5 150 29.1 30.5 20.4
£20 BHUOTAEOHENEEMKAME (E8HI1)
& 7 AN L # XK
o 10 % B o 20 %
AR HkAxE ok E
oK FE AR MK E
(day ) | (mg/cm?) (%) (mg/cm?) (%) (mg/cm?) (%)
1 0 0 0.1 3.1 0.0 0.0
2 0.4 7.5 0.7 13.2 —-0.2 —-2.6
3 —-0.3 —4.2 0.4 5.6 1.1 13.4
4 = — — — 1.1 9.9
5 1.4 11.4 1.0 8.1 0.4 2.9
6 — — — — 1.8 12.7
10 —-2.5 -9.0 2.1 7.5 1.8 12.2
20 -3.7 -7.5 —4.7 —-9.5 3.2 14.2
30 —-6.3 —10.0 —-0.4 —-0.6 4.2 14.4
CEHDFREOBREEAE (%) »BEAXEHORENHEE (%) T:B#oTiagoRaeR (mg/cm?)
:IA_,.N % 100 . N—M % 100 N: B2 EORAR (mg/cm?)
N N M: B xgfoRai (mg/cm?)
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AFIEXFRE $5%5

%21 BHEUTABEOHBOREEMAME(ERI)

4. F & ®
- A == R =) oA
7 e — 5 | maw  EHOTREHET B8R L CRENSEIC
(day) | (mg/cm?) (%) (mg/cm?) (%) o, APHRAS BRI ASEERR
10 -0.2 -6.2 -0.1 8.3 WOUHEAR I UATEHEKIC L 5 EA(TERE
20 03 4.1 00 0.0 %fﬁ’)f:o %@%%, l}L—F@fﬂE%@fco
D I T | T o ArmespaRssoBsRER, B
wl o2 > > Lo BHEARLE, BEMEICH LT IR
120 0.6 2.2 0.1 1.1 (X9 65%, bobdhisk, PRZEMN, ERHIRIIK
150 1.4 4.8 -0.1 —1.1 E%<, 31~-38% 0EEEXRY R,
2 BAEEEI BEOHE2 T~ TEBEESR
13, EEMER X OCTEMBIC R CIRIER A
d v, REHHIR, MEHR, FEHRICRGT
RNRBTH-Tc. REERNOREEYEHT
#=22 MU TAENHEHOB AR KME(ERI)
= OB RO | T % M oH | S S o M| W OE OB OR | & B W
iR | meche | mgoms | mikis | mgok | oo | s | mociE | ks | mokfE | sk
(day) | (mg/em?)| (%) | (mg/cm?) (%) |(mg/cm?)| (%) |(mg/em?)| (%) |(me/cm?)| (%)
10 0.5 9.6 2.1 52.5 0.3 21.4 0.8 61.5 | —0.2 | —14.3
20 1.4 10.8 | —1.2 | —13.6 0.0 0.0 0.0 0.0 0.0 0.0
30 2.6 17.0 0.0 0.0 | —0.1 | — 2.0 0.2 5.0 0.1 2.9
40 1.2 6.3 0.1 0.9 —0.1 | — 1.9 0.8 17.8 | —0.1 | - 2.1
50 0.2 1.0 0.2 1.7 | —0.2 | — 3.1 0.4 6.9 0.3 6.0
60 | —0.7 | — 3.4 0.5 4.1 | -0.8 | —10.3 0.2 33| —0.6 | — 8.7
9 | —0.5 | — 2.3 0.0 0.0 | —0.7 | — 8.9 0.2 3.2 | —0.6 | — 85
150 0.7 3.2 0.0 0.0 —0.1 | — 1.2 0.6 8.8 | —0.5 | — 6.9
210 | -1.1 | — 4.1 0.6 34| —-04 | — 36| —0.4 | —38| —0.5 | —5.1
270 | —1.0 | — 3.2 1.7 82| -1.3 | -87| —0.2 | —15| —0.9 | —7.3
360 | —4.5 | —11.3 1.9 6.6 | —0.9 | — 3.8 0.0 0.0 2.4 11.1

#23 BRMSKGHBEHEE (ERI)

AT % K
HEREAM
B 5 =& B % =
(day) (mg/cm?) (%)
1 2.8 70.0
2 5.3 68.8
3 6.0 73.2
4 5.0 45.0
5 5.9 43.4
6 5.3 37.3
10 4.4 29.7
20 3.4 15.0
30 5.6 19.2

R4 BEMSKBHEEHHE (ERI)

R W B A H O
e ST

B ¢ B | BhseEE | B 85 B | BisEE

(day) | (mg/cm?) | (%) | (mg/cm?) | (%)
10 2.9 90.6 1.0 83.3
20 5.9 80.8 1.9 65.5
30 9.5 77.9 4.0 88.9
60 13.6 61.8 5.4 79.4
90 11.8 48.4 7.9 92.9
120 9.8 35.4 7.5 85.2
150 8.7 29.9 7.7 81.9
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#RF= v 2 U — + BE#fOR AR 2 KRR (A0

#25 BEHEHOZEBFHE(ERT)

o i . 4 I % i & I S '] wmO¥E o o F B o
%ﬁ Rhsesa | Bisame | BhsnE | BhtEE | BB | MG | BSEE | BiEEE | MR | BEE
(day) | (mg/em?)| (%) |(mg/cm?)| (%) |(mg/em®)| (%) |(mg/cm?)| (%) |(mg/em®)] (%)
10 2.3 44.2 1.8 45.0 0.5 35.7 0.2 15.4 0.8 57.1
20 7.4 56.9 5.4 61.4 2.5 59.5 2.0 62.5 1.2 46.2
30 8.2 53.6 4.7 47.0 2.9 56.9 2.7 67.5 1.1 32.4
40 11.0 57.3 4.3 39.8 4.4 81.5 3.4 75.6 3.1 66.0
50 12.9 65.2 6.0 50.8 5.2 80.0 4.9 84.5 3.2 64.0
60 11.1 53.4 6.2 50.4 6.2 79.5 5.2 86.7 5.3 76.8
90 7.7 35.6 7.4 57.4 6.8 86.1 5.1 82.3 5.8 81.7
150 8.0 36.4 7.5 56.4 6.7 81.7 6.0 88.2 5.7 79.2
210 4.1 15.4 6.5 36.7 6.5 58.0 5.3 50.5 5.2 52.5
270 3.2 10.3 5.1 24.6 7.7 51.3 6.0 43.8 7.2 58.5
360 7.3 18.3 6.5 22.7 15.5 65.1 14.1 56.4 13.3 61.3

Bl dOEORERE KD, TOKEER, OFEE

LERIEE, R, SRR, i
FUTIEE8% MRz A D B —FKL, THH
Bz BTk —15%, mEMR TV T
+27% OEHETHIET 2,

3) ALK ARERBROBRIL, B
Hikic BT A EBRBOKR LAEUL, BIERX
BEORREAYHEETHIEDRAEL 2 5,

(@) BROTHROEFEBCIZREREDNDE
i}, KHABIZX HAEE, D bhIsy,

(5) BEMAEHOBEREX, BRERS 7 A
¥ CRAETICE W TEWEL L, BEEHE
R1F 0% T EEMISICKTH5 7 A%
TORFEHFEER M 35%, THEHBIC LTI
#955% &R,

| 23

EBREDORBECEKRELDZHBNE W
APTHRA, BHREFEFRTEMEREXL, £
SYEGRREH, BERKERASEOBERSEM
ERL, BIEERERLET,

BEEZOFEEEL, NEEY ZHTFEL
LEREAZE LV 2 TR - ETBRE, A
THREAESKICHL, L THEZRLET,

KO-, AFEOFEFE L L TEM

57 [, WEFI58 R, BRFI L) FEICh HE
BLcbDTHY, FREBLCHL, #HELY
FzLET

e

=

zZ X #

@ AARPBEMNGS - RAKARS—ERA
SBEEBES: BHAECKTHEARLALES
&HE (BMS2E3 A)

ANFHERT : BB 58 E AR E, FEMS FHRE
EHREAEZE v - BABEEEBFR (B
F604E 3 A)
AFHBESEER: BRS EFEAFTAEESE
Ba-%H-hE: v ) - HFESESHOLE
BRLRERBRFECETIERMARE, A v
Fe=v2zY—1+, No. 408 (1981)
SH:BBORARLEGHER, =29 -+ ¥,
Vol. 21, No. 3 (1983)

BE-Z): E5FHEIPCSTA8HORE
=v 29—+ I%, Vol 17, No.9 (1979)

EE AR JIE-RE: BkroEEXYZT
ZBRFTCOBENOSBRACHTA»FAERE,
BABREXSKLFWMERTERE (B0 55 4
Bik: BHEOTLEZETH>HHORERERAR
FIUOAKERAR, BAEEEFLFILIHHRE
HEE 435 (BRASIE)

Bk -8 #F=2vrs ) - ABMOASRER
B, BABEF LTI HBARREL, FU 5
(ABF1 59 £)

Bk -BHEOTRXETIHHS L OCBREM E#
HOBERERBUYVCCASEERR, AFAESE
Fo RS MBEEEE (BBF605)
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