P

200
Reprinted from SUMITOMO LIGHT METAL TECHNICAL REPOPTS Vol.11 No.2 April 1970

S S S

'

b

BT P B B KRB DR EHEER
REEEKBEDOMBMY E TR LITTHA F % b
FEY b O

Bl R RN R = Wi



inlnnbiaiissnainginning

s,
aff

3

R LR LR RN N ANNRS RNt es

LE A ABIZ T 5 HKBEDOR B
KHEKRBSEOMAMEEZNIEP LT84 4~
ORI FREY & PO

= B s B

Corrosion Test on Condenser Tubes by a Model Condenser
at Nyu Bay in Mihama

On the Corrosion Resistance of Some Condenser Tubes and the Effect of
Iron Ion and Solid Deposits

by Shiro Sato and Kiyoji Sagisaka

The corrosion tests on condenser tubes by a model condenser were made at Nyu from
Aug. 1965 to Oct. 1967. The model condenser composed of three tube bundles was set
along the Nyu Bay. In this model condenser the tubes of Albrac (modified aluminum
brass), special aluminum brass, 90-10 cupronickel, 70-30 cupronickel and titanium of
commercial purity were installed. The sea water with and without the addition of ferrous
sulphate passed through the tubes, in some of which the solid deposits were artificially
inserted.

As for the general corrosion resistance, the inspection of the removed tubes revealed
that the titanium tubes showed the most excellent resistance to corrosion, aluminum
brass tubes showed the fairly good corrosion resistance in comparison with 90-10 and 70-
30 cupronickel tubes and 90-10 cupronickel tubes showed the least resistance to corrosion.

It was observed that the solid deposits of both fixed and vibrating ones could cause
more or less the local corrosion on the copper alloy tubes but not on titanium tubes.
The copper alloy tubes with virgin surface were seemed more sensitive to this type of
corrosion than those with the surface covered with films.

It was made clear that the injection of ferrous sulphate was effective for aluminum
brass tubes to suppress both the general corrosion and the local attack by solid deposits.
However, for cupronickel tubes, the injection of ferrous sulphate was applicable only to
suppress the local attack by solid deposits but not to the general corrosion.

Contrary to the above bheneficial effect, it was noticed that the injection of ferrous
sulphate would produce the thick iron oxide film which was detrimental for heat transfer.
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Table 1 Typical mechanical properties of the test tubes.

Test Alloy Tensilg/itline;]gth, (\0,1260}3 si:{x:/r;rgnt-‘l;z Elon%;:tion, Hardness ‘ Grairr:ms‘ize,
’ Rockwell F Vickers
Albrac 43.2 17.7 67 79.9 92.1 0.022
SK 16 43.3 - 67 76.7 96.1 0.030
1st CNTF 1 33.9 11.2 55 68.9 77.9 0.017
CNTF 3 43.8 18.2 41 84.6 104 0.015
Ti 46.5 — 31 - i ) -
Albrac 42.1 16.1 65 75.2 83.0 0.035
SK 16 4.2 18.6 64 83.1 93.1 ‘ 0.025
2nd CNTF 1 34.6 12.0 4 70.2 74.2 0.0
CNTF 3 43.9 17.7 42  85.0 99.7 R
Ti we : - 30 — - (}g%* | -

*Welded section of titanium tubes.
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Photo.l Microstructure of the test tubes. x50
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Kansai Electric Co.
Mihama Atomic
Power Station

Sea of Jopan

Water intake

Model
Condenser

Mihama Cho
Ny Praidd,

X and Z : Sampling point of sea water

Fig. 1 Location of Model Condenser.

Tank for FeSO; + 7H,O solution
Corpressor
19,400
A set 15,600

B set
it L | !

)t rs T

i\ :
Header ) NTest tubes
! 15,000 j
fbrtrbdiitiiisy, Coast line

Water pipe Cistern Discharge
pipe

3,200 — (mm)

for measure flow

Suction point Nyu Bay

ig. 2 Schematic diagram of Model Condenser used
in this test.
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iO Removed at Oct. 17,65

(a) Aug.21,65~0ct. 17,65

‘\OI‘ Removed at Feb.1,'66

(b) Oct. 21,'65~Feb. 1,66

A set

7N .
LQ Removed al Aug. 24,66
" Removed at Dec. 12,66
Pt

(C) Feb. 3,66~ Dec. 12,66

A set

:@ Deposits inserted fubes,
st temoved ot Aug. 8,67

Remainder tubes removed at Oct. 16,'67

(d) Dec. 16,66~ Oct. 16,67

Fig. 3 Installation and removal of the test tubes

in Model Condenser.
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Table 2 Testing conditions of A, B and C set.

D g5
Fig. 3-(c) %

. Number of
Test Set Vg,i(/’gé?' Fe++ Deposit | testing
tubes
A 2 None None 16
1st B 3 None None 8or9
C 2 None None 8or 9
lppmX
A 2 X day]  Set 16 [
ond B 3 None Set 9
C 2 None Set 9
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(a) Fixed ond Vibration type deposits.

Tst: 950mm (From outlet)
20d:1,450mm (7 )
k-—3 rd: 270mm (from inlet)~~
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(b) Deposits inserted in tubes.

Fig. 4 Schematic representation of the deposits
inserted in the test tubes.
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Table 3 Running hour of Model Condenser in various

period. (hr.)
Running hour ! Stopped hour
Test | Running period |prigg | Total ‘ "Period Total
hour | hou __hour !  hour
R bl [ - | |-
N ::: Zh,lfgb' Lg% 3,578 \ 185 384
" Amg.2d, 66 4548 8,126 | 36 730
Aug 25,060 oo 2566 | 10,692 | 146 876
oo Zi‘; ?é?;g' 8. 67 5,3%6 | 16,028 305 118 |
" oee. 16, 67 1,589 17,618 64 1,245 ‘
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(a) Albrac (b) SK 16
(c) CNTF1 (d) CNTF3

Fig. 5 Eddy current traces of the tubes in A set tested from October 21, 1965 to August 24, 1966. (x14)
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Table 4 Determination of corrosion depth, quantity of scale, chemical analysis of scale and overall
heat transfer coefficient of the test tubes.

Deptr};it%f Ii?rl;lrosmn Co(yeeéililer}:fat transfer Quantity Chemical analysis of scale, wt.%
Test Setilrzsattael-Of Date of Runmngh Alloy ccl)krfrtoesxion of scale Ignit-

Tation/removal hour, hr mean max. |[test Degree of 'l cu Fe Mn Si |ion

’ kcal,/mz. drop,” % | mg/cm? loss

hr.°C

<0.07 <0.01 3,087 3.8 2.2 42 | %46 | 0.2 | — | 859

Albrac | —25 <0.01 2,58 6.3 24 17 190 | 0.2 | — | 326

SK 16 |_<0.01 <0.01 3,02 | 486 | 23 45 198 0.2 [ — 384

Oct. <0.01 <0.01 3,001 4.9 2.4 4.8 | 207 |02 | — 17340
17,85 129 TogTR 1 0.05 0.13 2,786 5.9 3.3 29.8 | 11.0 0.3 — 32.5

N 0.08 0.6 | 285 | 3.2 3.1 32.9 | 14.1 0.2 - 25.3
ug. | 0.02 0.08 2,725 0.2 2.2 2.2 | 16.9 | 0.2 | — | 382
21, '65 CNTE 3 |—355 0.16 2,581 | 5.4 7.4 20,97\ 12.6 0.2 | — | 40.3

" Albrac 0.02 0.06 2,836 | 10.1 3.0 5.5 6.3 0.4 — —

SK 16 0.04 0.16 2,909 | 78 | 25| 185 8.5 1.0 — —

Aug, 4 B TR |0 0.28 2,564 2.6 5.4 | 3a | 70 03— | —

’ 0.15 0.27 2,574 B0 |55 39.9 | 8.1 02 | — —

CNTF 3 0.05 0.24 2,593 7.5 38 5.8 | 7.4 | 03 | — -

Albrac 0.02 0.04 2,957 6.4 2.7 6.8 | 2.9 0.4 = —

Oct.  |Aug. | 6,867 SK 16 0.01 0.02 2,018 7.9 3.3 4.7 | 6.3 11 — —

21, "85 24, 66 |"CNTF 3| 0.06 0.17 3,518 7.7 7.8 1.5 3.0 | 0.2 — =
Oct. : 0 0 7,469 2.5 i3 = 7994 | 0.4 | — | 326

i7, 65 1259 T 0 0 2,400 | 5.2 1.9 = = = K = —
aug  feon 0 R T S N W 1 s 1 e 1

Ist 21, 65 1.66 38,578 Ti 0 0| 2,470 2.4 0.9 I U -

0 0 2,520 0.5 0.9 - 4 |03 | — =

A“%;i we| 8126 Ti 0 0 2,255 10.9 3.4 — | 1.1 2.4 | 4.0 | 316

Oty sl 81, e 6857 Ti 0 0 2,243 1.4 3.4 6.5 | 2.4 | 4.0 | 35.4

Albrac 0.03 0.07 2,901 81 7.5 0.2 |71 [ —— =

Fed. 3, 66/ UE: e 4548 SK 16 0.08 | 0.08 2,970 5.9 31 0.7 (6.2 | 1.1 = -

4, CNTF 3 | 0.05 | 0.2 2,548 6.6 3.6 1 5.0 08 1= -

Oct, ' : 0 ] 2,358 6.9 23 — A0 06 ] — | 33.8

ir, 65 19 i 0 0 2,433 9.6 5.4 e I T

Aug. 0 0 2,367 6.9 1.8 = |T1Z0 {15 | 5.7 | 316
P Phug, 8,12 Ti 0 0 2,416 45 1.6 — Iz 2.6 |47 | 34

’ 0 0 2,318 8.4 2.0 - 5.9 | 1.9 | 7.6 | 84,7

Octz-L ,65A“§;1. 6e 6,867 Ti 0 0 2,375 6.2 1.3 - 5.7 | 2.5 | 7.3 | 35.2
Aug.  |Dec. 10.69 Ti 0 0 2,598 91 16 07 |15 | 25 | 7.2 | 2.2

21, 65| 12, '66) : Ti 0 0 2,389 5.6 — = = — - -
0 s>, g 10,493 Ti 0 0 2,341 7.5 1.7 0.4 | 46 | 42| 9.0 | 279
Albrac 0.06 0.13 2,768 23 | 1.8 46 ] 206 | 1.1 1 — =

A“gz-l ,SSA“% gy 17,618 SK 16 0.08 0.21 2,798 186 | 24 3.5 (180 | 1.8 | — =

’ ’ CNTF 3 0.14 0.38 2,517 77| 2.0 315 |89 | 06 ' — -

Albrac 0.10 0.30 2,552 9.1 14 7925 | 158 14 ; — =

Oct 16350 SK 16 0.04 0.76 2,574 18.4 88 7.3 101 - —

S ; 011 0.19 2,516 15.0 01 37 78 | 1.1 | — =

21,765 " p, 67 CNTF 1 705 0.18 2,606 o | 44 |7 | Bi| 05 = =

CNTF 3 0.11 0.29 2,261 [ 17O { | 425 | 55 | 0.6 i — -

Albrac 0.01 0.01 2,783 | 11,8 | 5.5 | 25,0 1 0.5 | ~ —

Aug. 5 337 SK 16 0.01 0.0 2,778 {120 .07 4.9 203 0.6 | — =

8, 67 ’ CNTF'1 0.06 0.27 2,389 19.2 43 137 181 | 0.4 i — o

Dec. “CNTF 3 0.01 0.01 2,225 18.4 5.4 7.8 1 2.0 0.4 | — —

16, '66 Albrac 0.02 0,02 |7 2800 1.3 46 | 4.4 i 269 | 0.2 1 — | —

Oct. 6.996 SK 16 0.02 0.02 | 2,840 T0.0 7T s v 28 el 1.9 T —

16, '67 : CNTF 1 0.10 018 | 2,548 139y 59 .4 | 167 1 0.8 | — =

CNTF 3 0.02 0,02 | 2,23 18.0° 1 4.0 200 i 115 { 0.9 | — —

AL sl 0%Ye, 7 17618 Ti 0 0 2,288 9.6 2.5 - 86 1 24| 25 3.0
Znd Ot s Oct.s vz 16,359 Ti 0 0 2,233 11.8 3.5 - 3.5 | 21| 25 | 39.0

Feb. Oct. 14010 |_Albrac 0.07 0.13 2,730 K 1.2 73 | 7.5 | 3.8 | — =

3, '66 16, '67 ’ SK 16 0.08 0:12 2,987 5.4 2.1 9.4 5.4 | 3.4 = -
Aug. : 0 0 2,428 41 2.1 04 | 81 | 4.2 | 7. | 315

_ B, o6r O o 0 ] 20383 | 5.9 | 1.9 1 08 51 | 6.1 | 81 | 272
Decle 66 0 0 2,427 4.2 36 = 5.1 | 5.3 7.8 | 32.0_
' O°t1'6 g7l 6,926 Ti 0 0 | 2,420 4.4 2.7 — 3.9 5.6 5.6 | 36.2

’ 0 0 2,416 | 4.6 2.4 - 3,2 i 4.2 3.9 | 3.1

Albrac .02 0.03 2,890 8.4 19 (8309 T2 — =

Aug. SK 16 0.01 0.01 3,009 4.7 1.4 24.0 | 10.4 0.8 = —

8,'67 5,37 "ENTF 1| 0.05 0.2 2,704 56 | 1.6 6.0 | 61 | 1.4 — =

Dec. “CNTF 3 0.02 0.07 2,560 9.4 2.2 108 | 7.8 | 2.2 | — —

16, *66] Albrac 004 0.06 2,723 137 2.3 6.4 | 5.0 | 16 | — =

Oct. 6o | oK16 0.05 0.08 2,650 16.0 2.0 207 | 53 | 2.3 | — =

16, '67 , CNTF 1 0.06 0.11 2,593 14 75 BT |49 |08 | = —

CNTF 3 0.04 0.06 2,654 7.8 18 381 51 09 | = =

Aug s O, 6rl 17618 Ti 0 0 2,456 3.0 1.9 — | 61| 25| 33| 387

» Degree of drop was calculated by comparing overall heat transfer coefficient of the tested tubes with that of clean tube of same alloy,
j,e Albrac and SK 16:3,157, CNTF 1:2,960, CNTF 3:2,729 and Ti :2,532 kcal/m®.hr.°C.
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Photo. 2 Corrosion of the tested tubes.
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April 1970

(b) SK 16, B set, Velocity :
3m/Sec, Running period : Feb.
‘66~ Aug. '66.

(a) Albrac, B set. Velocity :
3m/sec, Running period : Feb.
'66~Aug. '66.

(d) CNTF 3, A set, Velocity:
2m/sec, Running period : Oct.
'65~Aug. '66.

(c) CNTF 1, A set, Velocity :
2m/sec, Running period : Oct.
'65~Aug. '66.

Photo. 3 Longitudinal cross sections of the tested
tubes. 50
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EERNHEORARE X OMEA Y Table 4 chifilic iz L,
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Photo. 3 @&k L7
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MR LA &L, WTFhoEd 0.01mm BT Th o7,
CNTF1 oI iHisiF 2B bl - CFE# 0.07mm
BEOBEANELTWT, FOHRAEXK 06184500
0.16mmic# L Tk b, BEARENLKRNEL WL OTH
5126 Efe, CNTEF 3RO ALOHMIN TN A X/
L TCWARE Tl o 7273, IR SN 3 W TR Trnc g
S EBAEINMEFANSH D, ToOmK Xk Table 4 o X
5z 0.08 3 X 0f 0.16 mm 1232 LT\,

# 3 B R s 5 BSTF 2457 HUtie SK 16 4% -

ORI, SEEEX T 0.01~0.04 mm DL AIKIE] Lo
AT AT blc o THEL TR Y, EHMHN 2m/secd
Aty OB LTHEEM3m/secOB 1y F O¥DH
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D L 5 WEBREIAENT S 2 B3, WU b
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2NN

2 [T D e s \nwT 4, CNTF 1 oWt
PEE AL 2o il LT D % <, it
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UEThHoto, TiHOMEYEI TN DEBND 5T,
RERBALAE D BIFA L TN TRIER A 35 2 7 o T
L O FEDEAE L, BICTHRERE L TN DO Z30En
b, NEMSEHELWRDI L0 T 7LD
PR X RN D 5T, Mok, WIS AL, 7
P 2msec & 3m/sec & Tk & IR AE NN
L5 ThHote,

IS OEN O FEEVE R 4 B0 F0 KT #ik
Table 4 hfiio L 5 Th H, FEICH L TETRIL 1
AT D 8 E 488 3— A BT 3.2~6.3% %L, 453
M 33T 5.9~13.0 % & 7k L7ce TiA¥ O Zhugy
R S AU X 5 Y OB LS - T, F0A
IEFHIZ 114% L T,

NI SR &AM &, BT D
BRIz e 5 SR S0, [FEPisig WiE i
L CTEBMERED IR TR L R E ARSI o,

4-5 HEAEDOSN

HHERE O TR SO STk S, Table 4 Fillicir
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Lz WENOEOWEN Y b LOL (HEHEIES) 2% . .
L, ¥ Fe #4BcaBHE LTk, & ICigkliiE n . # M R R
WETH o MR B E B o il SKEMEEEE 5-1 BREEAE
LcBIt s WTHEE R F I LT, L0480 Fex P W o fo AT D%, WO A LU HETHM
GATWD I ED o, CNHO Fe SaEOEME, BEsalEsEHEL, FOMRYENTIEDEDLHT
KR L DAY S Fe oA L Tw5 2 3Bl 5D
D ENLHBLNTH D, {ﬁfi;*inrwﬁ“c 0)’/(-, 1 M ) JAC Il AARE L, S5 110
7o, HHEHAE QP EIITIEE O LBINS TH S M3 F B R s T TR L L

Cu i D &<, e TEFRNEIMNMUTERRCHIL-T
BRI T CNTF 140
F o BENC B A A 4 U Cvie CNTF 3 O i ik
Cu A312.2~41.5% GHENTH D,
DAL TWB I Ebhot,

FOfz, S OMEYITIE Mn i & v, Fe
DEFEMNDTIL N OBZFOEIS LS THED, Ti
OWNEMEDICE S LiENE {&ATERD, 202 &

(RN TR IRAE U e IR BB L AN L e 2 &2

D FITEE Cu A8 29.8~39.9%,

O I fr e A

?Wéﬁibfc:o f:f:L A‘fl v FOEZRCEy FOEITEL,
£ RSy FEIC I HIENAVNE <, EH 1 SiDEA
VE DS LA T B AR S B & D h e S e, A
BRE D 7Yy AT I 35 1 A I H R ORAVIR I &
w445 & Fig. 6 O X 5T B,

1R LU 2 @?ﬁ’iﬁ‘ﬁif‘]*k’ K AFFEYy PEA
HLLAA DA DT, Ifiﬁ PR &0 WRERAS 1 e
ALTWEAYy P BsTF2%, SK1684 7¢ 50 CNTF
SEOWT R bR A T% Eiteino oy, CNTE

L EDLREN, WTNOBEBEICWTLHU X 5 Bl 1R RN 2 mmB TN A 2 cd Ui, &
BORELTCNDHEDEEZBHILD, . HOBNIIFE AR Ct v P AFA LA CNTEF 15 O i
— RO BEERE DEWC D& S/ OE R R I I o foik AL, ;”"Bé"/}(/ﬂ’f LD T oo,
4, SO1™ B D S 23§t 0.1~0.2 B REERI S /e Fiz, W 1 S EATALMABA Ly PAWD A
Test 1st (Dec. 16,66 ~Mar. 17,°67) 2nd (Mor. 18,66~ 1July 6,'67) 3rd (July 8,66~Aug. 8,67)
Alloy Fe'’ : none, Fe'*:1ppm X 1hr/day Fe'* : none Fe'*:1ppm X Thr/day Fe'" : none Fe'* :1ppm X 1hr/day
Albrac W W b e e
,V/z‘\‘k A [ AN /T
C1C2C3CaCs C1C2C3C4C5 c1 2C3C4C5 C1C2C3C4Cs C1C2C3C4C5 C1C2C3C4Cs
Sk 16 ' —’H/Mv-*—* M AT
L‘ L LT *MAWW JEEAN FINN )
ol c2 3 c4 c5 C1C2C3C4C5 CIC2€3C4Cs C1¢2C3C4C5 C1C2C3C4CS5 ClC2C3C4CS
CNTF1 B e : “’*JM‘
e\ th 1x TVW\" £ArEN /AN AR
C2C3C4CSs C1C2C3C4G5 ClC7C3c4cs C1C2C3C4C5 Cl1C2C3C4CS C1C2C3C4C5
CNTF 3 A e
f " NI /AN TR PN [N
Aicacs C4 cs C1C2C3C4C5 C1C2C3C4Cs C1¢2C3C4Cs C1C2C3C4C5 C1C2C3C4C5
Deposit: § — g —\;?i
Cl 2 C3 c4Cs
Fig. 6 Eddy current traces of the tubes around the deposits in A and C set. (x¥8)
7%, WEARE ST BB & LT L CIRBH D HCH o7 CNTF 145 5 L OCNTF 84518, axilid L <%
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ERU L DT, BOMMOMEREE K& {ENLELDHET
CE S5 TR ol

‘—-y

WHEIE RO DT 2 ~ 3mmo i U A RIva Lz,
BsTF 2% 45 0 SK 16 4% 1k 4 W MEN & I D 12T
T ER o T,

BEMEEE 1 PAREAD Ct y TS TR D #A L7
BsTF 2%, SK16% 3 JUfCNTF 34 13k d: 35 =
EnSteoteht, ENBBTEWTBRLUCy b
% W 72 1243 2 mmBUT O M & RIS T L
®%%oﬁok<u,&%ﬁ%]hW#bBi/]“ﬁﬁ
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TORERCE» FOTRRELTH: DEERETR 2,
£, CNTFIMIZARIUCHEE » F@wThic,
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i 0oL B L <, SR

A sl C sot
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e
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Fig. T Roughness traces on the inner surfsce of Albrac and SK 16 tubes in A and C set tested from December
16, 1986 to August 8 1967, {Horizontal : %10, Yertical : x 5007
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Photo. 5 Corrosion of the tested tubes,
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(a)Albrac, Deposit:Wood (C1), 1st test (b)CNTF 1, Deposit:Wood (C1), 1st test

£ w%%_‘

A
L eichis
A

(c)SK 16, Deposit:Shell button (C2), 2nd test (d) Albrac , Deposit: Teflon tape (C4), Tst test

Photo. 9 Longitudinal cross sections of the tubes around the deposits in C set (Fe**: none),
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Table 5 Depth of corrosion pits of the tested tubes around the deposits. (mm)
1ot test (Dec. 16, '66~Mar. 17, '67 | 2nd test (Mar. 18, '67~July 6, '67) | 3rd test(July 8, '67~Aug. 8, '67)
Alloy Deposit Fe'". : none 1;::\:mxlhr/day Fer* : none 1:;p:m><1hr/day Fe'* : none Ftla:);:mxlhr/day
Inner sarface Inner surface Inner surface Inner surface Inner surface Inner surface
Upper | Lower | Upper | Lower | Upper E Lower | Upper | Lower | Upper | Lower | Upper | Lower
c1 o | o3 | o043 | o | o018 | o018 | o012 | o1 | om | oo | o001 | oo
c2 o1 | o2 | ows | ocz | o2 | oos | oo6 | o060 | 0.0z | 002 | 002 | 0.02
Albrac c3 o1z om0 | 007 | o011 | 0.9 | 008 | o004 | 004 | 008 | 003 | 002 | 002
c4 oo | om | ows | o003 | o | oos | oo4 | o007 | o002 | ooz | 001 | 0.01
cs o | o018 | oo | oot | o1z | 010 | o.s | 007 | o0.04 | 003 | 002 | 0.02
c1 Tz [ oss | 048 | 088 | oez | o046 | 006 | o015 | oo | ooz | o001 | om;
c2 o | om0 | iz | o6 | 080 | 1o4 | 005 | o008 | o002 | ooz | 002 | 0.02
SK 16 c3 010 | o1 | o | oo | oe | o020 | o005 | oor | o002 | 003 | oo | 002
c4 o | o010 | oot | oo | oor | 008 | 005 | o010 | o002 | 0.08 | o001 | o001
cs oor | ot | ows | oor | oos | 009 | o004 | 010 | ooz | oos | 001 | 0.01
c1 oz | o028 | o1 | o2 | o1 | o018 | 003 | 003 | o002 | o002 | 002 | 0.2
c2 o7 | om0 | o0as | os4 | oz | 08 | oz | o2 | o0z | ooz | 00z | o0.02
CNTF 1 c3 oor | oo | oot | 004 | 018 | o010 | o010 | 007 | 008 | o003 | o002 | o0.02
c4 oor | o8 | oo | ooe | 005 | 005 | o006 | 005 | o062 | ooz | 002 | 0.02
cs oos oo | oo [oaz | o1 | o006 | o3 | o005 | o003 | 002 | o002 | 0.02
o T “oas o | o0 | oor | o2z | 02 | 002 | o0z | oo | oor | 001 | o001
G T Toes | oas | o2 | 003 | om | os | o1 | 008 | 008 | 008 | 002 | 0.2
CNTF 3 c3 oo oo | oo | o003 | o006 | 006 | 003 | 0.8 | 00z | 003 | 002 | 0.2
i | ot | oo | ooz | ooz | oo | oo4 | 00z | ooz | o002 | o0z | o0z | o002
cs5 oo o | o0z | o0z | 006 | o008 | 0.08 | o003 | o002 | 003 | 002 | 002

C1: Fixed type deposit, C2~C5 : Vibration type deposits (Shell button, Vinyl button, Teflon tape and Vinyl button).

Table 7 Result of analysis of variance on the
depth of corrosion caused by different

deposits.
Table 6 Nomenclature for analysis of variance. (1) 1Ist test
A . Al : Fert=none Factor | S E ¢ 1 V=S/¢ t Fo=V/V,
! A2 : Fe*'=1ppm ~ thr/day ”A 0.0592 1 0.0592 " ! 7.08%
? A A |
H
B1: Albrac B | oams 3 [ 00349 1 4.18*
B2 : SK 16 c 0.8889 4 0.2222 | 26.58+*
B B3 : CNTF 1 AxB 0.0848 3 0.0283 ‘ 3.39
B4 : CNTF 3 T AxC 0.1079 4 0.020 | 3.23
) T BxC 0.3365 12 0.0280 | 3.35%
C1: Wood-—Fixed type deposit —_
C2 : Shell button e | 0.1003 2 0.0084 |
C C3 : Vinyl button X
Vibration type deposits
C4 Teflon tape (2) 2nd test
C5 Vinyl button ) Factor ,: S ° v Fo
A | 0.0664 1 0.0664 6.34%
¢ Degree of freedom !
S : Sum of square B | 0.1219 3 0.0406 3.87%
v Mean of square C 0.1730 4 0.0433 4,13%
Fo : Variance ratio AxB 0.1096 3 0.0365 3.48
* + Confidence limit=95% AxC | ot 4 0.0294 2.80
*% fid limit =999
Confidence limit=99% BxC 0.2067 12 0.0172 1.64
% Interaction
e 0.1258 12 0.0104
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Fig. 8 Graphic representation of analysis of variance
on the test data showing the effect of different
deposit to the corrosion of condenser tubes.
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Table 8 Result of analysis of water around Model Condenser from October 1965 to October 1967.
~_———  Dbae Oct. '65~Aug. '66 Apr. "67~Oct. 67
\\ \Sampling point Position X Position X ‘ Position Z
Item Depth 0.5m 1.5~2.5m 0.5m | 0.5m
Water temp, °C 8.2~26.7 8.3~16.7 — —
Turbidity 0.4~2.0 1.2~2.9 2~3 o8
Mxxmg ration, % 89~90 89~92 84.8~99 87~100
 pH - 7.8~8.8 8.0-83 8.0~8.3 7.08.3
Relative conductivity,  wo/em | 44,250-51,200 |  46,800~51,950 46,220~50,750 44,590~51,010
__\/Zﬁéhr;;t];‘;az;nants; ppm 31,370~38,570 35,520~39,000 33,540~38.700 34,920~38,640
lgnition remnants,  ppm 26,960~32,310 30,070~32,560 27.410~32,000 | 28,130~32,460
AIgmtxon loss, o ppm 4 410~ 6, 890 5,050~7,870 B 6,100~6,880 6,100~6,790
M alkalinity, T ppm T | 10 103118 108149
“Total hardness, T eem | —‘5740:6 a0 | 5730~6340 5,320~6, 240 5,550~6.230
“Osygen demand,  ppm T 1084 T 1234 3.2~5.. 3.64.4
“Dissolved oxygen,  ppm 75020 7.50~9.27 . =
“Chlorine ion, ' ppm 16,210~18,960 16,950~19,120 16,000~18, 810 16,540~18,950
A;nmomum ion, o ppm i Tr~0.07u Tr~0.19 - 0.2 1.5
“chlorine demand.  ppm | 07~11 0.7~1.3 B - .
Ferric wnv' Cppm | MMT;:O o | Tr~0.04 ‘ 0.02~0.08 0.04~0.05
JSulfurlc ion, T T em | 2 316~2,684 2,418-2,753 2,2502,660 2.477~2,680
Calcium ion, oem | sm~s2 | 348~3% i 343~391 7395
7Magnecmm jon, ppm L6126 | 1,181~1,300 1,084~1,277 1,202-1.275
VS:hca, 7 ppm 0.7~3 0.5~4.6 1.5~3 U.7~d
V"Mangar;ese ion, ppm I Tr - Tr. ) — —
" Nitrous, T eem |~ — Tr~0.01 Tr~0.01
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Residual Stress in Butt Welded 5083 Aluminum Alloy

—Studies on Residual Stresses in Welded Joints
of Aluminum Alloys (1st Report)—

by Katsuzi Takeuchi, Eiji Tanaka and Katsuhiko Hirata

The purpose of this study was to obtain the basic data on distributions of residual
stresses in various types of aluminum welded joints. In this paper, the effects of dimensions
and heat input during welding operations on residual stress distributions of 5083-O butt

joints are discussed.

The residual stresses were calculated from the strains that occurred when the

welded joint was cut into sections to release the stresses.

using resistance strain gages.

The strains were measured by

In conclusion, the following results were obtained:

(1) As general properties of residual stresses in welding, high tensile residual stresses
having the magnitude nearly as large as the yield strength of the material appeared
near the bead in the direction parallel to the weld line. However, the stresses
normal to the weld line were smaller than those parallel to the line.

2)

The maximum value of tensile residual stress was related to the length of the

welded joint, but not so much dependent on its width.
(3) Little effect of the heat input was given on residual stresses.
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%jﬁ&:[&%bfgi, Photo, 1 R E.E% B THREL Table 2 MIG welding conditions.

%m;ﬁb’ 1%?&#@7,&5\%&%ﬁ>b&){ﬁﬁﬁbﬁ:@%, i Material ggeg;a- Pass  [Filler glifiérOf Voltage | Current zggfe%ing
DB E R 1T o oo BB MIG Tfim\s, # ration | Noj MY iy | vy |y [/
D&% Table 2 wR”$, Table 31cik, BMAHEEL gmrglate X typel 2 | 5356 1.6 22-26 | 300-340 | 700
fc;fi“;@%?ﬁﬁf"‘%}iw 7o 10m’r§‘late Itype| 2 | 5356 1.6 23-25 | 290-310 | 600

. hCa . }E’

BEISTOWUEE L LT, HhbEAOFENESR Table 3 MIG welding conditions.
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Photo. 1 Welding process.

Table 1 Mechanical properties of parent materials.

Yield
. Young’'s
. th T 1 .
Material O.Sét!f/oe%%fset str%rxliglti Elongation modulus
(kg/mm2) (kg/mm?) (9% (kg/mm?)
5083-0 15.3 31.4 24 7230
(10mm) 15.3 31.5 23 7430
5083-0 19.0 30.5 22 7570
(8mm) 19.1 31.7 23 7340

Fig. 1 Detail drawing of resistance strain gage.
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Fig. 5 Residual stress distributions in aluminum
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I‘1g 6 Effects of length (L-2[) on residual stress
distributions. (8mm thickness)
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Study on Eutectic-Melting and Micro-Fissuring
of Welds in Aluminum Alloys

by Toshiyasu Fukui

A study was made of the eutectic-melting and micro-fissuring in welds of Al-Mg, Al-
Mg-Si, Al-Cu, Al-Zn-Mg-Cu and Al-Zn-Mg alloys.

Experiments were carried out on the effects of various factors on the formation of
eutectic-melting and micro-fissuring. In this paper, there were discussed the mechanism
of micro-fissuring of welds in metallurgical aspects.

The results obtained were summarized as follows.

1) Eutectic-melting and micro-fissuring were observed often in the multi-pass welds
of aluminum alloys, subjected to the heat-input from the subsequent pass.

2) The formation of eutectic-melting and micro-fissuring was influenced by welding
conditions, thickness of base metal, pass-numbers, inter-layer temperatures, restraint, forced
cooling, compositions of base and filler metals and so on.

The more the heat-input to welds increased, the more the eutectic-melting and micro-
fissuring of welds were observed.

3) Micro-fissuring due to eutectic-melting was generated under weld stress on the
re-solidification of the partially melted zones, where the boundary segregation of eutectic-
compositions with low melting temperature was observed. However, the peculiar charac-

teristics of grain boundary itself were not negligible.

4) The formation of eutectic-melting and micro-fissuring reduced together with
strength and ductility of welded-joints, and resulted in a typical brittle fracture.

5) Sequence of formation of micro-fissuring in aluminum alloys and its mechanism
could be discussed in connection with normal weld-cracking.

1. #

BESBIMe ) BB I CBEEMTLY, £HEOK
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Table 1 Chemical composition of base and filler metals.
i Chemical compositions (%)
Materials . Remarks”
Cu Fe Si Zn Mg Mn Cr Ti
Al-Mg 0.01 0.15 0.08 0.01- 4.42 0.61 0.19 <0.01 5083
Al-Mg-Si 0.25 0.20 0.60 0.03 0.98 0.02 0.26 0.04 6061
oase Al-Cyu 4.30 0.23 0.75 0.09 0.40 0.84 0.01 <0.01 2014
Al-Zn-Mg-Cu 1.68 0.27 0.15 5.53 2.44 0.03 0.29 <0.01 7075
Al-Zn-Mg — — - 3~6 1~3 — — — —
Al-Mg <0.01 0.12 0.06 <<0.01 5.01 0.10 0.09 - 0.09 5356
Filler Al-Si <0.01 0.22 5.28 0.02 <<0.01 <0.01 <0.01 <0.01 4043
metals Al-Mg-Zn <0.01 0.17 0.05 1.98 4.03 0.28 <0.01 0.01 —
Al-Zn-Mg < 0.01 0.16 0.05 4.09 2.04 0.30 <0.01 0.01 —

Al-Mg-Zn % & &% LU0 Al-Zn-Mg %44 DEF 4 T,
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Cross-sections of welds (single bead) made with Al-Mg filler metal in various

Al-Zn-Mg

Photo. 3 Cross-sections of 2-pass welds (Ist bead) made with Al-Mg filler metal in various

aluminum alloys. (x100x24)
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Photo. 4 Cross-sections of 2-pass welds (2nd bead) made with Al-Mg filler metal in various

aluminum alloys. (x100x2%)
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Tihbbn, Al-Mg 44Tk 150° C Ty NE O L
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°C D 3 &M Tik 300°C CRVNEIM OB R HR b L <,
DWW 150°C €, B|IRTRBNEINESR S P,

Table 2 L hBAS /R 2 &<, 30 AME RS

LEETIE, 2RI HN300°C 0BG KT, FEEMX
A3 12kg/mm2, {72549 8 kg/mm?2, O A 8 %1
EETL TN D, BEH#465°CX 1 hr. OE#(LasEs L,

IKBEA U T (B IR) M5 2 T/ F D £ 120°CX 24hr.

DFER UALIE A 2 b O TIEB R E O K TR R b
LD b DA, BHEREOCEEIIMERESTEKY,
SR < B 300°C TRB R X 2344 5 kg/mm?, fih
B2 kg/mm?2, HORK 3 %IFEETL TN B,

Oz &Ly, WNEIC L B3 IREEOZ(ITIR R
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Table 2 Effect of inter-pass temperatures on the tensile properties of welds made with
Al-Mg filler metal in Al-Mg and Al-Zn-Mg alloys.

Inter- pass Tensile properties
Heat-treatment _— Degree of
Base metals after welding tempg:g'g)tures Tensile strength| Yield strength Elongation | Mode of micro-fissuring
(kg/mm?*) [ (kg/mm?) (%) | fracture
25 27.5 15.7 10 Ductile None
Al-Mg As welded 80 24.2 14.6 7 Brittle Slight
150 23.0 14.4 6 Brittle Remarkable
15 32.3 22.3 9 Ductile None
R.T.x30 days 150 25.2 20.6 3 Brittle Remarkable
300 20.1 19.0 1 Very brittle Very remarkable
Al-Zn-Mg
65°Cx 1hr W.Q 15 36.9 32.5 4 Ductile None
465°C x1hr W.Q. .
—2190°C % 24hrs 150 34.0 30.6 2 Brittle Remarkable
300 31.7 29.8 1 Very brittle Very remarkable
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Table 3 Effect of plate thicknesses on the tensile
properties of welds made with Al-Mg filler metal
in Al-Mg, Al-Mg-Si and Al-Zn-Mg alloys.

B Plate Tensile properties
ase Heat-treatment : Tensile | mr .
metals after welding th(‘;ﬁ:‘;ss strenlgth Elox(log/a)tmn
. _(kg/mm?) o
Al-Mg As welded 12 ggg ig
. [520°Cx1lhr. W. Q. 6 27.4 6
AL-Mg-St ™2 1§60C » 2ahr's 12 2.5 10
Al-Zn-Mg | R.T.x30days S 5.8 2

{0t RT, Table 3 X Dbhn I e, HWEMLEWI
Y, BNRIEEMEARL Thbe & IKER TR IEdha
R L O NEIN OV D T s BICABZR BIa\ve Tads
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Photo. 5 Cross-sections of fractured part in welds
of Al-Zn-Mg-Cu alloy. (Lower :x100)
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3t Al-4%57n-2% Mg filler | Al-495 Zn-2% Mg filler 1
MIG (Y-type) MIG (X-type)
2} > o - o 0 .
S O 8
PR o | i
5 ‘ . O , D
; : LD AR £
Welding Condition Welding condition o 3F Al-5% Mg filler L D D Al-5% Mg filler |
W.C. : 230A W.C. : 230A b MIG (Y-type) MIG (X-type),
AV. 22V AV. 122V
W.S. 1 70cm/min - W.S. 1 40cm/min 2| O e - O e .
Tensile properties Tensile properties 0
T.S. 1 30~32%g/mm? TS, 1 26~28kg/mm? >
E. @ 12~14% E. :8~10% r .l NG) O
Photo. 7 Effects of welding conditions on micro- 3 4 5 6 3 4 5 6
fissuring in 2-pass MIG welds and their Zn contents (%)
tensile properties in Al-4%Zn-2%Mg alloy Fig. 1 Effect of Zn and Mg contents on micro-
(x100x145) fissuring in 2-pass welds of Al-Zn-Mg
alloys.
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Photo. 8 Joint design and macro-sections of welds
Al-Mg %, Al- (2 pass welding without backing).

Table 4 Estimation of chemical compositions of weld metal made with Al-Mg filler metal
in various aluminum alloys.

Chemical compositions (%)
m}i?::fl:s Base metals* Weld metal ** l;?s;t;g;x Remarks
Zn Mg Cu Si Zn Mg Cu Si .

Al-Mg - 4.42 — - - &8 - - st 5083
Al-Mg-Si - 0.98 - 0.60 31 - 53 st 6061
Al-Cu — 0.40 4.30 0.75 - 23 23 94 st 2014
Al-Zn-MgCu| 5.5 2.44 1.68 - e 34 i - st 7075
Al-Zn-Mg 3.90 2.10 - - 2.4 8.2 = = 8t -

*Analyzed, **Calculated
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Photo. 9 Micro-structures of multi-pass welds made
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Photo. 10 Various micro-fissures in welds of Al-Zn-Mg
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Fig. 2 Effect of grain size on micro-fissuring in 2-pass
MIG welds made with Al-5%Mg, Al-4%Mg-
2%7Zn and Al-4%7Zn-2%Mg filler metals in Al-
Zn-Mg alloys.
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Fig. 8 Distribution of Mg and Mn in welds made
with Al-Mg filler metal in Al-4.5%Mg alloy.
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Fig. 4 Distribution of Cu and Mg in welds made
with Al-Mg filler metal in Al1-4.3%Cu alloy.
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Fig. 5 Distribution of Zn and Mg in welds made
with Al-Mg filler metal in Al-5%Zn~2%Mg
alloy.
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Lack of Fusion in Manual One Side TIG Welds in Aluminum

by Yoshihiko Sugiyama

On one side TIG welding of aluminum the lack of fusion, which should be distinguished

from the hot cracking is often encountered in the underbead along the weld center line
and sometimes has a detrimental effect on the mechanical properties of the welded joint.
Nothing, however, has been reported on this problem.

This study was carried out to investigate the effects of welding variables such as

preweld treatment, backing materials, welding current and joint designs on the occurrence
of the lack of fusion together with its effect on the mechanical properties of the welded
joint and the mechanism on the formation of this defect was also discussed.

1.

The results obtained in this study are summarized as follows : —

Both the preweld surface treatment for base metal and the exposure time after
pretreatment have the remarkable effects on the occurrence of the lack of fusion, which
seems to be irrespective of welding current and the type of the backing strip. When
base metals are not properly cleansed, even argon gas backing is not effective for
preventing the lack of fusion.

As expected the lack of fusion injures the mechanical properties of the welded joint
especially when the surface reinforcement is removed.

The lack of fusion occurs with a lot of porosities of various sizes.

The lack of fusion is attributable to the oxide films on the faying surfaces of base
metals, which remains unmelted in the liquid weld metal

As soon as the abutted areas are melted by the TIG arc, the melted bottom edges of a
joint form the underbead as they are, where the melted edges form a part of weld

metal but hardly mix into it.

6. The following procedures would be advisable to prevent the lack of fusion.
i. As a usual passive procedure, the lack of fusion could be eliminated if the first run
is back-chipped before the sealing run from the back side is laid.
ii. On one side welding the cleansing of base metals especially the bottom edges of a
joint is substantially required and then welding should be made as quickly as

possible.

Proper joint designs or root openings is also effective for preventing the lack of

fusion.
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HEESOXBEBHROM R AIAMEEHEEEbic
Photo. 2 z77 7, Photo. 2A B LU'2BicihbRB LS
I, BERREEEY - FOPROHRICGERNCE SR
DB, POKNDOFEE E b 5T\ D, F B
GBI B a8 U 7o B (BUBE/E 9) i,
EHRKERIANZHEFELEL C5 (Photo. 2C), i
it Photo. 2D @ X 5 iz, NaOH—-HNO;—»HNO;—HF
ek, Ebi A& RIS TE BAWTEEL - iR
(FBES23) 0 Z &<, MomiEiiko e, v
— F OGRS B2 LT N THERDITIE - 72 KD FRD &
N53bDbH 5, LLAMIZER®D Photo. 2A~2C 1
TRU BB N TE LU @80T h 5,

Photo. 2E X R M D FELEHZE L s 5 7o R #1551 (Photo.
2A) wwH B LRI, 3 HEGAR L TH B bead-
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DHNE, FlRBARLEOEBRCEEL L#FE &
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(A) Surface

(1A) Sample no. 1

(B) Back side

(1B) Sample no. 1

Welded 3 days after NaOH—HNO; cleaning, steel backing strip with small groove

(1C) Sample no. 18

(iD) Sample no. 18

Welded immediately after wire brushing, steel backing strip with small groove

(1€) Sample no. 36

il

(1F) Sample no. 36
Welded 3 days after NaOH—HNO, cleaning, 2mm root opening, steel backing strip with small groove

Photo. 1 Appearances of one side TIG welds with or without lack of fusion (<%i0).

BEE19) 4 Photo. 2F 2 &<, K& BV,

3-3 AEZovIOER

B D ~ 7 v 8o —#4 Photo. 8 i & ¥,
Photo. 3 A~3D i3 {REMLMATROMF TS 55, AlE
FRITEL CHEHFHOIRISESE bRECRERAD, &
BEELWH DT, FOEIMELALRELRBER
FTEETD, ZNHORME LD X BB CIRERIRT
BBt h, < 7 v BRI AWE, BEFEICW S e
FLTWb, MATREE DR IRILEANEETET,
% IFRIEREIB - TARRACHBRE & L Ty
5o Jedsizih Photo. 3B @ & Hig, BLATRIOEIC
EEHlImm ET5 AEAELEEL THWDH Db b
%o BIATRBOEEHM~OMOE, bbbl
Photo. 3C ¢, @& FRE &b cEIKHE X 185 T
{, BELTHET S L, MaTRELBILThTnT
IHEL T B,

Photo. 3E it bead-on-plate £ L DZE S EREE &
BERREDOY — FEEWCEBERHE L RTS, KEEEae<
B\, BEE Cle 2B ERo—#% Photo.
3F wiRd, Z0FkHIEH % NaOH->HNO3—~>HNO;—
HF 3%, 7270 bIc iR Ta AW THEEL 2 #Fh
LEELIcbDTH Do

ok, EhRLOBYUTEYHAND L,
TEIRE LS BEVEETREYET 2,

Photo. 3G iz7%&

DEE, MAETEE~ /7 e EBEEXETCHE T D
L, KA EE R PR O A & il dhia BE
LTWw5b, LALAHTIES 525, Photo.3C o k& 5 i
RS TnD LB L DML 5,

3-4 RELOI IOER

BATRBIEO 3 7w Miko —#l% Photo. 4 ikd,
Photo. 4 A 11 NaOH—HNO; 2% 3 BZBLTHb,
HOIRE /N X I B D DN o SAIR S T & AL TR BE L 7o TR
(RBEES) OEHHD I 7 e BfTh 5, BIATRERE
A NDEIL SR Bd B Ivs, Photo. 4B 13H
UM 7 v 2y 7 AEMTHAWTHEELH#E (B
HEE11-1) ThH 525, KREIABTHOL TR LT, &
WHCIER A SRR E L b o Tnd,

IR B DOBERETITRNE & RS & OBIRAEA HA TR
WA, Ty F v SEEFE 2 Photo. 4 C (EEFES11-2)
X, BARBREIIAgI < 2 e iROE LS
2, R EBRS TIIALMCRAEYE-T W b, &
¥, Photo. 4 C s+ Photo. 4B LR UL L 55
DOMFENSER LIS DTH D,

Photo. 4D 1 NaOH->HNO3—~HNO;—HF #eiss 3
ARGALTHL, BYTEEBWLWTEEL #MF (K
BES35) LA BN RBART . & OBEE S KKt
O L TR LY, FLERORMRLELELR LT
Wh,
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(2A) Sample no. 1
Welded 3 doys after NaOH—HNO,
cleaning, steel backing strip with small

groove

(2B) Sample no. 2
Woelded 3 days after NaOH-—>HNO,
cleaning, steel backing strip with

medium groove

(2C) Sample no. $
Exposured to air for 3 days after
NaOH-—>HNO; cleaning, contaimnated
with oil immediately before welding,
steel backing strip with small groove

(2D) Sample no. 23
Welded immediately after NaOH—»
HNO;—HNO4~HF  cleaning, copper
backing strip with small groove

(2E) Sample no. 13
Bead on plate, welded 3 days after
NaOH—HNOj cleaning, steel backing
strip with small groove

(2F) Sample no. 19
Woelded immediately after NaOH—
HNO;  cleaning, steel backing strip
with small groove

R

th or without lack of fusion (X #54).

Photo. 2 Typical positive radiographs of one side TIG welds wi

._.6__..
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FERE & &2 B & ®

April 1970

(3A) Sample no. 1

(3C) Sample no. 2-2

(3D) Sample no. 4

(3G) Sample no. 12

Photo. 3 Photomacrographs showing cross sections of one side TIG welds with or without lack of fusion (Xx5).

INBOFHNEZONERENDOED L S AT
%o

(1) FAEFRERHEEABSTND LD ERER)

2) BATRHECEL TS50

8) BLARERENSEHNTHIL TSSO

F72E U Photo. 4D iz I i, MIATRIKRIA TR
BHEE-TW5E &E5%D Photo. 4C L b — BB C
%o 7n¥s, Photo. 4E B EDdic, HEmEFRE
D3 7w ERERT,

3-5 EEROBENMEE

HEOBEC L 5T, ZOEOBERRIBEEIOEK
RS X BTN TH S,

ez Table 1 WiRLz L D iz, SREDF ¥ DEEHjE
T, PARERS1208EREERE, RExab#Fchil
BRRRIE IS WTT TR CRETL 7225, RBHES120 48k
FOLPEEEBCHET Ui, ZEBRLOEY TS
BA\Wwistodiz, 4 Photo. 3G wiRkLic L Hic, BiES

BOESCHTHMATROEENAEN 5 722 DTH
%

WolE ) BREDLRBHIREL LK% & LeMFOBR
BB L UHOIEEL < B,

RIL B RBEHIREL BRI, BEn#TTLiEE
SBETHET 505, RABOEBEIEILEAE N, £/2ZD
BoxMdE T HH#FECE, RFERCH-TRRED
BERGE VERD BN, W ETh7 < BiiFRR
CIHELSBET 5, L2 TERECHEDO L Th
REEETHHFCAL TS, BRFRRETR2E, &
MBS $5 2 L 8C& 5, Photo. 5 wiliFsiik
BOBEOFART, WIFRRIC X - TBA L X IEED
BEATE L WEHAA BN, BETIRBESATREWAE
BTRBIEIN/AL D B IED b, Elafi7viz
Y MMIEWENRKEWDT, BRELLNDLHE, 22
AERRMFAEL T, BIh BB ESBIIR=2t
X BH180° M Uw 5 S AL 5,
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kifts oty

G

4

(4C) Sample no. 11
Welded 3 days after NaOH-->HNO, cleaning,
argon gas backing
(electrolically polished and etched)

(4A) Sample no. 5
Welded 3 days after NaOH->HNO; cleaning,
copper backing strip with small groove
(etchant : 59HF)

e
s

(4B) Sample no. 11
Welded 3 days after
NaOH->HNO, cleaning,
argon gas baking
(etchant : 595HF)

(4E) Sample no. 14
Welded immediately after NaOH—HNO,
cleaning, steel backing strip with small
groove
(electrolically polished and etched)

(4D) Sample no. 35
Welded 3 days after HaOH->HNOg—HNO -HF cleaning, no
backing strip (electrolically polished and etched)

Photo. 4 Photomicrographs showing underbeads of one side TIG welds with or without lack of fusion (x100x0.55)
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April 1970

Photo. 5 Appearances of bend specimens after root
bending tests. Sample nos. 14, 4, 9 and 34
respectively from left to right.

3-6 BERHLIREOBE

Sk Uiz Table 1 BIXUEBEI Y - T, WHERE
LRI E DBIFREDED X HICET DI ENTE D, T
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(1) WORHLERS B L IR 1 3 T O ME R B K
X EEING,

(2) EYTEOHMEIFEA MBS FEEL, BHO
ARG LA AT, 70Ty AT HIT -
THEFZ EMTEIR N, FREMTEHOFEO KT IO
RLBEAEEHEUR L LIRS T A
TgawE, RMAEESEBIRTCESBALTHS,

(3) HEEEEICBIRL S FET B,

(4) Bead-on-plate fEic & 5T, SEA LI/ rAHE
EFRL 72 ~ FEREBW IS EE Uk,

(5) BHSERIILE B &4\

6) FOMEEESI LBIRL .,

4 % %=

4-1 BRETROEREE

B EOEREENDEATROENBHBIE>XD LI
#Ez bbb,

F 2 OO RMEAFH ORI L FEINE D
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= L OLEEOREIE 7 VI =y M TIERIEE
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M A T HEA T T, Fig 2(C) &5\ XElB
@ Photo. 1F kL7~ & 51, BhEEbsknm CrkBsehiom
LIRERUIEA & 5 72RO & %R - ERlEEN, B
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FHAERD Bivh, SO XD LM & o BRI BT
B U0k, MEORWSEFIE~NT, 70 —-=>
SERZPBHEAERKE TRIORT NI &7 ~ 7 TTOHE
AEBOBERRWUIREODE S THB ZERLH LD L
Ebhb, LrUVRBECHEEEZ LD L, BEDDILDIE
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B BT ERIC AL /NSRS A L DD L DD ik
LEZBND,

Bead-on-plate BRI D& AR & BRO L~
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WEAYEMNT I, ThbboBaris Fig 2(A) ©
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WFEE RN, REEEC L THER SO Y
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Bo@EBIE, TTRHEEL TWegEHaft- Thiisig
Ui Thiug, BIxEc U TEFEILESMTETN
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72 =Y AOFE TIG B &5 A HEHESORA TR DNT

(160)

Before welding % % %

Tt T

After welding
( cross section)

lack of fusion

After welding
{ back side)

(1) Bead on plate

é lack of fusion

(2) Sguare bult without

{31 Sguare butt with

root opening root opening

Fig. 2 Schematic explanation of lack of fusion encountered in one side TIG welding of aluminum.
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BET AL, BEHEFOEEORT, ThbbiEESBET 1 BATROMIECHRNRS L,
CBALRWCEEEMRT 50T, BETREELIF
WY 5B, X Ak

6 EATEOMEL LTI, IR D D & AT 1) G. D. Nikiforov, A. M. Boldyrev, V. I Bukurov : Svar.
o T, BAEELTR2ERETED, LALNEH Proizv. (#d0), (1966-3), 2
BRERTRIEAIE, & CPEER LOMERMSO T 9y yum e, 66 (1), (1966), 27
o VERD OIEEAVCEE L, BEBTEHITHEPMAEE  3) R. L. Apps, D. R. Milner : British Weld. J., 10 (1963),
E A RETH Do FRBEHLMEDL D WM EZ &N 348
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Study on Filiform Corrosion Occured in Coated

Sheets of Aluminum and Its Allogs.

by Michiki Hagiwara

The effects of several conditions such as alloying elements,

chemical conversion

treatments, primary and finish coatings on the filiform corrosion generated on aluminum
and its alloy coated sheets were studied by salt spray test, salt water immersion test and

humidity-box test.
The results obtained were as follows :

1. Aluminum of lower purity was more corrosive than that of higher purity. Alloys
of 3003 and 5052 were more corrosion resistant than 1100 alloy.

2. The effect of chemical conversion was most remarkably observed.

The resistance

of the sheet treated by chemical conversion was extremely high.
3. Since the finish coated film was thicker than the primary coated one, the former

was supporsed to be more corrosion resistant.

However, the finish coated one was

not very resistant to the filiform corrosion.

4. The filiform corrosion was not so much generated by salt spray test alone. However,
after the panel was successively treated by humidity-box test, the blister produced
by salt spray test induced the filiform corrosion.

il

1. ®

B, 7V =9 s & CERIR S B SRR
T LI LiEFE L, RMEca? ks Fili-
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21 #T7II = LEERER

7=y AREDWT, HEE, TRIEGROBEEK, (b
AR EALEE, THEERE, 2EIBED S5 DOREAHTLL

* ZeE, 19 (1969), 569 i —HEH
GRS

i &0 5T 2k, L16 ofladiz kb
TR U =B B i onWT, $keEGEE (5% NaCl, 35
4£1°C, pH=6.8) faffEEzREk (4041°C, 804-29)
RN T, BB DYEHIGME Table 1 0 & < T,
ARFIDOIEENEB A bbb THRE Ui, BB~
18X 45w X 75l T, BEHEIK 7 v 20y P& AT,

Table 1 Coating conditions of pure aluminum specimens.

Specxénen Mat%fials WasBﬁing Cheﬁiiqal Prel-)’ DoubEié-
- water conversion coating] coating
1 99.5% A1 | Tap water None Vinyl Epoxy
2 » 7 7 Epoxy None
3 7 Kl Do Vinyl s
4 7 7 7 Epoxy Epoxy
5 7 Pure water None Vinyl None
6 7 v ” Epoxy Epoxy
7 7 K4 Do Vinyl 7
8 s 7 7 Epoxy None
9 99.8% Al | Tap water None Vinyl v
10 v 7 7 Epoxy Epoxy
11 7 V Do Vinyl Y
12 7 7 7 Epoxy None
13 7 Pure water None Vinyl Epoxy
14 v 7 4 Epoxy None
15 7 7 Do Vinyl ”
16 7 V] 7 Epoxy Epoxy

2:2 TivIzZgLeSERERER
ERAEC L HHREYTEES D ENT, 1100, 3003% &
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% Table 2 wird, BERF ~TEki: 1tX40w X 65/ THEk
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Table 2 Coating and testing conditions of
aluminum alloy specimens.

1100 alloy
Materials 3003~
5052 ~
None
Degreasin with Acetone
€ & 7% NaOH 50°C % 30 sec., 7% HNOs; R.T. *x10 sec.,
washing with water, drying
f None
Chemical . . .
conversion | Alodine 401-45, 29 sol. R.T. x 3 min., washing with
water, drying
Painting Vinyl Paint, 180°C %10 min. Baking
1. 2 Months in Humidity box (40°C, 83%)
2. ks 7 ”
after salt-spray test 144 hrs.
Testing 3. ” 7 Vs
after Immersion in 5% NaCl sol. 144 hrs.
4. 7 Vs »
z 7 7 and washing

fr¥s, BEIIWTNE -2~ 2 - FHWTTRY, &
A 150, 2 M8 L o 5A OB 251 TH %,

3.% B B R

31 ®MT7INI Y LBRIROER

SRPEATEKMERRE, MREERRAOLLLI
oA LT X e, BB RBRA TR, BRER
K@%ﬁ@ﬁ@&ib@o?b@f,77V%&%&oh
i DI L WEBASEHRA ORISR b s v Ay
PR FE LT, S D OB ARG, HEBRA 2K
CEEE L, EIRLT, B|AD 5 WHEREEMPICHEEL
TR &, ZOBINLRREESEFTL T DT EMb
Motee FORFEH—FI% Photo. 1 1KiR7,

SRR L, EEEERROLERL BB IS WT
1, SRERHERT 2 7 B D & O Thvn D BT RIRIET B A3FELE
LT BHLDMB ot TO—H% Photo. 2 12777,

EEEERRO HORBRA L HUKEGEREBEAREL
7o BRI & Tl FET HRRBEADHRLLRR D, #
S I\ NTIEADIRZE & <, 2/ DEICHESTL T
HAEDINTEEAETH BN, BETIRERLPRL, HH
b —mEd, EIXLEN. UL, BERAOERGH: L
Fe OERA &1k, WEOMICHE VERL DN, Z2
¢, EEEERBROHFEE L BRI OWT, BERA{E
SIS L R AORAFMICRAEL 1.

Tibbt, R CHEELICREE DN, RO
BEEL LD IARELT, AOH BARES, RE0OR
Rk BH & Table 3 O Z: Kb, ZOFNFIK
DT HEBERD P B I DL G T E T8 o 1R,
Table 4~6 MEHNI,

— 2

Photo. 1 Corrosion of 99.59; Al sheets coated (45x75
mm) after salt-spray test for 176 hrs.
Upper : Only salt-spray test
Lower : Exposure in the humidity-box at 40°C,
8025 for 1 month after salt-spray
test.

2 3% 5 g
Tnboedshdistisdio s T
Photo. 2 Filiform corrosion generated on 99.59; Al
sheets coated after exposure in the
humidity-box at 40°C, 8095 for 2 months.

FOH, BAEIBIVEIORMO TN FRCERER
s A L X N A B RF O TR & A EEE, 43
L —3 U 7 A am LTz,
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Table 3 Experimental results of pure aluminum
coated sheéts.

Specimen No. ﬁlI\iIfuor?;exc' o(;fr. ?fﬁf?gnf};z %:g};x?.f Eﬁ%{,‘%‘i}?’?}'“
1 53 14 447
2 49 16 475
3 0 0 0
4 0 0 0
5 10 10 64
6 31 16 247
7 16 6 49"
8 0 0 0
9 0 i} 0

10 63 12 181
11 0 0 0
12 0 0 0
13 31 12 194
14 16 6 51
15 0 i} 0
16 0 0 0

Table 4 Analysis of variance for the number of
filiform corrosion.

| Ratio of
Factors S ] ® i v Fo (ffl%ggt contrglnution
B. Washing | 953 | 1 | 23 | 2.68 | 146 2.03
C. Chemical ar ;
“hemical | 3511 1| 8511 | d0.4rv | 3424 47.60
E. Double- g 88 1 885 | 10.2¢ | 798 11.09
BxOC 541 1 541 | 6.22¢| 454 6.31
BxD 298 1 298 | 3.43 | 211 2.93
CxD 410 1 410 | 471 | 823 4.49
CxE 473 1 43 | 5.44 | 386 5.37
DxE 233 1 23 | 2.68 | 146 2.03
e 609 7 87 1305 18.15

Table 5 Analysis of variance for the maximum
length of filiform corrosion.

Ratio of
Factors S é v Fo , Efl%:;.it contri)}:ution
A. Materials 64 1 64 23.6*% 61.29 9.59
C. Chemical 400 1
conversion 400 147.6** 397.29 62.17
E. Double- 49 1 .
coating 49 18.1%% 46.29 7.36
AxC 25 1 25 9.23% 22.29 3.49
BxD 25 1 25 9.23% 22.29 3.49
cxD 25 1 25 9.23% 22.29 3.49
CxE 16 1 16 5.90% 13.29 2,08
DxE 16 1 16 5.90% 13.29 2.08
e 19 7 2.71 40.68 6.25

Table 6 Analysis of variance for the total length
of filiform corrosion.

’ Ratio of
Factors s ¢ v Fo el?f’ggt Contr;!é)ution
A. {)\V/Iat%rials 45476 1 45476 | 17.3%* | 42784 11.14
B. Washing g

c ch .wafer 15688 1 15688 | 5.83 12996 3.38
. Chemica

. I():ont\;'iarsion 162611 1 162611 | 60.4** | 159919 41.64
. Double-

Dl ing | 17628 | 1 | 17623 6.55° | 14931 3.89

AxB 24258 1 24258 | 9.01* | 21566 5.62

AxC 35627 1 35627 | 13.23* | 32935 8.58

BxC 22425 1 22425 | 8.33* | 19733 5.14

BxD 32490 1 32490 | 12,07+ | 29798 7.76

CxE 11718 1 11718 | 4.35 9026 2.35

e 16151 6 2692 40379 10.50
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50
C. Chemical ‘E. Double- l BXC
conversion coating
¢ 40F
0
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&
O 30}
c _
5 ]
£ C,
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Z 10} T
|
O I L L
None Do Epoxy None ‘B, B,

Fig. 1 Average of histogram and standard deviation
for the number of filiform corrosions.
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A. Materials C. Chemical E. Double- DXE
conversion coating
8 -
E,
E.
£ 4r
£
c
.9
S
‘\.oi 0 H { 1 | | 1
O 99.5%Al 99.8%Al None Do Epoxy None D, D,
€
[
= 16
K]
- AXC CxD BXD E, CXE
© D,
‘_§ 12 -
€
=]
£
5 D,
= 4L c, s
1
D.
4 F
0 -F\IC? { 1 ! |
A, A, c, : C. B, B, o Ce
Fig. 2 Average of histogram and standard deviation for the maximum length of filiform corrosion.
300
A. Materials C. Chemical E.Double- BXD
conversion coating
200
D,
£ 100 [\I D,
= L
9
8 .
[
|9} 0 i 1 | | | [ l
E 99.5% Al 99.8%Al None Do Epoxy None B, B,
O
5 400
=
g AXB AXC BXC
5 300} C ‘
2 <
B, .
200 |-
100 |- 82

Az

A,y A, B,

Fig. 3 Average of histogram and standard deviation for the total length of filiform corrosion.
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144 hr OHKBEERBROD D, 2 7 AMEEER
EE L oFBR A o/ E A Photo. 3~5 kKIRT,

i sl
Wt

Alodine 401-45

Chemical conversion
None

Degrease None 7% NaOH

Photo. 3 Corrosion of 1100 alloy sheets coated (4065
mm) tested in the humidity-box at 40°C, 807
for 2 months after 144 hrs. salt-spray test.

Acetone

Alodine 401-45

Chemical conversion

Acetone

795 NaOH

Degrease None

Photo. 4 Corrosion of 3003 alloy sheets coated (4065
mm) tested in the humidity-box at 40°C, 809
for 2 months after 144 hrs. salt-spray test.

Alodine 401-45

Chemical conversion
None

7% NaOH

Photo. 5 Corrosion of 5052 alloy sheets coated (40x 65
mm) tested in the humidity-box at 40°C, 80%
for 2 months after 144 hrs salt-spray test.

Degrease  None Acetone
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Fete Ut RS &1 Photo. 8 i # DA A R = &
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L Photo. 9 @i bBbNABTELBED7 7 v TD7 vz
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SR T UL e s i it g
B - o e S
Photo. 6 Filiform corrosion generated on the surface
of pure aluminum sheets contacted with
vinyl-sheet.

02N
—~ O

0

colmm.:.

Photo. 7 Surface micrograph of the filiform corrosion
generated on the pure aluminum sheet
contacted with vinyl-sheet.

Photo. 8 Surface micrograph of the filiform corrosion

generated on the pure aluminum sheet
coated with vinyl paint.

Photo. 9 Cross section of filiform corrosion generated
on the pure aluminum sheet coated with
vinyl paint.
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On the Surface Striation-Patterns of Anodized

Aluminium Sheet

by Yoshio Baba and Junji Hamada

To clarify the causes of appearance of surface striation in aluminium after anodizing,
structural studies and electron microprobe X-ray analysis have been performed on the

1100 alloy sheet:
following two types.

It has been found that the surface striation can be classified into the
One of them is caused by a segregation of Al-Fe-Si compounds,

which is unchanged even after recovery and secondary recrystallization at 630°C. Another
one is closely related to the difference in orientation between two elongated grains, which
has been caused by coarse grained structure in the early stages of fabrication such as
ingot making, hot rolling and intermediate annealing.

1. #&

TERMT VI =y 2ERY, A7 v TRED
EMMEZROERNHRCHERT 5846, REOXAMILPER
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TR & D RBEBEE, AFFIRBRL Ve sy, LS
RO L HKIE Fe, Si 2% W2 Enb, BT
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Table 1. Chemical composition. (%)

Mg Zn Ti

Al]CulFe1Si Mn

<0.01[ <0.01| <0.01 | <0.01

mmE CAMELEL/2bDH B WML bDTH 5D,
LR ik Table 1 im/R 3@ D Th 5, TilEROBEL,
70°C @ 1095 Y — £ ¥R IC LA B U fo i, i
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BB EELHNDUEEEE, XA 707774y~
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i, HBEWET v T S EEERBAIEA U cECEL S
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Photo. 1 Micro structure of the slub surface sculped 0.5mm.

Striation

(b)
(a) Rolled from slab sculped 0.5mm
(b) Rolled from slab sculped 170mm

Photo. 2 Macro structures of the sheet etched with 1095 NaOH solution at 70°C.

Striation

(a) As rolled
(b) Secondary recrystallization at 630°CX 2hr

Photo. 3 Surface striation of the sheet etched with 109 NaOH solution at 70°C.
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|

O Si Ka Xray intensity

O Fe Ka Xray intensity

Fig. 1 Distribution of Fe, Si in the sheet having the striation.

Si o intensity 235 <, Land Fe & Sio peak hi—#L Aok LELIESBRENG,
TWB o & XY, Wik Al-Fe-Si RO LEWARIE Z OB O Photo. 4 @) 1wk dml, FiEy — &
BHLD 2L LA 5T PRI BT B &I & B ek & 3 e B IR E BT
Bo FiZ OWERE, TkTxzyF¥ 735 Photo.
4 (NCRT L S I BICUBNT R D, Wb B 7 millik
E—HLTNBHZ ENbb, Blb <7 vl HE—7
BEEORNIC/R D Z LA bhofc®T, HHLILET,
PO IR S AEH O BRI 52 % %%%%&ho
F T, RETIB A T iR U re B A YRR D B
B, HAZRBLRG A A T A EE R X OUHER G D I A 25
mmys B 5 mmE TEFAE 1 mm % TrRIHELE L EK
Ty F v LU REAYELZE L, Photo. 5, Photo. 6

, a7 ARAASE CESIRE 0.5mm) o#HE TivE
E@bkﬁ@@%ﬁﬁ%f&éoﬁﬁwﬂmmﬁ,Pmm-
8%, MiKZkotkdh CESRE 1LSmm) DMk LU%
NAFERE L 724 o, Photo.9, Photo. 10 %, IR FHO
YR L O ENEIE bﬁ%@f%éo;ﬂb® HLD
S OISR, 96% O FEAEIMT A 1778 o T b I oD
%ﬁ%mﬂmm%%&&&b,%%@WWM%&E@M@
R L BN S B 2 b o, Tibb,
MO AR AR 7 5 &, FREEROTBEEA L - &
DB, SO RIRREAEHTT B AUE B EEIER D 15
BaRIED < 7 %o

ZO X B I IBEED & B R A 300°C T 1 R RAGERS
(a) Etched with 10%NaOH soution at 70°C % &, Photo. 11 imR3 L 5 CHEREZLO L OIHEELD
(b)  Erched with HNO,HC solution (HNO, [HC| =2/%) Fe b BN 75 1 IS 7e < T Bo Ui LSBT - T

Photo. 4 Macro structures of the sheet etched with
NaOH and HNO,-HCI solution. Why
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Photo. 6 Macro structure of sheet rolled from the slub
of fine grain structure.

Photo. 7 Macro structure of slub. (coarse grain) Photo. 8 Macro structure of sheet rolled from the
slub of coarse grain structure

Photo. 9 Macro structure of slub. (feather-like crystals) Photo. 10 Macro structure of sheet rolled from the
slub of feather-like structure.

(a) As rolled (b) Annealed at 300°C
Photo. 11 Macro structures of the sheet having striation.
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S ¥ THUMO AR & BREER & ORI OWTH
AT E72h, B URKIEATEES T grain growth U7tk
EEETHZ LI L TS,

Z OHEREROERICOWTEI TR~ %, Photo. 12
E X 340mmo 110044 O HmdksEmI X » TEML 72
A BMIEL L CERLEROBHARER TS D, @ik
BAAEIED £ %, (0)i2360°C TEEsEL 224 D, (©1%550°C
T 1TmmE T (#15.5%) BHEELL, TO®HIH
12450°C THEst U CREBICH A AR 2 £ L/
LOTHB, ZNHOERAEZNENGHT 0.5mm FX
& TIFRE L f- iR O B HEPS R A% Photo. 13 k¥, &

(o)

(b)

(a) As hot-rolled (18mm)
(b) Annealed at 360°C
(c) Annealed at 550°C, cold-rolled from 18mm to 17mm
and re-annealed at 450°C
Photo. 12 Macrostructures of cross section of 1100
alloy plate.

(a) ®) (o)

Photo. 13 Macrostructures of surface of 1100 alloy
sheet (0.5mm).

R

Photo. 14 Deep-drawn 1100 alloy sheet (c) showing flow
marks (looper lines).
The sheet was annealed at 360°C after cold
relling from 17mm to 0.5mm thickness.

HgEgtiC grain growth U7-#id 150 © D sRET
BDHI B3, Photo. 14 bR L i<, #Hic &R
MOME Aol re—<~0 (VT Avy) 3
41, FOMEMEELTF2REN1E D,

BlEor X, MITREL & WCRE DR LR
BT oSO A ST Ao P BER T AL L 72
fESRIS, R & » TEDOFE FHEEN, ZoMEdh
Fods 2 DIE SRR D 7 KL ZE D AR SER O W & W T %
YO EEZBND, BEEIER & BEH L C b mfEshio )
ik, TTEOMIEI NI EBINTHERIES,
ZOBOBEERCOWT, [EFRITERE X » TRl I i
fEdo 1o H L, &2 2 7 € Photo. 15, Photo.
16 R 3 < Hira e U LR AR L T %,

B, FHLE J o THE S e 4 OIS 5 7L
HHLTHEY, BEEiL T & THEMBIIETTOME S N iefdh
b2 T R o L VR S

Photo. 15 (111) Pole photograph of an as-rolled sheet
having striation.

Photo. 16 (111) Pole photograph of an annealed sheet
having striation.
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1) T X A5, Fe &SI icAl-Fe-
Si{t&mDOHBTRITL TN 57D EBZHLDTHY, B
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1) pBRERER, BIBAE  BEE, 6(1953) 2, 28
2) BEH—%: BREREUIERET ARSI EE, 22
3) Dieter Lenz, Hans Otto PaulBen : Z. Metallkunde 59

(1968) 521
4) Werner Sautter :
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Z. Metallkunde 59(1968) 527
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B2R ENER B VRO
FFRIGHEESE (BERHBSRE LIS SW1-1966)

33 HAEIHRHE

JIS B 8243 [k 7+~ [EHREERORE] CHUHEIRICHWS

BURRER BHMOTI)- (g/mm®| % % 1 5 . . - P
# L4 : — FTNI=YARLU TV =Y A AEOERIRIEINGE
Bl & l i il (kg/mm?) . - y . . .
1080—0O (6.65)* 9 1.4 1 @j’\f & U‘;E 2 FZ\(M:J: 5HeE I/, @'%%Wﬁﬁwlﬂﬂ(§ fC(/iﬁf(ﬁ{
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8003—0 9 8 2.0¢ LSO RBABEBC L TED BN LDTH S,
5905—0 9 3 2.0¢»
5052—0 18 6 4.0 3-4 HSEBE
5154—0 21 7 4.7 KERE S (The American Society of Mechanical
5083—0 27 13 8.0 .
Engineers) O #A 7k LOFE AWK (Boiler and
¥ OokETM I LBE AALWGD X B, 3 .
* FUL AALLD Kk Do Pressure Vessel Code, Sec. VIII) ¢ Div. 1 iK¥kiF5
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(@) 30038 - (b) 6061 (c) 6063
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2 — 4

o ©
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7 & (C)
®2E JIS B 8243 [k L ENABOME | @7 T =0 AAGMBIEE OFAEST
=te 7V~ THEEN TOREHE BT HHEIE I s 0.0194 /1,000 hr @ 7 v — 780 & % 7213 100,000

(1) BRI HHEHEEBEOSERERI OR/MEDYL hr © 7 Y — 7BEFEE I O/AEWE 5 OfEEZ BWTin5,
Q) UHFREIRTHIIERI DY, WolT 5 Div. 2 mRWTikbikioREsE, Bl HdEny
(3) SRR A EHEE DM DE/IMED2S DT RTOEMIZ T Dive 1 X 9BLUWEREL, 7
(4) MFIRE KT HHIID% Y — 74EELL T DR BRI R AEERICTITERRE &

DHIBBEPNEWETH D, 2120, K HEDNWT R VRS FNFN IR IO 15 L LI2EE
WEERFFIREI F L3I L EnEN 6k L1004 ORMNMELLTEY, ZHEED5RILKRT,
BEoHTnWb, ¥z, 7V — 7HHBROBEGRRICKT 55

#33% ASME Boiler and Pressure Vessel Code, Sec. VIII Div, 1

DFEBIERGS (i, BHERTF2E&EL) (zm1)
" . = = f #4053 /b i Bk ® & & H  (kg/mm?) -
(mm) (ilg"%zi% (f;”fg /m njljﬂ) 38°C } 66°C [ 93°C ‘ 121°C 1 149°C 177°C 204°C
o 1.30~76.2 5.6 1.8 1.16 1.16 1.09 0.95 0.84 0.74 0.63 —
H12 | 1.30~50.8 7.7 6.3 1.93 1.79 1.65 1.48 1.34 1.12 0.98 @
Hl4 | 1.30~25.4 8.4 7.0 2.11 2.11 2.04 1.90 1.65 1.41 1.12 W
1060 | muo! 6.35~12.7:k% 7.7 4.9 1.93 1.69 1.51 1.34 1.16 0.98 0.84 I
v | 12.7 ~25.4%% 7.0 3.5 1.76 1.51 1.37 1.20 1.05 0.91 0.77 W
P 25.4~76.2 6.3 2.8 1.58 1.3 1.23 1.05 0.95 0.84 0.70 @
o 1.30~76.2 7.7 2.5 1.65 1.65 1.62 1.48 1.30 1.12 0.91 -
H12 | 1.30~50.8 9.8 7.7 2.46 2.3 2.91 2.04 1.86 1.60 1.20 I8
H14 | 1.30~25.4 1.2 9.8 2.81 2.74 2.57 2.32 2.11 1.90 1.20 I
100 | myi2|  6.35~12.7:kM 9.1 4.9 2.28 2.14 1.93 1.72 1.5 1.30 1.05 N
v | 12.7 ~25.4%% 8.4 3.5 2.11 1.97 1.79 1.58 1.41 1.20 0.98 @
P 25.4~76.2 7.7 2.8 1.86 1.83 1.62 1.48 1.30 1.12 0.91 ey
o 1.30~76.2 9.8 3.5 2.36 2.21 2.04 1.90 1.69 1.48 1.27 -
H12 | 1.30~50.8 12.0 8.4 2.99 2.81 2.67 2.53 2.3 2.11 1.86 1))
H14 | 1.30~25.4 14.1 12.0 3.52 3.41 3.30 3.00 2.81 2.46 2.18 N
8003 | Hitp| 6.85~12.7%M | 12.0 7.0 2.99 2.67 2.46 2.32 2.07 1.83 1.58 M
v 12.7~25.45% | 10.5 4.2 2.64 2.36 2.18 2.04. 1.83 1.62 1.37 w
v 95.4~76.2 10.2 4.2 2.53 2.28 2.11 1.97 1.76 1.55 1.34 &)
0 1.30~12. 751 9.1 3.2 2.11 2.04 1.90 1.76 1.55 1.37 1.20 —
s | 12.7 ~76.2 9.8 3.5 — - - - - - - @
Hiz | 1.30~12.7#% | 11.2 7.7 2.81 2.67 2.53 2.39 2.18 1.97 1.76 Teh)
s | 12.7 ~50.8 12.0 8.4 - - - - — — - WG
BEE | HM | 130~127RH | 13.4 1.2 3.34 3.23 3.13 2.95 2.67 2.36 2.04 @
s+ | 12.7 ~25.4 14.1 12.0 - - - — - - — W@
Hil2 | 6.35~12.7%% | 1.2 6.3 2.81 2.53 2.32 2.18 1.93 1.72 1.48 %)
s | 127 ~50.8k% | 105 4.2 2.39 2.11 1.97 1.83 1.65 1.44 1.23 W@
s+ | 50.8 ~76.2 10.2 4.2 2.98 2.04 1.90 1.7 1.58 1.41 1.20 W)
o 1.30~76.2- 15.5 6.0 3.87 3.87 3.87 3.66 3.20 2.53 2.07 —
H32 | 1.30~50.8 19.7 14.8 4.92 4.92 4.92 4.60 4.08 3.55 2.46 1))
3004 | pa4 | 1.30~25.4 22.5 17.6 5.6 5.6 5.6 5.2 4.60 3.94 2.46 @
HU2 | 6.35~76.2 16.2 6.3 4.04 4.04 4.04 3.87 3.27 2.7 2.21 e))
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# 3% ASME Boiler and Pressure Vessel Code, Sec. VIII Div. 10#FEBIRGT (F, BESFE2EL) (Z02)

=N = = [~ < 2
o - B 5 glﬁ,g:; ) ]b‘m;] ﬁﬁﬁ B KX B OB K A (kg/mm?) i "
(mm) AL, Ngmmn|  3°C 66°C 93°C | 121°C \ 149°C } 177°C 1 204°C
o 1.30~12.7k% | 14.8 5.6 3.60 3.69 3.66 3.52 3.06 2.43 1.97 —
v | 12.7 ~76.2 15.5 6.0 — — — - - — — @
H32 | 1.30~12.7%% | 19.0 4.1 4.78 4.78 478 4.43 3.94 3.4 2.39 1eH)
P v 12.7 ~50.8 19.7 14.8 — - - - — — - 1A
3004 | H34 | 1.30~12.7¥ | 21.8 16.9 5.5 5.5 5.4 5.1 4.93 3.80 2.39 @
s 12,7 ~25.4 22.5 17.6 - — — — — - - V1))
H112 | 6.35~12.7%% | 155 6.0 3.87 3.87 3.87 3.66 3.20 2.53 2.07 1o
Y 12.7 ~76.2 16.2 6.3 — — — — - —_ - M)
0 1.30~76.2 12.7 4.2 2.81 2.81 2.81 2.81 2.81 2.36 1.48 —
H32 | 1.30~6.35 15.5 1.2 3.87 3.87 3.87 3.76 3.37 2.67 1.48 e
050 | p34 | 1.30~6.35 17.6 14.1 4.39 4.39 4.36 4.2 3.80 2.78 1.48 %))
HI12 | 6.35~76.2 1.1 5.6 3.52 3.52 3.52 3.44 3.16 2.60 1.48 )
0 1.30~76.2 17.6 6.7 4.30 4.39 4.36 4.2 3.80 3.7 2.46 —
H32 | 1.30~50.8 21.8 16.2 5.5 5.5 5.4 5.0 4.50 3.94 2.46 1))
5052 | H34 | 1.30~25.4 23.9 18.3 6.0 6.0 5.9 5.4 4.85 4.99 2.46 1o
HI21| 6.35~12.7:x3 | 197 11.2 4.92 4.92 4.80 4.72 4.95 3.66 2.46 @
P 12.7 ~76.2 17.6 6.7 4.39 4.39 4.36 4.22 3.80 3.97 2.46 o)
o 1.30~38. 1% | 28.1 12.7 7.0 7.0 - — - - - —
P 38.1~76.2:05 | 27.4 12.0 6.9 6.9 — — - — — —
P 76.2~127 475 | 26.7 11.2 6.7 6.7 — — — — — —
P 127 ~178 #i% | 26.0 10.5 6.5 6.5 — — — — — -
P 178 ~203 25.3 9.8 6.3 6.3 — — — — — —
5083 | H112| 6.35~38.Lkw |  28.1 12.7 7.0 7.0 - = — - - )
P 38.1~76.2 27.4 12.0 6.9 6.9 — - - — - m
H321 | 4.78~38.1%3 | 30.9 21.8 7.7 7.7 — — — — — e
P 38.1~76.2 28.8 20.4 7.2 7.1 — — - — — M
H323 | 1.30~6.35 31.6 23.9 7.9 7.8 - - — - — )}
H343 | 1.30~6.35 35.2 27.4 8.8 8.7 - — — — = IeH}
o 1.30~50.8 24.6 9.8 6.1 6.1 — — — — - —
H32 1.30~50.8 28.1 19.7 7.0 7.0 — — — — — [¢})
H34 | 1.30~25.4 30.9 23.9 7.7 7.6 — — - — — @
5086 | H112| 6.35~12.7%3% | 25.3 12.7 6.3 6.3 — — — — — M
y 12.7~25. 454 | 24.6 11.2 6.1 6.1 — — — - — 1))
P 25.4~50.8k¥% | 24.6 9.8 6.1 6.1 — — — — — M
P 50.8~76.2 23.9 9.8 6.0 6.0 — — - — - —
o 1.30~76.2 21.1 7.7 5.2 5.2 5.2 4.92 4.50 — — —
H32 | 1.30~50.8 25.3 18.3 6.3 6.3 6.2 5.8 5.2 — — M
5154 | H34 | 1.30~50.8 27.4 20.4 6.9 6.8 6.7 6.2 5.6 — — )
HI112 | 6.35~12.733% | 22.5 12.7 5.6 5.6 5.6 5.2 1.82 — — IS
P 12.7 ~76.2 2.11 7.7 5.2 5.2 5.2 4.92 4.50 — — 16N}
o 1.30~76.2 21.8 8.4 5.4 5.4 5.4 5.1 3.87 3.02 2.46 —
H32 | 1.30~50.8 25.3 18.3 6.3 6.3 6.2 5.3 3.87 3.02 2.46 0]
5454 | H34 | 1.30~25.4 27.4 20.4 6.9 6.9 6.5 5.3 3.87 3.02 2.46 @
H112 | 6.35~12.7%35 | 22.5 12.7 5.6 5.8 5.6 5.2 3.87 3.02 2.46 %))
P 12.7~76.2 21.8 8.4 5.4 5.4 5.4 5.1 3.87 3.02 2.46 1))
o 1.30~38.1%% | 29.5 13.4 7.4 7.3 — — - — — —
v 38.1~76.243%5 |  28.8 12.7 7.2 7.1 - - - — - -
v | T6.2 ~127 kWG| 28.1 12.0 7.0 7.0 - - — — — —
P 127 ~178 ki | 27.4 11.2 6.9 6.8 — — — - — —
s | 178 ~203 2.7 10.5 6.7 6.6 - - - — - —
H112| 6.35~38.13% | 20.5 18.4 7.4 7.3 - — - — - %)
5456 p 38.1~76.2 28,8 12.7 7.2 7.1 — — — — - o)
H321 | 4.78~31.8%% | 82.3 2.2 8.1 8.0 — — — — — 1))
P 31.8~38.1%3%% |  30.9 21.8 7.7 7.7 - - - — — %))
P 38.1~76.2 28.8 20.4 7.2 7.1 — — - - — o)
H323 | 1.30~6.35 33.7 25.3 8.4 8.3 - — — — - o)
H343 | 1.30~6.35 37.3 28.8 9.3 9.2 - — - - - 16
T4 | 1.30~76.2 2.1 11.2 5.3 5.1 4.92 47 4.50 3.94 2.81 @
T4y 1.30~76.2 16.9 - 4.92 4.15 4.01 3.80 3.52 2.95 2.95 —
6061 | T 6 | 1.30~102 k¥ | 29.5 24.6 7.4 7.2 7.0 6.6 5.6 4.36 3.09 @
s | 102 ~127 28.1 2.6 7.0 6.8 6.6 6.3 5.3 4.15 2.95 @
T6 b 1.80~127 16.9 — 4.2 4.15 4.01 3.80 3.52 2.95 2.95 —
T4 | 1.30~12.7% |  19.0 9.8 4.78 4.57 4.36 4.22 4.08 3.50 2.53 @
p 12.7~76.2 21.1 11.2 — — — — - — - @@
T6 | 1.30~12.7kW | 26.7 22.5 6.7 6.5 6.3 6.0 5.1 3.94 2.81 @
BeR) 12.7~102 3% | 20.5 24.6 — — — — — — — @@
s | 102 ~127 28.1 24.6 6.3 6.2 6.0 5.7 4.75 3.73 2.67 @@
T4 mgE  1.30~76.2 16.9 - 4.22 4.15 4.01 3.80 3.52 2.95 2.95 —
T6 ¥ 1.30~127 16.9 - 4.22 4.15 4.01 3.80 3.52 2.95 2.95 —
T BERECBECIOHOGIEE A5, (2) COWEGHEBEPEN L ZREBATE v, (G) FERNAREE 12.7 mm RBEOBEOME A 5,

1) RULHEBIELEHOMDI% TH 2o

4




(179)

TR E ¢ B & 8B

April 1970

#43% ASME Boiler and Pressure Vessel Code, Sec. VIII Div. 1 OFASERN RLSL. BERFR2EL) (F01)

" B0 RANME B OA ®F & B (kg/mm?) X
<A # K (mm) sliggaes | W 7 38°C 66°C 93°C 121°C | 149°C 177°C 204°C %
(kg/mm?)| (kg/mm?)
2024 | T4 |,3.17~165 43.6 281 10.9 10.4 10.0 8.7 6.6 4.15 2.88 @@
T6 | 3.17~203 29.5 24.6 7.4 7.2 7.0 6.6 5.6 4.36 3.00 @@
6061 16 pepr 8.17~203 16.9 — 4.92 4.15 4.01 3.80 3.52 2.95 2.%5 )
o | 2 v+ = 6.0 1.8 1.16 1.16 1.12 1.02 0.88 0.77 0.63 -
1060 | w132 | & < 7.0 2.8 1.78 1.51 1.37 1.20 1.05 6.91 0.77 M
T4 | 6.35kM 40.1 2.5 10.0 9.6 9.1 8.0 6.1 3.8 2.67 @3
s |6.35~19.0%5 42.2 30.9 10.5 10.1 9.6 8.4 6.4 4.01 2.78 @@
2024 s [19.0~38.Uk3%  45.7 32.3 11.4 10.9 10.4 9.1 6.9 4.32 3.02 @13
v 38,100k 47.8 32.3 12.0 11.4 10.9 9.6 7.2 4.53 3.6 | @6
o | & v = 9.8 3.5 2.36 2.21 2.04 1.99 1.69 1.48 1.27 —
3008 ¢ H12| & 9.8 3.5 2.3 2.91 2.04 1.9 1.60 1.48 1.27 )
3
soay O | & T 9.1 3.2 2.11 2.04 1.99 1.76 1.55 1.37 1.20 -
w 3003w | Huz| & ¥ & 9.1 3.2 2.11 2.04 1.90 1.76 1.55 1.37 1.2 )
0 127 ¥ 27.4 11.2 6.9 6.9 - - — - - -
#| 5083 | miy| 1w ko 28.1 16.9 7.0 7.0 — — — — o @
X o | 2 v = 21.1 7.7 5.2 5.2 5.2 4.92 4.50 — — -
S 2 e 4 & 21.1 2.7 5.2 5.2 5.2 4.92 4.50" - - M
v o 127 ¥¢ 21.8 8.4 5.4 5.4 5.4 5.1 3.87 3.02 2.46 —
st | HIN P 23.2 13.4 5.8 5.8 5.8 5.3 3.87 3.02 2.46 )
t H112 v 21.8 8.4 5.4 5.4 5.4 5.1 3.87 3.02 2.46 o)
1
o 127 ¢ 28.8 13.4 7.2 7.1 - — - — — -
g | 5156 | HILI p 2.5 18.3 7.4 7.3 - —_ — - — a
HI112 P 28.8 18.4 7.2 7.1 - - - — — )
T4 2 ¥ % 18.3 11.2 4.57 4.36 4.22 4.08 3.94 3.44 2.46 @@
661 | T 6 P 2.7 24.6 6.7 6.5 6.3 6.0 5.1 3.94 2.81 @@
;;4,. Tg v 16.9 — 4.22 4.15 4.01 3.8) 3.52 2.95 2.2 @
T1 | 1278 12.0 6.3 2.95 2.95 2.95 4.95 2.81 2.18 1.41 @
s | 12.7~25.4 1.2 5.6 2.81 2.81 2.81 2.81 2.67 2.18 1.41 @
TS5 | 1274 15.5 11.2 3.87 3.59 3.44 3.23 2.95 2.18 1.41 @
6063 |, | 12.7~25.4 14.8 10.5 3.69 3.41 3.30 3.00 2.81 2.18 1.41 @
T6 | 25.4%7c 21.1 17.6 5.3 4.99 4.78 4.29 3.16 2.18 1.41 @
T6 fg P 12.0 — 2.99 2.95 2.81 2.67 2.53 1.93 1.34 —
Té — 26.7 24.6 6.7 6.5 6.3 6.0 5.1 3.94 2.81 )
6061 |7 s — 16.9 — 4.22 4.15 4.01 3.80 3.52 2.95 2.25 -
2014 | T6 | 3.17~165 45.7 38.7 9.1 8.6 8.2 7.3 5.1 3.09 2.11 @@
Tl o024 | T4 | 8.17~165 43.6 28.1 7.0 6.8 6.6 6.3 5.5 4.36 3.93 @3
%
& T6 | 3.17~203 29.5 24.6 5.9 5.8 5.6 5.3 4.43 3.44 2.32 @3
6061 g g 3.17~208 16.9 - 3.37 3.30 3.23 3.00 2.81 2.39 1.83 @
o | 0.25~12.7 6.0 1.8 1.16 1.16 1.12 1.02 0.88 0.77 0.63 -
ioso | H4 | 0.25~12.7 8.4 7.0 2.11 2.11 2.04 1.9 1.65 1.41 1.12 M
H112| 0.25~12.7 7.0 2.8 1.76 1.51 1.37 1.29 1.05 0.91 0.77 M
" o | 0.25~12.7 9.8 3.5 2.36 2.21 2.04 1.90 1.69 1.48 1.27 -
H12 | 0.25~12.7 12.0 8.4 2.99 2.81 2.67 2.53 2.32 2.11 1.86 a
g 3% " | ees~27] 140 12.0 3.52 3.41 3.30 3.09 2.81 2.46 2.18 o)
H18 | 0.25~12.7 19.0 16.9 4.75 4.50 4.95 4.01 3.69 3.00 2.46 M
A o | 0.25~12.7 9.1 3.2 2.11 2.04 1.90 1.76 1.55 1.37 1.20 —
y,y HU | 0.25~127 13.4 11.2 3.34 3.23 3.13 2.95 2.67 2.36 2.04 O
U7 5008 | H18 | 0.25~12.7 18.3 16.2 4.57 4.29 4.08 3.87 3.55 2.95 2.36 1))
H11Z | 0.25~12.7 10.2 4.2 2.53 2.28 2.11 1.97 1.76 1.55 1.34 M
il
o | o.25~11.4 21.1 7.7 5.2 5.2 5.2 4.92 4.50 - _ —
w| 5154 | H3 | 0.25~11.4 27.4 20.4 6.9 6.8 6.7 6.2 5.6 — - )
" T4 | 0.64~12.7 21.1 1.2 5.3 5.1 4.92 4.7 4.50 3.94 2.81 @
6061 | T 6 | 0.64~12.7 29.5 24.6 7.4 7.2 7.0 6.6 5.6 4.36 3.00 @
b T 06127 | 169 - 4.92 4.15 4.01 3.80 3.52 2.95 2.% —
T 6 | 0.64~12.7 23.2 19.7 5.8 5.5 5.3 4.1 3.48 2.39 1.55 @
6063 |Tg wmrgr 0.64~12.7 12.0 - 2.99 2.95 2.81 2.67 2.53 1.93 1.34 —

|
&2}
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#43% ASME Boiler and Pressure Vessel Code, Sec. VIII Div. 1 OFAEFIEIS (LS, HBEEF2EL) (20 2)

v P B R oA B x # & & H ke/mmd
w2 # " (mm) g]f’&‘}ﬁé g pil 0, o o, 21°C 49°C 177°C 204°C i #
ABRE | & | 8 | eec | s 121 1 | 204
HI8 | 6.35%7C 18.0 16.9 4.75 4.50 4.25 4.01 3.69. 3.00 2.46 @Ww
8003 | mi12 | 1.65BLE. 9.8 4.2 2.46 2.21 2.04 1.90 1.69 1.48 1.27 @G
583 | O | & % 27.4 1.2 6.9 | 6.9 - - — — — -
L H38 | 6.35%C '31.6 23.9 7.9 7.9 7.7 7.2 6.4 — — @@
gl %5 mnz| 1.eswk 12.1 7.7 5.2 5.2 5.2 4.92 4.50 — - @)
% o 12,7 21.8 8.4 5.4 5.4 5.4 5.1, 3.87 3.02 2.46 &
Ll Hnz | vesuk 21.8 8.4 5.4 5.4 5.4 5.1 3.87 3.02 2.46 DB
e o | ‘1273 28.8 13.4 7.2 7.1 - — — - - —
556 | mnel 165k 28.8 13.4 7.2 7.1 - - - - - )
T6 | 635%c 29.5 2.6 7.4 7.2 7.0 6.6 5.6 4.36 3.00 @Ww
6061 | 1,651k 2.7 24.6 6.7 6.5 6.3 6.0 5.1 3.94 2.81 )
T6 wg 2 ¥ 16.9 - 4.2 15 | 4.0 3.80 3.52 2.5 | 2.2 —
1060 | H4 | 0.25~12.7 8.4 7.0 2.11 2.11 2.04 1.90 1.65 1.41 1.12 @
H14 | 0.25~5.08 14.1 12.0 3.52. 3.41 3.30 3.00 2.81 2.46 2.18 @
3003 | g95 | 0.25~5.08 15.5 13.4 3.87 3.78 3.59 3.37 3.06 2.67 2.95 @
B,y H | 0.25~5.08 13.4 11.2 3.34 3.23 3.13 2.95 2.67 2.36 2.04 @
%1| 3003 | H25 | 0.25~5.08 14.8 12.7 3.69 3.55 3.44 3.23 2.92 2.57 2.21 @,
# H32 | 0.25~5.08 21.8 16.2 5.4 5.4 5.4 4.99 4.50 3.94 2.46 @
el 5052 | ms4 | 0.25~5.08 | 23.9 18.3 6.0 6.0 5.9 5.4 4.85 4.2 2.46 )
A H32 | 0.25~6.35 25.3 18.3 6.3 6.3 6.2 5.3 3.87 3.02 2.46 @
| 254 | H3 | 0.25~6.35 | 274 20.4 6.9 6.9 6.5 5.3 3.87 3.02 2.46 @
T4 | 0.64~6.35 21.1 1.2 5.3 5.1 4.92 4.7 4.50 3.94 2.81 @
6061 | T 6 | 0.64~6.35 29.5 24.6 7.4 7.2 7.0 6.6 5.6 4.3 3.00 @
T4, T6 §.64~6.35 16.9 — 4.22 4.15 4.01 3.80 3.52 2.95 2.5 —
I
2014 | T4 | 102%c 38.7 21.1 9.7 9.0 8.4 7.7 7.2 4.04 2.74 @
@@ T6 | 102 %T 45.7 38.7 1.4 10.7 10.1 9.8 7.9 4.04 2.74 @
3003 =
o HUZ| & ¥ % 9.8 3.5 2.36 2.21 2.04 1.90 1.69 1.48 1.27 —
o)
Brv| 102 ¥ 26.7 1.2 6.7 6.7 - - - - — _
| 5083 R
HIIZ| 102 £ 27.4 1.2 6.9 8.9 - - - — _ o
B
O N
e g 102 %< 28.1 12.7 7.0 7.0 —
5456 g 102 $¢ 28.1 12.0 7.0 7.0 -
n s AR UES 29.5 12.7 7.4 7.3 on
6053 .
Rl T6 | w2k 5.3 21.1 6.3 5.9 5.6 5.1 4.2 3.30 2.25 @
T6 | 102%c 26.7 24.6 6.7 6.5 6.3 6.0 5.1 3.94 2.81 @
T6 My 102 £ 16.9 - 4.22 4.15 4.01 3.80 3.52 2.95 2.25 —
006l s 102 i 26.0 2.2 6.5 6.3 6.2 5.8 5.1 3.94 2.81 @
” 102~203 2.6 22.5 6.2 6.0 5.8 5.5 5.1 3.94 2.81 @

1) FEWEOHEILOHORIMEE A %o
(2) C OUSFEECHE Lic L FIREGHEMAT &\,

3 BhBRELIEOEA,

@) EHeTEogE 25.4 mm RETH 5,
(5) Mo ®E 25.4 mm BLETH B

6) ZOBWHORBNEBINIBFZOWTRLASOT, OBIRD b OOk 33.7 kg/mm? Th 5,

TERE & 7o DART B0 B IS A BV %o




(181) R 8 & B B ® April 1970
#53% ASME Boiler and Pressure Vessel Code, Sec. VIII - Div. 2 OFASIEIGH
+ s B O RN ®OAK W OB B P (kg/mm?) )
X 4 & & (mm) TEhEEE | W% " . o | W *
e ] B mi|  88°C 66°C 93°C 121°C 14
o 1.30~76.2 9.8 2.36 2.36 2.36 2.28 - -
H112 8.35~12.73% 12.0 3.97 3.97 3.97 3.60 - W
3003 P 12.7~50.85%% 10.5 2.81 2.81 2.78 2.67 — W
P 50.8~76.2 10.2 2.81 2.81 2.78 2.67 - I
o 1.30~76.2 15.5 3.97 3.97 3.97 3.97 - -
3004 Hile 6.35~76.2 16.2 4.22 4.22 4.2 4.22 - )
o 1.30~76.2 17.6 4.46 4.46 4.46 4.46 - —
5052 H112 8.35~12. 743 19.7, 11.2 6.6 6.6 6.6 6.6 - o
" 12.7~76.2 17.6 4.46 4.46 4.46 4.48 - e}
0 1.30~38. 1k 28.1 12.7 8.4 8.4 - — — -
P 38.1~76. 2% 27.4 12.0 8.0 8.0 — — - -
v 76.2~127 i 9.7 11.2 7.5 7.5 - - - -
N ’ 127178 it 2.0 10.5 7.0 7.0 - - - -
P 178~203 5.3 6.6 6.6 — - - -
HIi 6.35~38. Lk 8.1 12.7 8.4 8.4 - - - e}
B 38.1~76.2 27.4 12.0 8.0 8.0 - - - I
c 1.30~50.8 24.6 » 6.6 6.4 - — - -
H112 6.35~12. 74 25.3 12.7 8.4 8.3 - —_ - o)
5086 P 12.7~25.4K 24.6 11.2 7.5 7.3 - - - @
v 95.4~50.87% 24.6 6.6 6.4 - - - W
v 50.8~76.2 23.9 6.6 6.4 - - - M
o 1.30~76.2 21.8 5.6 5.6 5.6 5.6 - -
5454 H112 6.35~12. 7% 2.5 12.7 7.5 7.5 7.5 7.5 — M
P 12.7~76.2 21.8 5.6 5.6. 5.6 5.6 - 16N
T4 1.30~76.2 21.1 1.2 7.0 7.0 7.0 6.9 6.5 @
6061 T 6 1.30~102 k3% 29.5 24.6 9.8 9.8 9.8 9.4 7.9 @
P 102~ 127 28.1 2.8 9.4 9.4 9.4 9.1 7.7 @
o 2+ % 9.8 2.36 2.36 2.36 2.28 — -
3008 H112 &+ K% 9.8 2.36 2.36 2.36 2.28 - W
L N & 4 % 9.1 2.11 2.11 2.11 2.07 - -
W 30034 HI12 & ¥ =& 9.1 2.11 2.11 2.11 2.07 - W
# 5083 H111 127 ¥ ¢ 28.1 16.9 9.4 9.4 — — — (1)
X ) 127 $¢ 21.8 5.6 5.6 5.6 5.6 - -
o 5454 HI12 127 ¥ 21.8 5.6 5.6 5.6 5.6 - m
P T4 & ¥ % 18.3 1.2 6.1 6.1 6.1 6.0 5.6 @
" 6061 T 6 &+ & 26.7 24.6 8.9 8.9 8.9 8.6 7.4 @
" Ts 12. 753 15.5 11.2 5.2 5.2 5.2 4.78 4.29 @
6063 v 12.7~25.4 14.8 10.5 4.92 492 | 4.82. 4.57 4.08 @
T 6 25.4%C 21.1 17.6 7.0 7.0 6.9 8.3 4.64 @
3003 o 0.25~12.7 9.8 3.5 2.36 236 2.36 2.98 - —
w |[7r770¥] O 0.25~12.7 9.1 3.2. 2.11 211 | 2 2.07 - -
3003 HI12 1.27~12.7 10.2 4.2 2.81 2.81 2.78 2.67 - N
" T4 0.64~12.7 211 1.2 7.0 7.0 7.0 6.9 6.5 @
o 6061 T6 0.64~12.7 29.5 24.6 9.8 9.8 9.8, 9.4 7.9 @
6063 Té 0.64~12.7 23.2 19.7 7.7 7.7 7.4 6.7 4.92 @
# 3003 H112 1.6561 = 9.8 2.81 2.81 2.78 2.67 — @
& 061 T 6 6.355%2% 2.5 24.6 9.8 9.8 9.8 9.4 7.9 @@
P 6.351 26.7 246 8.9 8.9 8.9 8.6 7.4 @@

1 HEMEOBERLOM O LB 5,
(2) T OMTHERCREN Lick ZIGEAT X\,
(3) HMETEO L 25.4 mm KW Th B,

(4) e ERoEE 25.4 mm HETHh B,

IREHELUE SO LU CRERRZES RIS AST
g M  (American Standard Code for Pressure
Piping ASA B 31.3-1966 Petroleum Refinery Piping)
MRHY, CTOFESINEIIA LK Div. 1 o Fh LBER
L oTHPOENIRLND D, EHAHERL ., mE
DOEBIIEP S THLUORESFRET 284, [BFE
HAWECBTH2EE EEF AREHR] OBlicE s

ND LD CEDHEIEHENAYBELINT WD Lk
57 %,

DX, KE#HKHS (United States of America
Standards Institute) TR7VI=v L 58AERER
SN 2 > 7 ks (USAS B96. 1-1967 USA Standard
Specification ~for Welded Aluminum-Alloy Field-
Erected Strage Taf;ks) ERWTE 6 RICRTHESH

7 —



Vol. 11 No. 2 T2 ASGOERECOVT (1825
Bk USAS B96.1-1967 13 % & = VI DA OHAT BRISH
N o . a B # DR B oK #F OF & H  (kg/mm?)
- ’ SEEEE | W U1 | ggecy POCKCX [6°CEEZ 03°CEL% IBICRE X CREX TT°CHE X
(kg/mm?)| (kg/mm?) 66°C % T 93°C¥ | 121°C¥ ¢ 149°C¥ ¢ 177°C¥ | 204°C% G
1060 (1) % W B 5.6 1.8 1.41 1.41 1.30 1.12 1.02 0.88 0.74
1060 (2) 7 6.0 1.8 1.41 1.41 1.33 1.23 1.05 0.91 0.77
1100 2 7.7 2.5 1.97 1.97 ‘1.97 1.76 1.55 1.34 1.05
3003 7 9.8 3.5 2.81 2.67 2.46 2.25 2.00 1.69 1.27
4123003 7 9.1 3.2 2.53 2.46 2.28 2.07 1.86 1.55 1.20
5050 7 12.7 4.2 3.37 3.37 3.37 3.37 3.37 2.81 1.48
3004 7 15.5 6.0 4.64 4.64 4.60 4.39 3.83 3.06 2.46
A 3004 v 14.8 5.6 4.43 4,43 4.39 4.22 3.66 2.92 2.39
5052, 5652 v 17.6 6.7 5.3 5.3 5.2 4.92 4.39 3.52 2.46
5083 (3) 7 28.1 12.7 8.4 8.4 e — — — —
5083 (4) ” 27.4 12.0 8.2 8.2 —_ — — — —
5083 (5) Y 27.4 11.2 8.2 8.2 — — — P —
5083 (6) s 26.7 11.2 8.0 8.0 —_ — — — e
5086 7 24.6 9.8 7.4 7.4 —_ — — — —
5154, 5254 7 21.1 7.7 6.2 6.1 — — — — —
5454 7 21.8 8.4 6.5 6.5 6.5 5.2 3.87 3.52 2.46
5456 (3) 7 29.5 13.4 ‘8.9 8.8 — — — _ -
5456 (4) v 28.8 12.7 8.6 8.6 — — — —_ —
5456 (5) v 28.8 13.4 8.6 8.6 — e — — —
5456 (6) v 28.1 12.0¢™ 8.4 8.4 — — — — —
6061 T4, T6 16.9%* - 5.1 4.96 4.82 4.60 4.25 3.55 2,71
£ R6061 v 16.9%* — 5.1 4.96 4.82 4.60 4.25 3.55 2.7
6063 T6 12.0%% — 3.59 3.52 3.41 3.23 3.02 2.32 1.58

* HBEORMILOMOMERT -
O ORBEMTORS,

@O W

(2) %,

3) ma 1.30~38.1 mm KO,
4) mE 38.1~76.2 mm O,
(5) MUBLMI Uit BB LU%,

(6) it
(1) aEBEOHAYRT, MBHEAOHE 12.7 kg/mm?,

HEDTND, BAFFAEICTI
g %ffgw $Z}Eﬁaﬁaﬁﬁﬁm;5

(3) 0.19/10,000 hr > 7 v — 788X

(4) 100,000 hr @7 v — 7REHR X

D5 HRNMER X DA SDT, WHHMOHECER LR
< A%, 6061260634 & IHER D ABMC X o THOMI
F AT IO CREPBEEOBELCEINT WD, FTHR
T BB ETOFREEAWIGTERL, BERIRFH
FRARIC R T 5T HABBEBORICHL 4% Lo TN
Be Fic, BRIEOHEISTTIEKT S5 RS REFER
Xk AH,  0.19/10,000 hr © 7 ¥ — 78, ik
100,000 hr @7 ¥ — 7"BEEFRI O 5 bOB/MER £ b,
60614 & D T FEA - HEMTHWTAR X D30% % FAWVWTE
D, HFVEHEOZFRISIIFERI D, HHD,
0.194/10,000 hr @ 7 ¥ — 788X, #721% 100,000 hr o 2
)~ IR O 5 bORMEEX AN TN S, DEIEBR
R X 2 Ak, B, VNyl, FVFRED38C LT
CRTHFRIEHDORDF X KE LA 4L (American
Society of Civil Engineers) ok AEMELI 2L AL
Thh, AL EORECIEROBRERICE - IANT
RIS EFTH L T 5, BESICRT 3EOBEIS I
ERXTAWCTEHRT S, BESEMS 25mm b _EiEh
B O EF mEEER X O BB OFESINIAREL R

A ERER OB MEC A U TEEE 1.65% & » TRD,
EBHIZLI2TRY 5725, BERADS 25 mm REGOEED
BA LI2TER I\, fok, BROBATFEE 2
e ER XS b A MEREC—EEL LTS,

% 7% USAS B9. 1-1967 5115
THEBHETOHERE ARG

. FERAMIES* (kg/mm?)
wooom
38°C | 66°C | 93°C | 121°C | 149°C | 177°C }204°c
1100 1.3¢ | 1.20 | 112 | 098 | 0.8¢ | 0.70 | o.63
1260 0.98 | 0.8 | 0.70 | 0.63 | 0.55 | 0.49 | 0.42
4043 2.04 | 197 | 1.97 | 1.00 | 1.83 | 1.48 | 1.12
5154 201 | 211 | — — - — -
5183 3.93 | 3.16 | — - - — —
5356 2.05 | 2.8 | — - - - -
5554 2.95 | 2.95 | 2.95 | 2.67 | 2.30 |.2.11 | 1.8
5556 3.52 | 3.87 | — — — - -

* MBI OBERN ) VEREELE {,
B GEMS L L bAREOBREDO DR AVE D LT B,

4 BELLUEZE

BEEEEHTS CIREOIST L EHoe s,
WELS DR B, HER, BEMICOWTEAFEATNE
EETH LB DI ED bk B OER 1%
ZERHFIELNELT WS, ULALENRD, Kb, %
¥, a¥ 270 ~1F, BRI OWTERRENT NS,
TNMI=Y AEEEAS TR, 2 CHARES AT
BMABE [7MI=v i EoBEuEE R e it THE



(183)

TR E 2 B K &

April 1970

()] RERLTWA, ZOHE () KRINZT NV
1= L ASOMER XU EOME (1) OFEMEEF %
$ 8 WITBIF A, HRSIRISTEFRNLEEELS &
& TRD, TFELAMENIE B/ 3L IEE A
WTC B, B LIHEERISH, BTSN, FEXE
SN DNT SEEMICED T WD, iz, VNy PRIV
BER ORI ORMEMA TNENE 9 TR LU HI0E
iRT,

TNMNI=U AAEEOBREL T, MEEBREEEE
MEREC B W CIMERBRITRFER L OB EERETRS
BEOLERCELUTRIL, BEEEEDL IR [TrIizy
LASBOREES (B MMERINTEKY, 5083-00D
BIENTHS 13 kg/mm?2, B3R X 27 kg/mm? @
JIS M4 & LB, v, EfE Bk L OFEIG
HEFRLTWEL, BHOHFE RS A 8 kg/mm? &
LTEY, TR EREEEERI T 5 RERNE
NFEN 1.625% LU 33750 M T 5, F7o, BEMOTE
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5l %’ba E 15.0 | 17.0 | 16.0 | 18.0 | 19.0 | 21.5 | 10.0 | 11.5 | 15.0 | 17.0 4.7 5.3 8.2 9.4
€ AW 0.6 9.0 | 10.2 | 9.6 | 10.8 | 11.4 | 128 | 6.0 | 68 | 9.0 | 102 | 28 | 32| 50 | 56
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$12% DIN 43 itk 3 7 NI U LEED 0wl
mooE B AlCuMgl AlCuMg? FQ‘}C%M% AIMgSil F28 AIMgSil F32 AlMg3 Fi8 AlMg3 F23
A
20 1.03 1.04 1.06 1.02 1.04 1.00 1.01
30 1.18 1.20 1.25 1.10 1.19 1.02 1.06
40 1.39 1.42 1.51 1.%5 1.40 1.06 1.18
50 1.66 1.70 1.84 1.43 1.68 1.15 1.33
60 1.99 2.07 2.35 1.67 2.03 1.26 1.51
70 2.57 2.74 3.22 1.95 2.65 1.38 1.73
80 3.36 3.57 4.20 2.37 3.46 1.52 1.99
90 4.2 4.52 5.32 3.00 4.38 1.68 2.39
100 5.25 5.58 6.57 3.7 5.40 1.87 2.96
110 6.36 6.76 7.95 4.49 6.54 2.09 3.58
120 7.57 8.04 9.46 5.34 7.78 2.4 4.26
130 8.88 9.44 11.10 6,27 9.13 2.85 4.99
140 10.30 10.94 12.87 7.97 10.59 3.30 5.79
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