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Ageing Phenomena of Tensile Properties and Behaviours of
Hydrogen in Killed Steel

Ichiju KaTto

Synopsis:

Ageing beha:iours of tensile properties and correlation of the content of hyclrogen in killed steels have
been carried out and the results obtained are summarized as follows:

1. There was a clear recovery of ductility in terms of total elongation and reduction of area owing to
ageing.

2. Change in yield stress or 0-29, proof stress was shown to be considerably large in some cases. This
phenomenon seemed to be more complex in comparison with that of ductility because the change in yield
stress was much dependent on preparation of tensile specimens; yield stress was lowered as the result of
ageing in the test pieces with the full thickness or diameter of hot rolled products, and in the test pieces ma—
chined out from the center of the products, yield stress was increased, and the smaller the test pieces was,
the more increase the yield stress was.

3. Although the ageing phenomena may not be directly related to hydrogen in the steel, the hydro-
gen contents of specimens were analysed on various locations in the fractured test pieces.

When ageing was in progress, hydrogen was extremely enriched in the region near the fractured part of the
specimen, and when hydrogen level was naturally decreased to some extent after the completion of the
ageing, and the enrichment of hydrogen near the fractured edge also became very slight.

4. The loss of ductility is thought to be caused by an extreme enrichment of hydrogen to the stressed
region and not primarily dependent on the whole concentration of hydrogen. The recovery of ductility
due to ageing could also be explained in terms of hydrogén contents. But, because of different ageing

behaviour, the change in yield stress during aging was not attributable to hydrogen behaviour.
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Table I. Specimens of deformed bar for concrete
reinforcement.
[Designa-| . Chemical
Sample |Type of o0 Nota- composition (%)
Na nfbe fygace Number | tion P g
u r ! fur : : :
. m._]IS in JIS C si Mn
i (size)
1 EO 0-28 10 29 | 0-68
2| peth SD30(0-28 | 0°29 | 0-61
3 0-25]10-28 065
Induc- D32
4 tion . s .
furnace SD 35 0:20 | 0-68 | 139
5 0-18 1047|113
6 D25 SD30| 0-25 | 0°33 | 0°63
7 SD35(0-18 | 0-47 | 112
D32
8 D25 0241033070
D19
— 1SD30
D32
9 Electric| D25 . 0:23 1034069
arc D19
— | furnace
10 D32 |SD24|0°10 | 0-33 | 0-32
D32
11 D25 020 | 0°44 | 1:05
D19
SD35
D32
12 D25 0-22 {043 | 100
DI9
13 D32 |SD30| 0-25 | 030 | 0-64

Note : JIS Japanese industrial standard.

EVXHBNE R EHNTES. 7oL 21X, SKLYUEY,
KvATER ¥ X U SHAPIROO VKA & EIE N % & ToliE
DT 2WT, 3 10cc/100g 25 lec/100g BEFIC
TKED BETHLEDQ MO E LIEY DEIEES 50%
BETHLIDIT, £9 lcc/100g 26 h ATITEET 5

TETEDEDI 30~40% BELASLABIELYE
ELTED, &7 lec/100g FIEDIEVIKELHED
LR OFEIMIARESE & EERRS T

ZOHERXF N FEOFEMZRTOE %, IR
B N T L 2o REE TR 4 ORISR RE L, 5l
RAREDOZILEEBH L, HbLETSERBR(ECZES
RIETTHD 5 LHEINAROHT 2T >THEE
DB 2DWTEELLDIDTHS.

2. fiEMERBAE

2.1 ¢+

AT Table | iR TRIRET AR, (UTHME
BE#R) & Table 2 (& RT ABILIEHE (BLTHRHE & #5H5)
ET&H%5. Table 1 O No i xi5&E5 %7 L, No8,
9, 11 XV 12 FRI—FFOMBL, 2 D32, D25 3
T D19 D3~k D% FELE L7-. No 10 53 SD24 i
TR TCERTE T 51T 20, — SR Ta % SD30 & SD35
& Th 5. Table 2 OREHIEIEKS 60 kg/ mm? [ k%
HiZ+ LRI 70 kg/ mm? OERBK ST, 28300
EHM—MErSEELDDTHS. No ld iz 200%
200x25mm D, No 15 & 16 X 250 X 250 % 35 mm
QUFEH TH Y9 JIS ~FEfFRAD DT, No 16 X
630°C X lhr Z235 OEMIR X B L 7=, Jxds No 15-3°5 %
XU No 15-10 }X Fig. 1 izt "+ X Sz, Nolb o
b OREEER I VS RABRA ZHIHMI T 5 2 Tlic, &
SToEE 35 KXV 10 HARAIEADIDOTHD.
Table 1 2R3 & 5 ICHIAOBERFEIX No 1~3 »3
M TFIF, No 4 BEEMERIEE, BAEEMLER
THH. WTFhOBHEL TEEME Lo 200 kg it
&L, B SWALICERZEIE L7z, Table 2 i
IEEMBFEROMESTE EEERE St sy, vwo
ToA T — BRSO RE LD TH D,

Table 2. Specimens of shape (angle bar) of high yield strength steel.

. Dimention of Chemical composition (%)
Sample number | Type of furnace | shape (mm) Heat treatment
(equal angle) C Si Mn sol. Al
14 200 x 200 x 25
- As rolled
Electric arc s rolle
*15-3:5 0-15 0-33 1-60 0-028
furnace 250 x 250 % 35
*15-10
16 630°Cx 1hr A.C,. f

1) * See the notes (2) (ii) (b) in Fig. 1.

2) Two tension test pieces were machined out in parallel at midthickness of the center of frange width.
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2.2 SI3RERA L EDRE

JIS wike ShTwb B T, SEERBN 2
D32 #8342, D25 » DI9 52 S EREA Bk s
EFFORBHATH D, HHELES ORRESH 5OYIH
4 ERBETHSD. FRTJISIEDDEDRRGDORT
R LR L icbhbrh T, MEORBRED T
BB EHED /D> ED X S Lic. &, BMLbm
EORBRPARELNILIFHATH 505, HMOREZHER
SR ESHBIEOREN 2 LIS 0T, 2L2ET
BOBRICOE FO—Er LHEEORB A 2 BRI L.
JIS 4 2DEIHREBREOEFEY 4mm OFNCEE 7
mm OHOX FRLAODELUD BERICLE5DDOTH
5.

SEERRIEOERZ LA AR T 5 b, RRED
5 LR XU OZLICER L, ThB0Z bh
e b iTim Tl b0 L Lz, BRFED
AR RD DI S VLT, FIEERBA KT ORR
LUHIE PN PR RS NORCE i AL NP i 7%
Lic. REBRTREELZEEBOMBMIE (CIEE%EE
MEFR), hERRRFAIAME (DARRRREE L 06FR) & Lo,
B EE R RS E% £ 0T BEEMA OXERC S
F BFERMABE T W80T, EEHLL < b 2hr L)
PICEEHEE AR Ohic. EUAT U THIEE D ORI
ERF OB HET LoD T, T DHULE 4 JEIEH 4 hr B
Mg S,

J3Mvx Fig. 1 ZEIC Rl L7c X 50T, JEAL & 2213 3A4
Wx {Tho/cob 1~2 5 A%, % L<k No 15-3'5
BEO15-10 LEELAX S CEEREEMOEE 35 %
XU 10 » BEIRCHE LS BRHBA OBy A %
HUER & LT, FERic 14 BOREFZE(LEZ kDb D D
HbH. TOLEEBELZEL T, ABEOERERIC
BERARBREATE DT, MBI KB 513 5 R 0 Jg
M EH ez LIIhOBE L E 07 Ak TH 5.

RRFEZ KD D700, SITERORMA % 2EHE ATl
L, R¥EH, 3H%, 7BEKIO 14 ABICEEER
BRAE N L. AERTIEIE 7 BT faFnT 5
ZrEMO, BRNEE LTRFSELT 14 B
DRERIER & D7

YIHBABR A T 35T, FRUE( & ABRSE & 02 (LER
FZE bR L IEFR) OR/NT, B ORSZ(LOETE S
TThDEBbS. ok XITHIHEKBR A ORRZE LR
EERDD T EMTEITNE, OB IR KD
PRI BEW R ZH LA I L T v B Z &1t/ 5. Table
25T, No 15 o&Zi>% —3'5 X8 —10 @
L5, BHERERREE UGER LCOR, &ito

Fig. | 85X U2 CHLMAE XS5, No 15 oB#HORK
BZELOETESZ IR TWicidThH 5.

SERFABRKE L B L b o, FORBEEITA
HAHBERCBILRETHS.

2.3 5|RARROREAE

B CIrIERER O RREBT OB, $RBLrhRificiay
THEWMAPLEZ 4m OB D 2 KA KRR L, LEKOX
HAABR A S22 AT 75 B & 5 ERe LT8R L. TE8mix
T— MHEED TIENREEND 720, SHRAEOE
ERfTRS 2 EBTER»DR. SERABKII 7S o F
RRESH S 2 AT ORIIC LA & & 0, RA BTG
CTEAAD 7 5 o F O GAE, 2EREIDHMAIC
W LTERE L.

2.4 KEFHEHE

2-2 W X 5 RABA OMBREITE I, £ OnEBE
Wk OWRTEGER A5 7Y » TEIC A2 C a b ¢ DIE
T, RWCEHEHSEL, £hfha,b, c- D& EIER
el L. SERMHIX V SCEFT 55, i
KRS D D VTR ER PRI RE T 5 £ COFTER
v, FBE RN Z RS 5 ORI B Ui ¢ 15~
20min TH 5.

FM D IKFEGH DD N o FD X > BIKL
7oo 2.2 W7o X D W BRMBA R KRR I
SR BRI T 225, TOKBICH S UDBERRERE
FATERDE E —F Ltk E R 50g X4 574
Jobok, MBAFOY Y » TEOWEMICEL, O
53 % 5 RAERBT I SR U C B E AT a0 & L.

SIREER A 2 B FER) T B, RESEE IR 5 25,
¥9 70~80°C Ll biciET 5. ZOEETHAZED B
FREEDS D D, TOZ LWIIMITESNEL LBz
BRELKEDHDEEDLNDS. LS >CHEEMMIT X
5 ABNRE B X O ORI OB £ 703 nkix, kED
e EZEE T2 CRBMETHSS. il LEAE
BRCIIS R OKEOBBFEAE X AL L, TIH
FHEX DX TRERBEN LK S ED .

FER XD ERIT 2KFE TR O R X 1358 i 3
NDHH, FIERBHiEO O, L RBHMROREES
CIRREAERS. Teb bl a X FBEISI/HI W
TE, RBEMICZENLL ST 513E, KEDOES
PECRFHETHE D L S5CBbn sy, Kiiriies
ERELTHEREDREDT, afoRLERITNS
gicifix7z. b c dEFOWMEED SOMEE, ThE
NICELETORNEEL LHEEMNTE, 30 LWL 60
g & L RMETHAEZELFEZRTL, APESIF
Table 3 |ZfITR T 52 & .
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Table 3. Results of hydrogen analysis at the various
positions of fractured tension test piece
of No 16 specimen.

Ageing Hydrogen content cc/100 g
time Sampling (Weight of sample, g)
after ..

machining | position* Position of sample**
(day) No 1 No 2

2:7  (45'5)| . i
a 57 (196 3¢ (429
0
b 1'5 (24-0)! 092 (49-7)
(Not stressed) | 0°64 (98:0)| 0-87 (52'5)
a 1:65 (34-0)) 1-27 (42'5)
3 b, 076 (51°7)] — —
c 0-57 (99-0)] — —
(Not stressed) | 0°43  (51:9)| 0-65 (51°1)

* Sampling positions used for analysis was taken as from a, the
fractured edge, to fillet portion in alphabetical order.
** Note (2) in Table 2.

2-5 BIREBAZE

T uAT—H 50t KRV, SPEROED S A
EREERAAFERY 14mm L ED ik 11 mm/ min
£ 7mm T{32mm/ min & U7z BEERENC X BKE
DEFNT VIS IREESER & 55, TIRER TR
EDES>EDFHANTIERINEFERTE LD/,

BRI HEIO BEERR T X5 SIERBRED 5 HI
JIS T O AHETERZ VI ZERmATC X o7z iE)e
1, WwWiithd JIS o BaAEI L /2.

REREI B R & Table 2 03k No 14, 15 %
X 13-3'5 L TiT 4 EORMOYEIBMEE, Hhix 2@
DFEETH B, 72721, BEEARA OBES BRI
R DB S K L CRBEIED b ORI Lis i higrs &
TMWERER ISR D H 07D T, BE2HKOFEHE & &%
5L058H5.

B0 X > TBRENRED X550 E LT,
$H S L No 14, 15 X8 15~3'5 oEHAEHD Y
DV, REEZ(AERIFND 722 2>\ FH b (AR 5 23R
NX57ThHy, IR EDOHERY TELLDNREHD
o5, Bi—% & BT LSRG -OF o thiisic X 3
0:2% it %k &0z (LIRSS & H—IFER)

2.6 KESWTAHE

KEGICIT Y T~ EREER-T BoOEEEZ
BEiL ok,
 KEFEOMEY /4~ % -0 B BER Imm TH
D, KO Smm OFRAHDEENE 2 D, Thid
FEHEIRRED 7 R AT 0:0035¢cc 27 5. T DX
PriED #m% cc/100g & Lizic®d, B EED 10g

Tl 0°035¢c/100g, 5g¢ 0-07¢c/100g 275 %. 1@
DoHICi 2BORESLELDT, REOHETIIFM
TR EOFERIZ X BBENE 2 LN, HKloRD
FEaxinho T &< Sginiiximli, ok S kEE
HECE LickdTh 5.

AEIRmOBRE, BHEKA CIBRERTE 2R < tho
REZESWIRTEE, Bk 7rva— ViR Fu T
HoTtotmicdt L. ZRERF EHRSERO» LI
DAY =77 v U CRMAY —VDBEEREF278, 5
BRRET B ENTER DO THITERE I E» LA D
WROEThRHS.

IMHEE MR Z2 BT 258, &< eE
L7cD T 1000°C JEWERDOR b & 555, $sistcia 800
C U EREHEE L. BB DA KE ST X
N7 ESpERTT 5708, LI LIS THCE
Ezi) 100°C S CHME AL 005, fhoH 2134
DI N DK FRIT EAERD SRt o,

FRHRFFEVE FE - RsREE i X DA 52 T L7
T LR, sk S min RZOIKAER X 8705,
kT 30~70 min THhot-.

3. SIRHRMBEORNEIL

RS R O REEMEIT T 5 R (SR ®
FARBIC bR LETR) 2% TED L, HEEE+ —
TR L7c. ZRBEE I X OERHE O AT #1 BT 5 A3 iEng
[EOREE>ELDB D TH 5. L SD30 3 X ¢F 35
ZHE LT, [k 33  1~44-1 kg/ mm2, 3[3Ei5X50-2
~63°7 kg/ mm2, {3 B HEA T 24-9~37 39,
HIHE R X 31°3~35°6%, oI ERSCEsh S
7% 55°9~69:0% TH 5. FIAVIFERE 69 1~773 kg/
15k iR & 87°2~97-2 kg/ mm?2, {hyr 2007~
22:8%, #1 42°6~52:9% Th 5.

SRS XD EFOM A TABE T W TITAERS L.
B IT X D b ORI Z X 5 B 6 SUEhc % L
WA 14 5L BIER I X B b ovasdhn 5 stkhic 3t
LA OB T, T & b il LA ilelioosigm L7
L DDMEET, WG X D %L ORMER NS 55
mhdB o baizbT»Thor. s
SHBET >TH Y, wWFhic LCOERERTIIE - &
WME D RBIDBEHFIC L AT OFZTEAEDDICE
Lo,

{2 DRE BV FIT I A D DIRERES O T, 5
BRESROHEI>ED 4THIT BT 5KEOES L FHET
H5H JIS TEDLNATFHRIX P EEERECD L
T,

mma?2,
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c _5 ! 1 X X 1 m
2 X X
U -—
~10 D25 ’—alh DI9 ‘
N ————— D32 —>
; Deformed bar Shape ——>

Notes: 1) Percentage changes by ageing: {(A.V.-B.V.)/B.V.}x 100, where B.V. is the basic value of tensile properties on

starting time for ageing, and A.V. the fully aged one on the 14 days after the starting time.

2) Starting time for ageing:

i) bars: at the rolling day both for full size test piece and machined ones, because machined out from bar core immediately

after rolling.

machining day is at 46 and 36 days after rolling respectively,

15-10, at 35 and 10 months after rolling respectiyely.

ii) shapes: at the day of machining out test piece from section’s midthickness; a) for specimen No 14 and 15,

for No 16 at 60 days after heat-treating. b) for No 15-3°5 and

3) Gauge length of tension test piece:

in full size test piece,

4% diameter for D 32 bar and 8 Xdiamcter for D 25 and 19; machined test piece, 50mm for 14mm of diameter and 25mm for

7mm.

Fig. 1. Percentage changes in yield strength (0'29; proof stress for shapes) between starting time

and fully aged ones.
Full line

Figures on abscissa are sample numbers shown in Table 1 and 2.

full size test piece (No 3 Test piece in JIS for D 32 and No 2 for D 25)

Chained line —.— X machined test piece (14mm in diameter) No 4 in JIS

Dotted line

31 BIRAOERET(L

3-1-1 o REHHKFCIDLD .
Fig. 1 B Loc il oK S o B2 b o
AEUET ST B RER LI OTHS. FRCE
WTELIEHE 0% Off Eicid#lioNold Table 1, 2 7R
THHFSTHS.
BEOEEOMBAIC X HERTIE, RpEKTRT
X SITRRIC XD 21 o2 ORI FISH s < B
L7 L ZEoESEE No 11-D25 (GkE D25 1
Table I OFBOXNT LT LITFREFR.) ©—914%
i No 2-D32 @ —0'9% X S Trodlod
»H5. FEEHE SD 24 @ No 10-D32 134445 % 5
7, HOORBZELES L L>Tky, X#EAKTT
RSB L b D EFE I LN DD, BIKET
FZELEESMAELIF L L ST —45% THho7:.
Fig. 1 % D32, D25 X DI9 o~ Lic
BETHEE, LB ORI 2R ITIT s

il

A XD LRI, F—iEEEE 3 ~THC A L
No8, 9, 11 Y12m D32, D25 310 DI9 -

DWT, No 8 Bixhnsh —4-89%,
—5°29,, No 9 »3 —7°39,

—6-5% $5 L
—5'1% X —52%,

—————— ® machined test piece (7mm in diameter) No 4 in JIS

No 1l #3 —6°6%, —9°4% 3L 8 —3°0%, No 12 #s
—76%, —7'6% BXU —60% DX 5 IEERRL
FLERLTEY, STHEINCX 5HEZTWAY X 5Tk
o7

LB XOE~TEE D, ZERERCX 5K
BV X DBV LB L, fERE 1% CTEECE
ETHot

3-1-2 #@olitaxHl cLsdo

Table 1 12573 No 11, 12 35 L o8 13 2 atBpic b L7-.
No 13 o1z D32 oxTHEH, Toftix D32,
D25 XU DI9 @3~k ToH%. Fig. | ik X
C— S TR X S WER TR T REEAR &Ik
wHErRECL, ECEBTRTE Tmm HEH T
Z OIFEM D FRE CTRFEFIC X DB EICE LU
7=. F 74t No 11-D32, No 11-D25, No 12-D32,
No 12-D25 35 X 0% No 13-D32 oZ bt ®ix +7°8%,
+16°7%, +3-8%, +10°0%, +3'59%CHhot. 7272
LZE 7mm R ChEDTEoaM DI XDEERL
72 No 11-D19 X ¢ No 12-DI19 iz —1:7%, —
0°5% X 5 i BEHIHICE VAT RS L, il
@ D32 xX¢ D25 kS kREL~TEORBMI YD
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HDOBFELLER L AcDTERTHBHTHDR. Zh
PR dmm HBFIWADE—ESEBTRT LS No
11-D32 &> +1'8% TH5IEHE, HoRIHER
FEXoRhEwdnFhdigd L. 7272 No 11-DI19
XDoFE 14mm H{BFCIRD +1'7% b Trkins
Bl E RTRERBPED LR, &£ 14mm HERE O
mid BEERA LB Tmm Bl L oPRicHEET SO
LBEHh%.

DEDHRREEERECLE VTS, BRE% OF
BTOEDXS>LELDLNI:.

(1) & 7mm OoXRETHMO D32 3k D25
BB A CURBRRIC X W BRI AT 5.

(2) £ l4mm OHIHFBRE TIHBRSOREFEEL
WD B v,

ZhHIEENE 3-1-1 OBME 0 #RA TR SELE
BETHBRAPELTLORK LT, & 7mm A Tk
(DX > THRTEDT, & 14mm KR Tl
FERBAFFEOEDP INSOPHITH B8, FOMEM
b R R A EZ T Lo b0 L Bbhs.

3-1'3 EMcksdo

el & Bn D IR oA X 5 3 EBHEIEHO &
575, BREOBRZEILEY Fig. l KR LA Tk
% Table 2 17773 No 14, 15 %5 X (RE4nHE 7= No 16
DELILRITFNEN+11"5%, +24:3%, +12:59 1
70, ThEoFEERRMZECRT X Sic, FiEE -
RELELE 1 ~ 2 1 AR b BHRERED % ¥ TR
KL CWHIh b bd, FEEEI T 522kt ®Ri3IE
WiLKEW. T/, Tho ZEEROER T VT,
No 14 3 /NTH D DRIAM DR N E D/ PE Wicd &35
zZb5h, No 16 23 15 ik LT3R L Tv 5 oia gk
Dicdh EHEEINDH, BULERE 2 H B A ER %
5FTv5 No 16 iksW\WiiTsH +12°5% DXk Hicik
B LD TREVWT EBEEELRS.

B LI ARD No 15 %R BRRAE T D REEHE
TR 5 X OHFmifE 2 sk 2 sfha Y, Fig. 1 s
iR L72X 9ic No 15-3°5 (D £ % 3°5 » Bi%rE)
¥ X UF No 15-10 ([ltkiz 10 » A ##8F) OEBRE TR
7-. Fig.1 O—&EFRCTRT L 912, b= No 15
D +24°3% i L, No 15-3-5% +10°8% &3k L,
No 15-10 wZEDOThx +2°8% LIEYSIcEL LT i
PRI IS U TR b HET LT b 2 &R
LT3, #HE0HIHRBRA CERBA ORBEMOX
WEIH L THERSEHL TV 50T, RBA 0Ze
I M4mm & 7mm r UTxf L7223, 28 Tld No 15-
10T 2WTDHRAE L. FRD X 5 14 mm HKER

R CIEERELHEEY +2:8% o E Tmm HEBE
TIRABTRT IO +10°4% 2y, REBREOFEM
ME LB EIEFRRKREL, ZoEMZERO—S8ES

LRREDEE LI ORFA—THS. ZhixEHhL

EROBRFZILOEITHEBERL W x5 NB b, h.OE
DEDDLROEVINEDRBF 5, BOKEIVERERA
lzoXSkERenoicbotBbhs. ik, &
EROHILRBR A ORRRC X 5ERE0MKE, BIR=R
5% CTHETH D/ ’

3-2 Y, BoOEET{E

Fig. 2 WRRHC X BB I T &Y 0 LR E TR
L7z RO RHEIHERBRA KRS 50T, BE#HERE T
BT DLDERTHS.

3:2.1 HWOEEHRFICIELD

Fig. 2 OFEHTRT L S5ic, D32 L D25 Ciakk
HED No 10 OB —5'8% &b ThicEd Linigs
¥, No4-D32 o +53-3% 2&% L No 9-D25 o
+51% ZRAKETHHEANT, VTR LRIz L D H
CREALTWS. A% D32, D25k X D19 o~
PO Z LiTEETUE, DI fho 2L By, 14
B pEL, £7:No8, IO 120k 5icEBbDd
H5OMESD. D19z D25 LRT JIS2 SHREBETH
Led—iEFED D25 L& 4 hiE, 50k No8, 9,
11 B X0 12w\, D25 Tlx +14-7%, +5°19,
+35°2%, +20°2% tiBOWCE L, ®ET 5 D19k
—2:2%, —1'6%, +21'8%, —2'7% CTH5. HEL
MERCRSVWTD DI RHEESEDLAT, D32 kX
U D25 BRI X 3 U oK GRE 1% oD
CTEECHEETH 2.

No 10 (BISLIE) 35 X O FeH ~H A/ N VD 19D 5
PAMUD LD EMET L LR O2EDL S EL LRS.
T b biEEORANRE £ /2 ~Fea N, FuE
BT HRP RSB EBFILT LE VY, W ook
RCREONS XS ko g bopblEstcEt
5HDLEZLERETHAS.

3-2.2 HMOWHERBRAICL5bD

WA Fig. 2 ChEMB I O—SEM TR L.
BIUEY (B R.A. ERR) OLELE, i
D ARD CHEE R X D BT R LT, st
No 12-D32 O—EH#HRTHRLAZE 4mm HEE
—1'3%, HBTRLEE 7Tom HBAET —03% o
L 5THDTHOTPIEHMTDEL LT 003550 CHh
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+35°2%, +16°6% EHEBEHEALTVWBDT, Hb¥
POMWCORPEFSE LTEELTLI Loz kv
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Fig. 2. Percentage changes in elongation and reduction of area between Starting time and fully
aged one. (see the Note in Fig. 1) Figures on abscissa shows sample numbers.

Full line full size test piece (No 3 for D32 and No 2 for D25 and D19 in JIS)
Chained line X —-—-— machined test piece; 14mm diameter (No 4 in JIS)
Dotted line @---—————- machined test piece; 7mm diameter (No 4 in JIS)

THDH5. AEERTBICEVTHIPNE XTI 2R
X DBERT D Z L, AIRE 1% THEDTRECHE
TdHhot:.

ZoE» Fig. 2 kv, B4 D32, D25 I T
D19 ~HER T & ORIET, Atk D19 X Y ORI
Xh7cRBA OZHLLRAMOBM I b Db LY
Iz LA ESIO.

OO LERERET S5 L, MV IHTLD
PR EVELIERERL, Skih 2~3 fHiLEL
TWb.

3-23 HMICIBH0

Fig. 2 WRT & 5O ORER/ZELIEEIX, No l4,
15 3 X0 16 pixhrh +23'7%, +80°0%, +9°4%
T, No 15 IZfEHITEL, No 16 13 2aFE & L R~ D
FEORBREMAE T LT L5 DT LA bl v.
No 14 & 15 CiZ, 14 DIE5H 15 X h~FEEA/phEw
fedZTbER G Dol bo L Bbhd. 1) OREE
ZHLHEIVD % S AE L, Nol4, 15, 16 pxnth
+75°0%, +163:0%, +10°4% TH5. HULLEHD
LR T RE, BUaE s No 16 2{E#2ThH
BH%, DML 3-2-2 M L AT, %Y OE(LERE
D 2~3 fFIELTWS. No 15 ORI Bk

DX S +80°0%, f&b +163:0% THY, &KE
B kD ZEL T Ho7eds, T DO 3ERETRA %
Photo. 1 @R L7z. 2 3EMELZBLI0ThbLHRKK
Fra BB R IES I R LAzt <d 0, bz
ExB-bOTEAZORMA 2 14 BRSFIRCHES
R LD THD. ThbbFEHa bR, H
B i HIE OB s B RERFRFE O 2 i 0 B ER T 5 -
R0 % ¥ OBMRERERRE No 15, 15-3'5 k&
W 15-10 DU D RRFZE(LHEERIT +80°0%, +26-89,
—33% THV, KoOoxThbid +163°0%, +77'5%,
+1'19% TH5. No 15-10 &4 Fig. 2 S@TRT L
SICE Tmm RERF 280 L7chs, HUH —5°0%, &
DH —3'9% Thotz. ZOXS5ICEEED BMERE
AR DS &£ 70T, 3-1-3 BREADEE & Rigic
D TIES I RBFZLHRBRD LT 5. 722
ET DA, BRETIE 10 » Ao BMHERETL LT
PIEBLRBEZELEARITTCVE IS5 RZTI SIS,
O D TR Bl X 5D Ch il oz kic
£y, LrdEEARLELD, BV EKROEEZE LD
Bl &S 52025, ZhiI U b ORF
ZHLOER EBRE L DENISHETHZ L2 TTHO
LEbhs.
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I'9 A T~ B
J\ 7 7#T.P of DI9
= - |48 TP of DI9
0
-2
< 142 T.P. of D25
Starting day of ageing " _78TP of D25
10 e //
— 7#2T.P of D32
o - -
[®]
(@] ° )
~ 08
38 \vb
= . i
/Agmg for 14 days
f’_ o6 L+ for 3days
3 x
§ s AI‘ X /a for 7days N
N /N
o2 Z_144TP. of D32 —
: ]

a b c d e f

Position of sample

g9

a b c. d Not

stressed

I‘lg 3. Variation of content of hydrogen at various positions in fractured ténsion test pieces.
Abscissa shows positions of samples which was cut in alphabetical order from fractured
necking adge to grip. Weight used for analysis is about 5g in a, 30to 60g in others.

A : Full size test piecc of deformed bar No 11-D19, B : Machined test piece (14 ¢ and
7¢ TP) of No 11 on starting day for ageing.

Example of appearance of fractured
tension test piece. Sample No. 15. a:
at starting time, B: after aged for 14
days.

Phopo. 1.

BB R LI R O 2 2 BT C, HEEL OV
RERFE 37 b bR ERERL SO Thih 14

AZO5IRREREZ LK MEZO DR EE L. 22
KAREBRPEILILEDR R THOLEHADHMUE D DK

RHE (HEIEME) O—BIEMET2L2FDX>THS.
F7dbh No 15, 15-3-5, 15-10 % 14mm L7
HEA QMU OERET Thth 20°7% (11°5%),
20-8% (16-4%), 20°89% (21°5%), 22-89%(24-09%)C &
D, MY OERBEZTREN 4°7%(17°0%), 42:69
(24:0%), 44°295(43°7%), 49:0%(51:09%) T 7.
I LDMBUE IO ORFETF—EE» S50 b0
EidW 2 IERE I Hi o/ CdH Df. F7- Photo. 1 a &
blDOECKRMEND X ST, EHRET b3
KD LN BFRBBRED VDI ARETH 52030 55

mm
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Fig. 3A kW, RUEHT bbb ELER
Bk U7-BBiatERA, B XOVERE 3 B, B
LU 14 AEORFRET L.

B WV CRFEMEITRIE UTWhinvwas, iiim il
Lrds DEEnce f g¥fE TRIE L7z T, ZhbHoOfE
BEMDOLOI XL HFLVILDLEFEXLT IWVWTHS
5. FE 14 AEoL oo a IO f i e om W Es?
ooy, EHONMEELHE#T 5L, EEZEOR
PO U CAKREPBO L TWDS Z EMEHELND L &
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L. INLOBENIHBEEREIC X 2T LEME 5% T
HETH .

4-1-2 EMOBIHEBRICES D

=¥t No 11 o4+ D32, D25 3358 D19 X ho
Mok 7mm FOHRER ©, EHEHELSCHR
BT e bLERBIC R LAy &80k FESH
fEEs X o D32 r D25 oFMiEx Fig. 3B R L
7o

GEEEAM O ERIITEANET, FLHBEEVETSH D
LEXNTWVWAED, MCEnTh 7mm ED D0k 14mm
Dbt L, B D32 X v pFEHE 044 L
T 0'26cc/100g, 4f D25 Tix 0°84 wwHfLT 028
cc/100g DX ST BWMEERLTWS. 7,
D32 & 14mm ¢ HERF O a T3, b b oD a FHSIE
FEEVWETHLORN LEBECEWETH D/, Th
R a ORBEELE 4mm ORBA OHA
10g iCEbanE Tmm € 5g BETHLOKRL

IR
7B

T, ZOREIEGN 44°9g Th W RKFBIRESHEICK

Sz L3 —EETHB LEbRD. MO c HRic BIk(E

DD BN BHS, HEEITHES a OKEHMBOERS I LT
EILEVETHY, LrIEMEIIIENETSHS
T, RN OKEEILSRDOENE 5. BE
CEVWTHEME 5% THETH2K.

4-2 T8

=¥l No 15-3°5 o#MeH, 3 H, 7THRKXO 14 H
WEZORE 14mm 51EREETERA ORI KT HKES
Wissaw Fig. 4 KR L7z, MOARXOTBRFE—OA
BrORB L 2AOGRRBACE 5D THD. &
MEIE O L IC TR L7oAS, ATiRE#ER ©0-63cc/100
g DDA 14 Fi%IIE 0:27cc/100g, BT 075 7
5 0°19¢cc/100g &iEA LTV 5.

Fig. 4AitsW\T, RERDOLDD a~dHROKEE
NERFH 0°95, 0°61, 0:85, 0:39¢c/100g Toh Y,
3REDDDOBFNTH 0:98, 0:40, 0°42 275D, 14
A0 LOTIEEREFR 0022, 0°21, 0°12¢c/100g T
ot DILFEEBRD c BB WETH % Lo,
HHEH 3 HEDOLDDEM{EH 063 & 0°62cc/100 g
DX ST TH 2D d, TRIEIBEDODDD a
HOMEBEBRESOCRL/NS D77y, KUERE 3 K
O)a‘?ﬁo)ykfﬁi{ A3 098 I XU 0095¢c/100g DX ST

FEHELWETHLR EDELOBRFEBH 2. LirL
BT%&&ﬁﬁ&%%%%hwf,:h%%ﬁALro
EDXHTEZLND. TibbuBimitidkEIIER
KEWETH Y, T-5PERABAERE 14 BREORKF
THEMIAFEMEDIZTE 0°2cc/100 g HiRITHA L, L
PITHRE A~ DKEBLP D TR L TIRE A LD S
N WRER LB Z L7 EBHL TR D,

Table 3 ZEUAEIZER No 16 DFKUEH & 3 HiZD
BEHIRL7DIDOTHS. A% Nol affic 2 HiEs
B, ThiEFE—TREEEBROTmA 5455 &
196 gD X SIHHBERLY L CEE LT, £
Wy A LR A R L72b 0T, K&k 45°5¢g
OEFID 2:7cc/100gizkt LT, 196 g D/NRAEITIRE
{LIBEEASE < 5D 37 7cc/100g LW SEWEM B5h
7o

AEICEWTEMKEEIREROLDMN No L, 20
KifBie X h 064 2 087, 3 B4 T 0°43 £ 0°65¢cc/100 g

 DISRMBIRIAREEOKREVWI EMSFEIND. 2

721 3 BRIOFERHT X W AIE No 1 Tix 0°64 L 043
D3 0°21lcc/100g, No 2 -ClrF#Ric LT 0°22¢cc/100 g
O FEFBOKED KE~DEEHN Ho7T L5 b
5. F7o, WEETE a O/kE(EIX No | pFEHEHTbED
1'5 wxb LT 2°7 F724% 3'7cc/100g, 3 BiEDabc
R FhFhn 1°65 076, 0-57cc/100g @ X 5 REHT
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Fig. 4. Results of hydrogen analysis at various position of fractured tension test pieces of specimen
No 15-3°5. A :specimen No 1, B: No 2 in Table 2. Abscissa same as in Fig. 3.
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N
o

N
o

o

o

Content of H, {cc/[00g)
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_’————_
Il
Didnrer o teien | 14 14 7 |a]7]4

ing days after the
™ o3 fofal7[ia] o | 1
No. 15~35 No. 15— 10

05 —H-

{Sampls No. No.i6

Fig. 5. Average values of hydrogen analysis of the
tension test pieces of shapes shown in
Table 2. Black : the mean value in fractur—
ed edge, white : the mean values of other
whole positions, horizontal short line :
mean values of specimens not stressed.
* :see note (2) in Fig, 1.
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