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Study on Weldability of High Strength Steel
by Implant Test Method

Hideo YARA, Yasuji MAKISHI, Kenki HESHIKI

Summary

Weld cracking is the most important problems in constructing steel
structures.

In order to study weld cracking, each relation as follows has
been investigated; the relation between the water content of the flux
and the diffusible hydrogen in deposited metal based on JIS hydrogen
test method, the relation between the applied stress and the occurrence
of weld cracking varied dry conditions of the electrode by using Impant
Test, and the relation between the diffusible hydrogen and the fracture
by using scanning electron microscope. The results are summarized as
follows ;

(1) In ilmenite type electrode (D4301) as the water content of the flux
is increasing, the diffusible hydrogen in deposited metal is also increasing
straightly. Using the dried electrode, a lot of the diffusible hydrogen
are included in deposited metal.

(2) In low hydrogen type electrode (D5016 and E11016) as the water
content of the flux is increasing until 2%, the diffusible hydrogen in
deposited metal is rapidly increasing.

(3) The electrode that the moisture absorbability is high is E11016.

(4) In high strength steel, the stress range that occurrs in weld cracking
becomes wide by using wetted electrode.

(5) In the case of using dried electrode (D4301) and wetted electrode
(E11016) the relation between the applied stress and the fracture time
are almost the same results.

(6) The fracture has intergranular pattern near the notch in each
applied stress in the case of wetted electrode used, and it is considered

that this place is the cracking initiation point. A lot of dimple pattern
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fracture is observed near the notch in the center of the specimen.

(7) The fracture has a little intergranular pattern near the notch in the

case of dried electrode used, more than 50% of the fracture has the

dimple pattern. The more high applied stress, the more river pattern is

observed.

(8) The objects at the bottom of the dimple pattern fracture is Mn-Si

system spheroidal inclusion.
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Specimen

Glycerin

Heater and regulater

Water

Fig.1 Apparatus for JIS diffusible hydrogen
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test.
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21T, SN L NSO EEEED 350 T 1 K
LI F#4% L 72 Dry #( D430112150°C 1 BRRELL L 80E),
@ZEFhic A & L 24 RHLL EHE L 72 As Recei-

ved ¥, Q@KFiz60MLl EEL, ko 2FHoRL 72
wet ¥, DORBEMNHT, BHEEIRL70~180A, BHEE
FE30V, A3 150mm/ min THEBERITL - 72,

Table.1 Chemical compositions and mechanical properties
of the steel plate used
Chemical Compositions (%) Mechanical Properties
Yield Tensile - G
ongation
C N | si Mn P s Point Strength | ;)
(kg/mm?) |  (kg/mm?) 7
SS41 0.17 0.004 0.03 0.88 0.014 0.013 28 44 27
Table 2 Chemical compositions and mechanical properties of the
electrode used
Chemical Compositions (2%) Mechanical Properties
Yield Tensile Elongation
C |Mn|sSi | P S |Ni |Mo |Cr Point Strength ‘(’;')a
(kg/mm?) (kg/mm?) °
D4301| 0.08 | 0.49 | 0.08 { 0.014 | 0.011 | — — — 41 45 33
D5016 | 0.08 | 1.00 | 0.63 | 0.010 | 0.009 | — — — 50 58 31
E11016 | 0.07 | 1.45 | 0.63 | 0.009 | 0.006 | 1.81 | 0.44 | 0.26 74 85 24
2.2  Implant BERR EMI3EEER 170~ 180 A, EHEE25V, EHEEE

RERTH W Implant EHESNABREE + Fig.
212, feERME, SMB0A, HT60, W80T % N
1L & B0 % Table 31RT, RBADE
KIZFig. 3SR T L2 r2L T/ v F 2 HwT,
FARB R ORIUT, EEAIIZIR- 72, ERFEIE
KB 2BMUCHEAL T, RBF Lindl & BHo LE
#Z52, E—FrRBA EnREEYE &) icEE
L, RBRIFBOEEL 150C (HBHERE0H) 124 -7
e, HEMICBL Y 7T LKA e E 3
dIizsAe—F€y T3, EHFEREITaNER
W&o THEE»REDFE B &, KRB IETHA5I
HwHild, HRABEBEFEIELLS, A4 b
F#D4301, {EAFEFRDS016, E10I6DZFETE DAL
R & AL Table 200 2K TH B, R

150mm,/ min THEE % —FIZT 52|12 HEETEZ
Bz, BEERE 100mTH DL, BEARRIIH
17,000 Joule /emTH 5

Fig.3 Shape of spiral notch specimen
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C Implant specimen G Oscillo graph
D Strain gage H Load
Fig.2 Implant weld testing apparatus
Table 3 Chemical compositions and mechanical properties
of the specimens
1)  Chemical compositions
C |Si |Mn| P S |[€u |Ni |Cr | Mo | Al v Ti B Ceq
SM50A | 0.16 | 0.50 | 1.39 | 0.012 | 0.009 | 0.02 { 0.02 | 0.01 | <0.01 | 0.019 | <0.01 | <0.005 | <0.0004 | 0.42
HT60 |0.14 ({0.31]1.28(0.01570.015| — - — — — — — - 0.37
W80 0.13 | 0.27 { 0.86 | 0.011 | 0.004 | 0.25 | 1.08 | 0.50 0.43 - 0.04 — 0.0013 | 0.52
_ Si  Mn Ni  Cr Mo, V
D Ceaq=Chr "t T4 T 10

2)  Mechanical properties

Yield Point (kg/mm?) Tensile Strength (kg/mm?) Elongation (%)
SM50A 36 57 30
HT60 51 63 28
W 80 84 90 23
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2.3 HEBRE
Implant E3E B CTHENT L 22 B 0B E % R Y
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Fig.4 Correlation between diffusible hydrogen

and water content of flux

A3+ 4 b RESEEDAU B VT, 150T 1 Kfg#
Bl A, BEEIBTPIZIZ26.5cc/100g Fe OKRFE &
EH, T Ty 2 APORGERBOEIMI DL TKE
ELAEBIGCRNL, BEBEKIZBL, 77 7R
DFCIRAK L ARG TR EHRIL 5.5% &Y, #
D EENKFEEIZAT . 8ce/1008Fe &% - ThvrB,— Jiflk
KGR D016, E11016(2 34 TlE, 350C 1 8%
WL 2350, BAASEPOKERIE, 2ER,
3.8cc/100gFe, 2.8cc/100gFe Tl 7L, K3 &
B2 BRI E TIIKFRASRZUSHML, Z0H%IEW
LRuWMERL Tnd, 77 7 X555 RKL 72
RETRATEERIZFINFNT 8%, 8.1% ThEER
1222.4cc/100g Fe,19.5cc/100g Fe % » T B AL
P RO B TEMRE RIS Crz E11016 #i3

EOKMED H B Ich, BEBOEENERL LS, &
RN & ) LEREOSMM ORI B TR, B
B, BESEY, BMEIICEAL kHEY, B
Wicktw b, 7o—h—NEORKEED, E5I5E
nEliLe, BMEEOLIDIERE & 2o T, EEk
FOEEELERTHLOHIERE 4.5,

WET — 7 BEBICBT A KEOELHEHEFEELL
T, RKDOLDOWEZ LiLs,

1) 77 v 7 2%knKks

(2) Z=LRH DK

(3) BseFkm, n—EB, BMEREOKS

3.2  Implant BERR

HeEH SM50A, HT60, WSOMNJEIEF 1A (X F5 H)
R Z OV TEEROLREME 22 TE T & Bk
fle DBz YW THRLN T ERBER 4 Z L L Fig.
5, Fig.6, Fig. 72w,

Fig. 5 1334 SMB0A, 1 FEHAE D5016 Cis 4
WO EMIL, 350C 1 BEZRL2Ln s, KicE
L72L o ZHMT, EERRIGCHIEZ £ 470ke,/
mw, 53kg,mw, FERBR G III3 £ 4L Z4135kg, w30
kg /mud 70, FEFTERFIGH) & LB MmL
RBAEL, HERICBIT AR LERFTRL T
Wh, EFREAENAEL BIGHER TSRS A
WL EDHLNE,

Fig. 6 izt M HT 60, HHAEHEBEL1016 T #
FEDRMESEMIE Fig 5 DA L L < 350 1 BEfEE
BlL2zione, KCBLZLoThs, EHBRIERN
13 £ L2 1L80kg /mm, 72kg /mmtT, TN ERER FIE 1350

S0+ Steel | SM 50A
Arc energy . 17,000J/cm
70 Electrode :D5016
r <o

— —o—Dry, 350C 1hr
£ -*-Wet in water
~ 60F °
ia -
@ D0 \\
w
g
% 40F -
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Zsp  TTTEe——— 4
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20F

sl i
1 10 102 103
Fracture time (min)

Fig.5 Delayed fracture curves of SM50A

steel in X direction
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Electrode © E 11016

—o— Dry, 350C 1hr
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Fig. 6 Delayed fracture curves of HT60

steel in X direction

80} Steel W80
Arc energy :17,000J/cm
704 —o— E 11016; Wet in water
N -+-D4301; Dry, 150C 1hr

D
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1 10 102 108
Fracture time (min)

Fig.7 Delayed fracture curves of W80
steel in X direction

kg /m, 30kg,//mm'E 7 i), BEMAEMEI LD LT
BRGNS KE L, BB EL B0
BUIWRA L 72T h5 I A0 V), BHEREIC BIT b H Bk
WENBEELDLI LML,

Fig. 7 (2B M W80T, EEHEEL1016 D4 121K
KU ZZIREET, D4301o83A1d 150C 1 BefA%EE L 72
REECHEA L 7z, _REBBRE 5 S 65ke,/mm; T ERER ST
F130kg/mmik (I X A YRILfEERL Twd, 2Ok
2IEHEH D430 2 i L T L IS A T Ao R
HELCGTEN T B0, BERreLz¥
HEBDILE,

3.3 WHEEE

Implant BHRBR TR LN KB OWEBRER
i Photo.1 ~ Photo. 7IZRT 2 & TH B,

Photo. 1 (3B SM50A T, BHEOBBREND
oKL 72 REE DS & OB TH B, HIEF /- FIHH
TR FRAE DD R S i, KEOR RO
EoTHfbanizin:Ebits(a),(b)izDimple
WHTH 25, KROBETENMELLZbn L Bbh
5,

Photo. 2 I3 B SM50A, A OEREMZ

350C 1 REIER L BB 0L nThH D, (a)ldEA
Fin /1 (60kg/mm) MDA T River pattern 7740%
W& TnD, HATIEIZ % 5 &/ F R IR
RV EES NS (b)),

Photo. 3 |3 5Bt HT 60, KicEL 7224
Lze CHIRE Y » F 8L TR e ilE 2 2 L
T b, ZOBBENDARIENIE60kg/ miTH S,

Photo. 4 (3B HT 60, ®BENEETHL (a)
I B 77 70kg,/mnC Dimple B 2 2 L, % 0 EH
IZNEWHBH LI, HOTOER LY Mn —Si &4
EWTHDZEDHHLE (Photo.7 ),

(b) L E L ARG 70ke /mm Th RAEMREE AR 5 4,
—D—2N 7 7ty b OFIZIE Dimple BHE A B R X
w7,

Photo. 5 2B A W80, (3 E11016 THRA L
THREDLDTH B, KA, mAFICTO%HA
ELHE S v FRBICRRE OSBRSS N,

Photo. 6 {3 3B v W80, IF#HE(3 D4301TI150T 1
RRECEE L 2B A TH D, WTHOAFENICEWT
LHAEARSE I IR RS GHERE SR L, RBRrodh
LI FEEN T %1204 C River pattern 2VBEfML, X,
Dimple #iH & £ BB s 72(a), (b )i Dimple
B CEERIC & S ERD L DA EH TR TR
Mn—Si BAFEHTH 5 2 L5505 #1172 ( Photo. 7 ),

Photo. 7 i3 Photo.4 (a ), Photo.6(b) ®»Dimple
B O ECHERL B B HOR N T S L 2 EROL D
ThHbH, FIERIZZANLFFHAEPMA T & 1
20kv, RBERIZIOTATHSL, HHIZXHT A
VX, BRI EIE 2R, ZAUZ LU ST, Mn, Fe
WM EN, Felx=h ) v 7 2AH N Fe DtBsAE
WLnEEZ LIS,
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(a) Intergranular pattern near notch (b) Dimple pattern hydrogen embrittlement

Photo.1 Fractographs of SM50A specimen used
D5016 welding rod wetted

(a) River pattern (b) Intergranular pattern

Photo.2  Fractographs of SM50A specimen used
D5016 welding rod dried

Photo.3  Fractographs of HT60 specimen used
E11016 welding rod wetted
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(a) Dimple pattern with inclusion (b) Ductile fracture at grain boundary

Photo. 4  Fractographs of HT60 specimen used
E11016 welding rod dried

(a) Intergranular pattern near notch (b) Intergranular pattern

Photo.5 Fractographs of W80 specimen used.
E11016 welding rod wetted

» -
,

¢ il 1 .
(a) River pattern in dimple (b) Dimple pattern with inclusion

Photo. 6  Fractographs of W80 specimen used
D4301 welding rod dried
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Photo. 7

4. % R

BRTIET7 7 v 7 AhDKRGFEERLELE LT,
BEERPOAKFRLAEL, F7/2 Implant FHERER
T, BHEROEREFEE L, BWIGT &R &
DR R AN, FECEERETRRSIE H© URE
DREFBEL 12, TRLOBEREYV RN J hR®R
w17,

) ANIFAFREEEDRUBITETT 7
ARNRGEHR L EESBPOKER & R,
IIZERBIIEML, ZRLLBETLERENKER
Hb,

2) {RAKFEREHEEDE016, E1101612517 577
v P AROKGERER EBESBTOKER L OER
13KGEH RN 2 DU E TIIRRROHEMAKE
WA EDBIEIKFEFRFBL TLIT LA B
by,

3) WAL =Mo0iEEtED4301, D5016, E11016
TREENAKE L L DIZELO6TH B,

4) HERMIEBWEII L 2 L BAHNLEL BEN
HREEWOK L 2 BESrER L 2Ha» L 5,

5 #EREMWE0T, 4N+ A FREHEEDLLE
150°C 1 Byflszsk L 22356 &, RoKEREHEELLL6
RIS L 286 & DATTIETT L KSR & DB
BIILAXYRILKETHD,

6) WKL Z-uskt AL 2BeolER VT
NOABEHZ BV TLHE /v FIRFISR R
Wighh) SHNRENLEbN S, FRMICHET
B2 Dimple KR A S B b5,

X-ray spot analysis on inclusion

7) REMRL B EERAL 2B EOBKEIZMAE
Sy FIRBICbT L LRRECEEENBEE N
7z, BREO#50%LA_Eit Dimple T, & ARG 7 D
421X River pattern § %< E,Bhf:o

8) Dimple MEEIZH & 415 HIRANEY L Mn —
Si AAEMTH B,

Bb ) IZALRIIKRKFEFERLFF RIS TRIE
HEBHMPICT LN THS,

EROBITIZH 12 » T2 IGE, HEHTENL
FIFEMOBRHEAZIR, PNE_MFICESNESE
KT 5, LRABER, BEMERL ZICHBHS I
PR RENEABEREE 2L LOWEENH A2
B#nEL+RT 5,

5, BEIM
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