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Synopsis :

Lately, the partially-penetrated welding method has received considerable attention.
But little information has been available about the strength of welded joints using this
method. This paper is intended for clarifying some problems which have remained
uncertain, and for suggesting a possible design method. The experiments were
conducted on two variable factors amount of penetration and size of fillet welding for
reinforcement. The results show clearly that these factors had remarkable effect upon
the strength of joints, and the experimental formula has been given by comparing the
test-results with the past studies. Generally speaking, it may be concluded from our
investigations that the welded joints with partial penetration are stronger than the

fillet welded joints and also that the partially penetrated welding is a useful method.
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Experimental Studies on the Strength of Welded Joints with

Partial Penetration
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Shozo Takizawa

Lately, the partially-penetrated welding method has received considerable attention. But little infor-

mation has been available about the strength of welded joints using this method.

This paper is intended for clarifying some problems which have remained uncsartain, and for

suggesting a possible design method.

The experiments were conducted on two variable factors amount of penetration and size of fillet

welding for reinforcement.

The results show clearly that these factors had remarkable effect upon the strength ol joints, and

the experimental formula has been given by comparing the test-results with the past studies.

Generally speaking, it may be concluded from our investigations that the welded joints with partial

peneiration are stronger than the lillet welded joints and also that the partially penetrated welding

is a useful method.
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Fig. 1 G type test specimen
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Table 1 Mechamcal propertles of matenals (G type)

Material Yielding stress Tensnle strength i Elastic ratm Elongatmn
(kg/mm?®) (kg/mmz) i (kg/mmf) (%)
Bace metal | 38.9 j 50, 7 2,03<100 | a7
Welded rnetal\ 27.5 | 49.7 | zooxiot | 10
~ Base metal SM41B
Electrode JIS D 4301 5¢
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Size of fillet
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Table 2 G type test specimen actual size and test results

Depth of " Actual throat Max. load

Strength per | Strength per

Test specimen | weld penetration | 1 ;:;i;t}\:reld | ?;;;aaérea of
- (mm) {mm) (mm}) (t) | (kg/mm) . (kg/mm?)
1 573 0.98 | 475 466 | 2346 49.3
G-1 2 5 53 | 1.03 i 4 64 467 : 234.6 50.8
3 0 564 | 08 | 46l 520 2621 |  56.8
- —— ! PR R . [, I . e
1 6,27 1.55 i 5.53 , 6.56 = 2267 592
G 3 2 6. 00 2,26 | 5.84 : 6, 20 309.6 56. 6
3 5.93 1.85 | 5,50 ! 5. 84 2914 53.0
1 5.77 3.32 7.23 8,28 4144 57.3
G-5- 2 6. 13 3. 65 742 8 19 091 | 55, 1
3 7.03 i 3.12 | 7.18 8.55 : 4250 ‘ 59 2
1 6,60 : 508 |  7.90 9. 00 500 | 570
G-7- 2 6. 38 i 488 \ 7. 88 8. 62 4306 546
3 6. 85 ‘ 53 | 833 9,98 500 | 601
1 6.48 | 698 . 944 11,60 583.5 61.8
G o- 2 6.15 7.36 | 9.75 10. 96 546, 4 56. 0
30 5,90 7.03 | 9. 75 11,16 599, 1 57.3
1 | .15 8. 02 8.21 ‘ 10, 60 531,0 64.7
G-12,5 2 6. 40 7.72 8 85 10, 32 519, 1 58. 6
3 6. 40 78 | 950 | 1140 568, 3 598
E
&
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B | /pdo : |
=z | é/ e i
5 200~ — £y 0 Test result
T jq £ 20— i
_: 1 ‘ ;'—‘"é Ip X [% : : " "Regression
E" {}i | L o e e e | Oi J_

s 0 2 4 6 8 18 0 01 0.2 837704 0.5 0.6
] Depth of penetration p {(mm) pl(p+s)

Fig. 3 G type, relatioship between p and strength

per unit weld length
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Fig. 4 G type, relationship between p/(p+3)

and strength per unit area of throat.

2:2 BHERBE—ELLTSA#RE
BALBEOHE

2:2-1 RBAESIURBRAE

(1)

Lieh, 2%, p/p+ s)=0DMEx L, p/

(P+s)=0.2T128 5%, p/{p+s)=0.4Tirf1l
%, DI(p+ 5)=0.6 TILH16%, FREFhEE

EATE,

BN Fig. 512, BB ke I U
Hi&ft% Table 3 ot BEEBE,

WRETRE S 50mm® e B X 9 iR Ui, RERE
[ty Y% Ce a2 T, AR X DA
/}\V: L - —Cfﬁ‘-lé;"?\?% X %"é}f{hé-&f;o E&%Mﬂi,



404 N E‘l 53 ?x # October 1971

FHEE TR LA LT, e RS
o Li,

fods, BERTHLL, TPESF TR, FHE
B 2 (50 L ThiEErw T L BE
fe <t EOFERERS B A AFRICH
feEETHRE RS Lo, HiER20mmE L,
wiEainy Table 3 w{f 0 L 7228, LJEHX
3.2¢, 2BHEHLLE 5 enimER (JIS D 4301)
B Rfo, L 5841 TH D,
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Table 3 Slze and weldmg condmons (H type)

Mark of test specimen " Ho- He2  H4 @ He | H8 | H-10-

Depth of penetrationp {mm) 0 2 4 6 8 3 ]0
e e e . [ —_— .
The 1st. pass JIS D 4301 3. 2¢ 140~160A
25V 20~25cm/min
The 2nd. pass~JIS D 4301 5.0¢ 300~320A
3oV 15~20cm!m1n

Conditions of weld.

Table 4 Mechanical properties of materials

Material Yle!dmg stress ' Tensile strength Elastic ratio Elongation
(kg/mm?) 1 (kg/ mm*) : (kg/ mm*) i (/ )
Base metal 22.5 L 1 202x1m i a3
Welded metal ‘ 37.6 ‘ 50,7 ‘ - | 2.2
Tahle 5 H type test spec:men actuai size and test results
Depth Slze Actual Max. Strength per! Strength per\ Angle nf
. of of throat srength unit weld | wunit area !  rupture
Test specimen penetration | fillet weld length ‘ of throat ‘
(mm) __{mm) (mm) | (t) ) (kg/mm) | (kg/mm?) | C°>

1 0.60 \ 10.20 | 7.64 12.25 304.7 | 33.9 w16
H-0- 2 0.00 10.80 7.64 12.45 309.7 40.5 32 13
3 0.58 ‘ 10.23 7.64 12.20 303.4 39.7 21 17
1 211 | 8.30 8.44 13.95 347.0 a1 o417
H-2- 2 1.77 8.17 8.16 13.50 337.5 41.4 17 23
3 2.21 8.20 8.68 14.35 355.2 40.9 ‘ 17 42
1 3.15 6.05 8.4 } .70 | 3azs | a0e 13 2
H-4- 2 3.43 6.48 8.11 | 13.75 338.7 41.8 22 44
3 3.39 6.03 8.14 | 14.40 351.2 40.0 24 36
1 5.41 4.24 } 8.6% 15.60 \ 380.5 43.8 35 39
H-6- 2 5.64 4.17 | 9.10 15.90 | 395.5 43.9 31 28
3 4.74 4.29 I 8.72 15.50 | 379.9 43.6 21 25
1 6.51 196 | 838 16.85 | 411.0 9.0 | 9 9
H-8- 2 6.14 2.19 8.16 15.45 384.3 47.1 1 90
3 627 2.16 8.27 14.50 364.3 . 44.0 90 90
1 8.10 0.00 ‘ 8.10 16.25 | 400.2 49, 4 90 49
H-10- 2 7.90 0.00 | 7.90 15.70 404.6 51.2 90 90
3 7.95 .00 | 7.9 1 16,20 401.0 50.4 20 90

i - —— s
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o e=1.2(kg/mm?) .!‘
RE L  BH  L OB B SRO BHRR L et

% Table 4 i3, —iud, FFE IS 1
2RERABAGI- LT D, BELEBIL Fig. 6
R L5, RERBIEILRE & ST
oo TolEESA LI L RN L LD
THh,

CoFBEYHA AT EHRTHI LT,
R, bk 2fH-2-1 s 55k, H
EREEY ) —AHRTHEN, TOROEFIE
~SAESONE (mm) EORL, REOBFEER
EAREIGHROXTERL 5,

250 t FREFRBEEA Y, KB R
FEBhEx it BEHCSTAEROMEL2-1 &
6 U< 1/1000mm & f b b — 25 4 Fiu-fa,

fods, BANCAAL G, RBAEETOSETEE
FTHEELID, ey FhHLTHBIEAEE
Utoe MEEILIEBED A~ b HbEERTN T TOX
FHEIXE LTS, ¥fowso=y FOREFY
Photo. 2 i1,

2-2-2 RBER

EEFHE % Table 5 ic/;mL, HIEEWONRE
7% Fig. 7T ©x=1.

Fig. B iix, HNEERS /00 O FHWEE L
WAL EE EoMFE R LA, Micrsdhd ks
I, BECERY B LICBE, BAAREE
EHE RS0 VEMEE L, I ERMARICS
b, FoALBEOMINE L b i PEEEL EHT
%o FRhddr Lo+, 2EESED 5
LESRFERA LIS D (p/p+5=0.5) T 15
%, EWEAATEEG (p/P+5=1.0) L #30
% OBIE EHBH 5T,

Fig. 9 o, W{EEEES D FHEEE 0 &
T Ufe. Hofhaky, Fifil g p/p+s) &L
oo ChUS L RUE er L p/(p+s) <0.4 T (3 H-81
T —E, PO 20408 Tk p/(p+s D Photo. 2 H type test specimen macro-etching




406 HV A U

P oit)

1|1 . zu

S

. F_g —_
- Deformation & (mm)
o -
{1} H-0 test specimen

) P Deformation & {mm)
Gr-— —

{2) H-4 test specimen

e

o ]+1 21—_2'

5y

L B
0.3 6.4 0.5 0.6 ¢.7

Deformation & (mm)

(3) H-10 test specimen

Fig. 7 H type, relationship between load and
deformation

. ,L
0‘4 0.5 0.6 07

N N N I S Y S NS W S

October 1971

g
& 908 ‘ o S -
= . :
= 1 : i
E [ ;J SN I
E 400 IR ;
s oS o
= ,Q_:'.ﬁ'_r.‘_.)_ LR | DL
L 300 ‘ i ‘ !
et | i
= : . - !
ol | L)
] I |
5 ’ o
£ oLl B i N
A T A T A
Prs Depth of penetration p(mm)
Fig. 8 H type, relationship Letween p anl strengt’
per unit weld length
60 .!_ - ——— _...|
- !
50 E N O

40 ,c;:;gt;_f_r::g‘s';:::’:;'g. B

I o Test result

0-g 0.7 0.4 0.6 78 1.0
p/lpts)

. Regression

= Strength per unit area of throat {kg/mm?)

ig. 9 H type, relationship between p/(p+s) and
strength per unit area of throat

3. HAEANEREEIOREICLELET
BETHAOHR

31 HBURGLURBAE

WEEERIL 2.2 TRLELOER LT, 1
MANA M EANGEMRTF CH L, HALEI R
2FEEITHLE, FhFCoOWT, BT AR
O EAELE S, REBRERIR, btk &
ikl 4 Fig. 10, Table 6 3723, {65
B, HHBREBIHZ 1 7 OB LRE—TH
b, FHOBBOEELELTHL, (Table 4
£

AR, EERERGE L ey, TE
%ﬁ%ﬁ? *mLt0:m£%W%Iﬂf7;
et s o kot d, REBEATEE LT -6-2

J— 36 J—



4o

Vol 3 No. 4 SR A SRR T o M S T

{5) I-10-6-1 test specimen
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; I-6-0 ° I-62 ! 1-6-4 I-6-6 | 1-6-8 i
Mark of test specimen — X

— J1102'1104 1106 1108  1-10-10

E-6-10

Depth of penetration p (mm) 0 | 2 | 4 | 6 8 | 10

| The 1st. pass JIS D 4301 3.24 140~160A
. 25V 20~25cm/min
Conditions of weld ‘
onditions o we The 2nd pass~JiS D 4301 5.0¢ 300~320A
30A  15~20cm/min
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Table 7 1 type test specimen actual size and test results

. . : Strength per | Strength per
Test soecimen Degtt:]at(i)(fn Snzewogl‘jflllet ;Actual throat Max. load unit weld Unit area of
b pen ) length throat
{mm} (mm} \ (mm} (t) (kg/mm?) Ckg/mm?)
1 4.96 (.00 ! 4.96 11.25 282.7 61,07
1-6-0- 2 5.37 0.00 | 5.37 10.80 271.4 50.32
3 4.72 0.00 | 4,72 12.25 | 304.7 64.88
1 5.49 2.40 5.93 12.80 320.0 53.96
162- 2 5.00 2,23 5.47 12.20 305.0 55.71
3 5.01 2.19 5.55 12.50 318.9 57.44
1 5.24 4,17 6.80 : 12.10 a0 | 44.25
6-4- 2 4.91 4.08 6.44 : 12.00 300.0 46.62
3 4.95 4.42 6.50 i 12.00 298.5 45.91
R _— — f - P
1 5.00 6.44 g.17 ! 13.35 338.8 41.46
1-6-6 2 5.07 6.46 8.07 13.60 340.0 42.11
3 5.22 6.46 8.21 13.80 343.3 41.82
1 5.48 7.99 9. 22 15.45 382.4 41.49
I-6-8 2 4,60 8.15 9.00 15.00 374.1 41.46
3 5.11 8.10 9.40 15.10 377.5 40.14
1 4.22 10.16 L10.41 16.40 408.0 39.18
I-6-10- 2 4.74 10.14 i 10.52 16.25 406.3 38.61
3 4.81 10.46 ‘ 10.63 16.12 403.0 ! 37.91
1 7.85 2.26 | 8.21 17.20 430.0 52.40
1-10-2- 2 8.36 2.24 | 8.62 17.80 445.0 51.62
3 8.53 2.34 8.81 17.00 415.0 48.24
1 7.81 4.28 8.89 16.70 417.5 47.14
[-10-4- 2 7.01 4.15 8.89 18.10 443.6 49.92
3 8.37 4.00 9,20 15.70 386.7 42.05
1 8.56 6.35 10.69 18.00 450.0 42.10
[-10-6- 2 7.41 6.25 9.76 19.50 480.3 £9.19
3 7.96 6.23 10.13 19.40 477.8 47.16
1 8.05 8.25 11.31 20,70 520.1 46,50
I-10-8- 2 8.26 8.36 11.55 ! 19.50 485.1 42.10
3 7.96 8.18 11.14 | 19.90 487.7 43.79
1 8.23 10.57 13.09 i 21.90 547.5 41.84
1-10-10- 2 8.23 10,81 13.17 20.00 497.5 37.09
3 8.13 [ 10.47 12.93 22.40 557.2 43.09
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