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Experimental Study on the Strength of the Special Types of Fillet Welded Joints-Partial
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Synopsis :

This paper presents the results of two series-tests which have been undertaken to
examine the strength of special types of fillet welded joints. One series is to find
strength of partial penetration groove weld under general complex stress state by the
method of changing angle between the directions of forces and weld lines. The other is
the experiment of oblique fillet weld whose profile is asymmetric with respect to the
force axis so as to be in more actual condition. From the test result, it has been found
that calculated joint strength from so called "equivalent stress" on the throat section
shows a good agreement with experimental values, and well applicable design formulas

are proposed for the practical use.
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Experimental Study on the Strength of the Special Types of Fillet Welded Joints

——Partial Penetration Groove Welded Joint and Oblique Fillel Welded Joint

5 R & =*

Shozo Takizawa

Synopsis :

(FTR: S FH

Noboru Yamamoto

This paper presents the results of two series-tests which have been undertaken fo examine the

strength of special types of {fillet welded joints.

One series is to find strength of partial penetration groove weld under general complex stress state

by the method of changing angle between the directions of forces and weld lines. The other is the

experiment of obligue fillet weld whose profile is asymmetric with respect to the force axis sc as to be

in more actual condition.

From the test result, it has been found that calculaled joint strength from so called “eguivalent

stress” on the throat section shows a good agreement with experimentsl values, and well applicable

design formulas are proposed for the practical use.
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Table 1 List of specimens

B type

A typz ‘

Specimen a INumber of‘ specimen ‘ P Number of
name specimens| name i specimens
- 1 '| P —— p—
P 0-A| 0 3 |lp-o0B!l o 3
P-15-A | 15 3 P-15-B | 15 3
P-30-A | 30 3 P-30-B | 30 3
P-45-A | 45 3 P-45-B | 45 3
P-60-A | 60 3 P-60-B | 60 3
P-75-A | 75! 3 P-75-B ‘75] 3

———— S—-
400 A% __J
C 77 —171=
= =
|to] 20 10|
%{ 2
A type B type

# Inclination angle of weld line

Fig. 1 Shapes and dimensions of test specimens
for partial penetration groove welded
joint
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Edge preparation

L 4
Cutting

Fig. 2 Working process of test specimens
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(a) P-30-B-2 by P-30-A-1
Photo. 1 Macro-etched test specimen
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Photo. 2 Apparatus for testing partial penet-
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(a} P-30-B-1 (k) P-30-A-2
Phote. 4 Surface of fractured weld

Table 2 Test results of partial penetration groove welded joints

o N T &t per unit St. per unit
Specimen name N},ax‘ é‘i?d Anglee °f(£‘)‘1’t“re ! weld length ‘ area of throat
N e I | _or(kg/mm) | or (kg/mm?)
T £8.90 72°00° ! 369.1 i 49.4
P-0-A 2 30.48 90°00/ 392. 4 | 49.1
3 30.68 71°317 394.0 ) 50.8
- . , ] o
1 31.50 90°00" ‘a 392.0 52.6
P-15-A 2 37.30 90°00 446.5 54.8
3 30.45 90°00’ ’ 378.7 47.4
1 19.83 90°00° | 224.9 27.4
P-30-A 2 34.35 90°00 379.9 44.2
3 29.20 83°00 { 323.0 39.4
1 31.30 72°00" i 278.6 35.4
P-45-A 2 § 32.95 83°00 288.0 36.8
3 ; 33.30 90°00 \ 2926 35.8
1 39.05 90°00/ 2499 34.0
P60-A 2 39.40 90°00 251.5 31.9
3 39.30 90°00 249.8 31.4
1 63.20 ! 000 | 205.1 25.6
P-75-A 2 62.80 | 90°00/ 203.2 24.1
3 64.00 | 90°00" ‘ 207.6 26.0
1 42.05 ‘= 58°00 l 530.5 47.1
P-0-B 2 40.50 50°G0’ ! 514.6 46.9
3 40.00 55°30" l 501.5 47.2
1 i 32.55 50°00° 513.1 36.9
P-15B 2 ‘ 38.30 56°30° 486.4 42.8
3 ; 36.90 52°30 486. 3 42,1
1 38.03 56°007 415.8 39.3
P30-B 2 34.30 50°30 ! 378.8 38.5
3 39.80 59°00’ ! 431.0 41.7
1 38.48 57°00" 5 343.1 29.5
P45B 2 38.30 55°30 i 339.9 3l.1
3 41.35 59°00/ & 364.3 40.8
1 _ 43.65 61°00° 275.9 25.6
P-60-B 2 i 42.30 73°30° 2647 25.2
3 ‘ 4140 ‘ 65°00" | 260.8 27.9
1 68.70 ' Base metal ruptured
P-75-B 2 62.70 " 62°00" | 2196 14.5
3 65.75 72°30/ ! 213.7 ! 15.1




476 IR

WM i T — P ROBEIAZ A LI X B DN
L7202 LG, REBRAREREELHE LIS
KB RERHE, —hoeERL>BEC
MIL ARy, 02600 ETHROEFOER
LT RAEw LR, TE, §260° T
LT E 0 2R ERAME TS D A ERE
ZER, ol FEICTEERBEARTEL S
=t Lisdio T, o 2 v TA®HBL LT
W, —INEELICERY R L 0<40° b o
REL, 0260°EFCCTIIEERE L L TR
TR D,
) BAEERY Y T E

Fig. 3 iR ERA 0 2~ AL LT
Lichs, BArEEELY D FHME o 120 oxin

F T T T - T
8~
5000~ ™~ 2
o\\\\o ,B type
— 400 W 7 .
£ e by ~
E 0 S
2 a0k ° o~
¥ 300 g g 1
™ /7\ \\\
E At e/ \8
B 200 e ~~
=
7
o0 1
1 1 | 1 1
0 13 30 45 60 75

Inclination angle & ()

Fig. 3 Relation between strength p2r unit weld
length and inclination angle of weld

line
‘ T T T T
L ]
S0, A type ]
[ ]
T dof .
g %
E T
= .
= 30k \gﬁ\“ |
& (@) i
- ~
W 20+ |
E_. ——-— Calculated
@ ok Or= ~0.358+520 g
I L i | - 1
0 15 30 15 60 75

Inclination angle 4 ()

October 1973

CAECTTRENCHA LB, 2 A1 FRlicBlET
UL, & 20" oIS ET, AT TIXA R o T
26%, BaA7i3R2% 0@ kot b, £
7o, A, Bii# 7 7officit, §=0°7130kg/mm,
=457 60kg/mm BED HEEN BB R,
Sk LTHSTAEEGMUL-BE 4 7 OH»
e, FETAROAMEEL o B TS
ZEMIRERATL S,

(2) Hivo lEEEY L FERE

Fig. 4 wEEREMNA 0 L oMfLTT, |
waAbLRL Lk h, BT S o e
or (IHAT R Y O OF G E o EEE, 0 DR
M- TRA T4, BhofEx, =0 %k
By, 4=45" T A, BB 7 ELE
WEOHRERT L -TvE, ARAFELBRT
FE RS, §FELEE D 2kg/mm? 7.
K 10kg/mm? BES HAEEY T LTV 5,
(3} HMETARORE

WERoBRPHEER T L HbA LS
, FAUBEEOBKTF CHIE, FET5 A%
FOWMELEDLLOD, BAZhLIBRESEERE
L CHSREIEY . S AULSESENA 0
PELE R TCHET AR REA AR L A-ER
HEY F-H7o40Ths, WETAROBMN
b o TBEA7DONHAZ1 7LD LA
HoOFGHHHETHH bbb O L 3
AR RO, AsA TOBERROBS,
B A Fi i, B ECOBRENE MO
BT b OBEA S DR, 5 RS EIG

o - .
E b == .
E ] S
. T
ul ——
= ——
= | ° ~—
o 30 t\;
=
g 20F 1
g ——— C(alculated ]
& d
10 g ~0.396+19.0 B
1 i 1 i A
] 5 30 15 60 75

Inclination angle 4 (°)

Fig. 4 Relation between strength per unit area of throat and inclination angle of weld line



Vol. 5 Neo. 4

NHEFRT S, v bd S BRI R B
LithrEZzohbHY,

2.4 WEOHT

WENAEETOL~ FASPERTEL, 2D
WETE FomlEy —f#E ThE, Fig. 5 @
T I mAEEmOETt ey, tL, R
Ahi,

She 3T OB TH - T,

Fig. 5 Stress comperents cn the threat section

61 =4 coslcosf
ry=0ocosfsin 8
Ty =asinf cos f
P _ Pcosf

oL, az‘g“*zasma(sii@&wﬂgﬁﬁ)
F i, MHMEN etk (B
;: ‘/FLE+3(:5L_Z‘FT112)(1)

Ok EELE O GIEREE oo L FEL,
(DRFWIELER: LTEREROBHET-
to 7ods, (1) RLE»D o1, 71, T OFA
FOWRESY, EALES, BERR IV ¥ B
BoLTOHEL RT3 b, ZFEEBEOSS
Fig. 6 o2k {ich.

— R IR L S BN BT, BT
RREEL 0L N AL TROBERE, B
LT bBLIENNEELBETL &A% RLTE
b, ChixOTLbERL TV, COBRRY
—BH) e EREIREBCRE L TELLICHEKD L
Sl HENSHE DL, Tihbbh, MHEAKAERLH
s & xofiE (BERENE

SIS B R T AR T 08 BT 2 RO 477

T T T T T T
1.0+ e
Tn
= ’.—1
Tn
b - 4
lf - -
5y
o 051 -
\6 -
5
- -+
- N
AN
l ——— B type N
\\
N
L 1 |

1 L
0 15 30 45 60 79 50

Inclination angle 8 {°)

Fig. 6 Complex stress state in eq. (1) at each
inclination angle

f(o'l, 0z, 03)=C (“‘iii)
TELEAAL, T R EL ORI
RAEERCA L TWARRTHY, HOEOR
BIESAERT A L THBEERT L, CC
Rx THRERREATEASL 7B kBT
InWC bimheh, Coo R SENELTTREEOKE &
BT RCBRBEL L0 ELHLGENERL
<59, (1)7t Von Mises ORGSR
AL,

1 — -

7= ooy oy — o) (o az)

FO(rA A+ TE)
OBEEAERL Lo Th D, (1) PiEEE
R E LCREAT A ERL, BEYE LR S
P coREwIEY 7 TEBLL, TOLR
{H o #EATAHI LR LD, X —iRAH
Ex L OBEHERXBL & AHEH D,

LinL, (1VGAREBEERRE T500T,
WO E (REMA) ¥ TEDDLLEDND
b, COfoditil, ou/dd=0 Lh 8 RHRL
b, BT E & TEANERIRY
B2 HEr b T,

L~ HiEEAA Table 2 iR tchh, AFERO
B, AR A 7T LA ST U ERC T
L CESCHER L, B2 7T 50°~70° D

i81 —



478

N A

October 1973

e, BETEEEL - LT AEmo R
B A RS SRC T s E & 7o T B, Tk
B, WA A4 FELCET L~ P ERERELE
SIS (=FHE0 Kl THELTWAD b
FARL T3,

iy, e, BMEELY IEET AR
DEHL LD Do I bWy H L
FRHT- TV 24, EEDLRAROERYHC
Wi,

Lictio T, BHEDNEA LRI IBROH
FEALBEERT C, BEHsEEO SHmTE
LaET2 i, ERAEHELLIFEYCHA
5, ZOk 5 EE T EHREERD SR |-
AT L <, (LDRoERARMB LIRS
b ths, :

U EOSEFE X » TEFABREOBES k%
& Fig.d ok d, WX WBALLS
¥, <45 T (0260° CiEphoBEh L b
BEELLD) FRELFHFELIRV-—HRY L8
Tih, EEOFMEHETCHEBAIRA(1)FiLH
AR L CEEIRTLABREZ EFRLTE
B

3. REJHIABREHRFORR

31 R B &

SENIEEO#MIEBRCAVLDOLE LT, T4
BIRER A5 e BY L T IR o s B i o B
fE L7z, Fig. 7, Table 3 =% DWMiks T UHE

Table 3 Dimensions of specimens

Specimen | | Number of | ¢ o 5
name YP®| specimens | () ‘ {mm)| (mm}
c‘ ‘wlsﬂlaa

0-30 D | 30 113.013.5

. 1

E | 30 | 16.0 ‘ 18.7

c | 3 55 | 80| 86

0-45 D | 3 45 [11.0]11.9
E 3 | 45 [13.0 | 14.0

c ! 3 60 | 8.0 8.9

0-60 D 60 10,01 11.5
E | 3 60 |12.0113.8

C 75 | 8.0 10.1

0-75 D 75 110.0 | 12.6
E | 7 |12.0 152

o 3 9 | 8.0|11.3

0-90 D 3 90 | 10.0 | 14.1
E 3 90 |12.0 | 17.0

iRy, BHTHew 30°~90° T 5B
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L 111 ERANN
@) Main base plate @ :Oblique angle of base plate ]

(b): Intersecting base plate

O~D: Weld fillet number

l::) Zone magnified

Fig. 7 Shapes and dimensions of test specimens for oblique fillet

welded joint
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Table 4 Test results of oblique filiet welded joints

ad. ' a | Io | gr’ ‘ [

Specimen % Prax '\ ao’ a4 ay la T
name : Ct) | (mm) (mm}| (mm) |{(mm) | (mm) ! (mm) (kg/mm?) (kg/mm?)

1 |4 | 2305] 1035 845! 7.05| 8.45' 39.63° 40081 307 | 37.3

0-30-C | 2 . 4 22.45 | 10.90, 8.20' 6.90| 8.20| 30.70 39.59 29.6 7.5
3 1 19.25 | 9501 8.15| 4.30 8.15| 39.48 | 39.46| 27.6 39.2

1, 3 . 28100 14.30| 9.10| 9.60] 9.10, 41.22. 40.10 | 204 | 369

030D | 2| 2 | 2675 1410 860 9.45| 10.35] 39.38] 3929, 299 | 344
3] 3.4 1 26.65: 14.65| 8.65| 9.00| 9.45) 40.40 | 40.18, 28.3 35.9

1 2 28.25| 18.05| 8.60| I3.80! 860! 39.96 39.83| 265 31.6

6-30-E | 2 2 27.00 | 18.85 | 8.25| 13.20! &.25| 39.67 | 39.49 . 25.1 31.8
3 3 28.40 | 19.05 | 8.10! [4.40, 8.10| 39.90 | 39.83 |  26.2 31.7

11 1.2 | 22.35) 8.45| 840 6.55. 8.40| 30.46| 39.35 25.9 31.7

045-C | 2 | 1.2 | 21.95| 8.8 835| 7.10| 8.00| 39.15| 39.03 32.6 37.2
3, 1.2 | 2360 855| 7.75| 7.00| 77 39.85| 39.91 36.3 49.1

1 3 | 227 | 1165/ 800 935/ 8.00| 3862 38611 299 33.9

045D | 2 3 23.55 | 11.15° 7.85| 8.95| 7.85' 39.95 | 39.98°  31.0 35.1
37 3 23.40 | 11.00, 7.90| 9.60| 7.90, 39.20! 39.40. 31.4 34.0

1 3 26.10 | 13.45| 9.10 | 11.60| 8.45| 42.10| 40.60 | 27.8 31.4

0-45-E | 2 2 27.50 ' 13.35 | 8.10 11.70 | 8.10 | 39.93 | 39.83 32.1 34.9
3 2 26.05| 13.40 | 8.10| 11.55| 8.85 | 39.58 | 39.37 30.6 32.3

D1 4 \\ 21,90 | 8.85| 7.40| 8.8 | 830! 39.58| 39.69 33.9 34.2

0-60-C 2 1 21.70 | 8.57 | 7.37| 7.85| 7.70, 39.37 | 39.38 345 35.2
3 3.4 | 21.90| 8.47| 7.47| 8.32| 7.60| 39.46 | 39.44 34 8 34.9

1] 2 20 85] 10.40| 7.67| 9.90| 8.57| 39.27| 39.20 30.8 30.2

0-60-D | 2 | 2 24.95 | 11.20| 8.15| 10.87 | 8.95| 39.46 | 39.45 32.6 31.9
3| 2 24.55 | 10.22' 8.12| 9.52| 8.60 | 40.08 | 40.00 33.4 33.8

1 2 2355 11.90| 7.92| 11.90| 835, 39.70| 39.71, 29.9 29.3

0-60-E | 2 3 24.20 | 12.22| 8.05| 11.67| 8.47| 39.95; 39.95 =298 30.1
3 3 23.55 | 12.57 | 7.87| 12.40 | 8.60| 39.57| 20.47| 291 28.4

1 2 22,65 | 8721 8.22| 1010 8.22 39.39, 39.32: 339 31.4

0-75-C 2 2 22.05 | 8.00' 7.42| 9.20| 7.52] 39.68 ! 39.60 | 36.0 33.3
3| 3 24.15| 9.45, 8.15| 10.15| 800 39.57| 39.55;, 34.6 33.6

1 j 2 25.30 | 10.32| s8.40] 11.15] 9.271 38.65 | 38.43 35.0 32,1

0-75-D | 2 4 26.45 | 10.77 | 9.77 | 11.95| 10.50 | 40.10 | 40,22 32.0 29.3
3 2 27.75 | 10.50 | 8.50 | 11.52| 9.80 | 39.44 | 39.35 37.0 33.0

1| 2 25.50 | 13.02. 7.60| 12.85| 8.60| 39.84 39 82 31.0 28.5

0-75-E | 2 3 25.83 | 15.97° 6.87 | 16.10 | B.35| 39.50 | 30,43 28.6 26.8
| 31 3 24.98 | 13.67| 7.32| 14.45| 8.17 | 3911 | 39.00 30.4 28.3
P12 23.451 850 | 7.62| 8.87| 8.20| 39.92| 39.92 36.5  34.4

0-90-C \ 21 3 23.85| 8.30| 7.8 | 8.95 812 | 39.87 | 39.87 37.1 1 350
3] 3 2490 8.02| 7.52| 8.47| 7.90| 39.39| 39.35 0.6 | 386

1] 2 27,851 9.50| 9.17| 9.87| 9.85 49.03 40.03] 37.3 | 35.3

090-D | 2 @ 3 28.60 | 9.40| 9.40 10.05| 10.07! 39.56 | 39.55  38.4 , 35.9
31 27.85 \ 9.07| 952| 9.55| 10.30, 39.97| 39.97 ' 37.5 ,  35.1

I Pl 27.25 | 10.02 | 10.70 | 10.70 | 11.25| 39.64 39.87 33.1 31.2

0-90-E | 2 1 29.80 | 12.67 | 10.60 | 12.90 | 10.95| 39.96 | 39.93 32.0 31.3
: 3 3 29.10 | 10.40 | 10.60  11.27 | 11.45 ‘ 39.91 | 39.88 34.7 32.1

Piez : Maximum load
a’ : Theoretical throat depth
a : Actual throat depth
{: Weld length
' : Strength per unit area of theoretical throat
or : Strength per unit area of actual throat
3% : Number of fractured fillet (as illustrated in Fig. 7)
(Subscripts A and O indicate acute and obtuse fillet weld respectively)

o7
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