Research Reports of the Research Institute
of Industrial Safety, RIIS-RR-92, 1993
UDC 539.519:621.791.011:531.781

X BEB L OFILERICT L 5 RS A LEEHRKOZE S HE™

TN

Residual Stress Measurements in Butt-Welded Plates
by X-Ray and Hole-Drilling Strain-Gage Methods™

by Etsuji YOSHIHISA**

Abstract; Welding residual stresses are frequently of interest in fracture evaluations of structural
components. Although some data are available on them in small-sized specimens, data for large-
sized plates, in particular with a comparison of different measurement methods, are scarce.

The objects of this study were to investigate the effect of the specimen size on the welding
induced residual stress and to compare the data obtained by two different methods. One was
X-ray diffraction strain measurement which was the nondestructive technique. The other was
hole-drilling strain-gage method which was the semi-destructive one and appropriate in field
application. Three pairs of different-sized plates made of mild steel, JIS SB410, were butt-welded
in the arc welding process with 5 runs to make three types of specimens. The sizes of the
specimens were 1530 mm X 600 mm, 765 mm X 1235 mm and 770 mm X 600 mm. Longitudinal
and transverse residual stresses were measured along the weld line and the transverse line which
crossed at the midpoint of the weld line. The results of this paper are summarized as follows:

(1) The shapes of the residual stress distributions in plates butt-welded with 5 runs, can
be inferred from those for Bead-on-plate with single run, obtained by Ueda et al. with thermal
elasto-plastic analysis of the welding process, and the longitudinal residual stresses along the
weld lines are near the yield point level of the basic material. °

(2) In the plates butt-welded under the same condition, the above mentioned residual
stresses along the weld lines increase, as the weld lines become longer. On the other hand,
the widths of the plates give little influence.

(3) The shapes of the residual stress distributions in the plates cut in the direction perpen-
dicular to the weld lines remain similar to the shape before cutting, but the longitudial stresses
along the weld lines decrease.

(4) The longitudinal and transverse stresses along the weld lines, obtained by hole-drilling
method are much higher than those by x-ray method and most of the longitudinal stresses exceed
the yield strength. Local yielding in the periphery of the hole cause errors in experimentally
determined residual stresses. In the range near the yield level, hole-drilling method is considered
to lose accuracy in the measurement of stresses.
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Table 1 Chemical composition of material used
HEFEDLEERS (Wt.%)
C Si Mn P S
0.15 0.25 0.66 0.012 0.002
Table 2 Mechanical properties of material used
HEMOBBHEY
Yield Strength  Tensile Strength Elogation
(MPa) (MPa) (%)
274 411 34
Table 3 Welding condition
RIS
Pass Method Current Volt Speed Heat-Input

(4) (V) (cm/min) (kJ/cm)
1 Manual Arc 170 30 16 19
2 Submerged Arc 520 38 50 24
3 Submerged Arc 530 38 40 30
4 Submerged Arc 530 36 50 23
5 Submerged Arc 530 36 30 38

| (Zﬁ:? S
D C RTINS
A@&*

T, A7 A, 94 7BBLUIYA47Co3EN
DR 2R L72e B2 DK% Fig. 1 I3R T2
WINDAEE i) & 2644 ~ 5° L FIFRE
ThHY, BEEHFRISETONMA ), KTH 270

LNz, B, BEROKEN 27540 5—ick
DBrE L-RICBEIEICE L2,

X#Fio & 250 HAIE 1L, BREREORIRIE
HAEE MSF-2M 2 T X EAStAyE2—EIc L
THTV, il 9.56°, 24.56°, 39.56°F L U~ 54.56°
DATEERE L7, BIIA 200 E— 7 NE ITHMIE
HAEIC L DIREL, sin ¢ — 20X OMEE » 5 )
JEEHRLTwE, £72, X Cr-Kaks, EITHE
i (2,1,1) BWTHY, FRERIIHE, BRI 3 mm o
HEHESTH 5, X RITBHFRELEOMRE  Z\VHE
BT L MREET, WUERERIIREELICH 5 MM



XEB S UFIIEIC L 2R &2 AL EERRDKREI T RIE

MTREOHER R D, CNER DI, BN
iz Lo TS 200 pm Bl b7z > TEER &K
* LRICRIEEZEE L,

7Lkl Mather® BANCHRE L2 b T, HE
FL (Through-Hole) & JEE&IL (Blind-Hole) #
HIFB L0 2REENOFEND LY, I I TN
Hy7Ze HEEE L CERICOBATRE L SN T 5400
HmWIEERILEHITEHELZHNWT, ASTM T

1530

765
770

1235 600 J

~ /Front side
25 === _Back side

Type A Type B Type C
Fig. 1 Shapes and Dimensions of Specimens
#HEEOWRE L UTHE
300
&
=

200

Otres

100

-100
0

o5 10
(a) On weld line

Fig. 2

-3 -

ED LN RED RS T -7, BHLZUTA
4°— i3 Rendler & Vignis® 732 LT\ 3 3 #lin
Xy b ZATDLIDT, ¥Y—VEH 1.50 mm, 7 —
VDY —I NVOEREIE 5.14 mm THb, £DHLIC
MEASUREMENT GROUP #» 3 1) » 744 F,
EF) RS-200 2 T T —&— 2 ERED F Y )v
2 & DEERN 2 mm, ERH 2.4 mm OEFLE BT,
ZFOBRICHKRINZOTAP LEBOh2EH L,
B, AIEMNERXBICIE3DERLTIEZ W,

3. EXBRBERBIUVER

3.1 X#EEICLB3REICH

X i & RBHBEL, FHEEEB OB
BpREEACHEYAHEETT -7, LITTIE, &
BRI 2oy, BERLFEEHF MDA 2o,
EELT D, SWEOFTHRIBFHERNORWIAT A
DHEREOEM (M) DERBISH4f% Fig. 2.1
RN BERETDoy L, W% BT 240 ~ 250
MPa T& 1, MEOBRMICEWEIZE TEL T,

300
o Oy l“w“l
L A O.X
& ol
= &}
200f
GO
B
B
100}
Q []
\ [o] {e]
“‘A&e-—"“’/A &,,é Lo
0 \\o/ A._/
-100L— -
0. 05 10
d/w

(b) On transverseline

Residual stress distributions for specimen type A, measured by X-ray method
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(b) On transverse line

Residual stress distributions for specimen type B, measured by X-ray method
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(b) On transverse line

Fig. 4 Residual stress distributions for specimen type C, measured by X-ray method
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Fig. 6 Strain gage rosette arrangement for deter-

mining residual stress
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Fig. 7 Residual stress distributions for specimen type A, measured by hole-drilling method
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