Osaka University Knowledg

Effect of Residual Stress and Mechanical
Title Heterogeneity on Brittle Fracture Strength of
Welded Joints

Author(s) |[Satoh, Kunihiko; Toyoda, Masao

Citation |Transactions of JWRI. 1972, 1(1), p. 89-98

Version Type| VoR

URL https://doi.org/10.18910/12182

rights

Note

Osaka University Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

Osaka University




Effect of Residual Stress and Mechanical Heterogeneity on
Brittle Fracture Strength of Welded Joints®

Kunihiko SATOH* and Masao TOYODA**

Abstract

Effects of residual stress and mechanical heterogeneity caused due to welding on brittle fracture initiation'in welded
joints are analytically investigated by using fracture mechanics.
a crack is considered. The fracture strength can be approximately evaluated by the calculation neglecting the redistri-
bution of residual stress with exception of the much lower stress level. Effects of mechanical heterogeneity on brittle frac-
ture are equivalent in calculations to those of residual stress. The transition temperature (T, ), is changed by the factors
such as residual stress, mechanical heterogeneity and fracture toughness. The elevation of temperature A(T; )y, due to

residual stress is predominent at lower residual stress level.

1. Introduction

Behaviors of brittle fracture initiation in welded
joints are affected with several factors which are differ-
ent from factors in homogeneous materials. The main
factors of these are welding residual - stress and frac-
ture toughness ahead of (welding) crack tip. In ad-
dition to them, mechanical heterogeneity caused due
to welding is one of factors which play an essential
role in case of brittle fracture in welded joints. Effect
of residual stress on brittle fracture initiation in welded
structure was already discussed in terms of fracture
mechanics by ‘Sakai et al”. and Kanazawa et. al.?
However, the investigations have never been done on
the effects of mechanical heterogeneity on brittle frac-
ture or composite effects of those factors. Recently,
Koshiga et. al®. proposed the technique of calculation
in. which was considered effects of residual stress and
fracture toughness in order to discuss effects of stress-
relieving heat treatment on brittle fracture initiation in
welded structure. The basic concept employed for
discussion in the present paper is that concept pro-
posed by Koshiga, and the brittle fracture strength of
welded joints having residual stress and mechanical
heterogeneity was calculated. Futhermore, the
authors try to take a clue in considering composite ef-
fects of those factors.

2. Basic conditions for calculating brittle fracture
strength

2. 1 Distributions of residual stress

In this paper, the welded plates including a crack
(or notch) under tension paralle to a weld line, so

The residual stress redistribution due to the existence of

called “Wells-Kihara Test” are supposed as shown in
Fig. 1, the residual stress distributions are approxi-
mated by step-like (rectangle) form or parabolic form
in which the tensile residual stress is distributed within
2xo mm across the weld, and the rest (=W —2x,) is
uniformly distributed compressive residual stress with
its magnitude equal to balance the tension. If the
width of welded plates 'is.infinte and the co-ordinate
X =X, at which the residual stress equal to zero is un-
changeable, the residual stress distribution &; (x) in a

infinite plate (W— ©0) is given as follows. For para-
bolic form
2
O'r(x):(o'r)}v<1—x2> ([xlgxo)
o } M
or (X)) =0 (x| > X,)
and for step-like (rectangular) form
or(X) =0, (I x]=x0)
} (2)
or()—0 (lx|>x0)

If the crack (or notch) exists in welded joints, the
residual stress distribution becomes different from the
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Fig. 1. Simplified representation of residual stresses.
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distributions as shown in Fig. 1. The residual stress
redistributes when the transverse notch 'is made after
welding. When the welding crack causes at low tem-
perature or the fatigue crack propagates, the residual
stress also redistributes. The redistribution of the re-
sidual stress in case of existence of crack can be calcu-
lated using Dugdale model, as stated afterwords.

2. 2 Mechanical heterogeneity of welded joints

In calculating the brittle fracture strength at low
stress level, it is sufficient to consider only heteroge-
neity of yield stress ay. Parts in vicinity of weld line is
given thermal-cycles in welding. The relationships be-
tween the yield stress oy after the thermal-cycles and
the peak temperature of it were given by Suzuki’s® ex-

periments. If the peak temperature of parts in vicinity

of weld line is known, yield stress oy of that parts is

estimated from these experimented data. Figure 2
shows the relation between the peak temperature Ta
(for q/vh=6500 cal/cm?) and oy estimated from Tn
using Suzuki’s data (curve @) and distance from weld.
line. In Fig. 2, the dotted line is the distribution of oy
assumed in the later calculation of fracture strength of
welded joints.

12000
Ta (- 6500 bems ) s
1.81 5
I 11500 Fy
€ 16 (ACstumed) g
S L 11000
IR
© - ( Willson, Hao ) :
L2k 1500 8
tob——r— Ny g
0 10 20 30 40

Distance from weld line mm

Fig. 2. Distribution of yield stress across a weld line
@ : distribution evaluated from reference (4).

2. 3 Relationship between yield stress g, and
temperature

It is generally recognized that relation between o,
and temperature 7(°K) is given as follows. :

oy==opexp{ D(1/T—1/273)} 3)

Where oy, is yield stress at sub-zero and D is .a ma-
terial constant. The D-value is given in Fig. 3 asa
function of yield stress at room temperature (= 0y,
using data published in EW-Committee of Japan
Welding Enginéering Society.

(90)
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Fig. 3. The D-value representing temperature dependency of yield
stress for several kinds of steel and weld metal.

2. 4 Criterion for brittle fracture initiation and
relationship between fracture toughness
and temperature

The current engineering fracture criteria K., @-.
and p} for brittle fracture initiation are critically re-
viewed analytically -and - experimentally - by Kanazawa
et. al”, and it is concluded that the fracture initiation
in existence of initial stress ahead of the crack tip due
to welding, pre-loading etc. is explained equally well
by @.or o¢-criterion, but not by K, criterion. In this
paper, the basic concept employed expediently for dis-
cussion is that brittle fracture should initiate when
tensile yield zone p* formed ahead of a pre-existing
crack attains a critical size pf depending on the ma-
terial, because the authors adopt the experimental
equations showed by Koshiga et. al. as the  relation-
ship between fracture toughness and temperature.

The relationship between the p}-value and temper-
ature was given by Koshiga et. al. as follows

oF=a(T/100)° @

where « is a material constant.

For the case when the residual stress is equal to
zero, the tensile yield zone p*in a infinite plate sub-
jected to uniform tensile stress o is determined by

)=

a= c—|—p+

4

a

oycos™! z o
¥ 2

&)
where

Denoting the temperature at which the fracture stress
o, =1/2 ay, by (T,)y, from egs, (3), (4), (5), it follows

[T )

2|
—1 ] - (6-1)

Figure 4 illustrates the relationships between (7, v

D

(Tio0)u —
(Tio)%

100

T exp

4 ( 273

=1
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Fig. 4. Relation between q/c and (7Z;0) y-

and a/c. The dotted curves @, @ in Fig. 4 re-
present the relations when D =115 (°K) and D =70
(°K) respectively. These relationships approximate to

the relationships shown by the solid lines in Fig. 4
which are given as follows.

(Ti0),,(°K)
%=0.98 exp[ ——0—46/———] W
=1.06X% 1072 exp[ ——(T%)_] (D=115°K)
T; °K)
%:2.58exp { —u—));—(s—— }
=1.06><10"5exp{ —(—T"";S%ﬂ }(D=70°K)
On the following calculations for brittle fracture

strength of welded joints having residual stress and
machanical heterogeneity, the authors employ the
( T,o)l/z_ -value as the parameter representing the frac-
ture toughness.

Expending the Dugdale’s idea, the o*-value in a
infinite plate having residual stress and mechanical het-
erogeneity can be easily determined. The residual
stress o,(x) and yield stress ¢,(x) (as shown schemati-
cally in Fig. 5 (a) ) are distributed on crack line.. In
this case, using the Dugdale model (as shown in Fig.
5 (b) ), the p*-value in a infinite plate subject
uniform tensile stress o is determined by

to

(6-2)

9

G, (x) ( ' 0y 0
X 0 X
Residual stress Yield strength
(a)
(R 1
20
-12c
I'—20—>{ 2|u —-l
(asc+er) |
Kc~c, K'W
K,.,,f K.=0
(b)
Fig. 5.
a'y(x) dx

-+l
+j’ 0’+0’r(x) dx=0,

—ctp @)

3. Effects of residual stress on brittle fracture
strength

3.1 Effect of form of residual stress distribution

Brittle fracture strength was calculated in the two
cases of residual stress distribution, or rectangular
type and parabolic type as shown in Fig. 1. In this
case, the redistribution of residual stress due to the
existence of the crack was neglected and it is assumed
that materials are homogeneous and isotropic. The
residual stress distribution g,(x) was already given in
egs. (1) and (2), and the p*value in this case is given
by following equations from eq. (7)

e ()= [ PR
' ®
a=c+p*

To ()=040r(X)

The relations between p*-value and tensile stress ¢ in
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this two type is given as follows.
(1) Parabolic type

(i) a(=ctpN)Ex 0+ (0,)p=

(Where, (a,); is the péak value of tensile residual stress.)

mmA(i>=§{a+wnJI—§§)h%

a 0

(it) aSx0, 04 Gr) >0
oveos™ (£ )= {oy—o— @) o 1— ) |
) me@—%za]
- /5 -
me,m=m/h—;:_—

(ii) a>xo, ot+(o,) =0y

((Tr)P

reos (&)= a+<a,>,,( 1—;7:>

o

(O'r)p l (11)

(iv) a>xo, o+ or) >0y

e ()= [oromton1=£5)

X sin™ (%)—— % (gr)p <z—0>2

f0)  les 5

a 2 Xo

< 65) - () ®

P | Xo
sin
X sin™ (22

+w+wn»m4<

(2) Rectangular type

o= 2 oycos™! (i )—0',- (13)
P a

(ii) a>‘xo , 0+ or =0y

o=21{ o5 (L) 40 (14)
oo (2] o

(iii) a>xo, ot or > oy

(Ty[ cos™! < % ) ~+ cos™! ( %) — % ] -

x
cos™! ( —°>
a

o=

(10)
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If the relationships between o, and p!-value and
temperature are given as shown in eq. (3) and eq. (4)
respectively, the fracture strength of plates having re-
sidual stress can be calculated. Figure 6 shows the
relationships between fracture strength o, /gy, and
temperature when the point at which the sign of the
residual stress change is fixed and the sum of magni-
tude of residual stress is equal each other in two
types. For an example, when ¢=20 mm, Xx;=40 mm
and ( T,o)% = —170°C. 'In Fig.6, the fracture strengths
in the rectangular type and parabolic type of residual
stress distribution are compared at &,/0,,=0.25 and
0.5, where dotted lines show for rectangular type.
The fracture strength is not so much affected by the
form of residual stress distribution. Therefore, in the
following calculation, the rectangular type of residual
stress distibution is -adopted as the calculation of
strength can be done simply.

| c=20mm
X=40mm
B (qﬁo&= -170°C
1.2+
S0.8+
~N L
5+
0.41
0

4 4 } +—4
0 50 100 150 200 250
Temperature °K
Fig. 6. Comparison of fracture strength for two types of residual stress

distribution. (Solid line: Parabolic type, Dotted line; Rectangu-
lar type).

3. 2 Brittle fracture strength considering the
redistribution of residual stress due to
the existence of a crack

When
-1 (€ T
oy COS (~—_—+c+pc >< 5 Or (16)

in eq. (13), the fracture strength o, becomes smaller
zero. This means that brittle fracture will initiate even
if the external load is not given. This inconsistency is
caused as it is supposed that the residual stress acts
over the crack surface. It is that the redistribution of
residual stress due to the existence of a notch (or
crack) is considered. The method of calculation

(92)
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considered the redistributed residual stress was also at-
tempted by Kanazawa et. al.”

When the transverse notch (crack length is equal
to 2¢) is made by saw cut at room temperature (=0°C)
in the infinite plate having residual stress of rectangu-
lar type as shown in Fig. 1. The plastic zone size p,
formed ahead of crack tip by redistribution of residual
stress can be calculated from eq. (8) as follows.

when a; =x, < _—=COS< z .L)
a 2 Oy
an
when a; > Xo £ = cos( ar sin—! Xo >
a, (o273 ai

The residual stress distributions the crack line in this
case are also obtained with the application of Dugdale
model.

a; = xo ;

(a) When

The results required are obtained by superposition
of three states, within linear elasticity theory, or states
(I), (II) and (III) as shown in Fig. 7 (a). The solution
of stress distribution when a force distribution 7(x)
is applied to crack surfaces can be taken in several
forms from several sources. A form particularly con-
venient here, taken from Keer,® gives the stress o, on
the prolongation of the crack as

2 % [“
oy =2 Ix1*—ab) ¥ [ To(ial—1®)¥
4]

X (x2—t2)1dt (x= q,) (13)

If 7y(?) is constant regardless of x-coordinate, using
the following relation

fJ ai — 2 1 = 2{ ., ai —xt
-— J x?* —ay { sin"! ———
2x a (x— 1)
2
.y a1+ xt . t
—sin=' — "~ -1
@ D } —+ sin P (19)

(1) () (m)
(a)

() (b)
Fig. 7.

the stress distribution in states (II) and (IIl) are given
as follows.

Or X

(0'.'!)2= Z __ — Or

2x

on -1 € ) 7, T
= — == cos — —r
(O'y)s T [ ( a1 f X2 — axﬁ

as + xc
a; (x+c)

2
. a; — Xc .
—sin* ———— 4 sin~?

a; (x—o)

] (20)

Therefore, regarding eq. (17), the stress distributions

(o)), in this case is given as

(oy)r :(Uy)l -+ (O'y)z +(0'y)s

2
In | sin-1 21— XC
o +T[ sin 7 — O
2
—sin‘lM] (a1 = | x| = x0)
o a (x+ ¢) (21)
- 2
_ _(Ly_(l .1 a; —Xxc
Op —0r + = { sin Hmo—o
2
_ ein=1 ai +xc
sinl (x> %0)

(b) When a1 > xo;

In this case, the residual stress distribution is also
obtained by superposition of states (II) and (III) as
shown in Fig. 7 (b).

2 2
_ Or s oq Q1 —XXo . 3 @1 -+ xx¢
(oy) 2 = g [ [ sin™ — ) sin ___—ax(x+xo)]
2x
= az 7 Z_: } ] 22
2
__0or 4 A1 —XXo .y a1 +XXo
(o) r = [ o ay(x—xo) s a; (x+xo) }
o L_af—x ., af+4xc
ot 7 [ . ay(x—c) s a; (x+ c)]
(x= a1) (23)

Figure 8 shows the redistributed residual stress on the
prolongation- of the crack. For examples, when
¢=30 mm, x,=60 mm and o0,/ 0, =0.4 or 0.8.

Figure 9 shows one example of the relationships
between the fracturestrength o, of plate having residu-
al stress and testing temperature 7 for various value
of magnitude of residual stress, when ¢=30 mm, x,
=60 mm, (T,‘,)% = —125°C and D =115°K. The solid
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Crack length 2c mm
e Xo—>]

Fig. 8. Redistributed residual stress ahead of crack tip.

¢ =30mm
o= 60MmMm
|| (Eh=-125°C
1. '-' D=115°K o
éo.e--
\ -
b"" 4
0.4t
M N ) D S Sl
0080 100~ B0 200 250 300

Temperature °K

Fig. 9. Effect of redistribution of residual stress on brittle fracture
strength.

lines in Fig. 9 are fracture strength oy considering the
redistribution of residual stress and the dotted lines in
Fig. 9 are oy not considering the redistribution as
mentioned in 3. 1. Considering the redistribution, the
inconsistency which oy becomes smaller than zero in
the range of low temperature does not cause, and as
temperature become lower, the fracture strength comes
close to the strength of plates free of residual stress.

The curve ABC in Fig. 9 shows the brittle fracture
strength in case of residual stress on the prolon-
gation of notch is equal to o,,. No matter what the
magnitude of the residual stress is, the fracture strength
o, does not become smaller than the value given by
the curve ABC. What is obvious on comparing the

Vol. 1, No. 1 1972

two curves in Fig. 9, or solid curves and dotted curves,
is that the two curves. almast.agree at temperature
above it at which the fracture toughness o} is equal to
©,, for example temperature at the point B in Fig. 9
for o,/ 0,=0.4. Effect of redistribution of residual
stress due to the existence of crack appears only at
low temperature in which p*<p. The calculations of
the curve ABC and the dotted curves are simple com-
paratively. For practical usage, the brittle fracture
strength of welded plates having residual stress can be
obtained easily by the curve ABC and the fracture
curve not considering the redistribution.

The temperature (7)y at which g;/0, =0.5 is
adopted in order to consider effects of initial magni-
tude of residual stress o, on brittle fracture strength.
Figure 10 shows relationship between (7.)y and o,/
oy obtained from Fig. 9. The change of (7})y-value
with residual stress is considerable in the range of
small value of residual stress o,/on. The A(T))y
(=(T))y, — (T,5)3y )-value becomes nearly equal to
60°C when g,/ 0w =0.3.

When the temperature is sufficiently low or high,
the fracture strength oy is not so much affected by the
magnitude of residual stress (as shown in Fig. 9).
Figure 11 shows the relationships between a3/ ov and
g,/ oy, for various testing temperatures. The results in
Fig. 11 was calculated in the case of (Tn)% = —125°C
=150°K. It is considered that effect of residual stress
on brittle fracture appears remarkablely in the temper-
ature range of (7)1, +80°C.

4. Effect of mechanical heterogeneity on brillte frac-
ture strength

Itis well known by the previous reports® that me-
chanical heterogeneity arised in the welded joints have
effects upon the behaviors of plastic deformation of
them subjected to tensile stress. As the yield stress of
weld metal and heat-affected zones are different from

4100
o -501 S
° 150 ~~&
&
-100+ Q
= 0
~-1501
=200 ————
0 02 04 06 08 100/,
0 02 04 06 08 1.0 (Orlr/ G

Fig. 10. Relation between resididual stress and (7 )y, -value.
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Fig. 11. Relation between fracture strength and residual stress at con- ' L
stant testing temperature. B
. . . O.LN } J ! ! ! 0|°C i
it of base metals and changes continuously in them as 0 50 100 150 200 250 300
shown in Fig. 2, the behaviors of plastic deformation Temperature  °K
in the weld will be different it of homogeneous and (b)
isotropic materials. This suggests that the mechanical G 2
heterogeneity have effects upon the brittle fracture - ﬁf"j‘

strength when the basic concept of brittle fracture ini-
tiation is employed by COD- or p*-concept.

Denoting the yield stress by oy(|x|), as shown in
Fig. 2, the p*value ahead of a crack in a infinite
plate subjected to uniform tensile stress o is given as
follows from eq. (7).

x ¢ —ax
Fo=[ o0 o

a= 1’:—{—,0+

(24)

When the yield stress at the crack tip is denoted by
(oy)., eq. (27) follows that

(oy) ¢ cos™* (% > = % -—[ ————-—{UY_(‘:;.) :(xo’;)c}

What is obvious on comparing eq. (25) with eq. (8) is
that the two equations agree precisely
when

dx (25)

Or (x)=_'{0'y(x)'—(0y)c } (26)

This fact shows that the existence of mechanical het-
erogeneity is equivalent to it of residual stress in cal-
culation of p*value.

Let consider the fracture strength when the inter-
layers in which the yield stress is different from it of
other parts exist across a crack in a infinite plate, as
shown in Fig. 12(a). But it is assumed that the frac-
ture toughness is equal in the all region and the effect

(95)

1 0°C
0lng ; + i
50 100 150 200 250 300
Temperature  °K
(c)

Fig. 12. Effect of mechanical heterogeneity on fracture strength.
(b); Effect of hard regions, (c); Effect of soft regions.

of mechanical constraint on

fracture

toughness is

neglected. Denoting the ratio of yield stress of materi-
al (I) to material (I) by A(=0y/0y), the relationships of
of external stress ¢ and the p*value are given as follows.

eq. (24).

(i) al=ct+p")<1I,,

(i) L1 =a<1,, %

Iy
X cos™! —
a

Oy1

= cos™! 701— @n
= cos™? % +A—1)

(28)
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i = I 9 o5t & —
(ii) I, = a, T o = cos™ — 4+ (A—1)
X { cos™t 2 os~t 12 ]
a
(29)

Figure 12 (b) and (¢) show the examples of cal-
culation using these equations. ( for examples when
2¢=60 mm. 1,—1,=20 mm. in Fig. 12 (b) (oy)./(On)
=3/2.(T)y =—155°C., D, =115K, D,=70K;
Fig. 12 (¢) (on),/(on) =2/3. (Ti)y= —140°C, D
70°K. D> =115°K).  Figure 12 (b) shows when the
hard interlayers in which yield stress is larger than it
of base metals exist in the neighbourhood of crack
tips. on the other hand Fig. 12 (¢) shows when the
soft interlayers exist . The fracture strength is
affected by the distance d, which is the distance from
the crack tip to the heterogeneous interlayer. When
the hard interlayer exists on the prolongation of the
crack. the fracture strength becomes larger than it of
homogeneous base metal. Contrary to this, when the
soft interlayer exists, the fracture strength becomes
smaller.

Subsequently let consider the effect on fracture
strength when both residual stress and mechanical het-
erogeneity exist. Kihara et. al. made an experiment on
the effect of crack length of the fracture strength of
welded joints which recived tension load parallel to a
weld line. In order to compare with the data of that
experiments and discuss, we calculated in the follow-
ing condition. ‘

(1) The residual stress distribution is approximated by
step-like form as shown in Fig. 1 and ¢,/ 0y =0.8,

Xo =70 mm.

(2) The redistribution of residual stress due to the exi-

stence of a crack is regarded. A
(3) The yield stress distribution is approximated by

the dotted line in Fig. 2 and D =130°K.
(4) (Ti)y =—120°C.

(5) The plate is infinite.

'Figure 13 shows the relationship between the frac-
ture strength oy and crack length 2¢. The curve @ in
Fig. 13 shows the calculated fracture strength when
existence of both residual stress -and mechanical het-
erogeneity are regarded, the curve @ shows it when
the existence of residual stress 1is only  regarded and
the curve @ shows it of homogeneous base metal.
The marks O and O in Fig. 13 show the Kihara’s
data of welded joints and base metal respectively.

The calculated curves @ and @
tendency of experimental data.

in

show a similar

(96)
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Fig. 13. Effect of crack length on fracture strength.

5. Synthetic consideration on the brittle fracture
strength of welded joints.

The brittle fracture strength of welded joints is
affected synthetically by the residual stress ahead of
crack tip, the mechanical heterogeneity and the frac-
ture toughness at which fracture will initiate. In this
parapraph, the effects of residual stress and fracture
toughness on ‘the brittle fracture strength are con-
sidered synthetically.

In the foregoing parapraph, we adopted the (7)1
-value as the parameter which was a "typical example of
fracture toughness. It is very convenient that transi-
tion temperature obtained from the small scale testing,
for example V-notch Charpy impact test, can be
adopted as that parameter. It is shown by Koshiga
et. al. that the relatively good correlation between the
fracture toughness pf-value and the fracture transition
temperature ,7; may exist. The relation between the

«a-value showed in eq. (4) and , T -value is given as
follows by Koshiga’s report.
. v Is CO) ] 30)
a——1.53exp{——w——’ (

From eq. (6-2) and eq. (30), the relationships be-
tween vTs (°C) and (7)) (°C) are given as follows.
(Tio)y, CO) = y(C) —92.1(3.21 —logio ©)

' . (D=115°K)
(31
(Ti0)y (°C) =0.875 ,T;(°C) —80.6(3.21 —log 1o ©)

«(D=170°K)
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When ¢=30 mm:

(Tio)y = JI;— 160 (D=115°K)

. } (32)

(Ti0)y = 0.875 , T, — 140 (D=70°K)
where —220°C<(T,0)u%<—70°C.

When the residual stress exists ahead of crack tip,
the temperature (7;)1; at which o5/ 0rn=0.5 rises.
This elevation of (T )y -value, or A(T: )% (=(T))y
—(Tw)y)-value, is affected by the magnitude of re-
sidual stress o,/ or as shown in Fig. 10. Figure 14
shows the relationships between A(7;), -value and
0./ 0yo-value for various value of y7s.  The relation-
ship between 4( Ti)y, and o,/ 0y is not affected very
much by ,7;-value in —40°C = 75 <40°C, is approxi-
mated by the following equations when c¢=30, x,
=60 mm,

0§a,/0m§0.3 ;A(n)%zzo()..%

b0}

. (33)

0.3< 0, /0, =10 5 A(Ty)y=45-—= + 46.5
Yo

From egs. (32), (33), the (T,)% -value in welded joints
is generally given as follows.

(Ti>%=A-<ﬂ;)+B-g—;o+c (34)
Where the constants 4, B, C are values which are de-
termined by the D-value, the crack length 2¢, the
magnitude of residual stress etc..

When D=115°K, ¢=30 mm, the constants are given
as follows.

0= 0, /o, =03 ;4= T.0, B=2000C, C=—160"C

0.3< o, /0, < 1.0; A=1.0, B=45°C, C=—113.5°C
(35)
c=30mm
o= 60mm
160+ D=115°K i
°(-) - -
120+ vIs = 40°C T+
& ! i
S o
L) 0
q 80'_ _1'00 T
401 T
) e WU S w—
0 02 04 06 08 1.0
a: /Gvo

Fig. 14. Relation between residual stress and A(T,)%—value.
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It is seen from eq. (34) that there are many combina-
tions of yTs and g:./0win order to obtaine the same
(Ti)y-value in welded joints. v
Figure 15 shows the relationships between 75 -
and g:/ oy obtained using the constants shown in eq.
(35) for various values of (71)y. Because Fig. 15 is
obtained by the calculations based on many assump-
tions, there are many problems to be solved to under-
stand this relation quantitatively. It is convenient that
many quantiative informations on that subject can be
obtained. The calculated results which the (7;)1y-
value is affected significantly by residual stress in the
range of 0,/6yx<0.3 and the (7)) 3;-value is not af-
fected very much in a,/03,=0.3 are very interesting.

¢c=30mm
D=115°K +-120
1-140,
g) (-]
'-160’—\1«
v 2
= =
> 1-180~
1-200
i :

04

0.2

9,02 0

06 08 1.0%%,
0 02 04 06 08 10 G%/Ghe

Fig. 15. Relation between yTs and residual stress for different values
of (T})y

6. Conclusion

The results obtained in this report are summarized
as follows:
(1) The brittle fracture strength of welded joints is in-
tensely affected by magnitude of residual stress rather
than from of its distribution (See Fig. 6). The fracture
strength can be approximately evaluated by the calcu-
lation neglecting the redistribution of residual stress in
the vicinity of notch with exception of the much lower
stress level (See Fig. 9).
(2) Effects of mechanical heterogeneity on brittle frac-
ture strength are equivalent in calculations to those of
residual stress. The brittle fracture strength is elevated
by the hard region surrounding the notch and is
lowered by the soft region (See Fig. 12).
(3) The transition temperature (7:)1, at which frac-
ture strength becomes equal to half the yield stress oy,
at room temperature, is changed by the factors such
as residual stress, mechanical heterogeneity and frac-
ture toughness near the tip of the notch. The
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elevation of the temperature 4(7;)y due to residual
stress is predominent at lower residual stress level
(See Figs. 10, 14).
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