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ABSTRACT

The paper deals with Dbasic approaches used by a team of
researchers headed by the author for the perfection of methods
of designing and calculation of strength of welded joints and
structure members operating at static or cyclic "oading. The
algorithm of calculation of overlap joint with a single-row

spot weld is given.
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The continuously growing requirements to the increase of
reliability and life of welded structures at reduction of
their metal content., labour and energy consumption in
fabrication make considerably more critical the strength
calculations for welded joints and structure members.

The statistics sShows that approximately 90 % of welded
structure failures are due to the presence of geometric or
physical heterogeneities of a design or technological nature.
The accounting for the mentioned heterogeneities at the
presence of complex fields of res
external load is a rather complicated problem for the
available classical methods of calculation of welded Jjoints
and members. This fact attracted an increased interest to the
new methods of calculation based on the updated achievements
of the numerical methods of stress—strain state analysis.
fracture mechanics, informatics. in combination with the
appropriate computer gervice. The present paper describes the
main approaches to this problem developed by the team of
researchers headed Dby the author. These approaches envisage
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the computerization of all basic stages of
welded joints and members, starting
rational design solutions, obtaining of
characteristics of weld and HAZ materials,
distribution of residual Stresses, 1.8
information for the subsequent stages of cal
(stresses), coefficients of stress intensity,
limiting states at either conditions of loadin
fracture, optimizing typical sizes and
quantitative characteristics of calculation assura
set variations of initial parameters.

The scheme of the developed approaches is given in Fig. 1. I%
is seen that the information part is presented by three data
banks: "Typical welded joints and members", "Mechanical
properties of welded joints" and "Residual welding stresses'.
It is natural that when necessary this part can be added by

another information related to the strength calculation of
welded joints and members.

STRUCTURE 01 CAD of WELDED JOINTS
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Fig. 1. Structure of the computerized system of welded
joint designing.

The second part of the scheme of Fig.

calculations and contains the concrete
such joints and members including the calculation of local
characteristics of stress—strain state, determination of

limiting states at static and cyclic loading. the evaluation
of the calculation assurance and so on.

1 concerns the stress

The third part provides the algorithms of optimization of
typical sizes in welded joints and members on the basis of
first two parts and corresponding optimization criteria. Since
the considerable part of the typical welded joints and members
included into the data bank have the design (or of technologi-
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Fig. 2. Example of joint with sharp cavities.
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approximated relationships are used for 2 Zfl]

1=72.(r)-2,(h)

(4)

2 2
’2,:—-1, if rery ds=b, A h>hm= glff/,?b’

—_— [y (5)
?1:\//,“/"0' sif I'>rg gzz hm/ﬁ' s 1f h<hm.

Here, 2 ig the width of ad jacen
Yield strength of material, £ 4

In (1) the first term characterizes the
therefore, does not

time to Completely

fracture. The value is usually assumed equal to 1, however,

the value is equal to 3 or
éven 5 for increasing the role of the addend in (1). Fig. 3

gives the typical results of comparison of limiting state
Curves obtained by criterion (1) at different and known
CEGB two-parameter Criterion, Suggested by Harrison (1980) .
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Fig. 3. Comparison of two-parameter Criteria.

It follows from these data that at q = 1 criterion (1) gives
more conservative estimations as compared to (§), that is,
however, compensated to a certain extent by visualization and
aCcessibility for the engineering sensing of Criterion (1)
plotted by sufficiently i Spread in practice the

approximated pPrinciple of summing failures. It is natural,

that the cri%g ion (1) can Pe replaced by any other one based
6L 656% ait

on ratiosg and w8 /}gc. without essential changing
the Principal scheme of sStrength calculation.

At cyclic loading for joints with adjacent sharp «

avities the
following condition is used as

Criterion of the limiting state
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Fig. 4. Scheme of welded joint with a single-row spot weld
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Fig. 5 Comperison of estimated and experimental data.
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max
AKwe
(———1 4 < AKin (7)
where.A!{wB is determined by (2) depending upon the ranges of
caszlc;ents of stressmﬁ;ntquﬁty from external load AK
dAtg,A_Kg—. te = Kuoe /Kilg - where KJig  and Kions aFe
: érminéd by (2) tak:ng into account the appropriate residual
iorfizfs at Zfrrespondlng values of external load and values
=Wy and = . determined from the conditions of

extremity of the right part (5), i.e.

d_ [2Kwe >L}=w*=0' d ,_A_le9>v =0

o (e : 0 (£ha)|

(8)

In (6) A  and ; .
materisls. A}<fh are the experimental characteristics of

In calculations for a limited life th it
L i e traditional i
used in which the number of cycles N before ;EEZSQCh is
determined by a sum wre 1S
:,\/=NL+Np (9)
Vh?g? éyi is thg number of cycles before fatigue crack
ini ég ion, [} is §he number , of cycles of fatigue crack
grow up to the critical sizes ec . For welded joints with

adjacent sharp cavities of the t i i i
: yYype. given in Fig.
value Nl can be neglected as compared to p. The egpergﬁen::?

data for fati
determination i;z e e pets are nmed for Np
gn =F (6K, K™) (10)

depending upon the range of stress intensity coefficients}(m“

and 4 , i.e.
N, =[5 de_ _
p e (11)
a :f(hfﬂcg,htgg‘

Below, the algorithm is given as a
: ) . n example, for calc i
of static and cyclic strength of overlap welded jointuégiéog
glpgle—rqw spot weld used in the system of designing welded
3?12§ZSY;§Taspottwelds. Fig. 4 shows the scheme of the Jdoint
r metals and forces act:pg on one welded sgot of
=

the weld. These are shear force P
. ] X + rupture force and
?g:::t?oilgsa:gdrg . 3here is an algorithm of calculation of
oments, as well as th i
ﬁ(ﬂ:ﬂf+l‘1§). e angle of rotation
At static loading four types of frac i
. - ture, shown in Tab
are provided. It also gives relationships for 6; ,}(rle agé

. used in (1) for evaluation of the limiti ]
g iting state. Fig.
::::sf;zsults koff Salculatlon in comparison with experimgntii
m work o eda. et al. (1970) for evaluatin imiti
) : 1
stresses qependlng upon pitch at static loading of tge ;2;;123
neous joint of X18HB stainless steel at Bp = 775 MPa 6g =
425 MPa, Kye = 1200 N/mf2 § = 1.5 mm, R = 3.5 mm, as well
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Table 1. Relationships for 5; v ‘(I and Pfj at four types

of fractures

N Type of fracture

Dependence Dependence Dependence
for 6; for K for Kj

p; 3ME-/RY P 31 .
| Shear of spot \[C;T*Zre— “Slik) pEeRiaEn B RE

Break away of
spot from first
(ij=1) or second
(j=2) plate

N

73 +ﬂ_>i/£x')2
29RE, 4R%;] (€5,

In HAZ of first Py

3 (3j=1) or second 2277 0 0
(j=2) plate I
In parent metal g

4 of first (j=1) Px (14.4.MJ> 0
or second (5=2) ZJ; 0.3, a

plate

(]
he same joints were also calculated for cyclic loading 6x‘

at 'y = 0. By criterion (6) the limiting
which the fatigue crack is not initiated.

determined. at

corresponding comparison of calculations with

by Ueda, et al. (1970)
6 ataKi= 216 N/mm, and 178 N/mm, respectively.

given in Fig.

load X np. was
The

experiment made
for similar and dissimilar Jjoints is

In accordance with calculations, Xn does not depend on
t (dash lines in Fig. 6), while an experiment states
= 108 cycles at small t<6R

this relationship on the base of N

that is seldom used in practice.

Fig. 6.
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Comparison of estimated and experimental data at

cyclic loads.
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The application of algorithm of limited fatigue (8)-(10)
Permits to reveal the effect of pitch £ Here, the process of
crack growth is Studied in two stages. At the first stage, the
Semi-elliptical crack ig initiated from the cavity, adjacent
to the spot, by using (10) and Table 1. The number of cycles

before initiating this crack is determined by typical for
its size Ap= 0.2 mm [5]. At the second stage., the growth of
the Semi-elliptical crack occurs up to the critical size L& 7
determined by the condition (1). Here,

g = J7a. [ aR - AMY
(AKj)j_w/‘/za/ [b}t 75, + 6 57?’%}

L = 112 +5(a/5)f .
;6',' T —(a/5), ], at (G/J)J' <4,%%

£ = 0,3L7J[/+5,05(a/5),-J
% By li-@e T

by = lase) {[1~@o), = [1 s
]
B = [ -4-a/2P) sin?8 ) *%p (1< @ <Tp)

where &y is the length of the surface crack. Fig. 7 gives the
results of calculations in comparison with the experiment from
[4] on life of the above-mentioned similar and dissimilar
joints depending on 6:? and ¢ . It is seen that the increase
of decreases the limiting load 6,2 at the preset life N

This reduction is especially evident at small and gradually
eéqualizes with incregse of ¢ .

at (a/ﬁ')j >0,55 (12)
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Fig. 7. Comparison of estimated and eXperimental data on

joint life.
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