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ABSTRACT

The paper describes the main calculation approaches used in
the developed computer system of Strength analysis of the
welded joints with fillet welds. The degree of validity of the
calculated data on nltimate lcad is shown on separate modules
in comparison with the experimental results, algorithms for
optimization of dimensions and assessment of the assurance of
fillet weld calculation are presented.
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Use of computers in the design of welded joints and components
is one of the most complicated fields of engineering activity
computerization in welding production. This complexity is
attributed to the need to coordinate the design results with
the codes in force., which, in turn, incorporate the
state-of-the-art .

In this connection the designers of the welded joints are
faced with an urgent task of developing and trying out the new
approaches based on the capabilities which have been
2ssentially broadened by mass computerization.

Over the last years the E.O.Paton Electric Welding Institute
has been conducting an active search in this field.

Since the welded joints Wwith fillet welds are the most widely
Accepted ones, attention was first of all directed to the
elaboration of the calculation system for such joints.

The system enables to solve a whole range of tasks. such as:

— finding the optimum dimensions of fillet welds,
— calculation of ultimate and admissible loads,
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Scheme of welded joints with fillets, corresponding
Y@ the main modules of the system: a - Statically
determinate, b - statically indeterminate.
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- determination of margin factors,

~ assessment of the calculation assurance.
All the above-mentioned tasks are solved under
of loading, i.e. at static and cyclic loads.

various kinds

is based on a modular principle, depending on the
1) . Each module provides for the user
work in the dialog mode, explaining to the user which initial
data are required. what and how can be derived. When solving
the task of optimization of the fillet weld dimensions the

e system
welded joint type (Fig.

main calculation algorithm provides the sought forms and
dimensions of a weld, each cross-section of which at
Approximately the same time passes 1into the limiting state
determined by a certain criterion equation

f (x4, Xg, ..., Y1. Ya.y . Ngp , ... t) =0 (1)
where x,. X2. ... are characteristics of the stresses—strained

are characteristics of material resistance

State: y,., v,. ....
..... are safety factors; t

to deformation (fracture), n,. Ny,
13 time.

The concrete form of (1) depends on the mathematical model of
the limiting state: in the system for the cases of static
(one—time) loading the dependence from the works of E.Morozov
(1973) and G.Vasilchenko (1979) is used as (1) :

: 2 Koax N2
(g;.%) + (——“’; ﬂx> =7 (2)

Kee

where B; is stress intensity: 6p is material resistance to tough
fracture (either 6 — ultimate strength, or 6; - long-term
3trength"with a givenrnumber of hours. .. respectively) ; Kug=

K (Ky +K1 . Kj +Kjz . Kg+Kg) is stress intensity factor by the
hypothesis of genetralized normal tear (A.Andreikiv, 1982) under
the effect of external load and of the residual welding stres-—
'®S at the tip of lack-of-fusion (adjacent cavity): Kpis frac-
ture toughness of the material of the weld or heat-affected
zone under the appropriate service conditions:#% is correction
factor allowing for severity of the weld zone loading and size
of the blunting at the adjacent cavity (V.Makhnenko et al.,
1984); Ng and Ny are the appropriate coefficients of assurance
In case of the tough and brittle fracture.

If the welded joint is subjected to alternat%ﬂg loads, then

besides the criterion equation (2) at Gi and Kwa corresponding

fo the maximum load, the following additional condition is
nused:
Kmax _ Kmax < Ath (’ oZR) 455
@8 max Wi Mg,

X
wherae K:;m"corresponds to the valus of stress intensity factor
it the tip of the adjacent cavity wunder the maximum load;
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. max . - :
Kw@maxy 15 the same at the minimum load: AK¢y is threshold value

of the range of Stress intensity factor for the metal of the
weld (heat-affected zZone) with the Cycle asymmetry factor R =
0; A is a certain Property of the material equal approximately
tro 0.50...0.85; Ny is safety factor.

The use of the equations (2), (3) requires, first of all, the
ability to calculate the 6; . K:?m“ and KZS;M values in the
fillet weld Cross—section. On the whole, it is a cumbersome
task. Therefore. it is recommended to use for these purposes
the approximation methods based on the approximation of
exact solutions derived 1in the main-frame computers or by
experimental measurements. Each calculation module consists of
several submodules, as it is shown at Fig. 2.

Submodute 1 _Submodute 2 Submodute 3
Determination Determination Determination of
of effective of stress inten- ;gg“;""t su?:h"'"’
stresses a; sity factors : pes from the
max y, min onditions of static
Ky, Kur, Ko K™ K (creep) strength

Submodule 7 (Service submodule)

S ule 4 Submodute § i#_bﬂz_gm
Specifying weld Specifying weld Evaluation of cat-
sizes from cyclic sizes from tech- Culation assurance
strenghth condi- nological aspects trom the initiat

tions dota variations

Fig. 2. Structure of the typical calculation module

One of them (#1) calculates C& by an approximate dependence.

The assumption of static equivalence of the simplest
stress distributiocns along the fillet weld Cross—section
length (Fig. 3) and of external load in the states close to
the limiting ones is used, it allowing to apply the following
dependence .
Y, S =—— T 1
6, (4) P, 4n )2+5(V2+ T
i = h C}IE h! hg (4)

where P,v. T and M are forces and moments induced in the cross-—
section ¥ = const by external load.respectively; c 1s a cer-
tain coefficient varying within 1.5 >¢ > 1.

Dependences for p. v, T, M in each concrete calculation module

are determined by the Jjoint geometry and external load.
The submoduls #2 calculates the Stress intensity factors
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Fig. 3. Ideal profile of the fillet weld F(h,9) and its
approximation by triangular cross-section

(K + K} ). (RKi+ KD, (K,;+ K£3 an the basis of approximate
dependences, where f . Kf and Ki are factors of inten;ity
of stresses from resi%&gl stressegﬁ_specific for the given
geometry and load. The K wemsw and Kogmin values are determined
by Ky + Kf; Kg + Kr, Kz + Km- Here., the following dependences
from (A.Andreikiv, 1982) ar® used:

K::')'g= (K7 + K;)cos L - 3(Kj +Kj)sin %”) cosag)coszgd-(K,_,-, + (5)

+ Kg)cosgsin2 N

at W=Wg, ® = @y, determined by the following conditions

oK - oHx [ . _
W/wau). o 96 lg-g,~ °

The submodule #3 realizing the static loading conditions (2),
determines an ideal form and dimensions of the fillet weld as
a certain function F(y.z)=F(h.q)=q (Fig. 2), wusually derived
in a tabular form. The following approximate dependence is
usually used for the correction factor 7 in (2):

7,:’21(f»‘ ?;(fﬁ,
2R=T L ithohn=m (B 0211 rer (6)

Z(h):\[g? .if h<hm : ?z('?‘):V/r%T it Py

wheref = 1.0...2.5; o~ 0.1 mm: ¥ is blunting radius in the
adjacent cavity, approximately equal to half of the gap.

Since in the majority of cases the f(h,¢ ) = 0 curve is
difficult to implement from the viewpoint of technology an

18 not always ideal in the transition zones at =0 and Y= %

(Fig. 2). the submodule #3 approximates the F(h.q’) = 0
curve Dby conventional shapes. for instance. a Clrcumscribed
triangle with appropriate legs Ky and Kz . Since a considera-
ble part of the F(h,Y ) = 0 curve (by the ¢ parameter) is

convex,_ the circumscribed triangle is defined by the tangent
to the F(h.¥) curve in a certain point ¢ =¢; and appropriate
legs Ky(4,) and K3 (¢) from the intersection of this curve with
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the surfaces of the components being welded. The appropriate

angle oL () is given by the expression
ttg o= h(%)sinYy — (%) cos ¥,

h(4%) cos sty + K (Do) sin 9, 7
gh?qF?E;mum value of 9y is assumed to be such a value in the
bl k region, at which the Cross-section of the deposited

l 1

Fy = ; (Ky + H') - Ky

would be minimum. Here. H’ is the penetration depth.
The submodule #4 i i i

) precises the dimensions of the Ky and K, le
from the cyclic loading conditions by the equation (3). * e

ghe submodule #5 contains limitations on the
lmensions for technological reasons i.e
and cold cracks. . o

fillet weld
prevention of hot

i:nzhe eéxperimental data are representative enough
P ~__ess;(ng enables to derive not only the average values ofﬂ%
ic -4 - Op . but also their variation range for the giveﬁ

:;??it?f materials, i.e. expectation and coefficients of
ot on of these values. The availability of such data
= S to better substantiate the specification of margin

isgto:s €15 . Nx , Ny in each concrete case. For these purposes
Cai,Cuiyi_em hgs '@ submodule # 6 for assessment of the
e v:r;:Eigﬁll;b}I]ty' which permits to take into account
- 3 - : -
Propert i ocad., geometrical dimensions and mechanical

ggg:;g;?glyéhthe_ lack of detailed information results in
inorosmn gf ® 1ntervals of initial data variation and to the
guarcntpeq margin faqtors pProceeding from the conditions of
Sl iffaggrgse required reliabillp¥_of calculation.This case
i L €S a (Jgreat flexibi ity of the described
> ulation system for the welded joints with fillet welds.

552555 consider an example of calculation of an optimum

jmin: fgqtlon of fillet welds for a sSymmetrical cruciform

iﬁt ~1_1g. 4) . Herei the stress intensity and stress
-ensity factors were given by the following dependences:

>

6‘£= QZA J 8 2 - —- a / Id
Zhap V12 s K= T

W=S+O,66‘K¥

(8)
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Fig. 4. A two-sided cruciform joint.

[he material of the weld is an aluminium alloy with the
following_ properties 65 = 320 MPa, &7y = 180 MPa, K =
1000 N/mm3/2 | For the cruciform joint the specified values are
Q; = 3000 N/mm, S = 15 mm, 2a = 8mm. H = 3.5 mm, H = 0 mm.
e optimum dimensions of legs Ky and Kz were determined with
the specified assurance of calcu?ation by load and appropriate
variation of initial parameters. For simplicity it was assumed
that the coefficient of variation & is the same fcr all the
parameters used (8. 6r. Kie. S. @ .H . h ). The variations with
@ = 0.05, 0.1 and 0.15 were considered. The corresponding
results are tabulated in Table 1, which depending on the W,
and B,value gives the optimum dimensions Ky and Kz of the
deposited material area Fa(w). respectively, and of Fa(w) /
Fa(0,08) ratio with constant Pg as well as the Fg value equal
to the ratio of ultimate load to the specified one, i.e.

safety margin.
of variation of initial data and

Table 1. Effect
of the assurance of calculation on the
optimum dimensions of fillet welds
Py w Ky.mm  Kg.mm E(@).mm®  F,)/F,(00s)
0.05 4 .39 12.76 27.8 1.0
0.90 0.10 7.23 14.12 51.0 1.8
0.15 9.02 17.62 79:5 82
0.05 5.65 16.31 46 .1 1.0
0.99 0.10 10.09 19.72 99 .4 2.:16
0.15 13.67 26.70 182.5 3.96

'he analysis of the data in this Table shows that for the
cruciform joint (statically determinate system) improvement of
the calculation assurance Fq from 0.9 up to 0.99 increases the
volume of the deposit approximately by 1.5 - 2.2 times. Here,
this increase is the greater, the more pronounced is the
variation of the initial & data.

Given further are the results of using separate modules of the
system for determination. in combination with the experimental
data, of the 1limiting state of various welded joints with
fillets.
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it was necessaly to assess the
C'ﬁlCUlﬂth sul der ved using the deVelOped Systﬁ]" and
n re ts 1 1

conclusions can also
5 o be drawn about the value of the System as

degree of validity of the

As an example of calc i
2 ulation of the i

o L : ultimate

. ider the determination of the ultimate load fé?agraésserzz
b A f : with Symmetrical cov
o ?S ;Og:?dsizglcT;:agégg ?y'th? tensile and comprgsggvgl;gif
' § i metrical dimensi i i i
Table 2. The following dependences were ugzs‘are SOCIaRERL. o

P=C8Y siny; V=420059 ; M= @by .ciny

_=05369 a625 1 . = 0,5368,
K_. T(p""a’ 5;1)?0) K}‘Tvﬁ 7’:/{@: (9)
2 |
,gy Sh ) K

80 == iy—
—L‘( L]
X O

I:lg, 3. Iranaver se flllet welds of a but oint w
o t j n ith
The ul tlmate load was

Fhe temperature of - 196ag?nségirigefggtj?ings he ptd o
ngzrgggé.?gégt;sméggcfégi.ngeMégl1o;i:govgluggew:$;dt:£2n?Az
The results of calculation of ultimate loads Q, and certain
Table 2. Sgggsri:on'of des;gn and experimental loads

two sy:ng;gc;?agécgro;lgtggtt S i

# 0 ¢
L b, 0o, n}n{ny, K, Ultimate load, N/mm Admis
mm tension compression load
___________________________ cale exper calc. exper
1 100 10 4 am o ool DT OFRET.
10 10 4.28 5.85 3113 4050 -1264 = 1350
. o o . 4380 500 -1780
5 3274 4600 ~1.227 = 1577
4610 500 -
. 1728
10 10 5.85 4.28 3398 5100 -1174 = 1350
, ) 4784 500 -
4 5 1653
0 20 8.5 11.7 4398 =1787 1900+ 2700
: . -0 " 6194 =2517 200-
10 ?631 -1734 2040+ 3154
p - 0 - a 6521 —2444 200+
5 ?803 =-1659 2120+ 2700
65764 -2336 200-
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appropriate experimental data are given in Table 2. The Table
also shows the values of admissible 1loads according to
SNiP standards. It can be seen that the considered joint under
the mentioned conditions has a much higher ultimate load
in tension, than in compression. It is connected with the fact
that in tension, from the expression (9), the values of Ky = 0,
since the decisive role is played by the negative (bringing
together the crack edges) moment M. It can also be seen that
with the same weld cross-section area the ultimate load to a
certain extent depends on the ratio of the legs Ky/Kg.

The use of recommendations from SNiP for such a joint is
obviously inadmissible for the compressive loads @ . The
correlate rather well with the

calculation results
experimental data.

CONCLUSION
The prospects of a broad application of personal computers in
the engineering practice open up new possibilities for
design when designing

improving the methods of welded joint
welded structures. The development
systems which combine the modern
mechanics and the numeric methods. of
effective for these purposes.

of automated calculation
approaches of fracture
calculation 1is quite
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