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ABSTRACT

In order to improve welds design codes the approach which
combines straln and stress (S-N) fatigue faillure criteria 1s
developed. Fatlgue 11fe of a structure comgonent 1s regarded as
a process containing two stages. The flrst stage suggested
as a process of residual weld stresses Interaction with
gervice 1loadlng stresses at varying cyclic reaction of
heat-affected zone (HAZ) metal. This process 1s concentrated
in a small reglon of strain elevation at weld root. The
comgletion of this stage 1s characterized by final straln
redistribution and stationary process of deformation, which
determines real strain-stress flelds of weldments for the
second stage. The local stress-strain cyclic rields at a weld
root are obtained usi the stress and strain concentration
factors along with relative stress and strain gradients.

The method efficlency has been verified by experimental data
for cruclform weldments fabricated by electric arc weldling from
10XCHD low alloy steel.
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The 1nitiation of fracture in sound and rationally designed
weldments occurs usually at the toe of a welded Jjoint. Also,
the fatlgue 1life of a welded structure within the crack
initlation period 1s determined by fatigue behaviour of a small
volume of metal. This volume 1s sided,1n a field of maximal
surface strains or/and stresses and u%ually colncide with
graln-coarsened domaln of HAZ-metal. Thils part of HAZ 1s
called the subject-of-analysis zone ( hereaffer SAZ ) .
The present method of fatligue 1ife prediction 1s based on
comparlson of loading conditlon of smooth speclmens with SAZ-
metal simulated properties and of SAZ-metal of weld Joint
under examination. It 1s suggested that the accumulation of
f%tigue damage and the early period of fracture consists of two
stages.

The first stage 1s approached using a cyclic straining routine
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resulting from inelastic stress-strain behaviour such as mecha-

nical hysteresis, c¢yclic hardening and softening,

dent creep and stress relaxation. One Of the results of these

grocesses is
herefore changes of local 8tress ratio 1n SAZ-metal.

st

The second sta§etiof the fallure 1s
a

the redistribution of stress-gtrain fields and
At this

the damage 1s evaluated on the basls of a reversal-by-

controlled by constant

raln-stress .re on and local stress ratio. It 1§ assumed
that the rest of the damage 1s determined by the low- or
It depends on existing up the moment

ni
SA

éh—cycle component.
-metal properties and 1its loading after the completion of

nonstationary process of deformation.

Most 1likely
will attains the fatigue macrocrack.
summation towards the unity 1dentifies the wel

that the weld will fracture in case the SAZ-metal
Accordingly, the dama
fallure by the

following equation

d = d1 + dz + da . (1)
where di = egﬁz / e$3% - quasi-statically damage;
e .= 382 g Ag, - one-sided accumulated strain 1in
pk~ ©p0 T Aepy

e

SAZ-metal 1n contlnuation of k-reversals of local
nonstationary process;
po m res” 9p/ E
reversal:em » €5 — mean strain average and strain amplitude
accordingly; €res - resldual welding strain; E,op

elasticity modulus and proportionality limit accordingly;

=€enp te, +e - plastic strain due to zero

er - critical strain of SAZ-metal;

k K
- saz saz 8az _ _ .
D2 = %] Epi 7/ ( %] Epi + spk (2N~ k) low cycle damage;

saz saz win
epi , epk - plastic strain of "i
SAZ-metal accordingly; ENN - fatigue 1ife of welded joint, 1in

reversals;
kK - number of nonstaticnary strain reversals ’

and of "Kk"-reversals of
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D3 = (2Ny - K)/( 2N ) - hlgh-cycle damage;

2N, - fatigue life of SAZ-metal, In reversals.
. -8 T cyclic
straln-stress curves for cy

the cyclic
gé%iéniéélugﬁgﬁgg%al, dezails which were discussed above.
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Fig.1. The cycllic straln-stress curves for cyclic softening

-metal of a weldment
After all?A%he equation (1) will have the following form

k k o _
esaz/ega%;ssaz/ (1)3 ES?Z + s;'iz(sz— K)) + (@Ny-K)/ (2N )=1. (2)

pk pi
ts of the equation (1) f
ggﬁagéegﬁnSAZ—metal, b&t su? of %hese dago gs rg;&g§igal§gcuTﬁe
damages of weldment as a w . v,
égﬁé%?onOEE) enables the estimating of weldment fatigue 11fe NN

under applied nominal stress Opy . lowever, thls procedure

describe different parts of
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requires additional information about properties and 1
?E?g%ﬁ;§f§eg§n giiids in SAZ-metal. To degergine the numbegcg%
DAY BE toen Stationary k-reversals the following expression

sSaz sSaz l = US&Z (3)

I epr™ - 8953
saz
gﬂgfﬁegal.—the lower boundary of endurance 1imit dispersion for
Plastic strain In SAZ-metal of weldment de ends on
stra

concentration factor Ks' nominal stress amplitude Ogq» cycl%g
roportionalit 1limit gS82 %
HoF pE i an gelation D and may be determined by

348z S
ep1 = ( 2Ko, - sp?Z ) / B . (4)

The ratigue 1ife Nk of SAZ-metal depends on the local strain
level 1In k-reversal. If strain ey’ 1s greater than g2,

according to boundary point between low- and high-cycle of
fatigue curve reglons (see Fig.2), then the fatigueggifg Nk is

determined by modified Coffin's equation, written in the form
1/m '
- sa
Mg = (el /g% )77 ® : (5)
#here . - strain similarity factor between strain states of

weldment's SAZ-metal and smooth specimen of simulat
SAZ-metal ; ¢ - constant of Cofrin'g equation ; o

Mg - strain exponent of fatigue curve of specimens .

[n case the level e3%% in k-reversal 1s less than or equal

saz
&n the fatigue lite Ny 1s determined by modified Wohler's,
w#hich can be written in the form
B a saz 0
Mg = Ng (@ 0f 7 0%32) © , (6)
where P5 - stress similarity factor between stress states of

veldment's  SAZ-metal and smooth specimen of simulated
SAZ-metal; OR — endurance 1limit of simulated sinooth specimens
according to N, cycles; Ofg? - maximal local stress 1in
weldment's SAZ-metal for k-reversal of loading ;M5 — stress

exponent of fatigue curve of simulated specimens.

The ain coarsened region of HAZ ( SAZ-metal ) was reproduced
by s%%glat of weld thermal cycle in a smooth s ecimegs which
ones were arge enough Tfor the traditional methods of
mechanical, strain- and load-controlled fatigue test. As the
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result of simulation the homogeneous structure has been
?roduced in the gage length about 30 mm . It was according to
nvestigate the zone of welded joints. The properties of the
sone were verified by metallograP ic, radlographic analyses and
hardness study. The result of these studles were performed on
the simulated SAZ speclmens and compared with the actual weld
SAZ-metal.

larameters m_ , C » My , Og were determined 1in low- and

high-cycle tests "of simulated smooth specimens accordingly.
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'1g.2. The schematic sequence of weldment's fatigue 1life
estimation

The similarity factors P and P5 are accounting for scale
effect 1Influence 1n fatigue. To consider the role of this

effect using the Welbull's weakest-element hypothesis were
obtained the following relations:

/BO

1/8 —
Pg = (Vg / VERE) e (1) gy = (vl svSes) (8).

vd, vd

where g Yo

Vgaz VS@Z ~ fatigue damage affected volumes of
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simulated specimen's metal and Wweldment's SAZ-metal, which

sustain cyclic strain egﬁz and stress o} of equivalent

levels 1n specimen and SAZ-metal;

Bs s ﬁo.-'exponents of Weibull's distribution.

The fatlgue damage affected volume 1n low-cycle r

a volume of metal where the strains are above thg yielggégga%g
of SAZ-metal 522,

The fatigue damage affected volume 1n high-cycle region 1s
a volume of metal where the Stresses are above the lower
boundary of endurance limit dispersion for SAZ- metal US3%.
The details of strain, stress Simllarity factors, the affected

volumes determ as well as loadi conditio
N Flg.s  andFis ¢ ng n of a specimen shown
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F1g.3. The determination of strain similarity factor
Specimens and welds y for smooth

The relations for estimation strain and stress
factors have the following forms: similarity

2 2 2 8 ,
@= {{2'“:}1[ (D=+ p“) - h“ / 31 - 41DIO.5 he ( pg— 11'2)0.5+

. 5az
Bk BT
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N — £.8 R . /B ()
= EL

€pk
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where Ge"(emax sy)/ys/emax--spR /(Keeays) relative

straln gradilent.
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Fig.4. The determination of stress similarity factor for smooth
specimens and welds

In such a manner, the fatigue 1ife of SAZ- metal is determined

by equation (5) or (6). It depends on correlation of strains
eppo and g% .

Then, to estlmate the fatigue 1life NN one has to find the
solution of the equation (2) accounting for information on
local propertles and strain-stress conditions in SAZ-metal of
a weldment. To realize this 1s taken a provisional nominal
stress S=Op. The calculation at several nominal stress values

glves gossibility to obtain the design calculational S-N
curve. Schematically thils process is shown 1n Fig.2.

In this way, along with the apgropriate experimental data the
present method based on combination of straln and stress
angroaches allows to obtain the design S-N curves for weldments
with arbltrary proportions and geometries.
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