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ABSTRACT

A survey is given about the factors influencing the fati-

gue
the
the
me.

ved

of welded joints. Fach factor is commented considering
rules of the Eurocode 3. Numerical ekamples illustrate
task of students concerning fhe home-work in this the-
Flow charts show how the numerical ‘examples can be sol-
by a computer.
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Cross-sectional area
w ihroat sizes of fillet welds
plate width, width of a square hollow section
modulus of elasticity
force
yield stress
beam height
moment of inertia
radius of gyration
factor for the end restraint of a compressed
strut
beam or strut length
weld length
bending moment
number of cycles
thickness

-t

flange and web thickness, respectively

5

gusset plate thickness
‘required section modulus
limiting web slenderness




(4= safety factor for fatigue load

Wﬁl safely factor for buckling

My safety factor for fatigue strength
d limiting flange slenderness

m
1

v 235/c0
mazx

A column slenderness ratio

A= A/AL _reduced slenderness ratio

Ag = m Y E/f  Fuler slenderness

pPL resultant of perpendicular siress components
o, T | normal and shear stress, resp.

Aoc, AT normal and shear stress ranges, resp.

Ac_ . AT reference values of the fatigue strength at

2 x 10° cycles |
L. TL, T, sSiress components in a weld
4 ' overall buckling factor

1. AN EXAMPLE OF STRUCTURAL FRACTURE DUE TO FATIGUE OF
WELDED JOINTS

As a tragic case of a structural fatigue failure, for
instance, the Catastrophe of the semi~-submersible Kielland
of fshore piatform may be mentioned [1}. The platform capsi-

- zed suddenly on March 27, 1980 with loss of 123 lives while
89 persons were rescued, Hydrophones were attached to the
underside of tubular bracings (Fig.t, ‘Fig.2.). Installing
the hydrophones has been performed by cutting a hole in the
brace and by poor quality fillet welds, from which fatigue
cracks propagated in bracings, the fracture of _bracings
'caused a complete separation of a main icg and the disaster
 of the platform._ ' '




2. FACTORS INFLUENCING THE FATIGUE OF WELDED jOINTS
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Parent material: steel, aluminium alloy,"plastic. The
yield stress does not affect the fatigue strength, the
fatigue strength data given by Eurocode 3 2] are the
same for steels Fe 360 and Fe 510, Fatigue strengths of
aluminium alloy welded joiﬁts are proposed e.g. by Ogle
[11]. |

Welding technology: for some new technologies fatigue
strength data do not exist yet.

Residual welding sStresses: in our courses we treat the
residual welding stress and distortions in a separate
section showing that these stresses affect the brittle

~fracture; fatigue and buckling strength of structural

elements. The fatigue is influenced by the high tensile
residual stresses around the welds. -

Type of joint: a detailed categorization of joints with

- the corresponding fatigue sirength is given by Eurocode

3.

Weld geometry: the geometlry of toes of butt and fillet
welds can be improved by several methods such as grin-
ding or TIG remelting, but an additional fabrication
cost arises [6]. | o
Weld defects: at the ends of welds, at points of elect-
rode changing, lack of penetration in cruciform joints.
The weld quality and inSpecfion /by non-destructive
testing/ play an important role, since, if _wer have a

reliable information on the weld quality produced by a

ztechnology, significant 1nspect1on cost savings may be

achieved.

Load spectra: the introduction of an equivalent _cons-|

tant wave ‘load using the Palmgren~Miner rule enables
- designers to consider the load in a more rea11st1c mode

for the 1nvcst1gated structural appl1cat1on
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Siress range: the most important factor for the fatigue
crack propagation. The recent studies showed that the
fatigue 1life depends on the stress range Ao =
(wmax—amin)/z rather than on the Thayxr thus, the fati-
gue life is characterized by the Ac - N curves, where N
is the number of load cycles.

Number of cycles: recent experiments showed that the
fatigue of some welded structural parts should be cha-
racterized by curves different from the classical Aec~ N

curve having an asymptote at N = 2 x 108 cycles. For

‘instance, welded joints of hollow sections, Eurocode 3

gives a diagram which has a cut-off point at N = 108,

Plate thickness: recent experiments with specimens of
realistic dimensions showed that the older experimental
results obta1ned with small size specimens should be

corrected. Eurocode 3 prescribes a - correction for

thicknesses over 25 mm.

Stress State in most cases not only a normatl stress,
but also a shear stress component arises. For these
cases Eurocode 3 gives an interaction formula.

Post- weldzng treatmenits: used for the - decreasing the
residual welding stresses or for 1mprov1ng the weld toe
geometry [7]. _ , _
Special phenomena: %he interaction of fatigue crack
propagation and local buckling due to the breathing of
a thin web plate in a welded plate girder [10]; fatigue
cracks arising in crane runway girders due to local
pulsat1ng torsional loading caused by the wheel 1load
(4], [8].

Environmental effecis: the fatigue strength data given
by Eurocode 3 are va11d only for temperatures less than
150° C and for structures with suitable corrosive pro-
tection. The corrosion fatigue is a very dangerous fai-
lure mode, it should be conS1dered using data from spe-
cial pub11cat1ons o '




15/ Joints of hollow sections in tubular lrusses are trea-
ted in Eurocode 3, but .improved international rules are
in preparation considering the recent research results,
thus, we are waiting for these new rules,

I6/_Economic aspecls: a welded structure should be not only
safe, but also economic. Thése itwo main aspects can be
fulfilled using the methods of optimum design, which is
our main research theme [5]. The objective function
(weight or cost of a structure) should be minimized
fulfilling the design constraints. The constraints are
related to static stress, stability, fatigue, vibra-
tion, stiffness and fabrication. In numerical examples
it is shown how the fatigue constraint determines the
optimal.dimensions of a welded structure. We have adap-
ted and applied several computer programs of mathemati-
cal optimization methods [9] 

3. FATIGUE DESIGN RULES OF THE EUROCODE 3

In the Part 1.1 general rules and rules for steel buildings
are given. A problem is that the other parts are now in
Preparation, so the sSpecial fatigue problems of bridges or
cranes are not treated. The most important rules are the
categories of welded jo}nts and the related A¢c - N diagrams
tor different categories,

4. NUMERICAL EXAMPLES

In the home-work students should calculate the design task
of three different structural parts or simple structures.
In the solution they can use hand or computer calculation.
4.1 Optimum design of a welded box'beam (Fig. 3.)

This example illustrates the effect of the fatigue cons-

traint on the minimum weight of a welded box beam construc-
ted with transverse diaphragms built-in by fillet welds.




The optimal dimensions of the cross-section should be cal-
treat-
fillet
weld

the

relating

culated in two cases: without and with post-welding
l of the toes of transverse
The fatigue strength of a TIG remelted fillet
is given from the published test results [7]1. Besides
defined

(Fig.3.) plates ac-

ment (TIG remelting)
welds.

fatigue constraint other'constraints are

- to the local buckling of flange and web

‘cording to the Eurocode 3. _
The box beam (Fig.3) of Span length L = 2 m is loaded

by a force Pulsating between O and max_ 350 KN, thus AF =

Fmaxfz. The required section modulus without ireatment for L

N = 2x10% ig

M

max

175 x 2 x 106

W = =
(8]
Ao 7/ 7y,

The limiting web

4 X 80 / 1.35

= 1.4766 x 10° mm?3

slenderness is

235
1 X 160 /7 1.35

1
— =69 ¢ ; g =J//
B . 1

='1.34

The optimal web height is

3

3 02.6

1 —
8

3 Ve -, —— |
hopt" 47 = 0.75 x 92.6 x 1.4766 x 10 = 468 > 470 mm
t, /2 =gh =5 mn. . (
Pope =h ¥ B /5 = 468 V'56.3 / 92.6 = 365 mn
with the flange limiting slenderness. 1/78 = 42 ¢ = 56.3
t, =8 b =7 mm {rounded value).
o : = 2
Snin = Bt + 2 bt = 9310 mp?.
- Similar calculation for post-welding treatment, conside-
ring '
A7c = 112 MPa, yields W¥_ = 1.0547 x 10° mn®, 1/8 = 78.3,
- ' - R - _ 2
hopt = 400 mm, t" /2= 5, b = 310{ tf_- 7, Amln = 8340 mm '
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i.e. with post-velding treatment 18% savings in weight can
be achieved. Fig.4 shows the flow chart of the calculation.
The program runs under Borland C++,

4.2 Optimum design of a welded I-beam connected to a co-

lumn by fillet welds (Fig.5.)

For the calculation of the optimal dimensions of the welded
[-beam the constraint on fatigue of the parent material in
the vicinity of the toes of fillet welds is used. The opti-
mal fillet weld sizes are calculated considering the cons-
traints on fatigue of roots of fillet welds with partial
penetration. The local buckling constraints for flange and

web are also used.

With data of F = 300 kN and L = 2 m and the maximal ben-

ding moment M__. = FL the required section modulus is

M

max

W =
0

AUC / Tur

where As. is the fatigue strength range, for N = 2x10°
cycles it is do. = 71 MPa, and the safety factor for fati-

'gue Strength 7Hf'= 1.25. Thus

300 x 2 x 10% 6 3
o = = 10.56 x 10° .mm® -
71/1.25

The limiting web slenderness ratio is

1 v/// 235 - v/// 235 -
— = 69 g; g = = =
B ' : Ao 1.1 x 71/1.25

Yy B0 /oy,

1

=1.94; — = 134,

B
The optimal web height is

3 L ' E '
3 Wo ‘/ B ' .
h° L = = 1.5 X 134 x 10.56 x 10° = 1285 mm,

rounded 1300 mm;




' ' | B 54 o
t, = Bh = 9.6 rounded 10 mm; b =h /—— = 1285 /. = 579
i 23 2 x 134

rounded 580 mm, since 1/5 = 28 ¢ = 54; t. = &b = 10.7
rounded 11 mm.

The maximal normal tensile stress in the wupper flange is

5]
max 300 x 2 x 10

o = = = 55 MPa

L 2B8n% /3

To calculate the required fillet weld throat size a. we re-— L
duce the ¢ in parent metal into the fillet weld based on
the following equality (see Fig.3)
o tf = 2 pL a,
from which
| PL = ot. / (2 a,)
"and the two stress components:

oL c i, S5 x 11 213.9

e ey — L

v 2 2v2a,  2Y2a_ a

f

For root cracking of partial penetration fillet welds and
for N = 2 x 10° cycles we use Ac. = 36 and At, = 80 MPa.
Accord1ng to the Euroccode 3, the fillet weld should be
checked using the following interaction formula

3 5
[ Tpe AT ] [ Ype AT J
_ + = 1
Av_ [/ «x ArC / Ty .

c H.f‘ f
With- Ac = At = 213.9/a -?F; = 1.0 and Ty = 1.25 One
obtains
409.7 417.0 <
a at

from which a =.8 mm /rounded- value/
In the fillet welds connecting the web plate, - besides
the perpend1cu1ar siress components




a parallel stress component should be calculated as well

3
F t F 300 x 10 115.4

W

T T oo

htw 2a Zhaw 2 X 1300a“ a

W W

In this case we use, according to -the Eurocode's, the fol-
lowing stress components in the interaction formula

Ao = V/GLZ + 1,2 = pPL = Y 2 01 = 275 / a,
and At = Ty = 115.4 / a, '

275 3 115.4 °
From + = 1
36a, / 1.25 80 a / 1.25

"we obtain a = 9.5, roundedllo mm.

Fig. 6. gives the flow chart of the'calculation.

4.3. Design of the connection of a compressed strut to a
' gusset plate (Fig.7.)

The strut of length L = 7.5 m is cyclic loaded in tension-
compression by a pulsating force F = 190 kKN. The cross -
- Seéction should be a Square hollow section designed for
overall buckling._For maximal stress in overlapping plate
elements Ao, = 45 MPa should be used. The overall buckling
constraint is ‘ |

=

¥y, F

A = X b, A = 4 pt

X is the overall buckling factor. For the calculation .We_'
use as an approximation to the Eurocode 3 buckling curve .
“D” the simpler Japanese JRA buckling curve as follows

1.100 - 0.545 2 | for 0.2 = a < 1

]

X

X = 1/{0.773 + A%) - for A > 1




A v

where A = KL/(1{ Ap ) i =Y 1/A ; E

For pinned ends K = 1, for square hollow sections i=5b/vVe6

in the case of fy = 235 MPa g =1, AE = 03.9
; Y6 7500 v 6 195.65
b A 93.9 b b

‘To avoid local buckling we use the limiting sienderness

235 : N b
with e = =2.4 ;8 , =1 — | =42 ¢ = 100.
45 / 1.1 s
Assuming that A < 1 we obtain an equation for b as follows
1.1 x 19000 0.545 x 195.65
5 = 1.109 - 45
0.04 b b
this yields the following quadratic equation

b% - 96.149 b - 104700 = 0

. fTrom wh1ch one obtains b =375 and t = 3.75 mm. Instead

of these values we use a section of 350 X 350 x 6.3 accor-
ding to ISO 4200 for cold- formed square hollow sections.
Calculation of the overlapping length L, for the fil-
let welded connection according to the Fig.4, with the to-
tal weld length 2L, + b, for shear we take At. = 80 MPa and

a = 5 mm

F AT 20 -

C
= — = — = 64 MPa
(2L +b) a_ Tyr 1.25
from which L, = 122 rounded 150 mm.

Calculat1on of the required gusset plate th1ckness T,
accord1ng to Eurocode 3 with the category Ac _= 63 MPa.
From '

r 63 5G.4 MP
= = . a
(Lw+b)tg Ty

one obtains té = 7.8, rounded 8 mm

Fig.8. ‘shows the flow chart.




5. CONCLUSIONS

Since the fatigue design of welded structural components
plays an important role in education, it is necessary to
show the complexity of this problem by aﬁaiysis of the
main affecting factors and to give a detailed information
about the design rules of the Eurocode 3. It was shown how
1o incorporate the fatigue constraints into the optimum
design of welded structures which enables designers to
develop safe and economic_Structqral versions.
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SECTION a-a

~ UPPER LEVEL AND DIAcONAaL BRACTNGS

LOWER HORTZONTAL BRACINGS

Fig. 1 — Structural arrangement of the Alexander |.. Kielland platform



% TRACTURE

Fig.2 — Fractures in bracings connected to leg D




Start

yr

Input data of the program
Length of the beam
Steel grade of the beam
Number of load cycles
Treatment of the welded joint

r
Parameters from the Furocode 3.
Y, Y

Y
Compute stress range
Ac

Y
Compute limit slendernesses

B,

r

Compute optimum sizes of box section
hopt, twopts bopt, topt

\r
"Check for the shear
Lijjax <L

. Y '
: CPrint resulti)

Fig. 4. Flow chart of box beam fatigue design program 7'
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Start

Input data of the program
Force value, length of the beam
Steel grade of the beam, number of load cycles

1

Parameters from the Eurocode 3.
Ve, Ywar

¥

Compute stress range
Ac

¥

Compute limit slendernesses

B,d

X

Compute optimum sizes of I section
hopt, twopt bopts tfopt

%

‘Check for the normal and shear stresses

3 5
( Y AG }+( Y AT JSI'
AC /Yy Ate /Y

[

Compute ayy if stress sum is equal to 1.
- .

Compute perpendicular and parallel stresses
G.y .., To

[

Check for fhe normal and shear stresses

3 5
(e g o
AG('. IYL{f AI(_? /YMI

¥

Compute afif stress sum is equal to 1.

Print results

Fig.6. Flow chart of T beam fatigue design program
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Start .

Input data of the program
Force value, length of the beam
Steel grade of the beam, number of load cycles
¥

Compute limit slendemess
SSL
¥

Compute stress range
Ac
)

Parameter from the Eurocode 3.
Yl
|

Compute overall buckling

YM!F)< A
( A ) RE0
]

Compute optimum sizes of square hollow section

bopts topt

'3
Calculation the overlapping length L,

F < AT
2(Lo+b)aw ot

)
Calculation the required gusset plate thickness tg

| C Print r'esults )

Fig. 8. Flow chart of the program 'for'd"ésign of connection of a
- compressed strut {o a gusset plate




