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ABSTRACT

On European level work is going ort to come to harmonisation of design
procedures for steel structures ín the form of common unifíed rules in
Eurocode No. 3. The Eurocode is presented in a limit state design (LFRD)

format. In this report background information is presented on the strength
functions and model factors for welded connections, given in Eurocode No. 3

(EC 3).
In order to arrive at strength functions and suitable model factors for
welded connections, a statistical re-evaluation of available test results has

been carried out.
The following procedure has been used for the determination of the design
rules on welds in the 1988 revision of EC 3. Based on observation of actual
behaviour in tests and on theoretical considerations a "desi-gn model" is
selected. Then by statistical interpretation of all available test data i.e.
regression analysis, the efficiency of the model is checked. Eventually the
design model has to be adapted until the correlatíon of the theoretical
values and the test data is suffícient. Then through rnanipulation with the
statistical data of the test population, the model factor -yM can be

determined. Divíding the strength function by the model factor I" gives the
design expression.
Startíng points for the strength functions for welded connections are the
functions presented in t1]. The results of the statistical analyses of the
available test data of these connections are presented. Eventually, strength
functions and model factors included in the 1988 revision of Eurocode No. 3

are determined.

The report has been split up into t\^ro parts:
- Part A: Results;
- Part B: Evaluatíons.
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NOTATION

a : the throaX size of a weld

^\,^2 
: constants

A : throat area, A: aL

Al_ : throat area for welds perpendicular to the loading direction,
Ar:ab

ÃZ : throat area for welds parallel to the loading direction, Ã, : al
b : the weld length
b : mean value correction
fr, : specified ultimate tensile strength of plate material
f ,_ - the ultimate tensile strength of the fillet weld
ürW

f. : the ultimate tensile strength of the weld metaltl, \47m

f : the yield stress of the plate material
v

F : the force due to design loads

F. : the theoretical resistance of the weldI
k : a parameter in the strength function for fi11et welds

k¿ : fractile factor for a 75* predicting probability
k : fractíle factor for estimating 58 fractiles

S

2 : the weld length
n : number of welds

rrr,rk,rd : nominal, characteristic and design resistance
rei : experimental resistanee for specimen i
tti : theoreËical resistance obtained by usíng the strength functíon for

specimen i
Rt : characteristic resistance factor, 5? fractíle
R¿ : design resistance factor
t : plate thickness
V : coefficient of variation
VA : coefficient of varíation of observed error terms

B : reliability index or coefficient in the strength function for
fillet welds

P.,nr : the efficiency coefficient of a fillet weld

"yM : model factor (partial safety factor) related to the 58 fractile
'**

'yM : modified model factor "yM : "yM 
^K

^K 
: ratio between nominal and characteristic resistance: AK : rn/rU
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o : the mean stress on the throat section of a weldv/
o, : the tensile or compressive stress acting perpendicularly to theI

throat section
or : the tensile or compressive stress acting parallel to the weld axis on//'/ xhe cross section of the weld
r, : the ultimatie shear strength of the parent metalu
î : the ultírnate shear strength of the weldürW
r. : the shear stress acting perpendicularly to the weld axis, lying inI the throat section
r. : the shear stress acting parallel to the weld axis, lying in the
// throat section

I I n tr are symbols referring to weld configurations; see e.g.
figure 5.3 or table I.1.1.

Note:

The values for'Ì,Mi AK and rfi "" defined here, result from the evaluation
procedure [3]: ffr : r" Af . The "yfr-values are harmonised into o -one 'yl{-vaIue

which, for convenience, is represented by 'IU in codes and in the parts A and

B of this report.
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1. ]NTRODUCT]ON

In this report the theoretical background to the strength functions for
welded connections as presented in the 1988 revision of Eurocode No. 3 is
provided. These strength functions are based upon a theoretical model which
is explained briefly. The strength functions are compared with experimental
data. Experimental data on welded connections are summarized in 1,21. Based
upon these experÍ-mental data a statistical evaluation of the strength
functions is carried out which is described ín detail in [3]. The statistical
evaluation results in an update of the strength function considered. This new

strength function is included in the 19BB revision of Eurocode 3.

In chapter 2 the procedure to arrive at strength functions and appropriate
model factors is presented briefly. In chapter 3 the basic assumptions of
parameters used are given such as materials used, reliability index, etc. In
chapter 4 the failure mechanism for welded connections is mentioned. In
chapter 5 the procedure to arrive at appropriate strength functions and model

factors is applied to the failure mechanism for welded connections. Finally
in chapter 6, the conclusions and the strength functions for welded
connections are sununarized.

This evaluation project is a common effort of:
- TNO Institute for Building Materials and Structures (IBBC-TNO);

- Eindhoven University of Technology (TUE);

- Aachen University of Technology (RIíTH).

Test results have been considered as given in 17 to 13]. only test results
given in l7 to 9] have actually been used in the statistical evaluations.
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PROCEDURE TO ARRIVE AT STRENGTH FUNCT]ONS AND MODEL FACTORS

Fírst of all the strength function for the failure mechanísm considered is
presented. The theoretical model on which the strength function is based is
explained briefly, Background information is provided on the failure
mechanism and on the model that describes this failure mechanism and so on

the strength function used. The strength function as presented in t1] is
reformatted. Then, a statistical evaluation [3] of the strength functÍon with
respect to the awailable,.experimental data l2l is carried out. This
statistícal analysis is reported in appendices. It is tried to end up with
one single factor 1" for the failure mechanism and strength functions
considered: 7M : L.25. Therefore, the strength function has to be rnodified.
The conclusíons with respect to strength function and model factors are given
here.
The statistical analyses reported in the appendices contaín a definition of
samples and subsarnples referring to l2l . Furthermore in the appendices, plots
are provided for samples and subsamples of test results re. versus results
obtained by using the strength function ra.. If necessary, sensitivity
díagrams are provided for relevant parameters.
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3. BASIC ASSUMPTIONS

In this chapter the basic assumptions used in the statistical evaluations are
presented.

3.1 Plate material

In table 3.1 the plate materials and their design tensile strengths are given
as used in the statistical ewaluations.

Table 3.1: Plate material

steel grade design tensile strength tr, {tt/mm2)

FeE235

FeE355

360

s10

3.2 Reliabilíty index

The reliability índex used in the statistical evaluations is P:3.8.See
t3l.

3.3 Coefficients of variation

From preknowledge the coefficíents of variation used for the basic variables
are estimated to be:

- tensile strength of plate material V, : 0.07 ;

tt
- throat area VR : 0.10.
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FA]LURE MECHANISM FOR I^IELDED CONNECTIONS

Failure of components containing fillet welds may occur in the connected
parts besides the we1d, ín the weld itself or partly in the weld and partly
in the connected parts. For developing a strength function for fíllet welds,
it ís clear that only those cases where weld failure governs are relevant.

The available calculation methods for checking the strength of fillet welds

are all based upon the símplifying assumption that stresses are uniformly
distributed within the throat section of a fillet weld. In EC 3 [1] two

calculation methods are considered:
- method 1: stress component method;

- method 2: mean stress method.

Method 1, the stress component method, assumes the throat section in its
actual posítion as the resisting section. The stress components on this
throat secLion are calculated and used in the strength function. This method

vras proposed by III^I and approved by IS0 in 1961.

In method 2, the mean stress method, arl average stress on the throat sectíon
of a weld is used in the strength function. fn fact this is equivalent to
overturning the throat section on one side of the seam.

In figure 4.1 the throat sections consj-dered in the two methods are shown.

The resistant cross section of a fillet weld is assumed to be the throat
section, given by throat depth (a) times the effective length (l).
The throat depth (a) is the smallest height of the triangle inscribed in the
cross section of the weld as indicated in figure 4.2.
The effective length (l) coincides with the overall length of the seam,

provided that, obviously, faulty ends due to tailing off are eliminated.

More information on the methods can be found in [5 , 61.
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Figure 4.1: Throat sections considered:
a) actual throat section used in method 1, stress component

method.

b) ove r turne d throat section used in method 2, mean stress
method.

Figure 4.2: Throat depth a.

10
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In this chapter some more background information
failure mechanism and the strength functions.
original strength functions of EC 3 t1] have to be
the statistical evaluation of test results.

October 1988

will be provided on the
It will be shown how the
changed on the basis of

11

5.1 Method 1: stress component meÈhod

As mentioned in chapter 4, the actual throat sectÍon is assumed to be the
resistant sectÍon. In a fillet weld the actual stress distribution in the
plane of the cross section of the rveld is complÍcated.. The stress state
changes from one point to another and considerable stress peaks are present
(figure 5.1). However, stresses in fillet welds are usually considered

D¡
I

tc

Figure 5.1: Actual stress distribution in a fillet welded joint
(qualirarively) .

uniformly distributed in the throat section. Substantially, this assumption
is based on satisfactory ductility and toughness of material, which are
checked by means of appropriately related control of welding material and
qualification tests of the welding process. The following stress components
are considered (figure 5.2):

CONNECTIONS
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\,

,I'

the tensile or conpressive stress acting perpendicularly
throat section;
the shear stress actíng perpendicularly to the weld axis,
actual throat section;
the shear stress acting parallel to the weld axis, iyi.rg
throat section;
the tensile or compressive stress actíng parallel to the
its cross section.

T2

v

o)
//

to the actuaÌ

lying in the

in the actual

weld axis on

Figure 5.2: Stress components considered.

The latter stress component oJ, lnas no significant influence on the weld
strength. There has been ^'1iu"7y discussion on this subject. A summary of
this discussion is given in t5]. rn many codes, the stress component o, is
not in the strength functions for fillet welds. This holds for rhe "t/lngrnfunctions presented below also. In fact, only the stress components ø . r.

artð. rr, are included. -L' l-

Many tests v/ere carried out to analyse fillet weld strength, in order to
trace their ultimate surface in the space of co-ordinates ø

important series of tests is the so-called "internationa'' u*' "I,'r!r,,lj1968 17l, which rr/as prompted by IIW. A study of the corresponding results
influenced the choice of the various calculation methods.
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The method proposed by
surface in the form of an

October 1988

ISO was based upon a description of
ellipsoid of revolution determined by:

:1

13

2oL

^2t
U,W

2,il2îL

the ultimate

(5.1)

. (s.3)

general

(s 4)

(0.75 f. \2' U,I^t'
(o.75 f \2' u, \á/'

This equation enables one to determine whether a plury-axial stress state
characterized by or, ,! ^no ,,, is acceptable or not. Now L/0.152 = 1.8 and if
this is adopted, the equation (5.1) gives the verification condiËion:

(s.2)

This formula was originally proposed by IIIil and adopted by ISO. On rhe basis
of the "international test series" 17l and discussions within III^i the formula
was modified. The ultimate tensile strength of the fillet weld depends on
electrode quality, which must be chosen in relation to the type of steel of
which the elements to be welded are made. In general, therefore, the ultimate
tensile strength of the weld f*,r."r be expressed as a function of the
strength f' of the parent metal:

:B f
1¡, \¡I ' 1^I U

wherein É* is the efficiency coefficient of the fillet weld. The
verification, therefore, becomes:

IS0 has recommended this equation in the more general form:

t2ø-L+k t)("i * ri) s É, f,, (s.5)

where the parameter k has not been fixed, so that the cod.es of the various
countries are free to adopt"different values of k, according to the chosen
safety factor in shear. some codes (and rrl{ also) adopt k:3, in order to
maÍntain, also for fillet we1ds, a combined stress formula simílar to that of
the Huber-Henky-Von MÍses criterion. In this case, the equation becomes:
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hrhere

,o'i 
= þ* ru

ßf'l¡r u

representing an ellipsoid havíng semi-axis rr: r, : 0.58 ø. Further tests
have shown that the ellipsoid of ultimate strength'cannot be considered as a

solid of revolution, semi-axis 7, being longer than 1. A generalization of
the ISO equation (5.5) was therefore proposed as:

October 1988

(s 6)

(s 7)

(s.8)

semí-axis 7, 
: 0.76 ø, and 1: O.5B øa.

ISO one to experimental results.

T4

+3
/2
o
-l-

,2("r- *

ís aboux 3/2. Equation (5.6) therefore becomes:

t,1 * 2rÎ

representing an ellípsoid having
This equatíon is closer than the

The ECCS Recomrnendations suggest the adoption of the Br-values given in table
5.1 as a function of yield stress f, of the rnaterial of which the welded
elements are made. They allow the strength function of eqn. (5.6) to be
adopted.

Table 5.1: -values according to ECCS l,lrl and p-values according
ECCS t4l and EC 3 tll.

t, {tl,zmm2) pw p : r/p,

< 240

> 240

< 280

> 280

< 340

> 340

< 400

L.43

L.25

1. 1B

1.00

0.7

0.8

0.8s

1. 00

B'ut
to
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'4* t ,Jt - ,;, < 1.5 f
v

October 1988

(s.e)

(5.10a)

(s.10b)

preferred resulting in the

(5.11a)

15

In EC 3 tf I the strength function of eqn. (5.6) ¡,rras í-nfact adopted also. Ir
was however, rnodified using P : L/P, and f., : 1.t t, which is a good
approximation for the steel grades considered. The strength function used in
EC 3 [1] became:

p

Adopting 1m : 1 5 the design function used in EC 3 [1] becarne:

The following equation has added:

ot <f
-L- Y

The B-value is given in table 5.1.

However, a format wÍth 7M expressed explicitly was

following design function:

p + 3 ,,Ï* ,ì, 
=

t;
J"7

l2
JO L*

f
v

been

s G|* ú,=
f.

tl

Btrllm:l'5

A strength function based

evaluation procedure which

(s.11b)

upon eqn. (5.11) has been used in the statistical
is extensively reported in appendix I.1.

f.u
o.
I-1m

Ic turned out that only for FeE235 and FeE355 test results were available in
large amounts. Furthermore large amounLs of test results were available only
for the weld configurations shown in fígure 5.3. The statistical evaluation
procedure revealed (see also [6, ]l) that the weld configuration having only
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"ll D- "l-l dfl

Figure 5.3: l^Ield configurations considered.

welds parallel to the load direction (figure 5.3a) is the most severe
configuration. It was decided to optimize the strength function for this weld

configuration, accepting some conservatism for the other weld configurations,
since it does not seem practical to have different strength functions per
weld configurationl'finally, the followíng design function can be achieved:

16

?M: 1'25 (s .t 2a)

(s.12b)
f_uo <-

I-1¡l

with B-values according to table 5.2.

Table 5.2: p-values according to statistícal evaluations
of appendix I.

steel grade p e., {tl,zmm2 )

FeE235

FeE355

0.74

0.77

360

510
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In figure 5.4 the results of the statistical analysis for the strength
function using table 5.1 (L984 Draft) are compared v¡ith those for the
strength function using table 5.2 (1988 Revision). The outcome of the
statÍstical evaluation is represented by values for 7", ÂK and rff t:1. First
of all the results obtained, using the strength function of the l9B4 Draft,
are considered. For all weld configurations treated together and for weld
configuration | | , both made of FeE235, ffi-values are greater than 1.25. These

values are lower than I .25 in all other cases. For FeE355 very conservative
results are obtained with tl 

".tr,.00¡ 
Considering the results obtained, using

the strength function of the 19BB Revision, it can be concluded that f[-
values just a bit lower than 1.25 are obtained for the weld configurations | |

of both materials. For all other weld configurations lower valu ^ *.es lor 7, are
obtained. Therefore a harmonised value 1¡r:1,25 can be used in eqn. (5.12)
with B-values according to table 5.2.

L7
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l9B4 Draft

October 1988 18

1.5

l.l.

METHOD I:
SIRESS COMPONENT METHOD

l98B Revision

t.l

l.

0.

0.8

0.

0.

0.5

r.5

l.¿

1.3
r 25

Weld
configuration

steel

ß

I

1.2

ll

1.0

0.9

0.8

07

0.5

05

r.2 5

/n

/m
A¡

Figure 5.4: Comparison of statistical analyses for method
method.

stfess component

FeE235 FeE355 FeE235 FeE355
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In the figures 5.5 and 5.6 the uest reslrlts ru. have been plotted versus the
theoretical resistances ra. based upon the strengÈh function using table 5.2
for the materials FeE235 and FeE355 respectíweIy. The corresponding
sensitivity diagrarns for weld configuration are given in the figures 5.7 and
5.8.

400 rti
x 10.

Figure 5.5: Test results re. versus theoretical resistances ra, based upon
the strength function using table 5.2 for method 1: stress
component nethod; FeE235, b : I.362.

19

o
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o
*

o
to
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re r.

oo

October 1988

400 nti
,(10t

Test results r_-- versus theoretical resistances Í. . based uDonel. -tÍ ----- *r'
the strength function using table 5.2 fox method 1: stress
comDonent method; FeE355, b = 1.224.

20

o
)*

210160
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reiz'rti

ll
Figure 5.7: Sensitivity diagram for weld

stress component method.

October l98B

configurati-on, FeE235, method l:

2t
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neiZ'r-ti

Figure 5. B:

lt
Sensitivity diagram for
sCress component method.

October 1988

weld configuration, FeE355, method l:

22
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5.2 Method 2: mean stress method

As mentioned in chapter 4, the overturned throat
be the resistant section. The mean st.ress øw

stress parameter to be considered (figure 5.9).

Figure 5.9: Mean stress ør¡¡

This mean stress is obtained by dividing the
throatareaA:al:

October 1988

section can be regarded to
on the throat section is the

force F on the weld by rhe

23

F
1./ A

F
aL (s.13)

evaluation of the international test
proposed:

In 17), on

series, the

F<

the basis of a statistical
following design function is

: 0.8 (41 + A2) f,r,,

This formula is derived for the weld configurations of figure 5.
area A, refers to welds perpendicurar to the loading direction;
welds parallel to the loading direction. For one we1d, eqn. (

rer¡/ritten as follows :

F.
1 (s.14)

3. The throat
A, refers to

5.14) can be

: L. o.B r\^/ aI - tl,W (s.ls)
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For f-- __ the following equation may be used:ürW

f. +f
- 1l U.I47Ìnt*'* - 2 (5'16)

,For practleal reasons fr,* : 450 N/mnz for FeE235 and fr,, : 550 N/mm2 for
FeE355 may be used.

Others, e.g. t6], use the ultimate shear strength of the weld as value riot to
be exceeded ln stead of 0.8 f :

ürW

Fo :T(trrr^, (5'1-7).t¡I AJ¿ - ü,W

Nowo it is assumed that the ultimate shear strength of the weld rr,r.uo 6"
expressed as a function of the shear strength ru of the parent metal:

r :B rü,w 'qt u

Eqn. (5.17) can be wrítten as:

o <B rI^7-'vI tl

(s 1B)

(s 1e)

(s 20)

!üith r,, : fu/JT, P : I/Pw and fr, - 1.5 f" egn. (5.1-9) can be revrritren as:

which is the s,trength function of EC 3 [1]. The corresponding design function
(with TM : 1.5) is:

(5 21)

The B-value is gíven in table 5.1.
However, a forrnat with 'yM expressed explicitly was preferred resulting in the
following design funetion:

f
"wsf-.,.*ßi î¡r:l.s
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A strength functlon based on eqn. (5.22) has been used in the sratistical
evaluation procedure whieh is extensively reported in appendix I.2.

For the uest results available and the outcome of the statistical evaluation
Èhe same as stated in section 5.1 holds, resulting in the following desígn
ftmction:
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Method 1:

"L: o

"L:0

+ 3 ,r1*

Method 2;

_f

!, 2al

October 1988

F.I
a.!.

26

F.
1

a2

F.
1

al7t

tt,oI 2.',r,.) :
//

[-r.Tlt <;]r

L4- =-
al þr,

F.:
1 F.:

].

Figure 5.10: Comparison of the methods 1 and 2 for determining weld
configuration.

In figure 5. 11 the results of the statistical analysis for the strength
functíon using table 5.1 (1984 Draft) are compared with those for the
strength function using table 5.2 (1988 Rewísion). The ourcome of the
statistical evaluation is represented by varues for -yr, ÂK and "rfi l:t. Firsr
of all the results obtaíned, using the strength function of the 1984 Draft,
are considered. For all weld configurations treated together and for weld.
configuration ll, both ¡nade of FeE235, ffi-values are greater than 1.25. These
values are lower than 1.25 in all other cases. For FeE355 very conservative
results are obtained wíth t[ a f.OO. Considering the results obtained, using
the strength function of the 1988 Revision, it can be concluded tt"t ffi-
values just a bit lower than 1.25 are obtained for the weld configuracions | |

of both materiars. For all other weld configurations lor,¡er varur - *)s tor ï" are
obtained excePt for all weld configurations treated together. Therefore a

harrnonised value 7U: 1.25 c,an be used in eqn. (5.23) with B-values according
to table 5.2.
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1984 Dra f t
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r.5

1. t,

r.3

METHOD 2 .

MEAN SIRESS METHOD

l9BB Revision

I

1.2 5

Weld
configuration

steel

t)

1.2

Ll

1.0

0.

0.8

07

0.6

l.l

r.0

0

0.8

1,25

-7
7̂n
.AK

0.

0

0.6

0.5

Figure 5.11: Comparison of statistical analyses for method 2: mean stress
method.

FeE235 FeE355 FeE235 FeE355
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In the figure 5.12 and 5.13 the test results r"- have been plotted versus the
theoretical resistances ra. based upon the strength function using table 5.2
for the materials FeF'235 and FeE355 respectievely. The corresponding
sensitivity diagrams for weld configuration are giwen in the figures 5.14 and
5.15.

x

x

28

x

Ít

x

lt,r:r*

xlol

12: Test resula. ."i versus theoretical
the strength function using table
method, FeE235, b : I.472.

resistanc"" rti based upon

5.2 f.or method 2: mean stress

/

rti
0

Figure 5

t50
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nel
oo

{oo nt i
)(10r

Figure 5.13: Test results re- versus theoretical resistances ra. based upon

the strength function using table 5.2 for method 2: mean stress
method; FeE355, b : 7.327 .
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r-eizf-ti

Figure 5.L4:

ll
Sensitivity diagram
mean stress method.

October 1988

for weld configuration, FeE235, method 2:

30
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neilrti

It
5.15: Sensitivity diagram

mean stress method.

October 1988

for weld configuration, FeE355, rne thod 2 :

31
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D]SCUSSION AND CONCLUSIONS

On the basis of the statistical evaluation of available test results, the
folrowing design functions for fillet welds have been derived:

32

n ^ 2 ?. fu
method 1: Jo' + 3 (r' + ,t) , p;

method 2:

It should be mentioned that a

f mav be an alternative foru, hIln

to high strength steel.

(6.la)

(6.lb)

(6.2)

design functíon which includes both f, and

future investígations, especially Ín relation

f_uo <-
-7M

where ïU : 1 .25 and p : 0.74 f.or FeE235

p : 0.77 for FeE355

Only a minor difference in B-va1ue is obtained for FeE235 and FeE355. This
can be explained as follows. The static strength of the fínished weld is
influenced by the strength of weld and parent material. By making a

statistical analysis of the relation between weld and parent material, a mean

value and standard deviation can be obtained for the ratio fr,r*/fr. For
steel gtade FeE235 the mean value is greater than for steel grad.e FeE355.
This is due to the fact that the same electrodes are used for these steel
grades. The standard deviation for FeE235 is greater than the one for FeE355.

Using P :0.74 for FeE235 and the outcome of the statistical analysis
mentioned above, a B-walue for FeE355 can be derived which is between p :
0.77 and P:0.88 depen<ling on the assumption for the relation between f.r,*
andf andf:tl, ItIn u
- for f.. --: (f.. + f )/2 t.he B-value is d: O.7l;U,W 'U,\¡Im U"
- for f-- __: f _- the B-value is p:0.88.urw ur\dm
This derivation has been carried out with 5? fractiles of the ratio
f-- --/f-.. It can be concluded that the value P:0.-/7 lor FeE355 as obrainedu,wm' u
in the statístical evaluation corresponds to the value p:0.74 for FeE235.
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The design functions (6.1) and (6.2) allow filler v¡elds to carry more load
than design functions proposed by the rrlJ. There are reasons why the design
functions above, as derived by statistical evaluation, should be modifíed
into rnore conservative ones. sorne of these reasons are given berow:
- The design functions were derived for FeE235 and FeE355 only while rhey

will- be applÍed for other steel grades as well.
- The desígn functions ltere deríved for a limited amount of weld

configurations. For example, forrnally, the T-joint is not covered while the
design functions will be used for this case as well.

- Design functions should be such that they allow for certain v¡eld.
discontinuities to be present. No Ínformation is availabl-e on weld
discontinuities in the available tests. If there vrere no weld
discontinuities in the tests then these tests may be too optimistic.

- WeId strength depends on the quality of the fabrication process al_so. A
designer does not always have appropriate influence on fabrication.

For these reasons, the B-values are increased to p : O.g for FeE235 and
p - 0.9 for FeE355.

In table 6.1 the strength parameters fu/(Þ tQ of method I are compared. The
new B-values result in a decrease in frr/( Þ tfl of I .5 and 15t for FeE235 and
FeE355 respectively when compared to the B-values according to the
sÈatistical evaluatÍon. The III,I design function is still more conservative
than the design function with the new B-values.

f
Table 6 ' t: comparison of strength parameter ;-ï of method 1.p fi,t
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S Eeel

grade

f
u

N,/tt2

S Èatis tical evaluation I ILT EC 3 Rev.

p 7M þrv
f.,

þtu,,7
N,/nm-

p 7M þru
f

tl

þtu")N/rn-

p 'vM 9ru
f.,,

þlu ,')
N/o*-

FeE2 3 5

FeE3 5 5

360

510

0.74

o.77

L.25

L.25

0. 93

o.96
389

s30

o.7 (0.84)

0. B5 (1.02)
1.s (1.2s)
r.5 (1.2s)

l.0s
L.28

343

400

0.8
0.9

r.25
L.25

1.00

1.13

360

453
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In this report strength functions and suitable model factors for welded
connections have been deterrnined, using the statistical procedure of [3] to
derive the strength functions from the available test data of [2].

In table 6.2 the strength functÍons are summatized. In the first column of
table 6.2 tlne methods used are mentioned. In the second column the strength
functions are given as presented ín che 1984 draft Eurocode No.3 [1]. These
strength functíons have been reformatted to, among others, write the model
factors explicitly: the third column of table 6.2. In the lasÈ,.column, the
strength functions as proposed for the 1988 revision of Eurocode No. 3 are
given. These strength functions are based upon the statistical evaluation of
test results and upon the considerations mentioned above.

34
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Table 6.2: Summary of design functíons for welded connections.

- B-values relevant for l-eE235 and FeE355 have been given only. p-values for
other steel grades for the 19BB revision of EC 3 can be obtained by linear
interpolation and extrapolation. Thís results in approximately:

P: O.B5 if fu:430 N/rr*2 and B:1.00 íf fu:650 tl,/r*2.

method EC No. 3

draft 1984 tfl
EC No. 3

draf.t L9B4 t1l
reformatted

EC No. 3

revision 1988

l:

s tres s

comporrent

method

,2
o+I *'Í,=t,

and

o. < fI- v
where:

p : o,t if.
f < 240 tl/mm2v-

p : L.0 íf
f > 340 t'l/mm2v-

"t 'tu,i*'f, _u
=Btt

fuo. < -.[ -'t¡l
where:

p : 0.7 if.
f < 240 N/mmv-

p : I.0 if
f > 340 N/mmv-

(r" : 1.5;
f : 1.s f )uy'

?*,li 
= 
;+þry

and
f_uo

I - 1¡,1

where:

p : 0.8 íf
fu - 360 N/r*2

p :0.e if
fu : 510 N,/r*2

("u : L.25)

2:

mean

s tres s

method

f
"*<lh
where:

F
"w ZaI

B:0.7 Lf
f < 240 N/mmv-

B : I.0 if
f > 340 N/mmv-

f
o*= p hJ3
where:

F
"w 2al

p:0.1 if
f < 240 x/mm2v-p : L 0 if
f > 340 tl/m¡n2v-

(r" : 1.5;
f : 1.5 f )rl y'

f

" 
= B hJ3

where:
F

"w ZaL

p : 0.8 if
f,, : 360 N/mm

p : 0.9 ir.
fr, : 510 N/mm

(t, : I.25)



TNO-report

IBBC BI-88-139 October 1988

REFERENCES

t1] Eurocode No. 3: "Common Unifíed Rules for Steel Structures't, Commission
of the European Communíties, Brussels 1984, Report EUR 8849 DE, EN, FR.

l2l Ungermann, D., Sedlacek, G., Collection of test results on welded.
connectíons , RI,üTH-report, Aachen, 19BB .

t3] Bij laard, F.S.K. , ,Sedlacek, G., Stark, J.Il .8., procedure for the
determination of the design resistance from tests, Report BI-87 -LL2,
TNO-IBBC, Rijswijk (2.H.), The Nerherlands , 1987.

t4] "European Recommendations for Steel Construction", European Convention
for Constructional Steelworlc (ECCS), Brussels, March L978, ECCS-EG 77-
2E'.

t5] Ballio, G., M,azzoLani, F.M., Theory and design of steel structures,
Chapman and Hall, London, 1983.

t6] chapeau, w., Guiaux, P.,Lambert, J.-c., Le calcul des cordons d,angres
rectangles isoceles sollicites statiquement par 1e critere de
cisaillemenL maximum, lre partie, considerations theoriques, CRIF, Juin
L972.

17l rnternatíonal test series, final report, Report Br-68-25, TNo-rBBC, TUD,

The Netherlands, Doc. XV-225-67, March 1968.

tB] Stratíng, J., The strength of fillet welds made by automatic and semi

automatic welding processes, IIüI Doc. XV-31-6-7L, TNO-IBBC, Rijswijk
(2.H,), Delft University of Technology, The Netherlands, March LgjL.

t9] Klöppe1, K., Petrí, R., Versuche zur Ermittlung der Tragfähigkeit von
Kehlnähten, Der Stahlbau, L/7966.

[10] rnternational test series, final l:eport, TNo-rBBC, Doc. xV-225-6j, June
1967 .

36



TNO-report

IBBC BI-88-1-39 October 19BB 3l

[11] Bornscheuer, F.I^I ., Feder, D., Traglastversuche an Laschenverbindungen
aus ST 37 mit Flanken- und SLirnkehlnåhten, Stuttgart, Schweissen und

SchneÍden, Jahrg. 18 (L966), Heft 7.

lL2l Pham, L., Co-ordinated testing of ftllet welds part 1 - cruciform
specimens - AI^IRA contract 94, AIIIRA report P6-40-83, Australian I^Ielding
Research, December 1983, Doc. XV-A-68-85.

t13] Pham, L.,. Co.-.ordÍnated.,testíng.of fillet welds paxE 2 - lrrerner.ppecimens

- AI,üRA contract 94, Atr{RA report P6-40-83, Australian l^Ielding Research,

December 1983, Doc. XV-A-69-85.


