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Introduction

During the latest two decades, spread of the welded structures widened
out the research work concerning the load capacity of welded connections,
leading to a number of scientific results in the domains of both statically
loaded welds, and welds subject to fatigue loads.

In connection with the investigation of the load capacity of statically
loaded welds, specialists are particularly interested in the laws of the failure
of longitudinal fillet welds. Tests by Wistoonp and Ostrunp [1], Favtus [2]
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and others proved that the ultimate strength of such welds was little affected
by the stress component ¢,. The phenomenon has theoretically been explained
by Giruix [3]. He pointed out that stress component ¢,, might linearly in-
crease with the load not longer than up to the yield beginning in the weld. The
vield abruptly reduces the value of the stress component ¢, and hereafter the
stress component ¢, remains negligible beside the stress component 7
(Fig. 1).

After longitudinal fillet welds connecting bars in tension or in compres-
sion, as a matter of course, researchers turned their attention to one type of the
welds used the most frequently, this being the web-to-flange weld of plate
girders. The question arose whether the stress component ¢, was important or
negligible for the failure of web-to-flange welds. This problem has been experi-
mentally studied in a number of laboratories. Tests by Neuman~ [4] and
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GALLiK [3] unambiguously proved that the stress component was unimportant
for the failure of the web-to-flange weld of steel beams under static loads toe.

The tests even pointed out that web-to-flange welds of steel beams subject to

static load practically cannot fail. Web-to-flange 'xs‘e'zds in the test heams

o

remained usually undamaged even after the complete failure of the beams.

though the welds have deliberately been made too weak (with a small cross-
T

and a test are briefly described,

sectional area). In this ;mp*‘v a hypothes
likely to furnish satisfactory explanation to the phenomenon mentioned

above.
Hypothesis concerning the flan

Erom the fact that net even small web-to-flange welds of sieel beams subject

static load fail, one might conclude that in case of such welds not only siress
componanz o, tends to zero in the failure zone but also stress component 7| lags
stgnificanily behz:zd the load, instead of direcily increasing with it. If this is true,
it can only be aitributed to the considerable displacement of the flange, due to the

plas flvjonna!wz of the weld maierial.

C €
Th elative dm;mo ement of the connected parts of steel beams is verified
by a ;111111 er of tests. For example, Bryra and CayizLowiec [3] peinted out

2 the 1930°s that the load capacity of steel beams with welded or

as early as 1

¥

riveted joints was lower than that ¢f rolled beams of *‘he same proportions bu

without joints. Great flange displa ents appeared from load test results,

some vyears ago, of the Elisabeth- brmm acros

The relative displacement of beam flanges is an old problem fer the

the Danube in Budapest [6].

(I)

researchers. A number of pxpmc have been published in recent decades dealing
with this question [7]. The investigations were limited, however, to the elastic
range and commounly I:Oth‘n“ else than elastic flange displacements to be
negligible was stated. The question, how mu h the flange displaced after the
vield of the webh-to-flange weld and how this reacted on stresses, was usually
ignored.

It remains certain that the flange displacement due to the yield of the
weh-to-flange weld is greater by about one order of magnitude than the elastic
one and thus, the formula

used for the determination of the stress component 7, of the web-to-flange
weld, after its plastic deformation, is not valid any more. In this case, the
formula gives only the theoretical upper limit of the stress component Ty The
real value of the stress component 7, is always lower than this latter. Accord-
ing to the theoretical considerations the difference between the theoretical
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limit and the real stress component 7, is the more significant, the greater is
the plastic deformability of the weld material and the shorter is the sheared
length of weld, that is, the span of the beam. At the same time, this means that
the design application of this formula representing an upper limit results in a
higher safety agaz st failure than expeeted. This may first of all be observed

for highly ductile steel welds and for beams of short span (or under two sym-

metrical loads).
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Taking these viewponts into consideration. the specimens have heen
made of an alloy named HEGAL 34 (AlMgZnTi) of which a pressed I-section
of 60 x 60 x 4 mm was available. Beams of given length have been cut off of
this material. On both sides of the test beams, to 6.2 mm from the edges of the
lower flange, grooves 1,2 mm thick have heen cut out with a slitting saw to
weaken the web. The groove was cut out along the whole length of the beam
except a portion of 2,5 em on both ends. Here. grooves seemed to be undesir-
able because of the risk of a destructive compression or buckling in the thin
part of the web, due to the relatively great support reactions. In order to
avoid disturbances owing to the thicker portion of the web, over the supports,
at the ends of the grooves the lower flange has been cut through up to the
upper edge of the grooves (to provide for a stress transfer into the lower flange
through the weakened web). To eliminate the risk of local buckling at the sup-
ports, plates have been glued up on both sides of the web (¥Fig. 2).

Reference test beams have been made of the alloys HEGAL 34 and
MASZIL 28, lower in sirength but more ductile. with and without grooves, res-
pectively.
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A testing machine WPM applied a single load P at midspan on beams
supported by rollers on a bending table.

Five of the eight HEGAL 34 specimens failed by shear of the weakened
web part starting from the support towards midspan (Fig. 3). The other three
specimens failed by instability (i. e. lateral buckling) rather than by shear in

Fig. 3

the weakened parts of the web. One of them had a relatively large span (speci-
men 6). while webs of the other two specimens were not grooved (reference
specimens No. 7 and 8). Of the four reference specimens of alloy MASZIL 28,
the two short-span ones failed by shear, the other two by instability.

The ultimate strengths of the HEGAL 34 specimens are compiled in
Table I. Tabulated data unambiguously show the ultimaie shear load on the fillet
to increase with shorter spans. The same is true for MASZIL 28 heams failed
by shear.

Checking test resulis by computation

Test results have been checked by computation, based on the assumption
that the formulae deduced for beams with elastic joints may be applied in the
stage of failure, if the spring factor has heen determined from a chord drawn
to the end point of the characteristic curve of the material (method of the
chord modulus). This method has previously been applied with favourable
results, for example to compute the ultimate strength of longitudinal fillet
welds and of glued connections [7]. [8]. [9].
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In our case, the characteristic 7 — y curve of HEGAL 34 has been plotted
on the basis of torsion tests. Tests showed an ultimate shear strength of 2,28
Mp/em?, involving a specific rotation of 0,28 radian. Thus, according to the
chord modulus, the spring factor of the fillet part 1,2 mm high and 1,0 mm
thick of the test beams was likely to be

2.9
¢ == 2.28 g — 6,8 Mp/em?.

—— — @ N(x) + 2 - My(x) =0

describing the stress pattern of simply supported composite beams with
elastic connections, where:
N(x) is the flange force; My(x) is the moment from the external
forces: ,
® and () are constants depending on the cross-section and the spring
factor, respectively [10].
For the test beams we obtained:

0= 0,147 ——,
cm

1

cm?

Q= 0,0035

From the solution of the differential equation the ultimate strength could be
re-calculated:

7 chw —
Pi = 2v g‘ Ty l -
choy — — 1
In the formula:
v — thickness of the weakened web portion;
J — moment of inertia of the cross-section;
S — static moment about the flange section centroid;

7g— shear strength of the material; and
I — beam span.
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Table I

i | Failure load Py [Mp]

Span | Width of neck — -
No. of Specimen 1} v : Theoretical
[em] [mm] Test S S
: A | B

1 1.0 4.30 .45 4.88
2 1.0 412 4.45 4.88
3 1.0 3.15 3.08 3.25
4 1.0 3.02 2.92 2.96
3 1.0 2.80 2.88 2.78
1.0 2.63 2.86 2.76
3.0 — — —
3.0 - — —

Measured and ement (a
major differenc are
compared in Fig. Fhe straight dotted line re]L resents the lower limit of the
theoretical engih values, it |

ultimeate strength curve.
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In addition, a simpler method has been worked out to caleulate ultimate
strength values. This latter is based on the same assumption as the differential

equation above, but its selution is based on the Ritg-Timoshenko energy

method. The final formulae are relatively simple and arve of the same form as

those for rigidly connected beams, only the moment of i*zertia J has to he
replaced by a theoretical moment of inertia J;, also depending on the spring
factor and on the span [7]. The obtained ultimate siren .qth values may be

el

seen in column B of Table’ I.
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Conclusions

The assumption of flange displacement in the stage of failure due to
plastic deformation of the web-to-flange weld has been substantiated by the
described tests and computations. The following conclusions concerning the
web-to-tlange welds subject to static loads can be drawn:

a) Actual formulae applied for designing web-to-flange welds are mostly
inadequate to estimate the safety against failure.

b) Besides of the strength of the weld material and the beam geometry,
the ultimate load of web-to-flar :gf welds depends also on the plastic properties
of the weld, The greater the plastic defsrmability of the weld and the shorter
the beam span. the higher is the salety against failure of web-to-flange welds

o

ned by conventional for

desig rulae.

subject to flexural and shear stresses do not. in
ic load I an be atiributed to {lange dizsplacement prior
ic deformation of the web-to-tlange weld. the displacement affect-
state. This assumption was justified by tests and rommnaumb pre-
sented in the p:‘per x T a ‘wtnex evaluation of the test results, specimens made of alumininm
have been applied, exhibiting the same phenao: - more ready to test than steel
cimens I»e(& wase of their mmm unfavourable pla ies
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