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Orthogonally to the Plane of Rolling

Hans - Jiirgen Bargel

L T

The mechanical properties of steel sheet show consider-
able differences between the three directions: direction
of rolling or longitudinal direction, lateral direction,
and the direction of thickness or vertical direction,
pointing orthogonally on the plane of rolling given by
the other two. While development of materials has lead to
nearly the same static properties in the longitudinal and
lateral directions, the values of ultimate tensile strength
and yield strength are about 20 per cent lower in the
vertical direction than in the longitudinal one, those of
elongation and reduction of area even up to 70 per cent
lower. This severe reduction of ductility causes problems
especially in welded constructions, because these often
have joints, loading a plate orthogonally to its rolled
surface, whereas the calculations of the design are mostly
based on the longitudinal properties of the material only.

The lower ductility and the loss of strength in the
direction of thickness are mainly caused by the strati-
fication of nonmetallic inclusions, which are flattened
by the process of rolling. In consequence the metallic
matrix is weakened most in the vertical direction, an
additional effect of stress concentration given by the
thinned disks cannot be excluded. When loaded statically
in the direction of thickness the sheet cracks in several
planes parallel to the plane of rolling, giving the fract-
ure a terrace-like appearance generally known as lamellar
tearing. The terrace plateaus correspond to low-ductility
cleavage near the nonmetallic inclusions, the intermediate
microscopic regions, especially those at the terrace
slopes, represent zones of relatively high plastic de-
formations.

Up to now, no investigations are known about thre fatigue
behaviour of sheet metal loaded in the direction of thick-
ness. The increasing use of high-yield steels in welded
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for the latter specimens. The strength of the lateral spe-
cimens nearly equals that of the longitudinal ones at

but at 106 cycles it is only of the
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about 3-105 cycles,
magnitude of the vertical specimens.
cerning high cycle fatigue loading, a stressing orthogonal
to the plane of rolling is for this steel at least no more
dangerous than the usual stressing in the lateral direction.

Up to now, only stress-controlled fatigue tests are made.
As in static loading the vertical ductility is essentially
lower, one may expect more severe differences between the
three coordinates in the still intended strain-controlled

tests, especially in the low-cycle region.

Fatigue fractures predominantly have the appearance of
low ductility and therefore the fracture surfaces generally
do not show any features of plastic deformation on a macro-
scopic scale. In the same way lamellar tearing produced by
static loading in the direction of thickness is connected
with little deformation. Nevertheless both kinds of fract-
ure can clearly be distinguished on a macroscopic scalej

fatigue fracture surfaces mostly have only one single,

almost smooth plane, covering a larger area, while lamel-

lar tearings show numerous small parallel terraces. On a
microscopic scale fatigue fractures mostly have fine stri-
characterizing the amount and direction of crack

ations,
the microscopic structure of a lamellar tear-

propagation,
ing clearly exhibits the parabolic pits of a ductile
fracture.

A fatigue fracture produced by stressing in the direct-
ion of thickness combines both macroscopic features. The
fracture surfaces have the terraced structure again, as
shown in fig.3, but in general they are smoother than a
static fracture, the more the smaller the difference be-
tween the applied stress and the endurance limit is. By
some exercise it 1s possible to distinguish the areas of
fatigue crack propagation and of final rupture even on
these very similar surfaces by naked eye. But it is in-
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comparably more difficult to locate the point of crack
initiation without any doubt.

The formation of terraces shows, that the weakening of
the metallic matrix by nonmetallic inclusions is more
Severe than the stress concentration of an already exist-
ing fatigue crack. By means of a Stereoscan microscope it
was found, that the crack simultaneously propagates on
Several terrace plateaus already in the direct neighbour-
hood of its probable starting point. The striations of
crack propagation are crossing adjacent terrace planes
inclusing the intermediate slopes. Fig.4 shows such a reg-
ion, the striations on the terrace slopes being concen-
trated to bright lines by perspective distortion. Part of
this region, given in fig.5 at a higher magnification, re-
veals frequent interruptions of striations on the terrace
plateaus by opening of the cavities of the nonmetallic
inclusions. The surfaces of the slopes between the parallel
terraces very often show "tire tracks", typical features
for mode B of stage II of fatigue crack propagation, as
can be seen on figures 3 and 6.

The surface of final rupture, which of course is a lamel-
lar tearing, again exhibits on its terrace planes the mi-
croscopic cellular structure of a ductile fracture with its
parabolic pits. an example is finally given in fig.7, show-
ing, too, nonmetallic inclusions exposed by the fracture.

500
n
0 “z
o Z
3 N ¢
’ iy ”ff &
? Y9 i e i i i i’ //%QZ{
r 2
i
|
100
CriloZr-steel MnNiV-steel
O n 1 It 1 1
- s ~ . -
104 102 10° 107 B 10° 10
—= cycles —== cycles
figures 1 and 2: S=-N-curves of 50 mm steel sheet, when

stresced 1ongituainal/%7, lateral\\\, and verticalllll .
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Fig.3: Terraces and "tire tracks" on the surface of a
fatigue fracture, CriloZr-steel, alternating stress in
vertical directior %240 N/mm2, 3.72-10° cycles.
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Fig.6: "Tire tracks" on the Fig.7: Final rupture surface
lerrace slopes of a vertical of a specimen fatigued in
fatigue fracture vertical direction with duct-

ile fracture in micro-regions
V=344





