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Stress concentrations in label recesses of glass containers?)

Karl Friedrich Hahn
Firma Hermann Heye, Obemnkirchen (FRG)

By means of the finite element method stress effects are quantitatively investigated when labelling recesses are applied to glass containers
under internal pressure. Increasing the amount of the recess and decreasing the wall thickness indicate nonlinear increasing stresses. They
are avoidable only if recesses are abandoned. Additional variations were made to create a complete picture of the effects: different body
diameters, different radii at the junction of the recess. Top load with variation of body diameter, radii at junction of recess, and body
diameter respectively does indicate only considerably smaller effects in stress increases compared to internal pressure.

Spannungserhéhung in Hohlglasbehéltern durch eingezogene Etikettenfldche

Mit der Methode der finiten Elemente werden die Spannungseffekte untersucht, die sich ergeben, wenn innendruckbelastete Glasbehilter
mit Etikettenfeldeinziehungen versehen werden. Mit zunehmender Einziehungstiefe und abnehmenden Wanddicken ergeben sich
iberproportionale Spannungssteigerungen, die durch Wegfall der Einziehung vermeidbar sind. Vervollsténdigt wird die Untersuchung
durch die Variationen des Korperdurchmessers und der GroBe des Einzugsradius. Die Effekte der Kopflast auf Glasbehdlter mit
Etikettenfeldeinziehungen erweisen sich als minimal auch bei verdnderten Wanddicken, EinzugsgréBen und Kérperdurchmessern, wenn

man sie denen der Innendruckbelastung gegeniiberstellt.

1. Introduction

When labelling of glass containers came into use
means of protecting these labels were considered. On
its trip from the filling line during distribution to the
end user there are several occasions of mutilation, the
main cause being the contact between adjacent
containers. This starts immediately after labelling.
Here the tackiness of the glue is not sufficient to resist
slipping even from the slightest forces. The contact
continues to be a problem during transport if no
precautions are provided for.

Very early it seemed obvious to protect the label
by means of a recess in the surface of the glass
container. This was achieved by reducing the body
diameter of the container at the full height of the
label, half the difference of the two body diameters
being defined as recess.

As long as older type glass containers were
concerned when wall thicknesses of 4 mm or more
were in use consequences on the strength under
internal pressure were of minor significance. In the
meantime wall thicknesses grew thinner but the
question of consequences on strength has not been
brought up again. Already at this point one has to ask
whether it is still logical and reasonable to protect the

Received 7 September 1987.

Eine deutsche Fassung dieser Arbeit liegt in der Bibliothek der
Deutschen Glastechnischen Gesellschaft, Mendelssohnstra3e
75—77, D-6000 Frankfurt 1, vor.

1) Presented in German on 20 October 1987 at the Technical
Committee IV of the DGG in Wiirzburg (FRG).

label by means of the glass container or rather protect
the glass surface with the label.

Production costs of all products are under tough
competition. To reduce costs for glass containers does
mean that energy costs as well as input of raw
material have to be considered besides other things.
Reducing the amount of raw material does imply
reducing particularly the weight of glass containers.
This has to be achieved by hopefully not reducing
strength. One main route in this direction meant
levelling off the high variation in actual wall thickness
as an inherent technological property. These varia-
tions were nearly unavoidable in the older
blow-and-blow process. In the middle of the sixties a
decisive step towards a necessary lightweighting
technology could be accomplished when the
press-and-blow process for narrow neck glass con-
tainers was introduced [1 to 3].

Considerable reductions of the variation of the
wall thickness were possible by then. This new
technology has spread worldwide and has been
further improved during the last two decades.

2. Handling of the problem

With raw material reductions reached so far the wall
thickness of glass containers had to be reinvestigated
with respect to strength. This had to include stress
investigations under various load conditions (internal
pressure, top load, thermal shock) of all the container
parts in particular in the shoulder area (e.g. wide
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Figures la and b. Bending stresses a) caused by different
circumferential elongation due to different radii of both cylinders
(D = diameter of main cylinder); b) in the transient part of both
diameters caused by stretching the cylinder by internal pressure.

mouth containers) as well as around the heel (e.g.
containers under internal pressure).

Classical analytical methods for computing stress-
es characteristically consist of setting up and solving
equations for bending moments under biaxial load.
By this method simple bodies like cylinders, trun-
cated cones, spheres have been calculated. More
complicated designed bodies very soon present
unsurmountable mathematical obstacles. Because of
this new algorithms came into use, mainly after the
last war, that apply numerical methods. They lead to
solutions the exactness of which can be chosen freely.
They do not on the other hand easily indicate the
effect of a particular variable as known from previous
complete solutions.
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One such algorithm applying numerical methods
is the finite element method. Because of the very
time-consuming procedure this algorithm needs com-
puters which are in common use today.

The stress problem in question has been worked
out by the aforementioned finite element method.
The programme is named FEGLAS. It might be
called semianalytical since for those segments of the
bottle shape that could be investigated by conven-
tional analytical methods these were applied. All
other segments of the bottle shape not accessible
mathematically by differential equations are investi-
gated by the finite element method. Under these
conditions computing time for matrices is much
shorter and personal computers become a very
practical tool (e.g., Hewlett Packard HP 9816, 512
KB RAM, BASIC 2.0 and PASCAL).

Forces and stresses resulting from label recesses
when glass containers are loaded with internal
pressure can be subdivided into two kinds (figures 1a
and b). On the one hand internal pressure perpen-
dicular to the main axis creates a strain in the
cylindrical part along the circumference. Caused by
the recess of the labelling part this strain is of a lesser
amount than in the neighbouring greater diameter —
equal wall thickness assumed of course in both parts.
This difference in strain creates bending forces and by
this additional stresses in the junction from one
cylinder to the other. The assumption of equal wall
thickness for both cylinders is not absolutely correct.

Figure 2. Bottle torso with label
recess. Dots on the outer contour
resemble finite element net.
‘ Numbers indicate element num-
bers at the beginning of a new
' segment. Outside diameter of
main body 90 mm, recess 1 mm,
‘ wall thickness 1 mm, radii be-
tween cylinders 2 mm, internal
‘ pressure 10 bar.

.« Figure 3. Bottle torso with label
recess of 1 mm under internal
pressure of 10 bar. Deformed
structure (———) over original
structure. Deformation factor
300. Measurements see figure 2.
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Stress concentrations in label recesses of glass containers

The reason for this lies in the technology of glass
forming: If a cylinder is blown up to twice its original
surface area the wall thickness then will measure only
half of its value if the weight has not been altered.
‘Consequently if the size of the recess is increased the
problem of cylinder strain and bending in the junction
will be aggravated further. Only for very small
recesses of no practical relevance this problem may
fade out.

On the other hand by closing the cylinder on both
its ends internal pressure creates forces in direction of
the main axis that in turn create an additional bending
force in the junction of both cylinder parts. This
bending force superposes the one already descri-
bed.

These forces cause deformation of the container.
Figure 2 shows a bottle torso consisting of the two
cylinder parts, supported only on one side and loaded
by internal pressure. The resulting deformation
presented in exaggerated form versus the original
structure is shown in figure 3.

The chosen body’s main diameter is 90, the recess
1 mm (e.g., 8 mm diameter) and the wall thickness
1 mm. Internal pressure is 10 bar. The modulus of
elasticity is 65 000 N/mm? for glass and Poisson’s ratio
is 0.22. In this as well as in the other figures
(originally plotter-drawn) dots indicate points of the
finite element net. Numbers indicate the beginning of
each segment. Stresses caused by above deformations
are shown for the external surface in figure 4a and the
inner surface in figure 4b; for both figures the recess is
0.2 mm only. In figures 5a and b the recess measures
1 mm. Internal pressure and wall thickness are
identical with the body used for figures 4a and b.

In-between the stress peaks at the recess junctions
one can see the stresses of the undisturbed cylinder
wall. This indicates the well-known ratio of 2 to 1 for
the circumferential and longitudinal stresses, respec-
tively, of a plain cylinder under internal pressure. The
disturbances of the circumferential stresses — com-
pared to the longitudinal stress — at the beginning of
the recesses are comparatively small for both recesses
with 0.2 and 1 mm, respectively. That means the
deviation from the stress in the geometrically undis-
turbed part is small.

It must be noted that the reduction in stress from
the undisturbed cylinder does occur in the convex
part of the junction whereas the increase does occur
in the concave part.

The effect of the recess on the longitudinal stress
is relatively strong. With increasing amount of the
recess the so caused stress peak does not only grow
beyond the circumferential stress of the undisturbed
cylinder — being already twice as high — but even
beyond the stress peaks of the circumferential
stress.

Of practical importance only is the increase in
stress which exceeds the circumferential stress of the

undisturbed cylinder. Because it is this which creates
the additional risk originating in the labelling recess.
As can be seen from the examples shown the
circumferential stresses already begin with small
recesses to even be surpassed by the longitudinal
stresses when the amount of recess depth increases.
Not recognisable yet is the effect of the different wall
thicknesses of the cylinder.

3. Result and consequences

The result of a systematic quantitative investigation
of the various stress conditions is given in figure 6.
The wall thickness is presented as the independent
variable. The ratio of the stress peaks in relation to
the maximum of the circumferential stress in the
undisturbed cylinder on the outside is presented as a
factor — the resulting dependent variable. The
amount of depth of the recess is given as parameter
for values of 0.2, 0.5 and 1 mm, respectively.

Between force — internal pressure in this case —
and resulting stress there is a linear relation.
Therefore the resulting stress factor of figure 6 — the
ratio of the stress peak and the maximum circum-
ferential stress of undisturbed cylinder — is applicable
to any other value of the internal pressure and not
confined to the 10 bar indicated.

The resulting consequences are:

a) Applying a recess of 0.5 mm at a wall thickness of
even as high as 3 mm a stress increase of about 10 %
can be expected.

b) Actual wall thickness of today’s containers are in a
range of between 1 and 1.5 mm. Here stress increases
can be expected to be in a range of even 20 to 60 % if
the amount of the label recess is chosen too
generously.

c¢) Even within the range of wall thicknesses common
today the gradient of the stress ratio with decreasing
wall thickness and increasing amount of recess is such
that it must be highly recommended to do away with
label recesses all together.

In addition to the stress increases caused by contour
disturbances there are other variables aggravating
this effect. Even if a theoretical line contact of two
containers may not occur under real conditions one
can assume that two containers under impact (filling
line, packaging, transport) will have several points of
contact along their cylinder wall which have about the
same stress level. In case of bodies with label recesses
each impact of two containers hits areas of obviously
increased stresses. It has to be considered further that
the outer surface will be damaged by scratches. The
maximum tensile stress of course is located on the
concave inner surface, by means of the internal
pressure, however, and a high amount of the recess
tensile stress will also build up on the outer surface.
Each impact hitting at about 90° in circumference
away from the scratched location will then again
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Figures 4a and b. Superimposed nor-
mal stresses versus flattened contour
(---- circumferential, —— longitudi-
nal). Outside diameter of main body
90 mm, recess 0.2 mm, wall thickness
1 mm, radii between cylinders 2 mm,
internal pressure 10 bar. Numbers
along contour axis indicate element
numbers at the beginning of a new
segment (o> 0 =tension, 0<0=
compression); a) normal stress out-
side, b) normal stress inside.

Figures 5a and b. Superimposed nor-
mal stresses versus flattened contour
(---- circumferential, —— longitudi-
nal). Outside diameter of main body
90 mm, recess 1 mm, wall thickness
1 mm, radii between cylinders 2 mm,
internal pressure 10 bar. Numbers
along contour axis indicate element
numbers at the beginning of a new
segment (0> 0 =tension, 0<0=
compression); a) normal stress out-
side, b) normal stress inside.
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Stress concentrations in label recesses of glass containers

increase the tensile stress further. So one can realize
what disadvantage is inherent in the application of
labelling recess.

If over and above not one-way containers but
returnables might be considered then one can
imagine what risk might be presented with the “white
ring” around the body.

The stress computations presented here were
made with the assumption of equal wall thicknesses
all over the cylindrical parts. Real containers do have
uneven walls. These definitely are more pronounced
in containers produced by the blow-and-blow process
but even in the narrow-neck-press-and-blow-process
they do not vanish completely. These thickness
variations occur statistically and will also appear at
the junction of labelling recesses.

During the first few paragraphs it was asked
whether it is still reasonable to protect the label by
means of the container surface. The results of this
investigation suggest a negative answer in case of
pressurized containers. Generally it must be noted
that all deviations from straight and undisturbed
container surfaces present disadvantages with respect
to the strength of lightweight containers. This holds
as well for lettering as for protruding ornaments.
They are safely located in the bottom of containers
only which generally is much thicker than the
sidewalls.

For a complete coverage of the quantitative
investigation further variations were applied.

Body diameter: The investigation at 90 mm main
diameter (section2.) was repeated completely for
60 mm. The functions for the stress ratios versus wall
thickness (figure 6) are practically identical if one
considers a deviation of less than 1% point as
negligible. Only if the wall thickness becomes less
than about 0.5 mm the deviation increases to 5 %
points or more. The absolute values of the stresses
are smaller of course, smaller proportionally to the
diameter.

Radius of the recess: The junction between the main
diameter of the container and the diameter in the
label recess consists of a convex and a concave part.
The above investigation was carried out with a radius
of 2 mm. The effect of different radii at 1 and 3 mm,
respectively, has been investigated. As well under
these conditions no significant difference could be
found. The function for the stress ratios deviates in
the area of tenths of percents and even the difference
of the absolute stress values is less than 1 % point.
Here as well a deviation starts to show up with wall
thicknesses below 0.5 mm.

Top load: Whatever has been said so far applies to
the condition of internal pressure. For completeness
sake a quantitative investigation for top load was
carried out as well. The load was set at 4000 N, a
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Figure 6. Factor of stress increase at the label recess junction
(transient part between cylinders) on top of the circumferential
stress in the undisturbed cylinder caused by internal pressure
versus wall thickness at three different depths of the label recess.
Outside diameter of the main cylinder 90 mm, internal pressure
10 bar.

value common for a normally adjusted crown corker.
The main diameter was 90 mm. Notably the maxi-
mum stresses are very low compared to the maximum
stresses under the conditions of internal pressure of
10 bar. Generally spoken top loads could be between
3 and 20 times the value of 4000 N chosen before
stress values are reached seen at 10 bar internal
pressure. Wall thickness and amount of recess are
chosen the same as in the above investigation. As
another variable the body diameter was set at 60 mm.
This also indicated that the maximum stresses were
small compared to 10 bar internal pressure. The
gradient of the stress ratio when reducing wall
thickness however is steeper. The absolute value of
the circumferential stress of the container with
smaller diameter of course is higher — following the
smaller cross sectional area — when equal wall
thickness is considered. Generally spoken top loads
should be of no particular problem when applied to
containers with labelling recesses as long as there are
no other forces. Only after reducing wall thickness
further labelling recesses might have a greater
significance.
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