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bonded point supports offer :

No or low visibility from outside
‘Soft’ load introduction, beneficial for the glass unit

No drilling of holes into glass in case of planar
point supports
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» Cyclic Test Campaign on Point Supports

» Conclusions
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» For material approval a special H-type
specimen is defined in ETAG 002 for determination .
of mechanical limits. 12 50 mm

» The operating conditions of ETAG 002 does not require

i i - ial 2
much knowledge about the adhesive material properties. Materia

50 mm
Silicon_
> Due to their geometry, the application of bonded point Adhesive

supports is obviously beyond the scope of ETAG 002.

Therefore the much more complex failure mechanism of bonded point supports has to
be taken into account asking for additional experimental investigations.
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L=50; B=D=12 mm;
A =600 mm?2
P = 750N

Failure

750/600 = o, = 1,25 N/mm?

FE Analysis Test run 5
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lateral contraction

.............................................
.....................................

Tensile loads are on the one hand more critical
Z for sizing and on the other hand more difficult to
understand.

Therefore, research focus is given to tensile
load cases and the special failure mechanism.
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upper fitting
simulating support

Silicone adhesive
@ 50mm (two
component DC993)

lower fitting
simulating glass
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micro damages in
the bulk of adhesive

Begin of stiffness
degradation at
approx. 1700 N

Different total
failure behavior
due to flaws in
adhesive

1000

\ T T T L
N1 2 3 4 >
fully operational Deflection [mm]
bonding

Region 1 10
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real time

total
failure

Hifelifi

| fly
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.......

Phase 2

Crack-progress
to inside and
outside

.
--------

Before the final failure occurs
the specimen was cut up.

The failure mechanism was
determined comparing the
measurements synchronized
with the video of the test rulg.
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Z

1500 - : :
§ The point of loss of stiffness
= indicates the limit of loading

1000 - of a bonding geometry.

This phenomena is also
500 4 observed by other geometries,
L e.g. U-type bonding.
\
0 ) I I I I
0 1 2 3 4 5

Displacement [mm]
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= >
§ 4000 - @ 4000 1
= e
n 3 0,52 mm

2000 2000 A

0 v 0 T T T T
0 0,2 0,4 0,6 0,8 1 0 0,2 0,4 0,6 0,8 1
Displacement [mm] Displacement [mm]

Adhesive thickness 4 mm Adhesive thickness 7 mm 14



engineered transparency : S
29 th and 30 " September 2010, Duisseldorf / Germany 'I'er' |

» Cyclic Test Campaign on Point Supports
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Path of the
first loading

\

\ |

Path of further
loading

Displacement |

When preloaded we obtain by further
loading a higher “softness”.

Nevertheless the fracture behavior is
independent of a preloading for this kind
of specimen.
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These cyclic tests has been
carried out with 100 cycles and
different displacement levels.

0 ) L) L) L)

0 1 2 3 4
Displacement [mm)]
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/ —
cycle
< upper limit
1000 _1 400
500 g 200
cycle lower j
lifnit (100 N) _ / _
Displacement - mm Displacement [mm)]
0 . l l 0 1
0 0,5 1 1,5 2 0 0,1 0,2 0,3
The upper limit of cyclic tests was set The degradation under cyclic loading can be
to the predefined displacements. classified in comparing of lines trough the lower

an the upper reversal point of the first an the
last cycle — the upper and lower fence lines.

For a displacement of 0.25 mm we observe the
fence lines as nearly parallel. 18

The lower limit was set to a limit load
of 100 N - in order to avoid backlash
in the test setup.
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By increasing the displacement level a decreasing of the gradient for the lower fence
line can be observed.

19
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1000

1000 == 0.25mm
/ / = 0.50 mm

/ = 0.75mm

500 //// / — 1.50 mm
Displacement - mm Displacement - mm

T } 0
0 0,5 1 1,5 2 0 0.5 1 1.5 2

500 -

For the displacement level of 1.5 mm we The reduction of the slopes depends on
observe a significant degradation of the the load level amplitude.

gradient for the lower fence line

(compared to the upper fence line). The higher the load level, the higher the

decrease of the slopes.
20
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Cycles

0%

0 20 40 60 80 100 120

The load degradation increases with the numbers of cycles.

For a high displacement load level the failure can be detected
by a significant degradation of the curve (1.5 mm).
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degradation level [-]

20% - : :
i . The increase of the load amplitude leads to
0% a increased degradation level.

0 -

f Cyclic test level [mm)]
O% ) L) ‘

0 0,25 0,5 0,75 1 1,25 15 1,75
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a

Displacement [mm)] N
0 f f ;
0 0,5 1 15 2 2,5 3 3,5 4

For higher amplitudes the maximum load bearing capacity is significantly
reduced.

The cycle loading leads to significant material damage beyond the
Mullins effect. Please note that the Mullins effect should not impact
ultimate load levels.
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— first the change of behavior during the cycles
— second the post-cycle behavior

» As expected the degradation of the material depends on the amplitudes
of cycles.

» The slopes of the fence lines decrease with increasing cycle amplitudes.

» For small amplitudes an asymptotic behavior is obviously obtained.

» For large amplitudes additional tests with a significantly higher number of
cycles are recommended for final statements.
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» The recommendation to use only the region of high stiffness — identified

during tensile tests of bonded point supports — seems to be confirmed by
these experimental results.

» Outlook: For further confirmation of the results, additional tests with bonded
point supports are planned for different bonding thickness.

26
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