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50 mm

100 mm Grips Lap Strap

50 mm

Figure 3 — Placement of the specimen into the grips

6.4 Testing process
The speed of testing shall be at a rate of crosshead movement of 1 mm/min under tensile mode. The test

shall be stopped at a load drop-off of at least 5 %. The debonding of the lap from the strap should be
visible (Figure 4). Alternatively, the test shall be stopped when the lap debonds from the strap optically.

Lap Strap
failure

Figure 4 — Debonding of the lap from the strap.

7 Non-destructive evaluation (NDE)
NDE techniques can optionally be applied to identify the failure of the Lap Strap, especially in case of poor

adhesiveness between the lap and the strap, where the critical failure stress is not distinct at the stress-
strain plots. The suggested techniques are ERCM and AE.
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Electrical Resistance Change Method (ERCM) can be optionally utilized on the Lap Strap geometry to
monitor the deformation and specimen failure. ERCM can be applied only on Lap Strap specimens
manufactured by carbon fibres. The two-probe method is suitable for the specific geometry. The
preparation of the specimens requires two electrodes (e.g., sort copper wires) and a conductive adhesive
(e.g. silver conductive paste). The surface should be grinded with sandpaper until the carbon fibres are
exposed in the locations shown in Figure 4. The dimensions of this area should be sufficient to be
adequate for a successful adhesion of the electrode. The exposure of the carbon fibres can be confirmed
using a multimeter. The measured resistance at two immediate areas should be equal to the resistance of
the carbon fibres. The results of the ERCM should be illustrated in double-X AR/R(y and stress versus time

plots. Failure should be designated by a sharp increase of the resistance, while the deformation by a
continuous decrease of the resistance.

The Acoustic Emission (AE) can provide crucial information about the failure of the Lap Strap. An
accumulation of acoustic events should designate the failure. One piezoelectric AE sensor should be
placed in the designated area of Figure 4. A coupling agent (e.g., Ultrasonic gel) should be used between
the sensor and the specimen. The sensor should not be detached at the areas where the electrodes of the
ERCM were positioned. It is recommended the sensor be placed at the designated-on Figure 5.

! 4
AE sensor ERCM electrodes
placement placement

Figure 5 — NDE schematic setup on Lap Strap geometry

8 Calculation
8.1 Maximum strength (MPa)

Calculate the lap strap maximum strength, in megapascals (MPa) using the following equation:

Fmax
O_max - 1
P (1)
where
gmax  lap strap maximum strength, MPa;

fmax value of the load at the drop-off point, N;

h measured lap thickness, mm;

b measured specimen width, mm.

NOTE Lap shear calculation is performed the same way in ASTM D3163, EN 1465:2009, EN 2243-6:2005,
ISO 4587:2003 and ISO 22841:2021.
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8.2 Strain

Calculate the lap strap strain using the following equation:

e =L x100 (2)
g

where

¢ lap strap strain, %j;
| extension (or displacement), mm;

g  measured grip-to-grip distance, mm.
8.3 Stiffness

The apparent stiffness is calculated from the slope of the line (Ay / 4, ) of the measured stress-strain plot

using the following equation (see Figure 6):

Ay
E="2 3
T (3)

where

E the apparent stiffness, GPa.

Load value
at the drop

Stress (MPa)

Strain (-)

Figure 6 — Stress- Strain plot from Lap Strap test
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8.4 Knockdown effect

If a modified composite material is compared with a reference, the knockdown effect in terms of strength
is calculated using the following equation:

Modified
k% =1-—"9 % 100% (4)

Reference
max

where

Modified
max

o lap strap strength of the modified specimen, MPa;

Reference

lap strap strength of the reference specimen, MPa.
max

8.5 Repair efficiency

In case of a repairable/self-healing material, the repair efficiency in terms of strength is assessed using
the following equation:

GRepaired
n%=-—"%%___x100% (5)
Initial
max
where

Repaired lap strap strength of the modified specimen, MPa;

max

Initial

I lap strap strength of the reference specimen, MPa.

9 Testreport

The text report shall contain at least the following information:

a) The test method.

b) The location and the date of the test.

c) The name of the test operator.

d) Any variations from this test method, problems during testing or equipment problems.

e) Description of the material tested: specification of materials, design, manufacturing process, curing
cycle, consolidation method and the equipment used.

f) Ply orientation and stacking sequence of the laminate.
g) Results of the non-destructive evaluation test.

h) Measured dimensions for each specimen.

i) Conditioning parameters.

j)  Humidity and temperature of the testing environment.
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k) Number of specimens tested.

1) Speed of mechanical testing.

m) Data of force versus extension and the related curves.

n) Data of stress versus strain and the related curves.

0) The mean and the standard deviation of the calculated quantities.

p) The knockdown effect and the repair efficiency mean values (if any).
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