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Abstract

The parameters of Lekatech’s new electric hammer prototype were explored. Initially,
5 different settings on the machine were controlled to explore its whole frequency
range. They were tested with 3 different tool types and 2 types of concrete. The
vibrations on the machine’s tool and housing were measured, as well as the piston’s
(mover’s) position during hammering. The fashion in which the concrete broke was
also looked at. The results showed that the blunt tool took the longest to break the
rock but also generated the most cracking, and the time taken for the concrete to
break increased with frequency. Other conclusions were also drawn from the results.
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Figure 39: The position of the two lasers and two acceleration sensors relative to the
excavator and coordinate system.

Figure 40: The coordinate reference system used for the experiment relative to the
excavator and hammer.

Figure 47 below shows the power consumption of the inverter in the same graph
as the position of the mover for 5 Hz.

Hammering Frequency: 8 Hz

The following graph in Figure 48 below shows the kinetic energy of the mover at a
frequency of 8 Hz.

Figure 49 below shows the power consumption of the inverter in the same graph
as the position of the mover for 8 Hz.

Hammering Frequency: 14 Hz

The following graph in Figure 50 below shows the kinetic energy of the mover at a
frequency of 14 Hz.

Figure 51 below shows the power consumption of the inverter in the same graph
as the position of the mover for 14 Hz.
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Figure 41: The granite used for the experiment; shown are a sawed and a broken
section, although this piece is just a demonstration to show the grain size better,
and the actual test blocks had no smooth sawed of section prior to testing.

Figure 42: The normal concrete used for the experiment; shown are the sawed and
broken sections of each block, as well as the concrete’s aggregate granular and steel
fibre reinforcement.

Hammering Frequency: 18 Hz

The following graph in Figure 52 below shows the kinetic energy of the mover at a
frequency of 18 Hz.

Figure 53 below shows the power consumption of the inverter in the same graph
as the position of the mover for 18 Hz.

The power consumption graphs shown above clearly show that the power con-
sumption of the inverter is constant when the mover’s position goes up, and decreases
quickly to zero as the mover is accelerated rapidly downwards onto the tool.
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Figure 43: Pictures showing (a) the diamond saw used and (b) a close-up of its
diamond-tipped blade.

Figure 44: Kinetic energy calculated from the displacement graph of the laser on top
of the mover.

Figure 45: Power Consumption and displacement graph for 0.9 Hz.
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Figure 46: Kinetic energy calculated from the displacement graph of the laser on top
of the mover.

Figure 47: Power Consumption and displacement graph for 5 Hz.

Figure 48: Kinetic energy calculated from the displacement graph of the laser on top
of the mover.
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Figure 49: Power Consumption and displacement graph for 8 Hz.

Figure 50: Kinetic energy calculated from the displacement graph of the laser on top
of the mover.

Figure 51: Power Consumption and displacement graph for 8 Hz.
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Figure 52: Kinetic energy calculated from the displacement graph of the laser on top
of the mover.

Figure 53: Power Consumption and displacement graph for 18 Hz.
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Energy Efficiency Variation with Frequency

As can be seen in Figure 54 below, the energy efficiency varied significantly with
frequency at the relatively low energy levels tested. The clearly recognisable trend is
that the efficiency is lower for the low frequencies and higher for the high frequencies.
It will be interesting in the second testing iteration to see the behaviour of the
machine’s energy efficiency with higher impact energies.

Figure 54: The efficiency with each of the 5 different frequency settings tested.

Rock Mechanics Testing Results

The results of the vibration measurements as well as the state of the tested samples
after the test can be seen for each of the 30 tests in the Appendix. In this section, a
summary of the results will be shown.

Broken Sample Results

Table 9 below shows the variations between the results of the different material-tool
combinations. It should be noted that the last column shows the 5 tests for each
tool-material combination in order of lowest to highest frequency (0.9 Hz, 5 Hz, 8
Hz, 14 Hz, 18 Hz).

Table 9: Rock mechanics results from the first testing

iteration
Tool & Amount of Amount of Cracking Cracking near
Material Cracks Fragmentation | more around/ Impact
Code Ranking Ranking more through Zone
Agg. Granular (Yes/No)
Cone - N 2 2 even N, N,Y,N,N
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Blunt - N 1 1 more around N,Y, Y, V.Y
Wedge - N T3 3 more through Y, N, N, N, N
Wedge - HS T3 T5 more through N,Y,Y, Y, N
Blunt - HS TH TH even Y,Y,Y,Y, Y
Cone - HS TH 4 even N,Y,NY, Y

Table 9 shows that the blunt tool consistently causes more cracking (both around
and away from the impact zone) and fragmentation, especially in the normal concrete.
It is also the only tool with which the cracking goes around, rather than through,
the impact zone.

Time Taken to Break

Figure 55 below shows the difference between the different samples and the time it
took for them to break.

Figure 55: Time taken from the start of hammering until fracturing occurred.

Figure 55 above shows that the blunt tool consistently takes the longest time to
break the sample. There is no significant difference between the wedge and cone tool

types.
The time required to break increases with frequency, with the exception of the

lowest frequency.
There is no significant difference between the time taken until fracture between

the two types of concrete.
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Material Stress

Figure 56 below shows how the stress varies with stress and tool type. The value was
the average of all the peaks in the acceleration graphs for each frequency, which were
obtained by differentiating the laser displacement graph twice. The error bars were
a half population standard deviation above and below the mean, after any outliers
had been removed.

Figure 56: Stress calculated using the same force for each frequency with varying
cross sectional areas.

Figure 56 above shows that the wedge tool clearly exerts more stress on the
material than the other two tools. There is no significant difference between the
other two tool types in terms of stress.

Vibration Results

Figure 57 below compares all recorded tool vibrations for all 30 tests. Unfortunately,
some data was unavailable or unusable, leading to some gaps in the graphs but the
majority of it is usable.

Figure 57 shows that using the blunt tool on the normal concrete consistently
causes more vibrations than the other tools in the material, housing, and tool itself.
The other tool-material combinations do not have significant discernible differences
each other in terms of the vibrations they cause.

The vibrations in the material are significantly higher than the housing and tool
vibrations. The housing vibrations are significantly larger than the vibrations in the
tool.

There is no significant, clear trend regarding changes of vibration magnitudes
with changes in frequency.
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Figure 57: Vibration data recorded for all 30 tests.

Kinetic Energy

Figure 58 below shows the variations in the maximum Kinetic Energy of the mover
with varying frequencies. Only the variations in the graph will be discussed here,
the energy efficiency is discussed in the “Energy Efficiency " section.

Figure 58: Average Kinetic Energy of the mover recorded at each frequency.

Figure 58 above shows that the kinetic energy of the mover is highest at the
settings for the 0.9 and 5 Hz frequencies. For the 8, 14, and 18 Hz frequencies it is
significantly lower than for 0.9 and 5 Hz frequencies, although variation between the
former three is statistically insignificant.
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Conclusion

First Testing Iteration

The project, at the beginning, set out to obtain data for Lekatech’s electric hammer
prototype which could benefit product by identifying how the machine performs
under settings and parameters. The intention was to firstly show /assess whether the
electric hammer could function in the same manner as the conventional hydraulic
hammer, and secondly to explore what additional features and capabilities the electric
hammer had compared to the hydraulic hammer.

By the end of the first round of testing (halfway through the project), data had
been obtained on material, tool and housing vibrations as well as on how and how
quickly concrete broke. What had not been done yet was testing with homogenuous
rock. Different tools and machine settings were also tested and their different effects
on the concrete assessed. This obtained data is useable for e.g. an instruction manual
for the product. It will also be useful for programming a new, more user-friendly
PLC (Programmable Logic Controller). While frequency was the main parameter
being varied, the second round of testing can focus on varying the impact energy,
and hitting with significantly higher energy levels.

In terms of comparing the energy efficiency and vibrations to those of the hydraulic
hammer, partial progress has been made. Energy efficiency and vibration data was
collected, but it could not yet be compared to the same measured data from a
hydraulic hammer because this had not yet been obtained. The energy efficiency
results did, however, indicate an efficiency in the same ball park as that theoretically
calculated when designing the electric hammer, at least for some of the frequencies,
although a couple of frequencies also gave unrealistic efficiencies. In the second testing
iteration, this data must be obtained from the hydraulic hammer. A second testing
iteration will also allow for measuring of the power consumption more accurately
and reliably.

Overall, the first 3 months of this project have gone well and a lot has been
achieved, laying the groundwork for the second round of testing. There is, however,
a significant amount of work left to do and it will also bring new challenges.
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Appendix

Rock Mechanics Testing Results

The results of the vibration measurements as well as the state of the tested samples
after the test can be seen for each of the 30 tests in the Appendix. In this section, a
summary of the results will be shown.

CNO0.9

Laser in y-direction: Figure 59 below shows tool vibrations in the y-direction.

Figure 59: Results from the Laser Measurements on the Tool.

Acceleration Sensor Material in z-direction: Figure 60 below shows material
vibrations in the z-direction.


https://steelnavigator.ovako.com/steel-grades/42crmo4/
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Figure 60: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 61 below shows material
vibrations in the x-direction.

Figure 61: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure bla below shows vibra-
tions in the housing in the z-direction.

Sample Results: Figure 62 shows the resulting sample after it had broken.



98

Figure 62: The area around the impact zone.

For CNO0.9, the following things are noticeable about the sample:

o There was cracking at the bottom of the block but little around the impact
zone.

e The sample took approximately 20 seconds to break when hitting relatively
close to the edge.

CN5

Laser in y-direction: Figure 63 below shows tool vibrations in the y-direction.

Figure 63: Results from the Laser Measurements on the Tool.

Acceleration Sensor Material in z-direction: Figure 64 below shows material
vibrations in the z-direction.
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Figure 64: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 65 below shows material
vibrations in the x-direction.

Figure 65: Results of acceleration sensor on material.

Sample Results: Figure 66 shows the resulting sample after it had broken.
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Figure 66: The area around the impact zone.

For CN5, the following things are noticeable about the sample:

o There was cracking at the bottom of the block but little around the impact
zone.

o The sample took approximately 8 seconds to break when hitting close to the
edge

CN8

Laser in y-direction: Figure 67 below shows tool vibrations in the y-direction.

Figure 67: Results from the Laser Measurements on the Tool.

Acceleration Sensor Material in z-direction: Figure 68 below shows material
vibrations in the z-direction.
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Figure 68: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 69 below shows material
vibrations in the x-direction.

Figure 69: Results of acceleration sensor on material.

Sample Results: Figure 70 shows the resulting sample after it had broken.
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Figure 70: The area around the impact zone.

For CNB8, the following things are noticeable about the sample:

o There was cracking at the bottom of the block and at the side and some close
to the impact zone parallel to the top surface.

o The sample took about 5 seconds to break when hitting near the side.

CN14

Laser in y-direction: Figure 71 below shows tool vibrations in the y-direction.

Figure 71: Results from the Laser Measurements on the Tool.
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Acceleration Sensor Material in z-direction: Figure 72 below shows material
vibrations in the z-direction.

Figure 72: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 73 below shows material
vibrations in the x-direction.

Figure 73: Results of acceleration sensor on material.

Sample Results: Figure 74 shows the resulting sample after it had broken.
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Figure 74: The area around the impact zone.

For CN14, the following things are noticeable about the sample:

o There was cracking at the bottom of the block but little around the impact
zone.

o The sample took about 20 seconds to break when hitting near the edge.

CN18

Laser in y-direction: Figure 75 below shows tool vibrations in the y-direction.

Figure 75: Results from the Laser Measurements on the Tool.
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Acceleration Sensor Material in z-direction: Figure 76 below shows material
vibrations in the z-direction.

Figure 76: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 77 below shows material
vibrations in the x-direction.

Figure 77: Results of acceleration sensor on material.

Sample Results: Figure 78 shows the resulting sample after it had broken.
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Figure 78: The area around the impact zone.

For CN18, the following things are noticeable about the sample:

o There was cracking at the bottom of the block but little around the impact
zone.

e The sample did not break within 45 seconds of hitting while hitting in the
middle.

o The sample took about 60 seconds to break when hitting near the side at the
same spot.

Therefore, it can be said that with the cone tool on the normal, steel fibre
reinforced concrete, the cracking is more prominent at the bottom and sides than at
the top around the impact zone.

BNO.9

Laser in y-direction: Figure 79 below shows tool vibrations in the y-direction.
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Figure 79: Results from the Laser Measurements on the Tool.

Acceleration Sensor Material in z-direction: Figure 80 below shows material
vibrations in the z-direction.

Figure 80: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 81 below shows material
vibrations in the x-direction.
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Figure 81: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 82 below shows housing
vibrations in the z-direction.

Figure 82: Results of acceleration sensor on material.

Sample Results: Figure 83 shows the resulting sample after it had broken.
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Figure 83: The area around the impact zone.

For BN0.9, the following things are noticeable about the sample:

e There was cracking around the impact but only one large crack from each side
to the nearest free surface. The cracks were larger at the bottom than at the
top.

o The cracking took extremely long to start, with 300 seconds of hitting required
to have cracking and even then fracturing not occuring when hitting close to
the side of the block.

BN5

Laser in y-direction: Figure 84 below shows tool vibrations in the y-direction.

Figure 84: Results from the Laser Measurements on the Tool.
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Acceleration Sensor Material in z-direction: Figure 85 below shows material
vibrations in the z-direction.

Figure 85: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 86 below shows material
vibrations in the x-direction.

Figure 86: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 87 below shows housing
vibrations in the z-direction.
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Figure 87: Results of acceleration sensor on material.

Sample Results: Figure 88 shows the resulting sample after it had broken.

Figure 88: The area around the impact zone.

For BN5, the following things are noticeable about the sample:

o There was more small cracking and the area around the impact zone resembled
rubble more, with lots of little pieces.

o The sample took around 30 seconds to break in two.

BNS8

Laser in y-direction: Figure 84 below shows tool vibrations in the y-direction.
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Figure 89: Results from the Laser Measurements on the Tool.

Acceleration Sensor Material in z-direction: Figure 90 below shows material
vibrations in the z-direction.

Figure 90: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 91 below shows material
vibrations in the x-direction.
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Figure 91: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 92 below shows housing
vibrations in the z-direction.

Figure 92: Results of acceleration sensor on material.

Sample Results: Figure 93 shows the resulting sample after it had broken.
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Figure 93: The area around the impact zone.

For BNS, the following things are noticeable about the sample:

o The sample broke in a messy way, with lots of cracking around the impact zone
and rubble being generated. Also some loose pieces of concrete were still on
the block around the impact zone.

o The sample took around 51 seconds to break when being hit near the middle
of the block.

BN14

Laser in y-direction: Figure 94 below shows tool vibrations in the y-direction.

Figure 94: Results from the Laser Measurements on the Tool.
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Acceleration Sensor Material in z-direction: Figure 95 below shows material
vibrations in the z-direction.

Figure 95: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 96 below shows material
vibrations in the x-direction.

Figure 96: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 97 below shows housing
vibrations in the z-direction.
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Figure 97: Results of acceleration sensor on material.

Sample Results: Figure 98 shows the resulting sample after it had broken.

Figure 98: The area around the impact zone.

For BN14, the following things are noticeable about the sample:
o There was some cracking near the impact zone, but only a couple of cracks.

o The sample took about 120 seconds to break.

BN18

Laser in y-direction: Figure 99 below shows tool vibrations in the y-direction.
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Figure 99: Results from the Laser Measurements on the Tool.

Acceleration Sensor Material in z-direction: Figure 100 below shows material
vibrations in the z-direction.

Figure 100: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 101 below shows material
vibrations in the x-direction.
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Figure 101: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 102 below shows housing
vibrations in the z-direction.

Figure 102: Results of acceleration sensor on material.

Sample Results: Figure 103 shows the resulting sample after it had broken.
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Figure 103: The area around the impact zone.

For BN18, the following things are noticeable about the sample:

o There was more cracking at the bottom of the block than at the top, immediately
near the impact zone. The block disintegrated rather than cracking cleanly,
with again a lot of small pieces being generated.

e The block took about 120 seconds to break when it was hit near the edge.

Therefore, it can be said that when breaking normal, steel fibre reinforced concrete
with the blunt tool, the cracking is more prominent at the bottom than at the top of
the block. However, cracking in general disintegrates the block rather than penetrates
it, with lots of little, rubble like pieces being generated and the block overall being
weakened and cracked more than with the cone tool.

WNO.9

Sample Results: Figure 104 shows the resulting sample after it had broken.
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Figure 104: The area around the impact zone.

For WN5, the following things are noticeable about the sample:

o There was some slight cracking at the impact zone, apart from that there was
little fragmentation and the big piece broke off cleanly from the small piece.
The only fragmentation occured at the bottom of the block.

o The sample took about 43 seconds to break when hitting near the side of the
block.

WN5

Laser in y-direction: Figure 105 below shows tool vibrations in the y-direction.

Figure 105: Results from the Laser Measurements on the Tool.
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Acceleration Sensor Material in z-direction: Figure 106 below shows material
vibrations in the z-direction.

Figure 106: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 107 below shows material
vibrations in the x-direction.

Figure 107: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 108 below shows housing
vibrations in the z-direction.
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Figure 108: Results of acceleration sensor on material.

Sample Results: Figure 109 shows the resulting sample after it had broken.

Figure 109: The area around the impact zone.

For WN5, the following things are noticeable about the sample:

o There was little cracking at the impact zone and the piece broke off relatively
cleanly, fragmenting into several pieces near the bottom.

e The sample took about 17 seconds to break when hitting from the side.

WN8

Laser in y-direction: Figure 110 below shows tool vibrations in the y-direction.
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Figure 110: Results from the Laser Measurements on the Tool.

Acceleration Sensor Material in z-direction: Figure 111 below shows material
vibrations in the z-direction.

Figure 111: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 112 below shows material
vibrations in the x-direction.
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Figure 112: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 113 below shows housing
vibrations in the z-direction.

Figure 113: Results of acceleration sensor on material.

Sample Results: Figure 114 shows the resulting sample after it had broken.
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Figure 114: The area around the impact zone.

For WNS, the following things are noticeable about the sample:

o There was little cracking around the impact zone but some small fragmentation
at the bottom of the block. Apart from that, there was a crack that propagated
perpendicular to the wedge to the free surface (left in Figure 114).

o The sample took about 38 seconds to break when hitting was done near the
middle of the block.

WN14
Sample Results: Figure 115 shows the resulting sample after it had broken.

Figure 115: The area around the impact zone.

For WN14, the following things are noticeable about the sample:
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o There was a little cracking around the impact zone and the block fragmented
into several pieces, one main chunk theat broke off and a couple of smaller
pieces near the bottom.

e The sample took about 5 seconds to break when hammering was done near
the side of the block.

WN18

Laser in y-direction: Figure 116 below shows tool vibrations in the y-direction.

Figure 116: Results from the Laser Measurements on the Tool.

Acceleration Sensor Material in z-direction: Figure 117 below shows material
vibrations in the z-direction.
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Figure 117: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 118 below shows material
vibrations in the x-direction.

Figure 118: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 119 below shows housing
vibrations in the z-direction.
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Figure 119: Results of acceleration sensor on material.

Sample Results: Figure 120 shows the resulting sample after it had broken.

Figure 120: The area around the impact zone.

For WN18, the following things are noticeable about the sample:

o There was a little cracking around the impact zone and the block fragmented
into 3 pieces, one of which did not completely break off from the block.

o The sample took about 17 seconds to break when hammering was done near
the side of the block

Therefore, when breaking normal concrete with the wedge tool, it can be said
that the piece fragments little and tends to break off in a more “clean”” way. The
little fragmentation that does occur occurs at the bottom of the block.
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WHO0.9

Laser in y-direction: Figure 121 below shows tool vibrations in the y-direction.

Figure 121: Results from the Laser Measurements on the Tool.

Acceleration Sensor Material in z-direction: Figure 122 below shows material
vibrations in the z-direction.

Figure 122: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 123 below shows material
vibrations in the x-direction.
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Figure 123: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 124 below shows housing
vibrations in the z-direction.

Figure 124: Results of acceleration sensor on material.

Sample Results: Figure 125 shows the resulting sample after it had broken.
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Figure 125: The area around the impact zone.

e Only one piece broke off very cleanly, although this piece did have a crack
perpendicular to the wedge of the tool to the free surface, where some other,
fine cracks branched off from it (left image in Figure 125).

e The sample took about 5 seconds to break when hammering was done near
the edge of the block.

WH5

Laser in y-direction: Figure 126 below shows tool vibrations in the y-direction.

Figure 126: Results from the Laser Measurements on the Tool.

Acceleration Sensor Material in z-direction: Figure 127 below shows material
vibrations in the z-direction.
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Figure 127: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 128 below shows material
vibrations in the x-direction.

Figure 128: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 129 below shows housing
vibrations in the z-direction.



133

Figure 129: Results of acceleration sensor on material.

Sample Results: Figure 130 shows the resulting sample after it had broken.

Figure 130: The area around the impact zone.

For WH5, the following things are noticeable about the sample:

« A single block once again broke off very cleanly, with some slight fragmentation
near one of the free surfaces.

o The block took about 9 seconds to break apart when hitting relatively close to
the edge.

WHS

Laser in y-direction: Figure 131 below shows tool vibrations in the y-direction.
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Figure 131: Results from the Laser Measurements on the Tool.

Acceleration Sensor Material in z-direction: Figure 132 below shows material
vibrations in the z-direction.

Figure 132: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 133 below shows material
vibrations in the x-direction.
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Figure 133: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 134 below shows housing
vibrations in the z-direction.

Figure 134: Results of acceleration sensor on material.

Sample Results: Figure 135 shows the resulting sample after it had broken.
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Figure 135: The area around the impact zone.

For WHS, the following things are noticeable about the sample:

e There was some visible cracking around the impact zone, with some fragmen-
tation, although the main block broke off cleanly.

e The block took around 32 seconds to break off when hitting near the edge.

WH14

Laser in y-direction: Figure 136 below shows tool vibrations in the y-direction.

Figure 136: Results from the Laser Measurements on the Tool.
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Acceleration Sensor Material in z-direction: Figure 137 below shows material
vibrations in the z-direction.

Figure 137: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 138 below shows material
vibrations in the x-direction.

Figure 138: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 139 below shows housing
vibrations in the z-direction.
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Figure 139: Results of acceleration sensor on material.

Sample Results: Figure 140 shows the resulting sample after it had broken.

Figure 140: The area around the impact zone.

For WHS, the following things are noticeable about the sample:

o There was some slight fragmentation around the impact zone, otherwise the
block broke off cleanly in two pieces, with one crack again perpendicular to
the wedge of the tool.

e The block took around 10 seconds to break off when hitting near the edge.

WH18

Laser in y-direction: Figure 141 below shows tool vibrations in the y-direction.
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Figure 141: Results from the Laser Measurements on the Tool.

Acceleration Sensor Material in z-direction: Figure 142 below shows material
vibrations in the z-direction.

Figure 142: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 143 below shows material
vibrations in the x-direction.
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Figure 143: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 144 below shows housing
vibrations in the z-direction.

Figure 144: Results of acceleration sensor on material.

Sample Results: Figure 145 shows the resulting sample after it had broken.
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Figure 145: The area around the impact zone.

For WH18, the following things are noticeable about the sample:

o There was some slight fragmentation and minor cracking around the impact
zone, otherwise the block broke off cleanly in one pieces.

e The block took around 5 seconds to break off when hitting near the edge.

Therefore, it can be said that with the wedge tool on the high strength concrete,
the cracking is very clean, with sometimes a little fragmentation visible around the
impact zone. It is also noticeable that sometimes, a crack develops perpendicular to
the wedge of the tool.

BHO0.9

Laser in y-direction: Figure 146 below shows tool vibrations in the y-direction.
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Figure 146: Results from the Laser Measurements on the Tool.

Acceleration Sensor Material in z-direction: Figure 147 below shows material
vibrations in the z-direction.

Figure 147: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 148 below shows material
vibrations in the x-direction.
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Figure 148: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 149 below shows housing
vibrations in the z-direction.

Figure 149: Results of acceleration sensor on material.

Sample Results: Figure 150 shows the resulting sample after it had broken.
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Figure 150: The area around the impact zone.

o There was some fragmentation and minor cracking around the impact zone, oth-
erwise the block broke off relatively cleanly in one piece. The crack propagation
started from the side of the tool.

e The block took around 77 seconds to break when hitting near the edge.

BH5

Laser in y-direction: Figure 151 below shows tool vibrations in the y-direction.

Figure 151: Results from the Laser Measurements on the Tool.

Acceleration Sensor Material in z-direction: Figure 152 below shows material
vibrations in the z-direction.
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Figure 152: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 153 below shows material
vibrations in the x-direction.

Figure 153: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 154 below shows housing
vibrations in the z-direction.
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Figure 154: Results of acceleration sensor on material.

Sample Results: Figure 155 shows the resulting sample after it had broken.

Figure 155: The area around the impact zone.

o There was significant fragmentation and cracking around the impact zone, and
the main crack went deep from the tool to the free surface at the bottom of
the block. A second, smaller piece also broke off.

e The block took around 50 seconds to break when hitting near the edge.

BHS

Laser in y-direction: Figure 156 below shows tool vibrations in the y-direction.
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Figure 156: Results from the Laser Measurements on the Tool.

Acceleration Sensor Material in z-direction: Figure 157 below shows material
vibrations in the z-direction.

Figure 157: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 158 below shows material
vibrations in the x-direction.
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Figure 158: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 159 below shows housing
vibrations in the z-direction.

Figure 159: Results of acceleration sensor on material.

Sample Results: Figure 160 shows the resulting sample after it had broken.



149

Figure 160: The area around the impact zone.

o There was again some significant fragmentation and cracking around the impact
zone of the tool but the main piece broke off cleanly apart from this, with a
small crack forming to the free surface perpendicular to the main crack.

e The block took around 97 seconds to break when hitting near the edge.

BH14

Laser in y-direction: Figure 161 below shows tool vibrations in the y-direction.

Figure 161: Results from the Laser Measurements on the Tool.

Acceleration Sensor Material in z-direction: Figure 162 below shows material
vibrations in the z-direction.
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Figure 162: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 163 below shows material
vibrations in the x-direction.

Figure 163: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 164 below shows housing
vibrations in the z-direction.
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Figure 164: Results of acceleration sensor on material.

Sample Results: Figure 165 shows the resulting sample after it had broken.

Figure 165: The area around the impact zone.

o There was significant fragmentation and cracking around the impact zone of
the tool and a couple of main pieces broke off the main block, but their cracks

were parallel to each other.

e The block took around 99 seconds to break when hitting near the edge.

BH18

Laser in y-direction: Figure 166 below shows tool vibrations in the y-direction.
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Figure 166: Results from the Laser Measurements on the Tool.

Acceleration Sensor Material in z-direction: Figure 167 below shows material
vibrations in the z-direction.

Figure 167: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 168 below shows material
vibrations in the x-direction.



153

Figure 168: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 169 below shows housing
vibrations in the z-direction.

Figure 169: Results of acceleration sensor on material.

Sample Results: Figure 170 shows the resulting sample after it had broken.
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Figure 170: The area around the impact zone.

o A relatively small piece broke off from the edge. It did not fragment into
multiple larger pieces, but there was fragmentation around the impact zone
and around the main crack near the free surface.

e The block took around 61 seconds to break when hitting near the edge.

Therefore, the blunt tool clearly causes more fragmentation than the wedge tool
on the high strength concrete, but the high strength concrete also breaks off much
more cleanly than the normal concrete. Fragmentation usually occured around the
impact zone. If another large crack developed from the main crack, it was not
necessarily perpendicular to the main crack.

CHO0.9

Laser in y-direction: Figure 171 below shows tool vibrations in the y-direction.
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Figure 171: Results from the Laser Measurements on the Tool.

Acceleration Sensor Material in z-direction: Figure 172 below shows material
vibrations in the z-direction.

Figure 172: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 173 below shows material
vibrations in the x-direction.
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Figure 173: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 174 below shows housing
vibrations in the z-direction.

Figure 174: Results of acceleration sensor on material.

Sample Results: Figure 175 shows the resulting sample after it had broken.
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Figure 175: The area around the impact zone.

For CHO0.9, the following things are noticeable about the sample:

o There was no fragmentation or cracking around the impact zone. The piece
broke off cleanly in one piece.

e The block took about 30 seconds to break when it was hit near the edge.

CH5

Laser in y-direction: Figure 176 below shows tool vibrations in the y-direction.

Figure 176: Results from the Laser Measurements on the Tool.
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Acceleration Sensor Material in z-direction: Figure 177 below shows material
vibrations in the z-direction.

Figure 177: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 178 below shows material
vibrations in the x-direction.

Figure 178: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 179 below shows housing
vibrations in the z-direction.
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Figure 179: Results of acceleration sensor on material.

Sample Results: Figure 180 shows the resulting sample after it had broken.

Figure 180: The area around the impact zone.

For CH5, the following things are noticeable about the sample:

o Fragmentation was again minimal to nonexistant and there were two clear
pieces that broke off, with their cracks perpendicluar to each other, as can be
seen in figure 180 on the right.

o The block took only 2 seconds to break when it was hit near the edge.

CHS8

Laser in y-direction: Figure 181 below shows tool vibrations in the y-direction.
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Figure 181: Results from the Laser Measurements on the Tool.

Acceleration Sensor Material in z-direction: Figure 182 below shows material
vibrations in the z-direction.

Figure 182: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 183 below shows material
vibrations in the x-direction.
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Figure 183: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 184 below shows housing
vibrations in the z-direction.

Figure 184: Results of acceleration sensor on material.

Sample Results: Figure 185 shows the resulting sample after it had broken.
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Figure 185: The area around the impact zone.

For CHS, the following things are noticeable about the sample:

o Fragmentation was basically nonexistant and only one piece broke off from the
main block in a clean manner.

o The block took only 5 seconds to break when it was hit near the edge.

CH14

Laser in y-direction: Figure 186 below shows tool vibrations in the y-direction.

Figure 186: Results from the Laser Measurements on the Tool.
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Acceleration Sensor Material in z-direction: Figure 187 below shows material
vibrations in the z-direction.

Figure 187: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 188 below shows material
vibrations in the x-direction.

Figure 188: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 189 below shows housing
vibrations in the z-direction.
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Figure 189: Results of acceleration sensor on material.

Sample Results: Figure 190 shows the resulting sample after it had broken.

Figure 190: The area around the impact zone.

For CH14, the following things are noticeable about the sample:

o The block broke off in one piece but it was not as clean as the previous ones,
with some fragmentation near the impact zone.

e The block took about 52 seconds to break when it was hit near the edge.

CH18

Laser in y-direction: Figure 191 below shows tool vibrations in the y-direction.
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Figure 191: Results from the Laser Measurements on the Tool.

Acceleration Sensor Material in z-direction: Figure 192 below shows material
vibrations in the z-direction.

Figure 192: Results of acceleration sensor on material.

Acceleration Sensor Material in x-direction: Figure 193 below shows material
vibrations in the x-direction.
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Figure 193: Results of acceleration sensor on material.

Acceleration Sensor Housing in z-direction: Figure 194 below shows housing
vibrations in the z-direction.

Figure 194: Results of acceleration sensor on material.

Sample Results: Figure bla shows the resulting sample after it had broken.
insert picture here
For CH18, the following things are noticeable about the sample:

e There

Therefore...
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