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WE HAVE A STANDARD TAPPING MACHINE. WHAT ABOUT A STANDARD ROLLING MACHINE?

The tapping machine has long existed as the primary standard method for measuring the performance of floors in buildings in response to structure-borne noise. However, other sources of structure-borne noise exist. One of these is rolling noise: such as a trolley rolling across the floor in an indoor building environment. Because the sound profile of indoor rolling noise is substantially different than that of impact noise, the techniques developed to reduce the latter may not necessarily be effective at reducing the former. To this end, a means of repeatably measuring indoor rolling noise is needed. Here we present the results of a parametric study of indoor rolling noise, identifying the influencing factors of this type of excitation which until now have been left unexplored. We also put forth the proposal for a standard rolling machine: a device which may be capable of characterizing a floor's performance with regards to indoor rolling noise. A series of tests were conducted in order to characterize the range of sound profiles that various indoor rolling items are capable of producing, as well as identify how the different influencing factors govern the shape of the sound profile produced. Just as the standard tapping machine assesses a floor's performance in response to impact noise, a standard rolling machine may assess a floor's performance in response to rolling noise.

INTRODUCTION

In the field of building acoustics, a standard tapping machine has long existed for the purpose of replicating and regulating impact noise [START_REF]5:2010 -Acoustics -Laboratory Measurement of Sound Insulation of Building Elements -Part 5: Requirements for test facilities and equipment[END_REF]. This device was originally designed to mimic the sound of human footfall [START_REF] Reiher | über den Schallschutz durch Baukonstruktionsteile (Sound Isolation by Building Construction Elements)[END_REF], and while this is indeed the strongest source of annoyance among survey responders (in regards to strictly floors) [START_REF] Jarnerö | Vibration Performance of Apartment Buildings with Wooden Lightweight Frame-Work -Residents Survey and Field Measurements[END_REF], there still exist other kinds of structure-borne noise. One of these sources is rolling noise.

Rolling noise is often talked about in regards to outdoor sources such as trains and automobiles, but there are a plethora of indoor rolling sources which can cause annoyance for building inhabitants as well: delivery trolleys in commercial spaces, rolling desk chairs in offices (both personal and commercial), children's toys, and suitcases, for example. As shown in Figure 1, these items generate noise due to the small-scale roughness between the floor and wheels, which causes structure-borne noise to propagate through the building as they roll across the floor.

Figure 1. A typical rolling noise schematic. The smallscale roughness between the floor and wheel generates structural vibrations as the wheel rolls across the floor.

Figure 2 shows the acoustic excitation due to a typical tapping machine and a typical rolling trolley on a classical concrete floor, in addition to the attenuation of a classical floating floor. The spectrum of impact noise is quite different than that of rolling noise, having the majority of its acoustic energy in the low frequency range. Furthermore, the attenuation of a classical floating floor is inverse to said rolling noise profile. As such, it would not be expected to provide much insulation on its own without additional treatment. The difficulty in combating this type of structure-borne noise is that, because its sound signature is starkly different than that of impact noise, the solutions developed to help against impact noise will not necessarily work against rolling noise. A method of generating a standard rolling excitation is needed in order to accurately assess the relative performance of building materials across different locations in response to rolling noise.

We put forth here a parametric study on the influencing parameters of indoor rolling noise, as well as a proposal for a standard rolling noise device. Just as the standard tapping machine assesses a floor's performance in response to impact noise, a standard rolling machine may assess a floor's performance in response to rolling noise. To this end, a series of tests were conducted to identify the influencing factors which play a roll in indoor rolling noise. Conclusions are drawn from the results of these tests in order to guide the development of a standard rolling device design. This work is linked to the recently accepted proposal to the European Committee for Standardization (CEN / TC 126 / WG 7) for a New Work Item: Measurement of rolling sound insulation.

TEST LOCATION, SETUP, AND PROCEDURE

A series of rolling noise tests were conducted in a twostory transmission room at Level Acoustics & Vibration in Eindhoven, the Netherlands. The existing standard for the laboratory measurement of impact noise defined by ISO 10140-3 [START_REF]Acoustics -Laboratory Measurement of Sound Insulation of Building Elements -Part 3: Measurement of Impact Sound Insulation[END_REF] was adapted here to be used for measuring rolling noise. For each run, the device under test was rolled across the floor in the emission room for a set period of time and the sound pressure level measured in the reception room.

There was an opening between the two rooms, inside which a custom floor was installed for testing. This opening, having dimensions of roughly 3 m x 3 m, was filled with a 100 mm thick isolated concrete slab. The slab was supported around its perimeter by elastic supports, which decoupled the slab from the surrounding floor structure. This was done to ensure that the sound level in the reception room below was due only to the structure borne noise transferred vertically through the slab when the trolley was rolled in the emission room above. Thus, flanking transfer paths were eliminated.

Placing the concrete slab on an elastic foundation essentially created a very large spring-mass-damper system. The material that was used as the elastic foundation around the perimeter of the slab was chosen such that the structure as a whole had a vertical natural resonance frequency of 10 Hz. This was deemed sufficiently low that excitation by the rolling trolley (acting as a force input to the spring-mass-damper system) would not cause a resonant response.

To ensure there was no contact between the concrete slab and the surrounding floor, a 15 mm gap was left around the perimeter. this gap was then filled with mineral wool to reduce airborne sound transmission. A transmission loss measurement (conducted via ISO 10140-2 [START_REF]:2010 -Acoustics -Laboratory Measurement of Sound Insulation of Building Elements -Part 2: Measurement of airborne sound insulation[END_REF] and ISO 717-1 [START_REF]ISO 717-1:2013 -Acoustics -Rating of sound insulation in buildings and of building elements -Part 1: Airborne sound insulation[END_REF]) and comparison with the theoretical transmission loss of a 100 mm concrete slab (computed using Bassist.Lab, an in-house simulation software package developed by Level Acoustics & Vibration) confirmed that no excess sound was leaking through the slab's elastic foundation.

Two-wheeled test trolley

The primary rolling device tested, a two-wheel design, is shown in Figure 3. This design was chosen as it is an simple means of ensuring two things: that all wheels remain in contact with the floor at all times, and that the effective load on each wheel remains the same. The drawback of this design is that the trolley must be pushed by hand, which introduces a degree of variability in the trolley speed, as well as the potential for footfall noise to be registered.

The trolley consists of two wheels which area easily interchangeable, a center post where weights may be added to increase the mass of the trolley, and a push handle for maneuvering the trolley across the floor. As the trolley body consists of a hollow metal tube, it was filled with fine grain sand to eliminate ringing due to resonance while rolling. Additionally, as the wheels of the trolley turn on a rigid axle (i.e. there are no wheel bearings or suspension involved), the axle was wrapped in Teflon tape to eliminate rattling between the wheel and axle. These two modifications ensured that the only noise being generated during rolling was the rolling noise itself. The mass of the empty trolley (with no added weights) was 7 kg. Two types of cylindrical wheels were used on this trolley: one with a smooth profile, and one with six 0.5 mm flat spots positioned non-periodically around the wheel's circumference. The latter was included as a means of including the effect of wheel flats on the generated rolling noise. Both wheels had a 50 mm radius and 35 mm width.

The trolley was rolled linearly in a forward and backward motion for a duration of at least 30 seconds per run. The rolling direction was chosen so as not to split the room symmetrically to reduce the effect of room modes. The rolling distance in a single direction (before stopping and rolling in the reverse direction) was 2.5 m. A 1.5 m pole was attached to the handle of the trolley, which allowed the operator to push the trolley through its entire rolling distance by only taking a single step forward and/or backward.

The varying parameters of the test were the floor type, wheel type, trolley speed, and added load on the trolley. These are summarized in Table 1. Three different mass configurations were used: 10, 20, and 30 kg. These added loads were all in addition to the 7 kg mass of the trolley itself. The trolley was rolled on the bare polished concrete floor, as well as two types of PVC floor coverings: one smooth and one rough. These two floor coverings were identical in material construction: the only difference was their surface roughness. The trolley was rolled with each of the two types of plastic cylindrical wheels installed: smooth and flat. Three different trolley speeds were used: 0.5, 0.9, and 1.6 m/s. These were selected empirically to capture "low", "medium", and "high" speed scenarios. 0.9 m/s was first chosen as the medium speed, as observation showed that this was a comfortable speed to push the trolley while walking normally. Originally, the hypothesis was that the average preferred walking speed of humans should be used, which is 1.4 m/s [START_REF] Browning | Effects of obesity and sex on the energetic cost and preferred speed of walking[END_REF]. However, in preliminary testing it was found that this was actually quite a bit higher than the speed at which an operator would naturally be inclined to push a heavy trolley. The added resistance provided by the trolley resulted in a drop in preferred walking speed. This new preferred speed was found to be around 0.9 m/s. From there, speeds slightly below and slightly above were chosen as the low and high speeds. Similar to the medium speed, these were chosen through trial and error. It was found that any lower than 0.5 m/s, and the sound level would approach the noise floor of the room, making accurate measurements difficult. Any higher than 1.6 m/s, and the trolley became difficult to operate consistently, especially with the higher added loads. Thus, the three speeds were chosen.

To solve the issue of variability introduced by using a human operator to push the trolley, the operator wore a wireless earpiece which played a metronome set to a tempo which matched the desired rolling speed. For a rolling distance of 2.5 m and chosen speeds of 0.5, 0.9, and 1.6 m/s, this corresponded to tempos of 25, 43, and 74 beats per minute (BPM) respectively. By regulating the speed such that the metronome would click as the trolley reached each end of the rolling distance, as well as at the midpoint, the average speed over the course of the entire measurement would be equal to the desired trolley speed. In addition, For each configuration a total of 5 runs were conducted and averaged together. This allowed for further reduction of variability due to small differences in trolley speed.

Three-wheeled test trolley

In addition to the measurements performed with the twowheeled test trolley, a different three-wheeled trolley was also built and used for supplemental testing. This was done to investigate a parameter which was not easily testable with the two-wheeled trolley: the rolling trajectory. The trolley is shown in Figure 4. It consisted of a simple design: three nylon 360°swivel wheels, spaced equally apart from one another, were affixed to a solid piece of mediumdensity fiberbood (MDF). An additional 360°swivel joint was used to attach a push arm to the top side of the trolley. This, combined with the wheels, permitted the trolley to be pushed along any trajectory without the need for the operator to move position: thus allowing for the effect of rolling trajectory to be more easily measured. Table 2 shows the test parameters used in the threewheeled rolling noise test. The trolley was rolled on both the bare concrete and rough PVC floor covering. The three nylon were placed at 21 cm from the center of the MDF, at an angular spacing of 120°from one another. The trolley was rolled in two trajectories: linear and circular. For the circular trajectory, the operator stood in the center of the floor and rotated the trolley around him in a constant circular fashion at a radius of 1 m. For both linear and circular trajectories, the same metronome technique was used as before to ensure the operator was pushing the trolley at a constant speed of 0.9 m/s. This corresponded to 43 BPM for the linear trajectory (with four clicks per period) and 72 BPM for the circular trajectory (with eight clicks per period).

Rolling household items

As a final supplemental test, a number of common rolling household items were measured. This was done to observe the range of sound levels and spectral content exhibited by different indoor rolling devices. The items measured, shown in Figure 5, were as follows: an office chair, a delivery cart, a push dolly, a suitcase, a toy truck, and a vacuum cleaner. 

TEST RESULTS

The main quantity of interest is the normalized sound pressure level L n [START_REF]Acoustics -Laboratory Measurement of Sound Insulation of Building Elements -Part 3: Measurement of Impact Sound Insulation[END_REF]in the reception room. This takes into account the room absorption in calculating the sound heard by an observer in the reception room below which the trolley is rolling.

Two-wheeled test trolley

Influence of floor and wheel type

Figure 6 shows the normalized sound pressure level in the reception room from the two-wheeled trolley for all floor and wheel types. For all of these runs, the trolley speed was 0.9 m/s and the added load was 10 kg. The spectra of the background noise and noise generated due to the stepping of the operator alone (called "walking" here) are also shown. For the normalized sound pressure level, errors bars at each 1/3 octave band frequency show ±1 standard deviation for the five repeated runs. Several observations may be made from these graphs. The noise generated due to the walking of the operator is negligible. Both PVC floor coverings provided a reasonable benefit over the bare concrete alone above 200 Hz due to their lower elasticities. It is worth noting here that the elasticity of concern is primarily that of the top layer. A similar overall elasticity could theoretically be achieved for the whole floor system by adding a soft decoupling layer between two hard outer layers (e.g. a concrete base layer, a fiberwood intermediate layer, and a tile top layer). However, this would generate a different effect due to wheel rolling contact with the hard top layer.

In the case of the smooth wheel the rough PVC was slightly louder than the smooth PVC. However, this difference was negligible for the flat wheel. Considering the only difference between these two floor coverings is their surface roughness, it may be concluded that the elasticity of a given floor layer has a greater influence on the radiated sound than its surface roughness.

The presence of wheel flats had a far greater effect on the radiated sound than the type of floor used. The flat wheel rolling on the soft PVC was significantly louder than the smooth wheel rolling on the bare concrete. For this test, the PVC provided a similar benefit over the bare concrete in the case of both smooth and flat wheels. This suggests that the effect of adding a floor covering may be more or less independent of the wheel type. In some cases (e.g. with the PVC floor coverings in place) the smooth wheel was not able to generate a sufficiently high sound level at high frequencies to emerge from the background noise level. Thus the use of wheels with flat spots can be helpful for generating a sufficient signal-to-noise ratio (SNR) when rolling on resilient floor systems.

Finally, the standard deviations between the individual runs were quite low for all cases. This validated the method of using a metronome as an effective means of controlling the trolley speed.

Influence of added load

Figure 7 shows the normalized sound pressure level in the reception room for varying added loads with both smooth and flat wheels. The trolley speed was 0.9 m/s. The large difference between smooth and flat wheel for all loads can once again be seen. Perhaps counter-intuitively, varying the load does not greatly change the radiated sound level. For the case of the smooth wheel, increasing the load causes a small reduction in sound level at low frequencies. The flat wheel exhibited essentially no noticeable change in sound level with changing load. 

Influence of trolley speed

Figure 8 shows the normalized sound pressure level in the reception room due to rolling noise for varying trolley speed in the case of both a smooth and flat wheel. For all of these runs, the added load was 10 kg. The high influence that the trolley speed has on the radiated sound level becomes apparent here. The effect of the speed may even eclipse the effect of the wheel type for mid to high frequencies if the speed difference is sufficiently large: for example, when comparing the smooth wheel at 1.6 m/s to the flat wheel at 0.5 m/s. Raising the speed results in a mostly broadband increase in sound level for a given wheel type. There is a slight upward frequency shift present as well, but its effect its very minimal.

Three-wheeled test trolley

Figure 9 shows the normalized sound pressure level in the reception room due to rolling noise of the three-wheeled trolley for linear and circular trajectory. For all of these runs the floor was concrete, the trolley speed was 0.9 m/s Figure 8. Normalized sound pressure level for varying trolley speed. All runs were done with an added load of 10 kg. ---0.5 m/s, flat wheel, ---0.9 m/s, flat wheel, ---1.6 m/s, flat wheel, -0.5 m/s, smooth wheel, -0.9 m/s, smooth wheel, -1.6 m/s, smooth wheel,• • • walking,• • • background. and the added load was 10 kg. The spectra of the background noise and operator noise are also shown. As it was already determined that stepping in the linear trajectory had no noticeable effect, here the spectrum from stepping in the circular trajectory is shown. The operator needed to continuously rotate his body in place to keep facing the trolley as it traversed the circular path. Finally, the twowheeled trolley is also shown (linear trajectory) for comparison. Once again, for the rolling noise spectra, errors bars at each 1/3 octave band frequency show ±1 standard deviation for the five repeated runs. There is very little difference between the sound spectra for the three-wheeled trolley linear and circular trajectories: they are nearly identical. This justifies the use of a linear trajectory as a suitable replacement in standardized testing. In the velocity range at play here, there is a direct relationship between the speed of the trolley and its radiated sound level. Thus, as long as the average speed over a set measurement duration is the same, It may be assumed that amount of acoustic energy will be the same as well. The comparison with the two-wheeled trolley shows that even with different trolley designs, a similar bell shaped curve is still achieved.

Rolling household items

Figure 10 shows the normalized sound pressure level in the reception room from each of the rolling household items rolling on concrete. The two-wheel and three-wheel test trolleys are also shown for comparison. All items were rolled in a linear trajectory. There is a large degree of variation between the sound levels of the various household items. There is no one single sound signature for indoor rolling noise. The curves do all carry the same general shape: with most of the acoustic energy in the range of 100-400 Hz, then sloping off thereafter in the higher frequencies. However, indoor rolling noise can still come in many shapes and sizes depending on the exact characteristics of the excitation source. The household items measured here all had different masses, wheel sizes, wheel materials, numbers of wheels, and wheel surface roughness profiles. All of these factors contribute to the variation seen in Figure 10. This variation shows the necessity of performing more regulated testing with the two and three wheeled trolleys. Having a device which can control for these variable allows the effect of each one to be observed individually.

This means that the goal of developing a standard rolling device is not to capture the entire spectrum of possible rolling profiles. Such a device would need to be extremely modular and thus would no longer fulfill the requirements of simplicity and regularity. Rather, the goal is to reproduce a "worst case scenario" by generating as loud a rolling noise as possible. This allows the device to produce usable results on both heavy and lightweight construction floors.

DISCUSSION

At its most basic level, a standard rolling noise machine should perform a simple function: it should roll across the floor of the emission room while generating a noise that can be measured in the room below. There are countless ways which this can be achieved. The goal here is not to come up with the design for the prototype itself, but rather to propose a methodology for creating one, and present a discussion of what the priorities should be in the engineering process in order to ensure that, when the times comes, the device that ends up being developed is worthwhile.

Lessons learned from the tapping machine

An extensive history of the development of the tapping machine was published by Theodore J. Schultz in his report "Impact Noise Testing and Rating -1980" [START_REF] Schultz | Impact Noise Testing and Rating -1980[END_REF]. Looking at this history, some trends start to emerge. First and foremost, there is a clear preference for repeatability over accuracy. If the device yields wildly different results when tested repeatedly in the same scenario, then its usefulness as a standard is hardly justifiable. Thus, a rolling device should follow suit. A device rolling across a standard concrete floor in one lab should ideally yield similar measured results to the same device rolling across a similar concrete floor in a different lab.

There is an additional preference for a machine which requires little or no modification from location to location. Today's tapping machine generates impacts which have the capacity to be quite a bit louder than real footfall noise. If one wishes to have a device which is standard across both lightweight and heavyweight floors, this is an unavoidable reality. However, this is preferable to the alternative: a device which replicates real footfall noise perfectly, but is therefore so quiet when being tested on heavyweight floor structures that the results provide no beneficial meaning. The same should be true of a standard rolling machine. The device should be capable of generating rolling noise levels which are sufficiently above the background noise level of a wide range of flooring constructions. ISO 10140-4 requires a minimum SNR of 6 dB, with a preference for 15 dB [START_REF]:2010 -Acoustics -Laboratory Measurement of Sound Insulation of Building Elements -Part 4: Measurement Procedures and Requirements[END_REF]. The same SNR should be achieved for a rolling device as well.

During the development of the tapping machine, much focus was placed on choosing the right hammer material. This is a consideration that depends on both sound and repeatability. A brass for example can be controlled much easier than a leather one, making it more appropriate to be used in an international standard device (these were the two materials originally considered in German standard 4110, 1938 [START_REF]Technischen Bestimmungen für die Zulassung neuer Bausweisen (Technical Recommendations for Licencing of Building Constructions)[END_REF], to the first ISO tapping machine standard). When looking at rolling noise, such a consideration is equally important, if not more. The wheels of such a device should be chosen such that they 10.48465/fa.2020.0442 can be used repeatedly, and for a long lifetime, without degrading to the point of significantly changing the noise being produced. This may prove difficult, as the rolling noise depends on the roughness of the wheel, so any change in the wheel surface will result in a change in sound.

Perhaps the most important lesson that can be learned from the development of the tapping machine is that, no matter what the case, sacrifices will always have to be made. In an ideal world, one could create an impact noise device which perfectly replicates footfall noise in every possible scenario, while also being repeatable, easily measurable, and standardized. We do not live in an ideal world: concessions will always be necessary. However, a device which is perhaps less accurate than one would like is better than no device at all. With rolling noise, just as with impact noise, the difficulty lies in choosing which corners are worth cutting for the sake of standardization and which ones are worth preserving for the sake of accuracy. For a more in depth discussion on the development of the tapping machine as an influence for developing a standard rolling device, see [START_REF] Edwards | Recommendation for a Standard Rolling Noise Machine[END_REF].

Specific considerations for a standard rolling noise device

The parameters which dictate the impact sound of a tapping machine are the hammer mass, hammer material, hammer drop height, frequency of impacts, and floor construction. With rolling noise, the primary governing parameters are the roughness, material, and geometric properties of the floor and wheel, the speed of the device, and the load on the device. In both cases, the parameters related to the floor are the dependent variables of the equation, as the whole purpose is to assess their acoustical performance. Because the rolling noise depends not only on the intrinsic material properties and the construction of the floor, but also on its surface roughness, two identical floors with different surface finishes can yield different noise levels for the same source rolling across them. For example, in the case of rolling office chairs, subjective testing has shown there to be a noticeable difference in the sound produced when changing the flooring material upon which the chair rolls [START_REF] Palù | The use of Semantic Differential Scales in Listening Tests: A Comparison Between Context and Laboratory Test Conditions for the Rolling Sounds of Office Chairs[END_REF].

The overall goal in developing a standard rolling device is to replicate a "worst case scenario". That is, the device should generate as loud a rolling noise signature as possible. This allows the device to still yield meaningful results for both lightweight and heavyweight floors.

The results of the rolling noise tests show that the rolling device need not be extremely heavy in order to generate a high sound level. The device should be just heavy enough to ensure there is no loss of contact between the wheels and the floor during the rolling event (e.g. an empty cart which may bounce and rattle as it rolls). Any added load beyond this point simply reduces the sound level while making the device more difficult to move.

Durability and longevity are paramount for any standard device. A standard rolling device needs to produce the same excitation after ten minutes of use as it does after a year of use. The wheel material should thus be one which will hold its surface roughness after repeated use, such as steel. This also has the added benefit of generating a higher sound level due to its high modulus of elasticity.

An alternative option is to use wheels with flat spots, as the profile of a wheel is easier to control (from a standardization perspective) than its surface roughness. Additionally, as the presence of wheel flats can dominate over all other influencing factors in rolling noise, this would also aid in achieving a high SNR. The risk however is that the presence of flat spots causes the sound to shift away from sounding like rolling noise and towards sounding like impact noise. This is perhaps analogous to the discussion surrounding the tapping machine on whether or not it is truly representative of footfall noise. Use of flat wheels should remain an option in the case that a sufficiently high SNR cannot be achieved with a smooth wheel, or that a roughness profile is considered too difficult to tightly control. However, its drawbacks should still be kept in mind.

A rolling device which is automated (i.e. which is self driven and requires no operator input during rolling) would theoretically provide the greatest level of repeatability. This type of design would also, however, require a complicated design. Fortunately, it has been shown here that trajectory and the presence of a human operator provide a negligible change in the radiated sound level. Thus a manually pushed, two-wheeled trolley could still provide sufficient repeatability over a two or three-wheeled automated one.

The final variable to consider is speed. The sound level and frequency content of the rolling noise will change with the speed of the rolling device; thus this is a parameter which should be intentionally chosen. Following the goal of replicating a worst case scenario, the speed should be reasonably high such that a high radiated sound level is generated, but not so great as to make the rolling device unstable or difficult to operate reliably. A speed of around 1 m/s may be an ideal balance point.

A silent visual cue could be used as an alternative to a metronome for regulating speed. An example would be a blinking light set to a strobe frequency equal to that of the metronome. This would avoid the need for the operator to wear an earpiece while still not affecting the measured sound level.

The unique isolated concrete floor used in the results shown here had a thickness of 100 mm. However, the classical thickness for a laboratory concrete slab in a two-level reverberation room is 140 mm. It should be useful to impose that a thickness of 140 mm be used for lab testing in order to achieve inter-laboratory consistency.

CONCLUSION

This work presents the proposal for a development of a standard rolling device. It is linked to the recently accepted proposal to the European Committee for Standardization (CEN / TC 126 / WG 7) for a New Work Item: Measurement of rolling sound insulation. A series of rolling tests were conducted in order to determine the degree to which 10.48465/fa.2020.0442 each influencing parameter has an effect on the generated rolling noise level. The trolley speed has a high influence on the radiated sound level, as does the presence (or not) of wheel flats, and the type of floor covering used (if any at all). The added load has a minor (though non-negligible) effect. The effect of the rolling trajectory and presence of a human operator are negligible.

The rolling test procedure used, combined with the modified measurement method for impact noise described in ISO 10140-3 [START_REF]Acoustics -Laboratory Measurement of Sound Insulation of Building Elements -Part 3: Measurement of Impact Sound Insulation[END_REF], are adequate for generating reproducible results. Care must be taken to regulate the speed of the test trolley to the highest degree possible, but this is manageable through the use of a metronome or silent visual cue.

The results presenting here may be used as guidance in developing a standard rolling noise device. Such a device should be designed to produce a "worst case scenario" in order to be usable on both lightweight and heavyweight floors. While a three-wheeled device rolling in a circular trajectory would be easier to automate due to its selfstabilizing nature, a two-wheeled device pushed manually in a linear trajectory is also capable of producing a repeatable and reliable rolling sound signature.
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 2 Figure 2. Comparison of the spectra of tapping noise and rolling noise of a classical concrete floor, as well as the attenuation of a classical floating floor (140 mm concrete slab + a coupling layer + 40 mm screed) [4].
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 3 Figure 3. Two wheeled trolley used for rolling noise tests: shown here with 20 kg added mass.
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Figure 4 .

 4 Figure 4. Three-wheeled test trolley used for supplemental testing. The 360°swivel joints allowed to smoothly change the rolling trajectory without sliding between the wheels and the floor.

Figure 5 .

 5 Figure 5. Household objects measured in the preliminary test. From left to right, top to bottom: office chair, delivery cart, push dolly, children's toy, vacuum cleaner, suitcase.

Figure 6 .

 6 Figure 6. Normalized sound pressure level of the twowheeled trolley for varying floor and wheel type. All runs were done with a trolley speed of 0.9 m/s and an added load of 10 kg. ---Concrete floor, flat wheel, ---Rough PVC floor, flat wheel, ---Smooth PVC floor, flat wheel, -Concrete floor, smooth wheel, -Rough PVC floor, smooth wheel, -Smooth floor, smooth wheel, • • • walking,• • • background.

Figure 7 .

 7 Figure 7. Normalized sound pressure level for varying added load. All runs were done with a trolley speed of 0.9 m/s. ---10 kg, flat wheel, ---20 kg, flat wheel, ---30 kg, flat wheel, -10 kg, smooth wheel, -20 kg, smooth wheel, -30 kg, smooth wheel, • • • walking, • • • background.

Figure 9 .

 9 Figure 9. Normalized sound pressure level for varying rolling trajectory of the three-wheeled test trolley. All runs were done on the concrete floor with a 10 kg added load and 0.9 m/s trolley speed. The two-wheeled trolley (linear trajectory) is also shown for comparison.three-wheeled linear,three-wheeled circular,two-wheeled linear,• • • waking,• • • background.

Figure 10 .

 10 Figure 10. Normalized sound pressure level of the household items measured in the preliminary rolling noise test. Two-wheel and three-wheel trolleys shown for comparison.office chair,large dolly,small dolly, suitcase,toy truck,vacuum cleaner,two-wheel trolley,three-wheel trolley, • • • background.

Table 1 .

 1 Test parameters used in the two-wheeled rolling noise test

Floor Wheel Load Speed Concrete Smooth 10 kg 0.5 m/s Concrete + rough PVC Flat 20 kg 0.9 m/s Concrete + smooth PVC 30 kg 1.6 m/s

Table 2 .

 2 Test parameters used in the three-wheeled rolling

	noise test	
	Floor	Trajectory
	Concrete	Linear
	Concrete + rough PVC Circular
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