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Abstract: In 2011 the percentage of the American population affected by Noise Induced Hearing Loss (NIHL) 2 
was 15.3%. Unlike most forms of hearing loss, this can be prevented by limiting exposure to certain 3 
magnitudes of noises for varying amounts of time. The present study aims to assess the sound which can 4 
contribute to NIHL given off from dropping free weights using six calibrated smartphones in the gym at the 5 
University of Birmingham. This report sets out to measure the noise and vibration given off by dropping 6 
loaded barbells at the top of a deadlift. By conducting these tests, it can be assessed whether the sound given 7 
off from dropping free weights in the gym could be contributing to NIHL. A relationship between drop weight 8 
and the vibration is also be constructed. For vibration, it is found that vibration level (m/s2) increased with 9 
drop weight, whereas the average noise level for each drop weight only varies by a range of 4.4 dB between 10 
102.7 dB and 98.3 dB. There is no correlation shown by these results between sound level and drop weight, 11 
however, all the sound levels recorded are over 85 dB leading to NIHL. This study reminds us that measures 12 
need to be taken to reduce the sound level from the dropping of loaded barbells in the University of 13 
Birmingham Sports and Fitness Centers 14 
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1. Introduction 18 

Noise and vibration (N/V) induced by the behaviors in a fitness center is a major problem leading to 19 
complaints in commercial, mixed-use, and residential buildings [1]. More importantly, exposure to a high level 20 
of noise can be harmful to people’s hearing [2]. However, inaudible is not necessary so that the investigation 21 
of the acceptable level of N/V can be quantified. NIHL can be prevented by limiting exposure to sounds greater 22 
than 85 dB [3]. The Squat, Deadlift and Bench Press are widely accepted to be the ‘Big Three’ powerlifting 23 
exercises by strength and conditioning experts[4]. Of these three the deadlift is found to have the highest one 24 
repetition maximum for the majority of people [5] and due to this reason, it is one of the most common exercises 25 
to be performed in gyms with the available equipment. According to the rules set out by the International 26 
Powerlifting Federation, returning the weight to the platform without maintaining control with both hands is a 27 
disqualifiable offence in competition [6]. However, both professional and amateur weightlifters frequently drop 28 
the weight to the platform at the completion of the exercise. Such uncontrolled release of the weight and contact 29 
with the platform results in noise and vibration which may lead to NIHL in people close to the event.  30 

To determine the effectiveness of different types of damp-poof flooring, Hayne carried out an in-situ floor 31 
impact isolation testing on a gym floor and concluded that most of the damping effect of noise when weights 32 
were dropped came from the type of structure that was underneath the vibration absorbing flooring, comparing 33 
floating floor to a concrete slab. Different materials were tested for their noise dampening properties and 34 
concrete slabs were used as a reference level [7]. This is useful for deducing the effect of the current flooring 35 
by replicating the experiment on the flooring at the University of Birmingham Fitness Centre’s gym. In our 36 
previous report [8], we have conducted an experiment measuring noise and vibration given off from deadlifts 37 
with varying weight but keeping the contact area of the drop weight constant. We found that noise levels are 38 

https://xueshu.baidu.com/s?wd=author%3A%28Sakdirat%20Kaewunruen%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
mailto:s.kaewunruen@bham.ac.uk
mailto:jxh596@student.bham.ac.uk
mailto:s.kaewunruen@bham.ac.uk
tel:+44%20%20121%20414%202670


  

above 85 dB for all drops from 20 kg – 75 kg but there was a drop in the dB level at 70 kg. As an improvement 39 
of our former report, we set up a more rigorous experimental procedure. Regarding the noise induced by 40 
background music and the vibration caused by other gym users in [8], access is given to the Sports and Fitness 41 
Centre’s performance gym where there would be no other gym users and the ability given to mute the usual 42 
music speakers. The performance gym consists of the same damp-proof flooring as the main gym and sits on 43 
the same floating concrete slab. These were the two main concerns for sources of background noise and 44 
vibrations in [8], which were eliminated. More importantly, the weight range goes higher, up to 130 kg in this 45 
work since the average one repetition maximum weight in deadlift of 67 untrained college students were 46 
measured to 107 kg in [9] so that the relationship between weight and noise, and vibration can be plotted over 47 
a wider range of weights. McNulty produced the noise and vibration patterns of cardio machines but did not 48 
conduct any experiments that weightlifting exercise could have, although it was mentioned that they will be a 49 
factor[10]. 50 

In this study, we have proposed mobile phones as an experimental tool to detect noise and vibration level. 51 
There are still some concerns that reveal if the quality of the sensors installed in a smartphone is capable to 52 
meet the demand of the measurement as Sachs has depicted the worries of the accuracy that the phone can reach 53 
due to the size and low price of the sensors in the phones[11]. Previous researches [12,13] have established the 54 
reliability of the accelerometer housed in cell phones. Two phones and a sophisticated accelerometer were used 55 
to acquire train carriage vibrations in [12], and the feasibility was proven by the comparison of the data from 56 
phone-based accelerometer and the sophisticated accelerometer. Similar to [12], the vibrations collected by 57 
smartphones worn on 31 participants were compared to the same data from a validated physical activity 58 
monitoring system and the results implied the performance of the accelerometer embedded in phones is accurate 59 
and precise [13]. Eric et.al proposed a microphone-based application SpiroSmart performing spirometry 60 
sensing. 5.1% mean error was achieved by the SpiroSmart compared to a clinical spirometer [14]. Multiples 61 
research and government institutes have adopted the microphone of phones to monitor noise pollution 62 
monitoring [15-18] leading to the growing development of many mobile apps for measuring sound levels such 63 
as NoiseSPY [19], EarPhone [20] and NoiseTube [21]. The reliabilities of these applications have been assessed 64 
outside and inside a laboratory [22-26]. 65 

The findings in this report can be used to ensure that the gym is a safe place for those attending the gym, 66 
or to indicate what action can be taken to better protect the longevity of hearing for these attendees. Besides, 67 
the procedure in this study outline how we can use our phones to evaluate the noise and vibration in a gym. 68 
Many different sources in daily life may emit a sound level that can lead to NIHL. This report does not set out 69 
to present the argument that the gym is the sole factor in causing NIHL but instead it aims to present findings 70 
that demonstrate how powerlifting exercises, in particular the deadlift, can be a contributory factor in NIHL.  71 

2. Methods  72 

2.1 experimental procedure 73 

The testing is conducted in a certified gym and the activities are performed by one of the gym instructors. To 74 
complete a deadlift, the subject starts with the feet width just beyond shoulder-width apart, and hands gripping 75 
the bar at shoulder width. The bar is pulled upwards using hip and knee joint extension until it reaches upper 76 
thigh level and the spine is fully erect, and the subject’s shoulders are pulled back. The bar is then dropped back 77 
to the floor [27]. Figure 1 shows the deadlift form that will be tested. The key element about the lift for this 78 
investigation is the finishing height, which as illustrated in this figure is an upright body posture pulling your 79 
shoulders back and locking your hips forward, leaving the bar to rest against the lower hips or pelvic area 80 
(dependent on arm length). The impact noise produced by the dropping of the bar is also dependent on attributes 81 
like the height between the bar and the floor. In the UK, the average height of a male and a female is 175.3 cm 82 
and 161.6 cm respectively according to the Office of National Statistics. The gym instructor is 179.0 cm who 83 
is higher than the average standard which means that the distance between the instructor’s hands and the floor 84 
exceeds most of the people in the UK. The distance is measured to 85.0 cm when the performer fully erects 85 
during a complete deadlift.  86 



  

 87 
Fig. 1 An example of deadlift technique (Source: authors) 88 

2.2 Noise and Vibration recording applications used 89 

The robustness of the microphone, accelerometer and the applications used to acquire sound and vibration has 90 
been proven by previous researches [11-25]. At the same time, we also evaluated the measuring instruments to 91 
accommodate the British standard BSEN 61672 in our previous study [8] by comparing the six sound 92 
measurement applications and six vibration measurement applications yielding that the DecibelX for sound 93 
measurement is outperforming other applications. However, in this study, we instead the app Vibsensor in place 94 
of the app Accelerometer since the more user-friendly service has been achieved. The reason being ease of use 95 
during the experiment as it only requires a double-tap of a button to start recording a new result. This enables 96 
quicker testing in the gym as there is only limited time when access is given for the testing. The accuracy of the 97 
metering is distinct depending on the brands of mobile phone. Murphy and King have investigated and 98 
concluded that Apple phones provide surpassed accuracies compared to Android phones in general [28]. The 99 
applications chosen are both available on the IOS ‘App store’. Six different iPhones are used in the tests listed 100 
in table 6 in the appendix as there is a limitation to get six identical iPhones.  101 

2.3 Testing Area  102 

Access is given to the Sports and Fitness Centre’s performance gym. The performance gym consists of the same 103 
damp-proof flooring as the main gym and sits on the same floating concrete slab. This is arranged with the gym 104 
staff as access can be granted at a time where there will be no other gym users and the ability given to mute the 105 
usual music speakers. These are the two main concerns for sources of background noise and vibrations, which 106 
are eliminated. Figure 3 shows the floor layout of the powerlifting stations in the performance gym. Testing is 107 
conducted at the middle station on the top line. The location of measurement is governed by BS ISO 2631 – 1. 108 
The position of the phone should be able to demonstrate the vibration at the interface between the origin of the 109 
source of vibration and the performer. For deadlift, the measurement should be taken on the surface that supports 110 
the feet most often where are tagged to three and four in Figure 4 as suggested by the procedures in BS ISO 111 
2631 – 1.  112 
The position of the smartphones is indicated by the numbers in Figure 4 according to the literature on an 113 
overview of sound measurement which has highlighted the location of sound measurement should be placed 114 
around the source of the sound [29]. 115 

 116 
Fig. 3 Floor layout of powerlifting stations in performance gym (Source: authors) 117 
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 118 
Fig. 4 Test area with phones laid out in positions 1 – 6 (Source: authors) 119 

2.4 Calibrating mobile phone for vibration measurements 120 

As specified in figure 4, six smartphones are being used as recording devices. A test is carried out to ensure that 121 
they are calibrated accurately, and this requires the use of an accelerometer. The accelerometer used is ‘Brüel 122 
& Kjær’s’ type 4533-B-002 with a range of ±140 m/s2 peak.  123 

A signal conditioner is used to convert the accelerometer’s signal to a voltage with a relative amplitude. 124 
The signal conditioner used is ‘Brüel & Kjær’s’ Type 1704-A-001. The software, LabView, converts the 125 
voltages to presentable data of vibration in m/s2. Figure 5 demonstrates the circuit created in LabVIEW to 126 
collect the readings from the signal conditioner.  127 

 128 

Fig. 5 LabVIEW circuit to read accelerometer readings (Source: authors) 129 
 130 
The accelerometer and one phone (referred to as ‘reference phone’) are laid 0.5 m on the floor away from the 131 
weight. Both devices then begin measuring vibrations, the weight is dropped, and the peak vibration level is 132 
recorded on each device. The calibration settings of the phone are then changed by the difference in peak 133 
vibration level from the phone to the accelerometer. Subsequent readings from the phone will then match the 134 
accelerometer. This is repeated several times until the phone’s readings are consistently equal to that of the 135 
accelerometer as access to the other smartphones is limited, calibration is not able to be carried out at the same 136 
time or with the accelerometer. For the calibration of the other phones, the above procedure is carried out but 137 
instead using the reference phone in place of the accelerometer.  138 

2.5 Calibrating mobile phones for sound measurements 139 

To ensure the sound measurements of the phones are accurate and calibrated together a similar test is carried 140 
out to that described in section 2.4. Instead of using an accelerometer to ensure accuracy of reading, a separate 141 
reference phone is used to generate a 70 dB sound level. Each phone is, in turn, placed 20 cm away from the 142 
reference phone and its sound recording level is set to 70 dB within the ‘DecibelX’ application. 143 

2.6 Deadlift weight combinations 144 

The design of A-J aims to recreate common gym practice. As stated earlier in [9], the average weight to 145 
be expected is 107 kg and 130 kg has been chosen as the maximum as it is 120% of the expected average.  146 

 147 
 148 
 149 
 150 

 151 



  

Table 1. Deadlift weight combinations (Source: authors) 152 

 Combination of weights Weight (kg) 

A Barbell (20kg) + 2x10kg rubber covered plates  40.0 

B Barbell (20kg) + 2x15kg rubber covered plates 50.0 

C Barbell (20kg) + 2x20 rubber covered plates 60.0 

D Barbell (20kg) + 2x25kg rubber covered plates 70.0 

E Barbell (20kg) + 2x20kg + 2x10kg rubber covered plates 80.0 

F Barbell (20kg) + 2x20kg + 2x15kg rubber covered plates 90.0 

G Barbell (20kg) + 4x20kg rubber covered plates 100.0 

H Barbell (20kg) + 2x20kg + 2x25kg rubber covered plates 110.0 

I Barbell (20kg) + 4x20kg + 2x10kg rubber covered plates 120.0 

J Barbell (20kg) + 4x10kg + 2x15kg rubber covered plates 130.0 

2.7 Data post-processing 153 

The most common measurement of sound level is decibels (dB). Hall suggested that defining decibels is not 154 
achievable unless in terms of power and its immediate related quantities such as current and voltage[30]. 155 
However, Horton presented a solution to this by using ‘Logit’ to compare ratios of different physical quantities. 156 
A ratio of one Logit being a ratio of 10(0.1)[31]. A sound is usually considered to have four main attributes, a 157 
decibel is a measure of the sound pressure created from different amplitudes and frequency of waves [32]. 158 
Sound pressure cannot be directly converted into effect on humans and their hearing. Given the above 159 
information when judging the effect of decibel level on people reference will be made to the 85dB limit stated 160 
previously. Equation (1) allows the conversion of a given sound level in decibels into its matching eight-hour 161 
level when its duration is known [30]. 162 

LR = LM − 10 log10(
TR

TM
)                          (1) 163 

Where: 164 

 LR= Eight-hour equivalent level (dB) 165 
 LM= Recorded Level (dB) 166 
 TR= Seconds in eight hours (S) 167 
 TM= Time duration decibel level recorded (s) 168 

With the combined noise of powerlifting stations and cardio machines such as treadmills, which McNulty’s 169 
report modelled as cyclic impact loading, there is a danger that all the different sources of noise are 170 
superimposed to create more constant noise, and if each source is emitting a decibel level that is above 85 then 171 
NIHL can be contributed towards. 172 

The relationship between the acceleration caused in the human skeletal system and the magnitude and 173 
frequency of vibrations is non-linear [33]. Defining a set level of tolerable vibration is very difficult. Therefore, 174 
for guidance on what magnitude and frequencies of vibration are acceptable, reference will be made to British 175 
Standards BS 6472:2008 [34], where acceptable vibrations come from a structural point of view, whilst also 176 
making considerations for human vibration interactions. Transmissibility is the ratio of the outputted vibration 177 
compared to the inputted vibration. In a report by McNulty the transmissibility in large structures is given by 178 
the following equation (2)[10]: 179 

T = √
1+42(

f

f0
)2

[1−(
f

f0
)2]+42(

f

f0
)2

                                        (2) 180 

Where: 181 
     T= Transmissibility  182 
    f= forcing frequency (Hz)  183 
    f0= The natural frequency of the isolator  184 
     = Damping ratio  185 



  

These factors can be obtained for the current flooring from ‘Pullum’, the company that designed the 186 
existing vibration-absorbing flooring. From the testing carries out and analysis of the results, it can then be 187 
decided if a material with lower transmissibility will need to be installed in the gym.  188 

3. Results 189 

The current section presents the results acquired from the experimental and analysis of the wide range of the 190 
weight changed inducing different sound and vibration levels. The outcomes are demonstrated in the two tables 191 
and figures in the following.  192 

3.1 Sound level 193 

Table 2 shows the averaged values of sound levels from the three repeats of each weight dropped, for reference 194 
table 4 in the appendix has the raw data that these averages are calculated from.  195 

 196 
Table 2. Measured sound levels average for each phone from deadlift drops (Source: authors) 197 

    
Sound level (dB) 

   

Weight (kg) Phone 1 Phone 2 Phone 3 Phone 4 Phone 5 Phone 6 Average Critical 

40 103.2 104 101.5 102.1 102.8 102.7 102.7 104 

50 102.3 99.6 97.9 99 97.7 97.4 99 102.3 

60 99.8 101.7 100.9 101.3 99.5 98 100.2 101.7 

70 98.3 98.3 99.8 99.1 100.4 96.2 98.6 100.4 

80 101.4 100.3 97.8 99 99.3 97.6 99.2 101.4 

90 99.4 98.6 97.8 99.2 95.4 102.5 99.1 102.5 

100 98.4 102.2 99.8 97.9 95.9 95.8 98.3 102.2 

110 100.9 104 97.9 99.2 99.2 97.8 99.8 104 

120 101.1 100.4 98 98.3 98 98.4 99 101.1 

130 98.6 100.6 98.4 98.9 100.5 97.4 99.1 100.6 

For the calculation of the equivalent eight-hour average the largest average decibel level recorded from Table 198 
2 is to be used, therefore using the most critical case to show the maximum effect that these drops can have. 199 
The average selected is the 40 kg drop at 102.7 dB. In the example, the duration of the sound around peak level 200 
is conservatively taken as 0.5 seconds regarding Figure 9 appendix. 201 

LR = LM − 10 × log10 (
TR

TM

) 202 

LR = 102.7 – 10 x Log10((80 x 60 x 60)/ (0.5)) 203 
LR = 45.01 dB over 8 hours 204 

3.1.2 Average sound levels against weight 205 

Figure 6(a) reveals that the sound levels collected by six experimental phones commence with a relatively high 206 
level (all above 85 dB) with fluctuations settling at a smaller point than the starting point from weight range 207 
from 40 kg to 130 kg. Figure 6(b) presents the average and critical sound levels from table 2 columns eight and 208 
nine against the weight dropped. 209 



  

 210 

(a) 211 

 212 

(b) 213 

Fig. 6 Sound level against weight dropped. (a) Sound level against each phone; (b) Average and critical 214 
sound level against each phone (Source: authors) 215 

3.2 Vibration levels 216 

Phones three and four are employed to evaluate the vibrations impact on the deadlift performer. Table 3 shows 217 
the average vibration among three repeats that phones three and four recoded at a given weight, also with column 218 
four being the average of phones three and four and column five being the highest recorded value for a given 219 
weight. 220 

Table 3. Measured vibration level average for phones three and four from deadlift drops (Source: 221 
authors) 222 

 223 

 Vibration level(m/s2) 

Weight (kg) Phone 3 Phone 4 Average Critical 

40 0.0042 0.0012 0.0027 0.0042 

50 0.0062 0.0065 0.00635 0.0065 

60 0.012 0.015 0.0135 0.015 

70 0.017 0.02 0.0185 0.02 

80 0.034 0.038 0.036 0.038 

90 0.048 0.049 0.0485 0.049 
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100 0.06 0.074 0.067 0.074 

110 0.061 0.073 0.067 0.073 

120 0.067 0.077 0.072 0.077 

130 0.073 0.102 0.0875 0.102 

3.2.1 Average vibration vs Weight 224 

The vibration for phones three and four is averaged out for each drop of a given weight and then again averaged 225 
between the phones for each weight. Figure 7(a) demonstrates the weight against the vibration collected by the 226 
two phones. The two lines are almost overlapping showing that they have close values. While, Figure 7(b) 227 
shows the relationship between average vibration and weight, critical vibration and weight. 228 

 229 

(a) 230 

 231 

(b) 232 
Fig. 7 Measured Average Vibration Level against Weight. (a) Vibrations against weight dropped; (b) 233 

Average and critical vibrations against weight dropped (Source: authors) 234 
 235 
 236 

0

0.02

0.04

0.06

0.08

0.1

0.12

40 50 60 70 80 90 100 110 120 130

V
ib

ra
ti

o
n

s 
(m

/s
2

)

Weight Dropped(kg)

Vibrations

Phone 3 Phone 4

0

0.02

0.04

0.06

0.08

0.1

0.12

40 50 60 70 80 90 100 110 120 130

V
ib

ra
ti

o
n

s 
(m

/s
2

)

Weight Dropped(kg)

Vibrations

Average Critical Trend



  

4. Discussion 237 

Most of the previous researches that have evaluated the usefulness of lightweight floating floor to mitigate 238 
vibration and noise from activities [35-37] or how the vibration and noise transmit along with the structure of 239 
the buildings [38,39]. However, very little of the relationship between the varied weight drops and the induced 240 
N/V is analyzed. In [10], the major focus is the N/V induced by aerobic machines and there was no evaluation 241 
of the impact of weight-based activities on N/V.  242 

As shown by Figure 7 vibration level increases as weight increases. Figure 7(b) shows the trend as, unlike 243 
the sound levels these points do show a correlation between weight and vibration level. The trend line 244 
commences with 0.0027 m/s2 at the weight drop of 40 kg and reaches the peak of 0.0875 m/s2 at the weight 245 
drop of 130 kg. The noise level drops sharply from 40 kg to 50 kg and tends to stay stable although it suffers 246 
from a small fluctuation. For this reason, a line of best fit has not been plotted. It is expected that the noise 247 
would have followed a similar relationship with weight as vibration does, being that vibration level increases 248 
as weight increases however this is not the case. The greatest average sound level is at 40 kg of dropped weight. 249 
Weight combinations between 40 kg and 70 kg are made up of just one rubber bumper plate on each side of the 250 
bar. An evident during the experiment is that having one rubber bumper plate on each side of the barbell, allows 251 
the plate to move against the clip and the bar plate stop when dropped. This movement that is caused by the 252 
impact of the plate with the floor created noise itself. This noise created from the plate hitting the bar is not 253 
dampened by the flooring as it has no contact with the damp proof flooring. This can explain the weight 254 
combinations of 40 kg – 70 kg being similar magnitudes of the heavier weights. Combinations E to J include 255 
weights 80 kg to 130 kg. Each of these combinations has multiple rubber bumper plates, therefore, eliminating 256 
the effect of the bumper plate hitting the bar plate stop. The highest average sound level recorded in this given 257 
range is at 110 kg at 99.8 dB, the lowest average sound level at weight 100 kg being 98.3 dB. The jump from 258 
highest to lowest sound level values is made in just a 10 kg interval. A possible reason for this can be that the 259 
dampening properties of the flooring are most effective at the specific weight of 100kg. However, this 260 
hypothesis is not supported by the value of sound levels produced by the surrounding weights. Instead, this 261 
small interval from highest to lowest (in the range of 80 kg -130 kg) can further highlight the lack of correlation 262 
of the data, possibly caused by limitations highlighted in section 5. Every average from Table 2 is above 85 dB 263 
which highlighted in the literature review [3] is the minimum value for when NIHL can begin to occur. These 264 
are impulse sounds measured with very little duration however NIHL is caused by many different scenarios and 265 
situations in daily life. A reduction in any of these noises above 85 dB should be achieved where possible. It is 266 
the responsibility of the gym to ensure that their environment does not contribute towards this. As can be seen 267 
in section 3.1, the eight-hour energy for an individual drop is low. However, in a busy gym environment, there 268 
will be multiple drops happening simultaneously, therefore, increasing the duration of these sounds giving a 269 
larger eight-hour equivalent energy value. Besides, there will be background noise such as music and also noise 270 
and vibration from cardio machines such as treadmills.  271 

5. Conclusions 272 

Ensuring a healthy gym environment is critical to sustainable development. As the large fitness market in the 273 
UK, it highlights the importance of our study to address the critical issue induced by the vibration and noise in 274 
the gym at the University of Birmingham. By fostering on providing the gym with a safe place to excise, this 275 
study offers guidelines to test the vibration and noise with a convenient tool a smartphone. The adoption of the 276 
smartphone provides the benefit that the prevalence of the mobile phone allows the gym members to test the 277 
noise and vibration in their daily lives.  278 

Further investigation should also be undertaken to investigate how impulse sounds from the dropping of 279 
loaded barbells are affected by the other sounds in the gym environment. The frequency domain of sound and 280 
vibration can be studied in the future. There is no mechanism used to ensure connection where vibrations are 281 
measured accurately. In future studies, the use of specialized gels can be used between floor and accelerometers 282 
or accelerometers with floor clips and mounts. The bar is dropped from the top of a deadlift by a weightlifter. 283 
The lack of precise mechanical controls means that the weights at the bar ends may hit the ground at different 284 
times. This can affect the amplitude of the noise given off at the initial contact of the barbell with the ground, 285 
as one side of the bar connects with the ground first. Another limitation is the degree of measurement of the 286 
smartphones as when it comes to calibration the phones can only be calibrated in measurements of 0.1 dB. In 287 
the future devices with a higher level of precision should be used. Due to having limited access to smartphones 288 
at the same time, calibration is done at separate times. A possible improvement to the calibration process will 289 



  

be to ensure all devices are calibrated under the same conditions by having them all present together. Besides, 290 
the same models of the smartphone should be used.  291 

 292 
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7. Appendix  296 

7.1 Recorded data  297 

7.1.1 Table of peak sound 298 

The data for peak sound level recorded on each phone for each performed drop is shown in table 4. The results 299 
here are used to calculate the averages forming the data for each cell in Table 2.  300 

 301 
Table 4. Peak sound level recorded for each drop weight (Source: authors) 302 

Sound Level (dB) 

 Phone 1 Phone 2 Phone 3 Phone 4 Phone 5 Phone 6 

Weight Test 1 Test 2 Test 3 Test 1 Test 2 Test 3 Test 1 Test 2 Test 3 Test 1 Test 2 Test 3 Test 1 Test 2 Test 3 Test 1 Test 2 Test 3 

40 105.8 100.8 102.9 103.4 104.6 103.9 99.5 102.1 102.9 98.5 102.8 104.9 100.3 104.6 103.4 103.7 100.1 104.3 

50 99.4 101.2 106.4 98.6 102.6 97.7 98.6 96.4 98.6 99.8 97.4 99.7 99.6 95.4 98.2 98.5 96.2 97.6 

60 99.6 98.3 101.6 101.9 100.3 103 101.6 98.8 102.2 102.4 98.8 102.7 99.1 97.8 101.5 96 97.3 100.8 

70 98.1 100.4 96.5 96.1 101.8 96.9 97.5 103.1 98.8 97.8 102.4 97.2 101.8 101.4 97.9 95.1 98.6 95 

80 101.3 100.5 102.4 101.9 98.8 100.3 97.5 97.1 98.7 98.5 99.4 99 98.9 99.2 99.8 96.4 99.8 96.6 

90 98.1 102.3 97.7 98.3 100.8 96.6 97.6 99.9 95.8 98.7 102.5 96.3 94.1 99.9 92.2 104.7 101.8 101.1 

100 101.9 97.5 95.7 102.8 103.7 100 102 97.7 99.6 98.4 97.3 98.1 97.6 97.6 92.6 97 94.3 96 

110 101.4 99 102.4 100.8 105.1 106 96.1 98.8 98.7 100 98.3 98.7 96.3 100.4 100.8 98.3 97.8 97.3 

120 100.5 103.3 99.5 97.8 102.6 100.9 95.7 99.9 98.3 96.6 98.9 99.3 96.6 99.3 98 97.5 98.8 97.8 

130 100.3 98.2 97.4 105.8 98.1 97.9 101.6 97.5 96 103.1 97.1 96.6 102.8 101 97.5 99.2 97.3 95.6 

7.1.2 Table of vibration levels 303 

This data is then used to calculate the average for phones three and four at each drop weight, hence forming 304 
the data presented in table 3.  305 

   306 



  

Table 5. Vibration level recorded for each drop weight (Source: authors) 307 

Vibration Level (m/s2) 

Weight 

(kg) 

Phone 1 Phone 2 Phone 3 Phone 4 Phone 5 Phone 6 

Test 

 1 

Test 

2 

Test 

3 

Test 1 Test 2 

Test 

3 

Test 1 Test 2 Test 3 Test 1 Test 2 Test 3 Test 1 Test 2 Test 3 Test 1 Test 2 Test 3 

40 N/A 0.029 0.012 N/A 0.0038 N/A 0.0045 0.0035 0.0047 0.0014 0.00093 0.0012 0.0069 0.004 0.0028 0.003 0.00087 0.0012 

50 0.035 0.046 0.061 0.0091 0.0095 0.015 0.0066 0.0043 0.0078 0.0058 0.0073 0.0065 0.012 0.0047 0.012 0.0046 0.0027 0.0027 

60 0.042 0.033 0.051 0.019 0.06 0.016 0.012 0.016 0.0091 0.014 0.021 0.0087 0.0082 0.012 0.016 0.0031 0.0037 0.0035 

70 0.04 0.15 0.046 0.024 0.026 0.02 0.018 0.021 0.013 0.013 0.022 0.026 0.016 0.023 0.0036 0.012 0.018 0.0082 

80 0.088 0.045 0.048 0.054 0.025 0.062 0.033 0.033 0.035 0.034 0.041 0.038 0.014 0.035 0.045 0.041 0.015 0.046 

90 0.11 0.11 0.097 0.083 0.082 0.58 0.057 0.055 0.031 0.045 0.025 0.076 0.04 0.018 0.049 0.055 0.062 0.035 

100 0.01 0.099 0.15 0.034 0.14 0.18 0.04 0.095 0.045 0.084 0.066 0.073 0.07 0.021 0.041 0.047 0.094 0.088 

110 0.085 0.18 0.13 0.1 0.19 0.16 0.035 0.075 0.073 0.084 0.039 0.096 0.082 0.051 0.045 0.75 0.095 0.078 

120 0.11 0.081 0.12 0.13 0.13 0.084 0.064 0.07 0.067 0.056 0.077 0.098 0.1 0.12 0.09 0.1 0.067 0.083 

130 0.14 0.073 0.081 0.13 0.079 0.044 0.072 0.075 0.072 0.13 0.085 0.091 0.079 0.09 0.13 0.14 0.098 0.11 

7.1.3 Raw data for impulse duration  308 

Below are figure 9 showing the impulse duration of sound recorded from phone 1, showing that roughly the 309 
impulses last at a similar level to peak for a conservative estimate of 0.5 seconds.  310 

 311 

 312 
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 314 

 315 

 316 

 317 

 318 

(a) 319 

 320 

 321 

 322 

 323 

 324 

 325 

 326 

 327 

 328 

(b) 329 
Fig. 9 Impulse duration of sound recorded from phone 1 (a) Sound level (dB) against time 330 

Phone 1 Drop 16; (b) Sound level (dB) against time. 331 
Phone 1 drop 14 (Source: authors) 332 

 333 
 334 



  

7.2 Table of Phones used  335 

Table 6 shows the make and model of each of the phones used for the measurements in the experiment.  336 

Table 6. Phone Models used (Source: authors) 337 

Phone number Make and Model 

1 iPhone 6 

2 iPhone 7 plus 

3 iPhone 7 

4 iPhone 6s 

5 iPhone 6 plus 

6 iPhone 7 

  338 
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