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Abstract 

The focus of the project is to validate the fluid model with different flooring materials and the 

measurements of an instrument to test flooring materials and its force attenuating capabilities using 

mathematical models to describe the signature and coefficients of the floor.  

As a part of improving the knowledge about the linear dynamics of vibrations involved during the 

sudden impact caused on hip bones of elderly people during fall. The project initiated in January 

2017 and end date was set to May 2017. 

The main contribution of the present work focus on the development of a mathematical fluid model 

for floors. The aim of the thesis was to analyze, compare different floor materials and to study the 

linear dynamics of falling impacts on floors. The impact of the hammer during a fall is captured 

by an accelerometer and response is collected using a picoscope. The collected data was analyzed 

using matlab least square method which is coded as per the fluid model. 

 The finding from this thesis showed that the fluid model works with more elastic model but it 

doesn’t work for rigid materials like wood. The importance of parameters like velocity, mass, 

energy loss and other coefficients of floor which influences the model during the impact of falling 

on floors were identified and a standardized testing method was set. 

Keyword:. Fluid model, coefficients of the floor, linear dynamics, Matlab, least square method. 
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Symbols and Abbreviations 

 

Symbols and Abbreviations 
 

 

K      :   spring constant 

C      : damping constant 

𝜍       : zeta-damping coefficient 

P      : Shock effect on hammer 

ts          : rebound rate 
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1. INTRODUCTION 
 

Over thousands of people in Sweden pass away every year as a consequence of falling. According 

to The National Board of Health and Welfare (2016), the number of deaths has doubled since 2000. 

The risk of falling increases with age due to normally aging which may affect body balance, poor 

muscle strength and visual and hearing impairments.  Usually, women are often in more need of 

hospitalization after falling, but more men seem to pass away due to a fall (The National Board of 

Health and Welfare, 2016). 

The Swedish workplace expert played out a review at home for elderly in Sweden. The Swedish 

work authority touched base at a conclusion that the ergonomic issues various agents had 

experienced were related to floor covering in the building. “The Swedish work authority points 

out that if the floor covering has got a suitable springiness or not cannot be objectively judged 

since there are no test methods for this”[1]. When flooring with soft cover floor material i.e. with 

a greater springiness, it can affect a number of other properties.  Some properties will be affected 

in an undesired way such as rolling resistance, residual indentation, damping effect, shock 

absorbing properties etc.  

Naturally, the problem is more acute for more vigorous types of human activity such as dancing, 

jumping, accidental falling etc. and therefore designers of buildings featuring a gymnasium or 

dance studio should take extra care to limit the vibrations in the rest of the building. It is very 

difficult to modify an existing floor to change its behavior, as only major changes to the mass, 

stiffness or damping of the floor system will produce any perceptible reduction in vibration 

amplitudes. It is important therefore that the levels of acceptable vibration should be considered at 

the design stage, paying particular attention to the main usage of the floors.  

There are many mathematical floor models but all models are not compatible with all flooring 

materials. Among them, the most common and proper model that exist is Maxwell’s model. 



 

6 
 

                                                                  - 

                                                                                      Figure 1: Fluid model 

The Maxwell material is a viscoelastic material having the properties both of elasticity and 

viscosity [2]. The Maxwell model can be represented by a purely viscous damper and a purely 

elastic spring connected in series, as shown in figure 1. If a small stress is applied for a long time, 

then the irreversible strains become high. This model behaves similarly to a fluid. The same 

concept is used to develop a new model in this thesis work which is compatible with more elastic 

floor materials. 

 “To better understanding mechanical responses of materials subjected to deformations or forces, 

theoretical models are required. These models provide important analytical tools for predicting 

and simulating material functions” [3]. When a material is subjected to deformations, the stress 

involved is related to the strain by a mathematical relationship known as the constitutive law. This 

equation can, thus, provide useful information in determining properties of materials. Since 

viscoelastic materials show both viscous and elastic material behaviors, their constitutive equation 

must mathematically reveal stress, strain and their time derivatives. For this purpose, the author 

considers a model with spring, damper, and a mass connected in series. The model represents the 

response or impact creates on the hip bone of elderly people during an accidental fall on the floor 

by losing their body balance. In this thesis work, the author considers it as a linear dynamics case. 

But actually the mechanical responses of viscoelastic materials are in a general nonlinear case, the 

well-established linear theory of viscoelasticity must be reasonably replaced by nonlinear theories. 
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Nonlinear models are more difficult to formulate than linear models because these models need to 

solve nonlinear differential equations that are generally non-integrable. 

 In this thesis work, the main aim is to develop a simple linear mathematical model which is 

compatible with all types more elastic floor materials and that can be used to create an index is 

based on measurements of flooring materials and their mechanical characteristics. So that the risk 

of injury caused by sudden fall on hip bones of elderly people can be reduced and Furthermore, 

the falling injury flooring index is to be used in the research and development process in the 

flooring industry. 

1.1. Background 

 

Falls cause 90% of injuries on the hip and waist fracture and 60% of head injuries in older adults 

[4]. The risk for such injuries depends on impact velocity and time available during fall to generate 

a protective response. The primary objective of this thesis is to gather information on mechanical 

properties of different floor coverings. 

And studies says that it is not just elderly individuals who fall, other hazard gatherings are patients 

remaining at a doctor's facility or human services specialists [4]. The most well-known method for 

falling is from a bed or seat or dangerous floor. There is a need for more research with respect to 

the effect strengths when falling in a relationship of the ground surface materials in medicinal 

services situations [5]. 

Many individuals in Sweden pass away consistently as a result of falling. As indicated by The 

National Board of Health and Welfare (2016) the quantity of passing has multiplied since 2000[6]. 

The danger of falling increments with age because of ordinarily maturing which may influence the 

body to adjust, poor muscle quality and visual and hearing debilitation. Generally ladies are 

frequently in more need of hospitalization subsequent to falling, however, more men appear to 

pass away because of a fall [7]. To build up the learning of the speed while falling they performed 

genuine fall studies in two long haul mind offices. Utilizing cameras falls could be recorded and 

after that investigated utilizing Matlab and approval in a research facility utilizing a human 

member. The review reports a normal vertical effect speed of 2.14 m/s, and even affect the speed 

of 1.16 m/s for the pelvis. Utilizing hands or different unconstrained activities to choose the fall 
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plainly influences the effect speed. Another variable that impacts the effect speed is the method 

for falling; sideways, forward or in reverse [8]. 

The Swedish Work Environment Authority (2015) has in one of their controls a necessity that 

expresses that "Floors might be firm and stable and should have versatility proper to the action"[1]. 

In the meantime, they announce that the mechanical properties of the floors can't dispassionately 

be measured on the grounds that there is no all-around attempted test strategy for this [5]. In a 

review by Wright and Laing [9] a mechanical drop tower was utilized to gauge top effect and 

pinnacle direct increasing speed of a head form on nine distinctive floor sorts. Additionally, the 

Head Injury Criterion (HIC) was connected to assess the effect. The outcome shows that 

diminishing the firmness of the floor might be a viable technique to lessen fall-related wounds. 

The test is to create floor properties that will diminish affect strengths and increasing velocities 

while falling, yet at the same time permit, great adjust for the clients. 

To avert hip cracks hip defenders can be utilized, however, individuals in the hazard gathering of 

falling are frequently unwilling to wear them. Next, to no exploration has been done with respect 

to the surface of the floor planning to lessen the effect compel [10]. Simpson utilized a transducer 

with a spring compressor to gauge top strengths emerging from the effect while dropping it onto 

the floor. The Swedish work authority touched base at a conclusion that the ergonomic issues 

various agents had experienced were related to floor covering in the building. The technique was 

convenient and the transducer was utilized to gauge floor properties in thirty-four private care 

homes Generally four-story sorts were measured; i) wood sub-floor with no cover, ii) wood sub-

floor with cover, iii) strong sub-floor with no cover and iv) strong sub-floor with cover. The result 

shows that the most decreased impact qualities were recorded for secured wooden floors and the 

most shocking with carpeted strong floor. Standing out the result from epidemiological data the 

makers found a basic association between the kind of ground surface and the risk of a break while 

falling. The makers suggest that other mechanical properties, for instance, imperativeness 

maintenance, peak rate of stacking and zenith strain may moreover choose the peril of split. 
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1.2. Aim of the study 

 

  Study the linear dynamics of falling impacts on floors. 

 Discuss methods and comparative study of different floor materials using the fluid model. 

 Study the behavior of different floor materials on sudden impact on them. 

  Validate the measurements of an instrument to test flooring materials and its force 

attenuating capabilities using mathematical models to describe the signature and 

coefficients of the floor. 

1.3. Research questions 

 

 Verify the experimental setup which is used to capture the mechanical properties of floors 

when subjected to an impact? 

  Whether the fluid model fits with different floor materials? 

  How the behavior of material properties of floor does varies when subjected to an impact? 

 

1.4. Limitations 

 

Due to the time limitation, the importance of different parameters which influences during the 

impact of falling on floors are found. The methods were found in order to compare different floor 

materials with the fluid model mathematical model. The limitations consist of: 

 Only discussed methodology and comparative study  of different floor materials 

were studied 

1.5.  Study environment 

 

  The author have worked on this thesis at different locations, practical and theoretical   Framework 

of the thesis including writing the report at the Halmstad University. 
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Materials 

2. Tested Floor Materials 
 

A total of 4 different floor materials has been tested. The materials range from a wooden based 

rigid material to a sport floors. 

2.1. Kradal Impact Absorbing Floor. 

 

 It is 12 mm thick and comprises closed compact cell adaptable polyurethane/polyurea composite 

tile. The floor likewise has an outer surface of polyurethane/polyuria elastomers, around 1.5 mm 

thick. They were mounted specifically onto a solid floor with a layer of 4 mm adaptable grouts in 

the middle. The floor was at long last covered to seal the top surface [12]. The floor can lessen the 

vitality by 65-85% contrasted with cement as indicated by the item testing report (Kradal, 2013). 

             

                                                        Figure 2: Kradal Impact Absorbing Floor 

2.2. Kradal Tile 

 

The Floor Tiles give unparalleled solidness and protection from falls in an individual flooring 

surface material and are reasonable for both business and private establishment. Uniquely 

formulated utilizing a special polyurethane technology. Each tile is composed of thousands of 

micro-spheres that increase padding impact. Retains a hardened and resilient character under high 
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activity use. Flooring contributes towards enhanced passive safety while at the same time offering 

protection from falls in an individual flooring surface material and sudden impact affects the 

people aged around 65 years and more due to weak bones. 

         

                                                          Figure 3: Kradal Tile 

 

2.3. Combi sports floor 

 

Berteco AB was first company in Sweden to deliver floor made of polyurethane. The floor is 

mainly used in public areas. In 2014 the company installed the combi sport floor in four apartments 

in an elderly home care. The combi sport floor is mainly used in sport halls but the objective is to 

reduce the fall injuries at the elderly home care [13].                                       

 

 

                                      Figure 4: Combi sports floor 
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2.4. Wooden Flooring materials  

 

The wooden materials are used to cover the flooring areas for aesthetic look but they impact 

absorbing capabilities are very less if they are used as a single material for flooring. The have very 

small resilience and so they cannot be used in elderly care homes. So as the part of my research 

work the author need to find whether the model is compatible with this material. The author have 

tried different combination of materials with wooden one and an elastic material e.g. wooden 

material can be combined with kradal floor materials. 
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Method 

3. Method 
 

This study validates a testing method together with the flooring industry, as well as specify other 

important functions of the future innovation. The method should capture the mechanical properties 

of floors when subjected to an impact. In order to validate the measurements of an instrument to 

test flooring materials and its force attenuating capabilities the author have used mathematical 

models to describe the signature and coefficients of the floor. For this we have an experimental 

setup to test different floor models and calculate the materials physical properties. A fluid 

mathematical model had been already developed to describe the signature and coefficients of the 

floor. The hammer experiment setup have been used to test the impact of falling on different floor 

material such as wooden, sports floor material and floor materials which are used in houses where 

elderly peoples live. And a matlab code is used to compare the different impact behaviors on 

different floors.  

 

Measurements with different floor were collected using hammer experimental setup. By varying 

different parameters. Those data are collected and saved using PC oscilloscope. The data collected 

are analyzed and compared using Matlab. The code for Matlab was used to fit the fluid model 

against measurements. During the impact of the hammer on a floor the collection time is set in the 

picoscope so that it can capture a number of points to get a clear and accurate graphical 

representation during analysis. Those points or data can be solved using Matlab to compute the 

different constants and parameters of the floor. 
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                                      Figure 5: Experimental setup (Hammer setup) 

3.1. Chosen method for this thesis 

 

During this chapter methods that can be applied during the thesis work will be presented and 

discussed. The different methods within the area evaluated accordance to the requirements and the 

goals of the thesis. 

                           

                                     Figure 6: Block diagram of hammer setup 

Hammer 

Height h 

Floor 
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3.1.1. Impact  testing 

 

 A hammer is dropped from different heights and allowed to hit on the test floor. The impact is 

absorbed by floor and part of the energy is absorbed by the hammer is sensed by piezoresistive 

accelerometer attach to the hammer. The accelerometers are based on an advanced piezoresistive 

MEMS technology and can be used in a low-frequency response up from 0Hz. The model ASC 

66C1 is an uni-axial accelerometer based on piezoresistive technology. The model ASC 66C1A is 

a signal amplified uniaxial accelerometer[Appendix-2].  

Instead of real fall of elderly people, a hammer is dropped on the floor to know the impact on hips 

and to describe the signature and coefficients of the floor. The impact on hammer sensed by the 

accelerometer is sent as signals to an oscilloscope. From oscilloscope, it is fed to Picoscope 6. And 

with the use of matlab we check whether the model fits with measured floor behavior. 

3.1.2. Impact velocity 

 

To develop the knowledge of velocity when an impact was made by the hammer on floor. The 

falls could be recorded and then analyzed using Matlab and validation in a laboratory. The study 

reports an average vertical impact velocity of 2.14 m/s can cause serious injury [14]. So in order 

to know the influence of velocity on the new fluid model the hammer is dropped from different 

heights. Descriptive results for vertical impact velocity of the hip bone. The author focused more 

on vertical impact velocity, as a strong indicator of risk for serious injury. The author calculated 

the impact velocity based on free fall of a mass (where impact velocity=√ (2gh), where g=9.81m/s2 

and h is the vertical distance of fall). With the experimental setup, we can measure maximum 

velocity up to 3m/sec and beyond that is not possible because the maximum height that can be 

provided to the setup is 40cm and minimum velocity to create response is 2m/sec. 

3.1.3. Variation of mass 

 

The mass varies from people to people. As the mass varies the impact cause on hip also varies. In 

the experiment setup we have a hammer of mass 0.6 kg and unfortunately, we were in a situation 

that mass of hammer cannot be increased. But then the author come across a new idea that by 

reducing the contact area of the hammer where it hits the floor we can create the same impact when 

mass is increased. As the area of contact is reduced mass will increase (mass∝1/r2, where r is the 
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radius of contact area). To reduce the area of contact we attach small thickness plates on hammer 

bottom part. The actual radius of the contact area of the hammer was 5cm but in order to reduce 

the contact area a plate of 2.5cm, 3.54cm, 2.88cm plates were used to increase the mass by twice, 

thrice and four times the original mass of hammer. To know whether the recorded data is accurate 

we checked plates of different thickness and fall height was set to minimum velocity which is 

enough to cause injury to hip. We get an accurate result for all thickness plate but when the mass 

is increased to four times we were not able to get the exact curve for 2mm thickness plate. There 

was a double peak on the curve which is caused due to hammer making more than two contact 

surface on the floor. So we prefer 3mm thickness plate. 

3.2. Possible sources of errors 

 

 To receive more comparable and accurate data the measurement should be done directly to 

the floor and not different pieces of different materials due to the legs of the hammer system 

which affect the fall height. 

 Vibration from the wooden piece when dropping the hammer, can be standardized by 

putting a weight on it. 

 The new model is not compatible with all type of floor materials, they work well on highly 

elastic floors. 

3.3. Preparations and data collection 

 

 Appropriate literature study, articles, international journal and other study of similar work. 

 Pico scope software were installed on computer. 

 A matlab code [APPENDIX-1] was used to fit the fluid model using the least square 

method. 

 Collect the data for different floor materials by varying “mass” through changing area of 

contact where hammer hits the floor and velocity [Appendoix-3]. 
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Theory 

4. Theory 
 

During this chapter of the thesis all the theoretical aspects of the study will be presented. It starts 

with a short summary of the state-of-the-art literature used during the thesis and an introduction of 

the fluid model. 

 

4.1. Summary of the literature study  

 

The author started with a literature research regarding impact attenuation properties of different 

floors and determining the mechanical properties of floor covering materials. The impact caused 

to hips when falling with different impact velocity and mass varies. Fall cause 95% of hip fractures. 

The risk for such injuries depends on the impact velocity at contact and the time available during 

the fall [8].similar work have been carried out to test the Impact during floors by dropping a human 

from a height of 5cm from the ground on a force plate [14].And using test dummy to investigate 

the impact on short distance fall for this a dummy was dropped from a height of 0.68m on different 

surfaces with use of ATD (anthropomorphic test dummy) [15]. Data were collected using A 

LabVIEW program. However, there is no information on the impact velocities and duration of 

falls in older adults. The majority of these injuries are elderly people falling at home, or in a care 

facility. The index is based on measurements of flooring materials and their mechanical 

characteristics. No such index exists in the flooring industry today. The importance of different 

parameters which influences during the impact of falling on floors is not yet specified by anyone. 

It is the one of the main problem facing by many floor companies.  

Different floors behave in different manner and their material properties vary. Therefore there is 

no such model that can explain the behavior of all types of floor. Many research works had been 

carried out earlier to create a universal model that can fit to all types of the floor. So that all types 

of floor can be classified according to that model using a flooring index. 

4.2. Theoretical Framework 

 

According to the fluid model, the hammer is represented as mass m and spring and damper 

represent the floor material. There is also a small mass which represents as the mass of floor 
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material but it's negligible when compared to the mass of hammer so it was neglected.  The free 

body diagram shows the forces acting on the hammer when it hits on floor and direction of action 

of force on spring and damper at equilibrium. The floor material is represented by damper and 

spring connected in series. 

   

 

 

                     Fluid model                                   free body diagram 

   cz  

                                   

                                            Figure 7: Fluid model                             
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 Analysis of new fluid model of motion 

 

 

( ) ( ) 0        xF k x z mx mx k x z

                           (1) 

              
( ) 0 ( )       zF k x z cz cz k x z

                                (2) 

 

Substitute (2) in (1) gives 

mx cz 0                                                                                      (3) 

Integrating equation (3) at t=0 gives 

0 0

m
m x v cz 0 z x v

c
( ) ( )      

                                               (4) 

Substitute (4) in (1) gives 

0 0

mk mk k k k
mx x kx v x x x v

c c c m c
      

                            (5) 

Define, 

2

n

k mk
and

m 2c
   

  

And introduce in (5) 

 

2

n n n 0x 2 x x 2 v    
                                                                    (6) 

 

0

x 0 0

x 0 v

( )

( )




 (7) 
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 Solution 

h p
x x x 

 (8) 

0
p

n

2 v
x





     (9) 

n t

h d dx e [Acos( t) Bsin( t)]


   
 (10) 

 Then damping frequency is defined as 

2

d n 1  
                                                                                       (11) 

 

 General solution 

n t0
d d

n

2 v
x e [Acos( t) Bsin( t)]


    


                                         (12) 

 

Substituting (7) 

0 0

n n

2 v 2 v
x(0) 0 A A

 
     

 
                                                 (13)

2

0
0 n d

d

v (1 2 )
x(0) v A B B

 
     


                                  (14) 

 

 

 

 Hammer location 

n n

2
t t0 0

d d

n d

2 v v (1 2 )
x [1 e cos( t)] e sin( t)

   
    

 
                    (15) 
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 Hammer acceleration  

By differentiating equaton15 twice we will get acceleration. 

n t

n 0
d

2

v e
x sin( t)

1


  


   (16)                                                                      

 

                                                                                (17) 

 

The transmit coordinate system y is shock effect on the hammer 

dss

n

2

2
tt 22

td 0
d d

2
s s0 0

0

2
2

12n 0

m v1 m y
P myydt 1 e cos( t) sin( t)

t t 2 2 1

m v
P 1 1 e

2












                            

 
    
 
 



 

 

 

4.3. Software used 

 

The software used is Picoscope 6 and Matlab. Picoscope 6 is a software application for Pico 

Technology oscilloscopes. Used with a picoscope hardware device, it creates an oscilloscope and 

spectrum analyzer on the computer. The picoscope collect voltage signals from the piezoelectric 

sensor (Appendix-1).It also provides a graphical representation of the impact of the hammer on 

the floor when dropped from a height and provides the impulse time against voltage graph. The 

data collected by picoscope are saved as CSV files and computed by Matlab using the least square 

method where it is coded according to the fluid mathematical model.   
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Results 

5. Results and Discussions 
 

During this chapter, the results from the practical testing of the previously discussed theoretical 

aspects are presented. The layout of the chapter starts with a presentation of the results of two 

different floor materials fit with the fluid model, later follows a discussion of the presented result. 

At the end of the chapter the floors which are not compatible with fluid model are presented and 

discussed. 

5.1. Match with the fluid model 

 

The curve obtained or plotted using Matlab from the data collected during the impact of the 

hammer on the two different floors. The data points collected by picoscope is computed 

with Matlab and a curve is plotted with acceleration against time when hammer first touches the 

floor till the contact is lost. 

              

                      Figure 8: Kradal shock absorbing floor impulse response for an Impact velocity 2.4m/s 
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                              Figure 9: Kradal Tiles impulse response for an Impact velocity 2.4m/s  

The figures 8 and 9 the red curve is the new model and the blue color is the measured curve of 

floors. It clearly shows that the new model clearly matches or fits with two floors. The new model 

behaves exactly same as the two tested floors. Thus, we can validate the fluid model. 

 

5.2. Stability for different velocities  

 

 The fluid model is stable or independent of different impact velocity. The k, c and zeta (𝜍) values 

do not change with different velocity. 
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                                   Figure 10: K vs Velocity for kradal shock absorbing floors 

 

                                  Figure 11: C vs Velocity for kradal shock absorbing floors 
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                         Figure 12: Zeta vs Velocity for kradal shock absorbing floors 

 

                                                                     (a) 
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                                                                  (b) 

 

                                                                          (c) 

                        Figure 13: (a) K vs Velocity, (b) C vs Velocity, (c) Zeta vs Velocity for kradal tiles 
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The above figures clearly describe the two-floor materials are independent of impact velocity. The 

parameters of model do not change with the change in impact velocity. So it proves the model’s 

stability for different impact velocity. 

5.3. Mass Dependency 

 

The mass of the body or people vary from people to people. So that the impact on hip bones during 

a fall may vary from people to people. It is necessary to check the mass dependency of the model. 

The mass of the hammer setup is fixed i.e. 0.6kg so to vary the mass in order to study the 

dependency of mass. The contact area of the hammer which comes in contact with the floor was 

reduced so that by reducing the contact area of the hammer where it hits the floor we can create 

the same impact when mass is increased. Thus, mass can be varied without adding mass to the 

experimental setup. With minimum velocity which is enough to make injury on the hip bone of 

elderly people i.e.2.14m/sec was used to test the mass dependency of the new model on floors.

 

                                                                                   (a) 
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                                                                   (b) 

 

 

                                                                               (c) 

 Figure 14: a) K vs mass, (b) C vs mass, (c) Zeta vs mass for kradal shock absorbing for an Impact velocity 2.4m/s 
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From the above figures, it is very clear that the model is dependent on mass the k and zeta values 

are stable but the damping constant varies with mass. The damping constant is proportional to the 

square root of mass. The dependency of mass and zeta can be clearly seen in the figure: 13.It 

depends on  

mk
c

2
 

   

 

Where 𝜍 = damping coefficient, m= mass, k= spring constant. 

 

 

             Figure 15: Measured damping constant (c) vs theoretically calculated C value for an Impact velocity 2.4m/s 
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5.4. Comparison of Test Floor with New Model 

 

For comparison data are collected for mass 0.6kg and standard velocity of 2.4m/sec for the two 

types of floor which are mention earlier. And the average of all the parameters is presented in the 

table -1 below. Almost 50 readings were taken to validate it. 

 

    Floor       K*10^6 

        ( Kg/s2) 

 

        C 

     (Kg/s) 

         𝝎d 

        (Hz) 

  Zeta  

      𝜍 

Kradal shock 

absorbing 

floor 

   

0.84 ±0.04 

     

0.55±0.05 

   

 900±5 

  

0.65±0.02 

Kradal tiles     

0.51±0.04 

     

0.36±0.05 

     

596±5 

  

0.76±0.02 

                         Table: 1 comparison of 2 -different floors 

 

5.5. Floors that are not compatible with the fluid model 

 

 It shows that the fluid model does not fit for all types of floor. The curve doesn’t fit with the 

measured curve of some floors like wooden floor material. It shows that model is accurate with 

the more elastic floors that are used in elderly homes.        
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      Figure 16: wooden floor material curve fit impulse response for an Impact velocity 2.4m/s 

The figure14 shows that measured curve is not at all fits the new model and the shock rate is too 

high with the wooden floor material alone. So it can cause serious injury during fall. Later by 

combining the wooden floor material with kradal shock absorbing floor material as shown in 

figure15. The impact and shock rate were able to reduce. 
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                                        Figure 17: combination of wooden and kradal floor material 

 

 Figure18 is obtained when the wooden and kradal shock absorbing floor materials are combined. 

From the figure16 the rate acceleration during fall is around 600m/s2 but after combining the floor 

material the rate of acceleration reduced to 200m/s2. The new model curve fits exactly with the 

measured curve. 
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                                Figure 18: curve fit for combination of floors for an Impact velocity 2.4m/s  

 

But when those wooden floor materials are combined with the more elastic floor material they fit 

accurately with the fluid model. So that by this way we can reduce the impact on hip bones during 

fall. Those rigid surface of wooden materials can help the elderly people to walk properly and 

makes easy for the wheels of wheelchair and stretchers things to roll with less resistance at 

hospitals and elderly care homes 
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Conclusion and Future work 

6. Conclusion 
 

 The parameters which describe the behavior of the various floor materials are 

important to look at when comparing the different variants are Impact velocity, 

mass dependency, shock rate, impact time, damping coefficient. These parameters 

help to distinguish various floor by their actual use. 

 A standard user guideline (appendix-2) for carrying out the experiment to gather 

accurate information was set and all sorts of possible error that can occur during 

investigation are pointed out clearly. 

 The tested floors are independent of the impact velocity. 

 The kradal floor was found to be mass dependent. The damping constant is the only 

parameter which varies with mass. C is directly proportional to the square root of 

mass. 

 

                                               c m   

 

 To reduce the impact on hips during a fall the rebound time or the resilience of the 

floor must be high. If the rebound time is more it will reduce the magnitude of 

impulsive force on hip bones.  

 The fluid model is not compatible with the floor material like wooden, concrete etc. 

which are more rigid. 

  Rigid floor materials and more elastic floor materials should not be used in elderly 

care homes and hospitals. Rigid materials like wooden floor alone are used the 

impact on falling can cause serious injury and if only a more elastic floor material 

is used it can cause difficulty in walking and creates more resistance for rolling of 

wheels of the wheelchair and stretchers in hospitals. So it is recommended to use 

as a combination of both to encounter both the above-mentioned barriers. 

 The impact during fall on these floors is not a linear vibration phenomenon. It is a 

non-linear vibration phenomenon. 
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6.1. Future Work 

 

After testing various floor materials it is clear that the fluid model is not compatible with all floor 

materials. To convert the model into a universal model there need to introduce some more 

components to the fluid model. As the impact force acting on the hip bones are sudden it is not 

only a linear vibration scenario it involves non-linear vibration phenomenon. Vibration caused by 

sudden contact or loss of contact is a non-linear vibration phenomenon [16] [2].Due to the time 

limit, we have not described anything regarding non-linear vibration. But for the future work, we 

assume that it’s necessary to look the situation in non-linear vibration perspective. So that a new 

universal model for floor can find out and all floor materials can be classified with that single 

model. 
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CRITICAL REVIEW 

7. CRITICAL REVIEW 
This critical review of thesis based on the self-emphasize, explained following: 

7.1. What factors affect the work been done differently? 

 

The mass of the floor material is not considered during the experiment. And the present scenario 

was assumed as a linear phenomenon for simplicity and to develop the linear mathematical model. 

To receive more comparable and accurate data the measurement should be done directly to the 

floor and not different pieces of different materials due to the legs of the hammer system which 

affect the fall height. Vibration from the wooden piece when dropping the hammer can be 

standardized by putting a weight on it Mostly journals and scientific articles have been reviewed 

and a few books. The subject is good new research area; thus, it is still in the experimental future.  

7.2. Health and Safety 

 

This part is very important and being sensitive due to the responsibility of human life. It is very 

important to indicate this part, it is a multidisciplinary field concerned with the health. This thesis 

aims to validate the fluid model and its compatibility with different floor materials. It’s just the 

beginning if a model which is compatible with all the floor materials is found out we can use that 

model to manufacture different floor materials that can absorb shock and reduce the injury caused 

due to accidental fall. Thereby reduce the costs of the 270,000 yearly injuries that occur as a result 

of falls in Sweden. The majority of these injuries are elderly people falling at home, or in a care 

facility. A falling injury flooring index shall make the process of choosing appropriate flooring 

materials easier for the purpose of reducing the number of fall injuries in senior accommodations 

and elderly care facilities. Furthermore, the falling injury flooring index is to be us be used in the 

research and development process in the flooring industry. 

7.3. Ethical aspects 

 

The ethical value is one of the most important factors in the human being life not only in the field 

of science, as a member of this profession; the author exhibit the highest standards of honesty and 

integrity, the author handled the equipment and the data collected carefully. This considered from 

a critical point of view since the knowledge of the software and the equipment is limited. 
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APPENDIX-1 

Matlab code 

function varargout = hammertime(varargin) 

% Begin initialization code - DO NOT EDIT 

gui_Singleton = 1; 

gui_State = struct('gui_Name',       mfilename, ... 

    'gui_Singleton',  gui_Singleton, ... 

    'gui_OpeningFcn', @hammertime_OpeningFcn, ... 

    'gui_OutputFcn',  @hammertime_OutputFcn, ... 

    'gui_LayoutFcn',  [] , ... 

    'gui_Callback',   []); 

if nargin && ischar(varargin{1}) 

    gui_State.gui_Callback = str2func(varargin{1}); 

end 

  

if nargout 

    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:}); 

else 

    gui_mainfcn(gui_State, varargin{:}); 

end 

% End initialization code - DO NOT EDIT 

  

  

% --- Executes just before hammertime is made visible. 

function hammertime_OpeningFcn(hObject, eventdata, handles, varargin) 

% Choose default command line output for hammertime 

handles.output = hObject; 

% Update handles structure 

guidata(hObject, handles); 

  

% --- Outputs from this function are returned to the command line. 

function varargout = hammertime_OutputFcn(hObject, eventdata, handles) 

% Get default command line output from handles structure 

varargout{1} = handles.output; 

  

  

%% load the files (.mat and .csv supported) 

function fileLoadButton_Callback(hObject, eventdata, handles) 

  

[fileName,pathName]=uigetfile({'*.csv;*.mat'},'Pick a file'); 

if(fileName~=0) 

    %check if file is csv oder mat 

    if(fileName(end-3:end)=='.csv') 

        %The input files contain the word 'Infinty', which throws MATLAB off 

        %so the data is extracted manually and Infinity is replaced by Inf (an 



 

40 
 

        %later max) 

        [rawtime,rawdata] = textread(strcat(pathName,fileName), '%s %s', 'delimiter', 

',','headerlines',3); 

        data=zeros(length(rawdata),1); 

        time=zeros(length(rawdata),1); 

        for i=1:length(rawdata) 

            time(i)=str2double(rawtime{i}); 

            if(isequal(rawdata{i},'Infinity')) 

                data(i)=Inf; 

            else 

                data(i)=str2double(rawdata{i}); 

            end 

        end 

        data(data==Inf)=max(data(data~=Inf)); 

        time=time/1000; %csv time is notated in ms 

    else 

        load(strcat(pathName,fileName)); 

        data=A; 

        time=Tstart:Tinterval:Tstart+(length(A)-1)*Tinterval; 

        time=time'; 

    end 

    data=data*9.81; %convert g to m/s^2 

end 

handles.data=data; 

handles.time=time; 

  

%plot the imported data 

axes(handles.axes1) 

plot(time,data) 

hold on 

plot([time(1) time(end)],[handles.cutoffValue handles.cutoffValue]*max(handles.data)) 

plot([time(1) time(end)],[handles.offsetValue handles.offsetValue]) 

hold off 

xlabel('time [s]') 

ylabel('acceleration [m/s^2]') 

legend('measured','Cutoff','Offset') 

axis([handles.time(1) handles.time(end) min(handles.data) max(handles.data)]) 

set(handles.calculateButton,'Enable','on') 

guidata(hObject, handles); 

  

  

%% parameter input (weight, height, cutoff, offset) 

  

% weight parameter 

function weight_Callback(hObject, eventdata, handles) 

handles.weightValue=str2double(get(hObject,'String')); 
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guidata(hObject, handles); 

  

function weight_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

handles.weightValue=1; 

guidata(hObject, handles); 

  

% height parameter 

function height_Callback(hObject, eventdata, handles) 

handles.heightValue=str2double(get(hObject,'String')); 

guidata(hObject, handles); 

  

function height_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

handles.heightValue=0.4; 

guidata(hObject, handles); 

  

% cutoff parameter 

function cutoff_Callback(hObject, eventdata, handles) 

tempcut=str2double(get(hObject,'String')); 

  

%check if cutoff<100% 

if tempcut<=100 

    %check if cutoff is below offset 

    if tempcut/100*max(handles.data)>handles.offsetValue 

        handles.cutoffValue=tempcut/100; 

    else 

        tempcut=handles.offsetValue/max(handles.data)*1.05; 

        set(hObject,'string',num2str(tempcut*100)); 

        handles.cutoffValue=tempcut; 

    end 

else   

    set(hObject,'string',num2str(handles.cutoffValue*100)); 

end 

  

%update the plot 

axes(handles.axes1) 

time=handles.time; 

data=handles.data; 

plot(time,data) 

hold on 

plot([time(1) time(end)],[handles.cutoffValue handles.cutoffValue]*max(handles.data)) 
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plot([time(1) time(end)],[handles.offsetValue handles.offsetValue]) 

hold off 

xlabel('time [s]') 

ylabel('acceleration [m/s^2]') 

legend('measured','Cutoff','Offset') 

axis([handles.time(1) handles.time(end) min(handles.data) max(handles.data)]) 

guidata(hObject, handles); 

  

function cutoff_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

handles.cutoffValue=0.3; 

guidata(hObject, handles); 

  

% offset parameter 

function offset_Callback(hObject, eventdata, handles) 

handles.offsetValue=str2double(get(hObject,'String')); 

  

%update the plot 

axes(handles.axes1) 

time=handles.time; 

data=handles.data; 

plot(time,data) 

hold on 

plot([time(1) time(end)],[handles.cutoffValue handles.cutoffValue]*max(handles.data)) 

plot([time(1) time(end)],[handles.offsetValue handles.offsetValue]) 

hold off 

xlabel('time [s]') 

ylabel('acceleration [m/s^2]') 

legend('measured','Cutoff','Offset') 

axis([handles.time(1) handles.time(end) min(handles.data) max(handles.data)]) 

guidata(hObject, handles); 

  

function offset_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

handles.offsetValue=0; 

guidata(hObject, handles); 

  

%% calculation of the damping parameters 

function calculateButton_Callback(hObject, eventdata, handles) 

set(handles.uipanel1, 'Title', 'calculating...'); 

pause(0.01) 

time=handles.time; 
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data=handles.data; 

  

%calculate intersection between data and cutoff line 

[~,~,pos,~] = intersections(time,data,[min(time) max(time)],[handles.cutoffValue*max(data) 

handles.cutoffValue*max(data)]); 

maxPos=find(data==max(data)); 

maxPos=maxPos(ceil(numel(maxPos)/2)); 

pos1=round(pos(find(pos-maxPos<0,1,'last'))); 

pos2=round(pos(find(pos-maxPos>0,1,'first'))); 

time=time(round(pos1):round(pos2)); 

data=data(round(pos1):round(pos2)); 

data=data-handles.offsetValue; 

  

%guess and bounds 

x0=[0.6051  1.2385e+03  pi/range(time)/2        0.0090          0.3042      ]; 

lb=[0       0           pi/range(time)*(0.3)    -range(time)    0           ]; 

ub=[1       Inf         pi/range(time)*1        range(time)     10*max(data)]; 

  

%calculate fit 

opts = optimoptions(@fmincon,'Algorithm','interior-point'); 

problem = createOptimProblem('fmincon','objective',@(x) sum((simplefluidmodellit(x,time)-

data).^2),... 

    'x0',x0,'lb',lb,'ub',ub,'nonlcon',@mycon,'options',opts); 

gs=GlobalSearch('StartPointsToRun','bounds','Display','off'); 

x=run(gs,problem); 

fittedTime=linspace(x(4),(pi/x(3))+x(4),1000)'; 

fittedData=simplefluidmodellit(x,fittedTime')'+handles.offsetValue; 

  

% plot results 

axes(handles.axes1) 

plot(handles.time,handles.data) 

hold on 

plot(fittedTime,fittedData,'LineWidth',2) 

plot([handles.time(1) handles.time(end)],[handles.cutoffValue 

handles.cutoffValue]*max(handles.data)) 

plot([handles.time(1) handles.time(end)],[handles.offsetValue handles.offsetValue]) 

hold off 

xlabel('time [s]') 

ylabel('acceleration [m/s^2]') 

legend('measured','fitted','Cutoff','Offset') 

axis([min([handles.time(1) fittedTime(1)]) max([handles.time(end) fittedTime(end)])... 

    min([min(handles.data) min(fittedData)]) max([max(handles.data) max(fittedData)])]) 

  

% assign variables 

zeta=x(1);  %damping ratio 

wn=x(2);    %natural frequency 
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v0=sqrt(2*9.81*handles.heightValue); %impact velocity (calculated from height) 

v0Calc=x(5);        %impact velocity (calculated from fit) 

k=handles.weightValue*wn^2;     %spring constant 

c=handles.weightValue*wn/(2*zeta); %viscous damping coefficient 

P=handles.weightValue*wn*v0^2*sqrt(1-zeta^2)/(2*pi)*(1+exp(-pi*zeta/sqrt(1-zeta^2))).^2; 

%Power 

vsv0Ratio=exp((-pi*zeta)/sqrt(1-zeta^2)); %ratio between bounce back and impact velocity 

vIntegrated=trapz(fittedTime,fittedData-handles.offsetValue); %bounce back + impact velocity 

(calculated by integration) 

q=v0*(1+vsv0Ratio)/vIntegrated; %correction factor between  v0 and v0Calc 

  

% display results 

RowName={'k';'c';'P';'zeta';'w_n';'v0';'v0Calc';'vIntegral';'vs/v0';'q';'voCalc*q'}; 

Values={k;c;P;zeta;wn;v0;v0Calc;vIntegrated;vsv0Ratio;q;v0Calc*q}; 

Units={'  kg/s^2';'  kg/s';'  kg*m^2/s^3';'';'  Hz';'  m/s';'  m/s';'  m/s';'';'';'  m/s'}; 

Data=horzcat(Values,Units); 

ColumnName={'Value','Unit'}; 

set(handles.resultTable,'data',Data) 

set(handles.resultTable,'RowName',RowName) 

set(handles.resultTable,'ColumnName',ColumnName) 

set(handles.uipanel1, 'Title', 'Parameter'); 
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Appendix-2 

“Hammer Setup” 

 

 

 
                                                                    Figure 19: Hammer setup 
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1. Piezo-resistive accelerometer 

 

                      

                           Figure 20: ASC 66C1 accelerometer 

 

The response created when the hammer hits the floor is captured using a piezo-resistive 

accelerometer attached to the hammer. It capture the impulsive force created during the impact. 

The model ASC 66C1 is used as accelerometer. 

The accelerometers are based on an advanced piezo-resistive MEMS technology and can be used 

in a low frequency response up from 0Hz. The piezo-resistive sensor element is made of monolithic 

resistors. These resistors are attached to carrier-elements and are electrically connected in a 

Wheatstone bridge. The electrical signal changes proportional to the vibration 

The model ASC 66C1 is a uniaxial accelerometer based on piezo-resistive technology. The model 

ASC 66C1A is a signal amplified uniaxial accelerometer. Both models are small and compact 

accelerometers which meet the specifications of SAE J211. The housing is a flat design made of 

hard anodized aluminum. Due to low mass, both models are ideal for testing on light-weight 
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structures. The sensing element in both the models has integrated overload stops and therefore the 

silicon chip is highly shock resistant. The models ASC 66C1 and ASC 66C1A have an excellent 

non-linearity over a wide frequency response. Electrically the units features a Wheatstone bridge 

configuration. The models ASC 66C1 and ASC 66C1A can be obtained with all common sensor 

ID modules. A very high flexible and rugged cable provides a simple mounting. The models ASC 

66C1 and ASC 66C1A are factory calibrated and are equipped with 6 meter cable as a standard. 
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2. Differential probe 

                          

                                             Figure 21: Differential probe TA041 

The signals from the accelerometer is fed to the differential probe. This differential probe extends 

the functionality of standard single-ended input oscilloscopes to allow a safe and accurate method 

of making high-voltage differential measurements. 

The TA041 is an active differential probe suitable for high common-mode voltage measurement 

applications up to ±700 V (DC + peak AC). It can be used with signal speeds of up to 25 MHz. 

Applications include making safe measurements in power circuit applications and acquisition of 

low-speed balanced differential signals found in serial communications buses. The TA041 is an 

active probe and therefore requires power to function. Four AA batteries are included as standard. 



 

49 
 

3. Picoscope  

                                

                                                 Figure 22: Picoscope 2203 

The output from differential probe is fed as an input to oscilloscope which is connected to a PC 

through USB cables. The oscilloscope used for the hammer setup is picoscope 2203. A virtual 

instrument formed by connecting a PicoScope oscilloscope to a computer running the PicoScope 

software. The signal out connector on the front panel carries the output of the oscilloscope's built-

in signal generator, which can generate a number of built-in waveforms as well as arbitrary 

waveforms from a user-defined table of data. A PC Oscilloscope is a measuring instrument that 

consists of a hardware scope device and an oscilloscope program running on a PC. 

The PicoScope 2203 PC Oscilloscope from Pico Technology is a compact unit designed to replace 

traditional bench-top oscilloscopes costing many times the price. It has a fast sampling from 40 

MS/s to 200 MS/s, probe-tip bandwidth from 5 MHz to 25 MHz and fast USB 2.0 interface.                                    

4. Picoscope 6 

PicoScope 6 is a comprehensive software application for Pico Technology oscilloscopes. Used 

with a PicoScope hardware device, it creates an oscilloscope and spectrum analyzer on your PC. 

An oscilloscope is a measuring instrument that displays a graph of voltage against time. For 

example, the picture below shows a typical display on an oscilloscope screen when a varying 

voltage is connected to one of its input channels. Oscilloscope displays are always read from left 

to right. The voltage-time characteristic (waveform) of the signal is drawn as a line called the trace. 
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The y axis of graph, you will find voltage axis and x axis as time axis which is in milliseconds. 

Most of the oscilloscope allows to adjust the vertical and horizontal scales of the display. The 

vertical scale is called voltage range and the horizontal scale is the timebase. 

 

                                                      Figure 23: Picoscope 6 software window 
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Appendix-3 

Setting up the Hammer setup 

 

1. Connect the Picoscope (blue) USB to the computer. 

2. Connect the black (thicker) cable between the Picoscope (channel A) and the Differential 

Probe (yellow). Make sure the Differential Probe is turned off. 

3. The system need the DC power supply. Connect the green cable between the DC power 

supply and the Picoscope as a grounding. 

4. Connect the DC Power Supply to the white box using black to black cable. Wait with the 

red to red cable until you turned on the oscilloscope to make sure it is not too much voltage 

(the sensor might burn) 

5. Connect the Differential Probe to the white box black/white to white (negative) and red to 

blue/ green (positive). 

6. When everything is set, turn on the program software and the Differential Probe. 

Standard settings for the Hammer 

 
Amplified output accelerometer  sensor 1mV/g 

DC Power Supply 15V 

Differential Probe/Attenuation Probe 1/10 (as far it is possible) 

Resolution ±200mV 

Collection time 1ms/div (depends, 200-500µs/div seems to work as 

well) 

Trigger Single 

Threshold 20mV (based on the resolution divided by 10 

(settings for the attenuation ratio) 

Pre-trigger 20 % 

 Notes: Save data as CSV files (can be exported to excel) 
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