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ABSTRACT 

The purpose of the thesis was to create a measurement system for HAMK 

Ohutlevykeskus. The commissioning company designed and created the 

test station for testing concrete beams, by applying force onto concrete. 

Force application onto concrete was performed by using a hydraulic jack, 

which was also provided by the commissioning company. The objective of 

the thesis was to measure the sound emitted by the concrete beam during 

loading. 

The research question of the thesis was to define the possibility of recog-

nizing the sound coming from the loaded concrete, to design a program 

that can detect the change in the sound and give an alarm when concrete 

breaks. The thesis examined alternative methods for performing this test-

ing. These methods were described and analysed in this thesis. 

Based on the measurement results it was stated that the method used in 

this thesis was not the perfect solution, and general the flexural test was 

recommended. In the current state, the test station is unable to perform the 

general the flexural test. With additional improvements to the station this 

might become possible. Even though the station was able to perform the 

required tasks some adjustments were made. With all these complications, 

the objective of the thesis was achieved, and the program is ready for use. 

 

Keywords Concrete, concrete testing, concrete the flexural test, LabVIEW, sound 

measurements  

 

Pages 32 p. + appendices 4 p. 

 



Designing of Measuring System for HAMK Ohutlevykeskus 

 

 

CONTENTS 

 

1 INTRODUCTION ....................................................................................................... 1 

1.1 Purpose of measuring system .............................................................................. 1 

1.2 Commissioning  company ................................................................................... 1 

1.3 Structure of thesis ................................................................................................ 2 

2 CONCRETE AS A MATERIAL ................................................................................ 2 

2.1 Use of concrete today. ......................................................................................... 3 

2.2 Types of concrete ................................................................................................ 3 

2.2.1 Regular concrete ...................................................................................... 3 

2.2.2 High-strength concrete ............................................................................ 4 

2.2.3 Stamped concrete ..................................................................................... 4 

2.2.4 High-performance concrete ..................................................................... 4 

2.2.5 Self-consolidating concretes .................................................................... 4 

2.2.6 Shotcrete .................................................................................................. 4 

2.2.7 Limecrete ................................................................................................. 4 

2.2.8 Pervious concrete ..................................................................................... 5 

2.3 Reinforcement of concrete .................................................................................. 5 

2.4 Concrete strength................................................................................................. 5 

3 CONCRETE TESTING .............................................................................................. 6 

3.1 Destructive testing ............................................................................................... 6 

3.1.1 Suitable test method ................................................................................ 7 

3.2 Non-destructive testing ....................................................................................... 9 

3.2.1 Ultrasonic pulse velocity test ................................................................... 9 

3.3 Selected concrete test method ........................................................................... 10 

4 PREPARATION FOR WORK .................................................................................. 11 

4.1 Dimensions of test station ................................................................................. 12 

4.1.1 Hydraulic jack ....................................................................................... 14 

4.1.2 Changes to test station ........................................................................... 16 

4.1.3 Problems of test station ......................................................................... 17 

4.2 Designing  measuring system ............................................................................ 18 

4.3 Installing measuring system into test station..................................................... 18 

4.4 Program used for measuring system ................................................................. 18 

4.4.1 General description of LabVIEW .......................................................... 19 

5 TESTING .................................................................................................................. 21 

5.1 Setting of test station ......................................................................................... 21 

5.2 Created program for measurements .................................................................. 24 



Designing of Measuring System for HAMK Ohutlevykeskus 

 

 

5.2.1 Working principle of designed program ................................................ 24 

5.2.2 Front panel of designed program ........................................................... 25 

5.2.3 Block diagram of designed program ..................................................... 26 

5.3 Measurement results .......................................................................................... 28 

6 CONCLUSION ......................................................................................................... 29 

6.1 Thesis project .................................................................................................... 30 

6.2 Difficulties ......................................................................................................... 30 

6.3 Future possibilities ............................................................................................ 31 

SOURCES ...................................................................................................................... 32 

 

 

Appendix 1 Created program in LabVIEW 

Appendix 2 Hydraulic jack manual 

Appendix 3 Microphone used in measurement 

Appendix 3 Rubber pad for preventing scratching  

 

 

 



Designing of Measuring System for HAMK Ohutlevykeskus 

 

1 

 

1 INTRODUCTION 

Concrete is a very common and useful material. A lot of constructions are 

made using concrete. Therefore, it is required that the material should be 

reliable. For the material to be reliable testing is necessary and there are 

many different methods to test concrete. One of them is the flexural test, 

which is a test for flexural strength of concrete. In this thesis were re-

searched about different way to perform the flexural test.  

The main objective of this thesis was to design a measurement system for 

a concrete beam test station which would recognise the sound from con-

crete using a microphone and give the alarm when set sound level reaches 

the limit. The differences between systems are mechanical hydraulic jack 

and microphone in system used for this thesis and hydraulic press as well 

as force gauge for common the flexural testing. All the differences make 

this test a little different than the general flexural test and require other so-

lution to achieve main goal of this thesis, which was to measure the signal 

emitted by the concrete. 

1.1 Purpose of measuring system 

The purpose of the measuring system is to measure the breaking point of 

the concrete beam using an electret condenser microphone from a head-

phone set. Using measurement data to set alarm for the user and stop the 

experiment after first breaking point of the concrete beam what will cause 

alarm event to acquire. In the same time, all measurement data will be 

recorded so user can access and use it further in user’s needs. 

1.2 Commissioning  company 

The thesis was commissioned by HAMK Ohutlevykeskus and sent to the 

HAMK University of Applied Sciences. Ohutlevykeskus required a new 

system for their laboratory to perform concrete testing. HAMK 

Ohutlevykeskus is research and testing service company with experience 

over 10 years. The company is nationally recognized institute on the field 

of sheet metal research and education. The company has experienced per-

sonnel and guarantees high quality of their work. One of the main activi-

ties of the company is confidential customer-specific research and consult-

ing services. The co-operation with other companies on the public project 
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is present in the company. The principle of the company is to serve others 

by offering practical solutions, R&D projects, as well as different test 

methods.  

1.3 Structure of thesis 

At first in this thesis will be told about the concrete as a material that in-

cludes a short history of concrete, for what concrete used nowadays, dif-

ferent types of concrete and their comprehensive strengths. After that, 

there will be concrete testing, which will describe different methods and 

technics for concrete testing and what method was used and what method 

could be used for more practical use. 

The preparation for the work will be following after the concrete testing 

and will explain the test station which was received from HAMK 

Ohutlevykeskus. The properties and dimensions of the test station will be 

shown and all the adjustments, which were made in that chapter. After 

that, problems with the test station will be discussed followed with solu-

tions to the problems. In the same chapter will be the short description of 

the LabVIEW program used for measurements in this thesis. 

Just before the end the entire testing process will be explained starting 

with setting the test station before testing. Then the view and explanation 

of designed program will be described, which was developed with Ale-

ksandrs Petrovs whose thesis topic was called Measurement System for 

HAMK Ohutlevykeskus: Signal measure ent and anal sis . That will be 

followed with the results and conclusions of the measurements. The last 

part of the thesis will be conclusions of the work done, problems that 

arose during the thesis work. Future plans will be the last part of this thesis 

that will explain and suggest different solutions to the objective of the the-

sis. 

2 CONCRETE AS MATERIAL 

Concrete is artificial stone building material obtained by moulding and 

curing rationally selected and compacted mixture, according to the needs, 

which includes:  

- cement or other binder 

- aggregates(sand, gravel) 

- water 
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- other elements for a particular use(for example colorant). 

In some cases, concrete can consist of special additives with no need of 

water; for example asphalt concrete. 

The history of concrete goes far back to Greece where traces of concrete 

usage were found. Concrete found bigger appliance in Roman Empire for 

around seven hundred years. For Romans concrete was new and revolu-

tionary material which quickly hardened into a solid mass, free from many 

of the internal thrusts and strains that were troubling the builders of similar 

structures in stone or brick. Wide practice of concrete by Romans ensured 

that plenty of structures survived till nowadays. However after Roman 

Empire fall, utilization of building from concrete greatly reduced, and the 

recipe was forgotten for about eight hundred years. Return of concrete use 

begun in the fourteenth century and still is growing today. (Wikipedia 

2014). 

2.1 Use of concrete today. 

Concrete is most used building material in the world. It is used twice more 

than steel, aluminium, wood and plastics combined. The Area of use co-

vers: architectural structures, foundations, brick/block walls, pavements, 

bridges, overpasses, highways, runways, parking structures, dams, pools, 

reservoirs, pipes, footings for gates, fences, poles and even boats. (Wik-

ipedia 2014). 

2.2 Types of concrete  

There are different types of concrete that is used nowadays, and each one 

of them has special properties according to the needs of the user and de-

signer’s requests. These properties can be strength, workability, toughness, 

long-life and ability of concrete to withstand required environment condi-

tions. 

2.2.1 Regular concrete 

The Regular concrete name comes from its common and easy production. 

This concrete is made according to commonly published recipes on ce-

ment packages using affordable and easy to find aggregate like sand or 

gravel, and then adding water into cement substance and mixing all ingre-

dients together. 
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2.2.2 High-strength concrete 

The High-strength concrete has a strength higher than 40 MPa. However 

by lowering the water/cement ratio to 0.35 or lower, stronger concrete can 

be made with lower elasticity. It is common to add silica fume for prevent-

ing formation of free calcium hydroxide crystals in the cement structure, 

which can cause loosening of concrete strength. 

2.2.3 Stamped concrete 

Stamped concrete is used for architectural proposes. It has superior surface 

finish than others. It also can be pigmented, and it is possible to provide 

same attractive looks such as wood, stone or brick materials.  

2.2.4 High-performance concrete 

High-performance concrete is made for special use cases which need more 

workability, durability or a higher strength than the common high-strength 

concrete. While all high-strength concrete can be high-performance, not 

all of high-performance concrete is high-strength. 

2.2.5 Self-consolidating concretes 

Self-consolidating concrete takes the required or set shape without any 

mechanical help. That means that there is no requirement for vibrators to 

compact the concrete. This concrete is easy to apply and place, and it does 

not have aggregate segregation. 

2.2.6 Shotcrete 

Shotcrete (also known as Gunite) is used for applying on vertical surfaces. 

That is a great advantage of this concrete type since concrete does not 

need to form, so does not require extra work and expenses. Common use 

of such concrete is to repair concrete buildings or structures where form-

ing of the usual concrete is expensive, and installation is difficult. 

2.2.7 Limecrete 

Limecrete or lime concrete is a little different from the common concrete, 

the only difference being that the cement is replaced with lime. Limecrete 
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is more environmentally friendly than the other concretes. At the same 

time other products can be reused after since Limecrete can be easily 

cleaned. 

2.2.8 Pervious concrete 

Pervious concrete consists of the network of holes that allows water and 

air to drain through it. It is used for permeable paving, so it is possible to 

replenish groundwater and possibly replace drainage infrastructure. 

2.3 Reinforcement of concrete 

The Concrete is strong in compression, as the aggregate efficiently carries 

the compression load. At the same time, it is weak in tension since the ce-

ment holding the aggregates can crack, which allows the structure to fail. 

Reinforced concrete adds reinforcing steel bars, fibers, plastic fiber/cross 

linking or glass fiber polymer to carry tensile loads. 

2.4 Concrete strength 

Concrete has a relatively high compressive strength, but much lower ten-

sile strength. For this same purpose, it is usually reinforced with materials 

that are strong in tension such as steel. The elasticity of concrete is nearly 

constant at low stress levels but start to decrease at higher stress levels as 

matrix cracking develops. Concrete has a very low coefficient of thermal 

expansion and shrinks as it matures. All concrete structures crack to some 

extent, due to shrinkage and tension. Different mixtures of concrete ingre-

dients produce other strengths, which are measured in psi or MPa.  

Table 1 Concrete comprehensive strength according to concrete types 

MPa psi Concrete type 

12  2000  Lightweight 

18  2500  

20 3000 Regular  

25 3500 

30 4000 

35 5000 Durable 

40 6000 High-strength  

50 7000 

55 8000 

70 10000 High-performance 
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80 12000 

130 19000 

250 36000 

 

Tests can be performed to ensure that the properties of concrete respond to 

specifications for the application since some concrete is used for large pro-

jects and require being reliable for a long period. (Wikipedia 2014) 

3 CONCRETE TESTING  

The testing of concrete is a crucial procedure since poor quality concrete 

can cause different consequences varying from little disturbance in the 

pavement up to human casualties, for example, a collapse of the structure. 

Since human lives can be in danger, because of the poor concrete quality, 

concrete should be tested and correspond to concrete standards. There are 

different ways to measure the properties of fresh and hardened concrete 

and set test methods follows each of them. The best time to test concrete is 

after 28 days so that almost all moisture is gone and concrete has reached 

almost absolute strength. 

One of the most classic concrete tests is a slump test. In a slump test, con-

crete is shaped into a cone carefully, so it is slightly pressed, and then re-

moved to see how far the concrete sinks or slumps without the support of 

the cone. Changes in slump height between batches of concrete can indi-

cate a consistency problem. There are slump requirements for various con-

structions; low slump height concrete, for example, cannot be used to 

build roadways. Thus, the slump concrete test is a quality control measure 

and a consistency measure. (Ambuja Knowledge Center n.d.) 

3.1 Destructive testing 

Destructive testing or Destructive Physical Analysis is testing of specimen 

failure for the purpose of understanding a structural performance or object 

behaviour applying different loads. These tests are easy to perform, and 

they give more accurate and clear information than non-destructive test 

methods. 

Destructive methods are best for mass-produced objects, since the cost of 

destroying one or more products can be neglected. There are different 

types of tests such as:  
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 Flexural test - involves testing beyond normal operational conditions, 

often to a breaking point, in order to observe the results; 

 Crash test - a form of destructive testing usually performed in order to 

ensure safe design standards in crashworthiness and crash compatibil-

ity; 

 Hardness test - a measure of how resistant solid matter is to different 

kinds of permanent shape change when a force is applied; 

3.1.1 Suitable test method 

The common flexural concrete test suits for the test station, received from 

HAMK Ohutlevykeskus, because it can provide an opportunity to control 

quality of the concrete. This method of testing can also be performed on 

the construction site because of the tests station’s mobility and small re-

quirements for extra equipment. However, since the chance of testing parts 

of a completed structure not always executable or the results of the test 

can be inaccurate. It is suggested to take in consideration, removing part of 

the structure that is easily replaceable. It is also preferable, that the test is 

carried out in the laboratory and carefully monitored. Crucial part of the 

test is to use carefully controlled hydraulic load application and recording 

system. 

For small specimen, it may be possible to use standard testing machines, 

but for larger specimen a suitable frame or ring can be assembled. If the 

size of the test exemplar is preventing transportation to the laboratory, it 

can be possible to build or assemble a test frame on the spot, alongside of 

the structure from which the member has been removed. In that case load 

may be applied by manually operated jacks, with other similar techniques 

to those used in the laboratory. The control of load application and meas-

urement would be less accurate. However the on spot tests should be 

avoided whenever possible. 

The most common load arrangement for concrete beams consists of third 

point loading. The advantage of a large part of nearly uniform moment 

coupled with tiny shears enables the bending capability of the central por-

tion to be assessed. If the shear capacity of the member is to be determin-

ing, the load would usually be concentrated at a suitable smaller distance 

from the support how it is shown on Figure 1.  
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 Laboratory beam load test arrangement in Bungey, Millard. and Grantham. Figure 1

2006, p 172 

The load is transmitted through a load cell or “proving ring” and spherical 

seating onto a spreader beam. This beam’s bears on rollers are seating on 

the steel plates, which bedded on the test member with mortar, high-

strength plaster or some similar material. The test member is supported on 

roller bearings acting on similar spreader plates.  

Parts of the test station would vary according to the available accessories 

and the size of loads involved. All parts must be capable of carrying the 

test loads without significant deformation. It is important to consider that 

access to the middle of the concrete beam is highly preferable for examin-

ing of cracks, strains and deflection readings. Stop mechanism may need 

to be installed to support the specimen after collapse of the concrete. 

Several measurements can be taken such as crack width and depth, and the 

advancement of crack. Dial gauges would be more favourable for deflec-

tion readings unless automatic recording is required, in which case electri-

cal displacement transducers may be beneficial. Strain measurements may 

not be required for straightforward strength tests, but are relevant for tests 

on prototype specimen or where detailed information about stress distribu-

tions required.  

Before any testing, the specimen should be checked dimensionally, and a 

detailed visual inspection performed with all information carefully record-
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ed. After reading gauges, the load should be increased incrementally, up to 

the calculated working load. Careful track of loads, deflections, and strains 

should be taken. Cracking should be checked visually, and a 

load/deflection plot prepared as the test proceeds. It will not usually be 

necessary to sustain the working load for any specific period, unless the 

test is being conducted as an overload test.  

The load should be removed step by step, with recording of each step, and 

recovery of concrete checked. Loads will then usually be increased again 

in similar increments up to failure, with deflection gauges replaced by a 

suitably mounted scale as failure methods. It is necessary to avoid damage 

to gauges, and although precision is reduced, the deflections at this stage 

will usually be large and easily measured from a safe distance. Similarly, 

cracking and manual strain observations must be suspended as failure ap-

proaches unless special safety precautions are taken.  

If it is crucial that precise deflection readings are taken up to collapse, 

electrical remote reading gauges mounted above the test member may be 

necessary. Crack development on concrete should be marked on the sur-

face of the test specimen and crack widths recorded. The model and loca-

tion of the failure should also be carefully recorded, photos taken to show 

the failure zone and crack patterns, and may prove valuable later. If the in-

formation is required concerning the actual concrete strength within the 

test member, cores may be cut after the completion of the flexural testing, 

taking care to avoid impaired zones. (Bungey, Millard and Grantham 

2006) 

 

3.2 Non-destructive testing 

Material testing, in general, is designed to make sure that materials meet 

quality control standards, comply with any laws and include the compo-

nents people claim they contain. If the concrete fails a concrete test, it may 

mean that part of a construction project needs to be redone to remove the 

faulty concrete or that a batch of concrete needs to be discarded. 

3.2.1 Ultrasonic pulse velocity test 

The ultrasonic pulse velocity test is based on using electro-acoustic trans-

ducers that offer strong control over pulse types and frequency produced. 
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Pulse frequency usually varies from 20 to 150 kHz, and it is created by 

electronic circuits. This testing is based around pulse wave velocity meas-

urement applying through-transmission techniques. Three types of waves 

are emitted from transducers into a solid mass of specimen. These waves 

are; surface waves, the slowest with elliptical particle displacement; trans-

verse waves with particle displacement at right angles; and Longitudinal 

waves with particle displacement in the direction of travel. 

The velocity of wave depend on elastic and mass characteristics of the 

concrete, hence velocity of wave and mass are known it is possible to cal-

culate the elastic properties with formula: 

 )/( skm
KE

v d


   (1) 

Where:     = Dynamic modulus of elasticity (     ) 

ρ = densit  (     )  

             
)21)(1(

)1(

vv

v
K




   (2) 

       and ν = d na ic Poisson’s ratio 

Then it is possible to find the wavelength of vibrations dividing pulse ve-

locity by frequency of vibrations. After that, calculating difference be-

tween velocities can provide with required information for evaluating the 

inconsistency of the concrete, in other words defects of the concrete spec-

imen. If this process performed accurately high amount of information can 

be acquired about the specimen. Nevertheless pulse velocities are relative-

ly small from 3,5 to 4,8 km/s, must be important that the test would be 

performed in extreme care. Since, it is important to examine the relation-

ship between modulus and strength when plotting measurement results. 

3.3 Selected concrete test method 

The method chosen for this thesis was destructive the flexural test with 

mechanically controlled hydraulic jack and microphone. The flexural test 

was selected because equipment provided was designed especially for this 

method of concrete testing and any other test could not be performed 

without completely redoing the test station.   
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4 PREPARATION FOR WORK 

At first, sketches and drawings of concrete or other solid material testing 

station were received. These drawings show the basic concrete the flexural 

test principle. The main idea of these concrete testing systems is to apply 

force in the middle of the concrete beam with a hydraulic press and take 

the required measurement according to the needs of the user. Onwards, the 

system was developed and designed by HAMK Ohutlevykeskus. After the 

completion of the test station, the station was delivered to HAMK 

Valkeakoski department for further development. On Figure 2 and 3 it is 

possible to see similar testing devices to the test station form 

Ohutlevykeskus.  

Figure 3 represents a concrete testing device where the force is applied 

with two hydraulic presses. The concrete beam is held in place by two 

clamping devices. On top of the device, three different measurement 

gauges are located.  The dimensions and parts of the test station as well as 

purpose for using and the general description of the LabVIEW will be de-

scribed further in this chapter. Adjustments that were done to the test sta-

tion were included in this chapter. After that, the problems of the test sta-

tion will be discussed, and possible solution will be provided.
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 Material testing device with applied force indicator. Force is applied manual-Figure 2

ly using a lever.  

 

 Concrete testing device. Figure 3

4.1 Dimensions of test station  

The dimensions of the test station are 1201 width 128 depth and 511mm 

height. Test station is separated onto three parts not including concrete 

beam. On Figure 4 is shown the upper part, with dimensions 

99*82*492mm, of the station that is placed on the body. For durability of 

the system and the inability of the upper part to move, two bolts were in-

stalled from both sides of the station as shown in Figure 5. 
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 Upper part of the station Figure 4
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 Location of bolts Figure 5

The body part of the test station, with dimensions 1201*128*100 mm, is 

represented on Figure 6. The body part of the station is important and most 

durable part of the test since it needs to hold the concrete, which is under 

pressure during the test. 

 

 Body part dimension Figure 6

4.1.1 Hydraulic jack 

The hydraulic jack is combination of two cylinders connected between 

each other with pipe. Inside cylinders is liquid, the most commonly used 

liquid is oil. A small cylinder is controlled with mechanical lever that is 

used for pumping and rising the pressure inside the cylinders. This will 

happen only, if force is applied onto the lever by human hand or another 

object. 

Applied force makes the small cylinder move and the pressure increases 

inside the cylinders what is causing bigger cylinder to move up. This phe-

no enon is possible to explain b  Pascal low “Pressure exerted anywhere 

in a confined incompressible fluid is transmitted equally in all directions 

throughout the fluid such that the pressure variations (initial differences) 

remain the same."(Wikipedia 2014) However, since pressure is increased 

inside the cylinders, the bigger cylinder is rising with much higher force. 
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However since there is a difference between cylinders area big cylinder is 

rising with less speed but more force the small cylinder was pushed. As a 

result, it is possible to lift heavier objects on a short distance. (McGraw-

Hill 2005) 

 

 Hydraulic jack  Figure 7
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4.1.2 Changes to test station 

Improvement of the station was demanded because of the poor initial de-

sign and failure of performing required tasks. Two adjustments were 

made. The first change was made for the support bolts of the upper part of 

the station. The holes in which bolts needed to be installed were smaller 

than holes in the base part. In this instance, upper part was taken to the 

university workshop and holes were made wider so that the bolts can be fit 

inside. This change made possible to connect upper and base part of the 

test station together. 

The second change was applied as well to the upper part. Demand of this 

change appeared after installing the hydraulic press inside the station. Re-

lease valve of the hydraulic press was stuck inside of the station and was 

impossible to reach without taking apart the whole system piece by piece 

or breaking concrete completely. A required marking was made on the up-

per part of the station, and it was taken to university workshop again. Us-

ing a drill, necessary holes where made in the side wall of the upper part 

of the station, as it is possible to see on Figure 8a. This change leads for 

chance of reaching release valve of the hydraulic press without any com-

plications during testing. 

Since the thesis focuses on a sound analysis a special box surrounding the 

microphone was made. The box was made of carton bubble wrap and tape. 

All materials were supplied by HAMK University of Applied Sciences. 

Main purpose of the box was to reduce the noise coming to the micro-

phone. The test station was improved and adjusted according to further 

development demand. 
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         The hole made for hydraulic jack and skeleton of the test station Figure 8

4.1.3 Problems of test station 

The test station which was received from HAMK Ohutlevykeskus was 

poorly designed. Correct and efficient testing of concrete was impossible 

to perform, and little to no adjustments could be made to improve test sta-

tion for a substantial level. According to Ohutlevykeskus sound recording 

of concrete should have been made, but because of poor design of the test 

station, concrete and the iron upper part were in full contact. That caused 

considerable noise and disturbance, while recording sound from concrete 

beam, which made all measurement nearly counterproductive. 

Not only this but the problem with inserting concrete inside the upper iron 

part, what could take up to 2 hours since concrete beam was 1 to 2 mm 

wider than the space between walls of this iron part of the station.  These 

problems would be possible to bypass by designing upper iron part wider 

than concrete by at least 5 mm from each side. Further, it could be possi-

ble to make that iron part taller by 400mm so there would be the place for 

steel roll bearings, spreader beam, proving ring or load cell. If there were 

the place for all this equipment, it would be possible to make the flexural 

test measuring force applied to concrete with a hydraulic jack. That would 

lead to better and more general results for concrete the flexural test. 

 

a,8 b 
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4.2 Designing  measuring system 

Designing measurement system included different aspects like choosing 

the right or acquiring available microphone, creating a program in Lab-

VIEW for measuring and recording sound, and establishing a connection 

between microphone and program in LabVIEW. Creating a program in 

LabVIEW for this thesis was the hardest and the longest part since the un-

derstanding of LabVIEW was poor in the begging but learning the pro-

gram further, made creating the program less difficult and on decent 

knowledge level.   

4.3 Installing measuring system into test station 

Main steps of installing measurement system into test station was in-

stalling microphone on the concrete beam on the opposite side of the hy-

draulic jack since sound is transmitted through the concrete beam from the 

point of possible cracking and breaking to the outside surface of the con-

crete. The point closest to cracking is located under the hydraulic jack 

where force is applied to concrete. Microphone should be situated as close 

to cracking point as possible. Second step was to establish a connection 

between microphone and computer with LabVIEW so it would be possible 

to transmit and record data from a microphone directly to LabVIEW. 

 

4.4 Program used for measuring system 

The program used in this thesis was LabVIEW from National Instruments 

because choice of program was not specified by HAMK Ohutlevykeskus. 

LabVIEW was chosen because of a variety of functions and easy to use in-

terface; also special course to learn how to use and get familiar with Lab-

VIEW was taken. LabVIEW stands for Laboratory Virtual Engineering 

Workbench. This program is used for system-design and development en-

vironment for visual programming language.  

Visual programming language is any programming language that lets us-

ers create programs by manipulating program elements graphically rather 

than by specifying them textually. LabVIEW is used for industrial auto-

mation, instrument control and data acquisition. 
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National Instruments (2014) stated that “LabVIEW is a graphical pro-

gramming platform that helps engineers scale from the design to test and 

from small to large systems. It offers unprecedented integration with exist-

ing legacy software, IP, and hardware while capitalizing on the latest 

computing technologies. LabVIEW provides tools to solve toda ’s prob-

lems—and the capacity for future innovation—faster and more efficient-

ly”.  

Using LabVIEW in thesis as main programming tool was being possible 

to design a program to work with the measured signal. Operations like re-

cording, analyzing and measuring sound signal from the microphone were 

applied to the program for this thesis. In the topic 5.2, will be discussed 

the readily designed program with the aid of which all the data was col-

lected. 

4.4.1 General description of LabVIEW 

LabVIEW is graphical programming platform which is using visual ob-

jects to build a program that is called visual instruments (VI) in Lab-

VIEW. In LabVIEW, possible to build quite big and complex projects but 

it is suitable as well for medium and small size projects. The Figure 8 be-

low shows the look of the new VI design. On the left side of the Figure 8, 

is the front panel of LabVIEW program and on the left is block diagram.  

 

 

 Front panel and Block diagram of LabVIEW Figure 9

The design of the front panel is mainly control and indication of process 

and process variables. There is quite wide variety of indicator and repre-
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sentation of process variables as Boolean indicators, numeric controls, 

graphs, etc. 

 

 Front panel and controls of LabVIEW Figure 10

On block diagram, it is possible to observe representatives of controls in 

front panel and actual program. In the same time, possibility of following 

the step by step is present, which can help to identify problems or track the 

process value of any part of the VI, which is called Highlight execution. 

 

 

 Block diagram and functions of LabVIEW Figure 11
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In the end, LabVIEW is a user-friendly program which is easy to learn, 

but hard to master. More detailed explanation and presentation of designed 

VI for this thesis is described in topic 5.2.  

5 TESTING 

In this chapter is described how the test station was set, what testing meth-

od was used and how the testing process performed, the results of the 

measurements and conclusion of the performed test. 

5.1 Setting of test station 

Before any measurement could be taken, the test station had to be pre-

pared for testing concrete. At first, test station was checked for any dirt so 

that nothing would disturb installation and measurement afterwards. All 

dirt was cleaned so that installation could begin. The next step was to 

check if all parts are available and in an operating condition. After that, 

the upper part of the station was installed onto base so that all the bolt 

holes are matching from base and upper part of the station. 

 

 Connection between the upper and body parts with bolt Figure 12

The next step was to insert the bolts into the holes and to start tightening 

them, however since the distance between the walls of the upper part is 

smaller than the concrete beam width there should have been left space for 

the bolt to move as shown on Figure 11. Afterwards, insertion of the con-

crete beam into test station opening, which was made especially for con-

crete, was performed on Figure 12. That was physically exhausting proce-
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dure since concrete is wider than the opening in the station and some force 

to fit concrete in was applied. 

 

 Insertion of concrete into test station Figure 13

After the concrete installation is complete, and it is placed on the bearings, 

as shown on Figure 13, installation of hydraulic jack is possible to exe-

cute. A Hydraulic jack is placed inside the upper part of the station onto 

concrete beam. With attention to sound measurements, rubber pad was 

added between these two objects so that there will be almost no extra 

noise coming from the rubbing between those. When all the important 

components were installed pumping of the hydraulic jack could be started 

to the point where hydraulic jack’s upper cylinder was in touch with the 

roof of the upper part of the station, as shown on Figure 14. 
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 Concrete standing on iron bearings Figure 14

Before starting to apply force, onto concrete, microphone should have 

been installed. The microphone was installed in close contact with the 

concrete beam under it which provided the best measurement result. After 

that connection between the microphone and the computer with LabVIEW 

program was established, and measurement process could be started. Be-

fore testing the specimen should be checked dimensionally, and a detailed 

visual inspection made with all information carefully recorded.  
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 Test station ready for testing Figure 15

5.2 Created program for measurements 

The program for LabVIEW was made especially for this thesis before 

measurement process started. Everything, that was used for creating the 

program was provided by and included in LabVIEW program, which are 

standard controls and functions of LabVIEW. The information acquired 

during Raine Lehto’s “Measuring and Auto ation Progra s” lectures was 

widely used during creation of the program (Lehto 2014, lectures). 

5.2.1  Working principle of designed program 

The working principle of the program was to get data from the micro-

phone, which was installed on concrete, and record data received in two 

different for ats binar  “tdms” and sound “wav”. While the data was re-

ceived it was plotted on the graph, and it was possible to see the data in 

the form of signal. 

In the same time, it was possible to turn on the alarm that would identify 

spikes of the signal higher then set on the front panel. Since the signal 

from breaking of concrete was with much higher amplitude, the alarm 
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could detect this and give the alarm sound to the user. After alarm sound, 

the user could stop the program immediately.  

After recording had been done, program was able to read recorded signal 

and plot it to graph by pressing following button. After pressing listen to 

the sound of the signal and plotting full signal into graph, so it would be 

possible to read and recognise when the cracking happened. 

 

5.2.2 Front panel of designed program 

On the front panel of the designed program are mostly Boolean controls, 

additional buttons, and numeric controls. The purpose of buttons in the 

program is to control the flow of events in the block diagrams. Every but-

ton is responsible for event or part of the event. This designing strategy is 

easy to understand, and failure finding becomes quicker. Even though, us-

ing highlight execution button on the toolbar helps to find the problem fast 

sometimes it can take quite a long time. The figure below explains the 

controls in the programs front panel. 

 

 Front panel of designed program Figure 16

As it is possible to see from Figure 16 that different data types can be cho-

sen depending on what kind of data is required, be it “wav” or “tdms” file 

type. In the same time, it is possible to read the data coming from the mi-

crophone on the input sound graph in real-time. Below the “input sound 

graph” is “output sound graph” which shows recorded data from chosen 

file in output sound field (number 3). Sound format control allows for set-
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ting the desirable sampling rate, number of channels and at what bit rate 

you want the signal to be represented. In the case of emergency during the 

program running, it is possible to use Main stop button to terminate ongo-

ing program. 

5.2.3 Block diagram of designed program 

On Figure 17 is shown the recording part of the designed program “block 

diagram." 

 

 Block diagram of created program, recording part Figure 17

The entire program was based on event structure inside the while loop, 

which let the program to run continuously only by pressing required but-

tons. As it is possible to see, there are the representatives of controls from 

the front panel. At first, “start record” button should be pressed, after pro-

gram was started from toolbar. When “start record” button is pressed, the 

program starts to read data from the microphone in continuous samples 

with chosen sample rate.   

In the same time files are opened and ready to be written or overwritten, 

both “wav” and “tdms” files, by the program. However before writing data 

into files program need to start acquiring data from the microphone that 

would be followed up with writing data into files and plotting the signal 

onto input sound graph. 

During data acquisition, it is possible to turn on the alarm by pressing “en-

able alar ” button. “Enable alar ” turns on the alar  function which 
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would play a sound when alarm limit is reached. Alarm function would 

send true or false to case structure, which would play sound and show 

 essage “concrete cracked...” in case of true state and would do nothing if 

false. The program would stop executing, if “stop record” button is 

pressed. In the same time data acquisition will be stopped, data will be 

saved into files and buffer will be cleared from recorded data, so new re-

cording can be performed shortly after program is stopped.  

 

 Block diagram of designed program, reading and listening part. Figure 18

The Figure 17 represents reading and listening part of the program. As it 

was shown in “front panel”, it is possible to choose file path for reading 

and listening. The progra  starts to read signal when “start read/listen” 

button is pressed, in the same time message “Listening” is shown on 

“front panel”. When “start read/listen” button is pressed, program starts to 

read data fro  “td s” file and plot it into “output signal graph” b  passing 

through filter. The filter is responsible for clearing out the noise, which 

comes outside of the signal and applies disturbance in the signal.  

In the meantime data is fed into subVI “Pla  Wavefor ”, which sends da-

ta to sound output device of the computer and plays the sound. This subVI 

is placed into error “case structure” which is playing the signal only when 

there is no error present and does nothing when there is an error. 

To stop the reading and listening process button “Stop listen” can be 

pressed, and which will cause the process to complete and then stop the 

program. 
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 Block diagram, main stop part Figure 19

The “ ain stop” button is responsible for ter inating all ongoing process-

es and stops the program from further using unless user starts the program 

all over. The “ ain stop” button function is placed in stop event case and 

when the button is pressed the dialog window “Progra  stopped” will pop 

up. After that program is stopped and ready for a new cycle to start. 

5.3 Measurement results 

The purpose of the thesis was to measure sound coming from the concrete 

when load is applied. For the measurement of the sound, electret conden-

ser microphone was used. It was the only available microphone which 

could be used in our project without any extra costs involved. 

All measurements were taken in quiet and low noise environment, what 

improved results. Since any outside noise could reduce the quality of 

measured results special measures were applied. Results of the measure-

ments are presented on Figure 20. 
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 Sound graph of measured signal; red arrows – breaking points Figure 20

On Figure 20 is a graph of x- and y-axis. The x-axis represents during 

what time measurements were taken, and y-axis represents amplitude of 

the measured signal. On Figure 20, it is possible to detect spikes in respect 

of amplitude, those spikes that are reaching amplitude 0.25 or more are 

concrete cracking and breaking points. In the same time, it is possible to 

find when cracking happened, how much time passed since begging of the 

test and how much time measurement took to perform. On Figure 20 is 

shown how broken concrete looks. 

 

 Broken concrete after testing Figure 21

The measurement results were satisfying since the breaking point of con-

crete was possible to recognize. When concrete breaking amplitude was 

found, it became possible to set alarm in the program and finish program 

which could identify breaking point of concrete and give the alarm accord-

ingly. 

6 CONCLUSION 

The objective of this thesis was to make a measurement system which 

could recognise the sound difference in measurement of sound and give 

the alarm when concrete was broken. The measurement was taken by the 

microphone using the LabVIEW program to record and replay the data. 

Even thought, the test station was similar to a common concrete the flex-
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ural test it had its differences. The main difference was that the micro-

phone was used for taking the measurements not force gauge, which led to 

different measurements. At the end, all the measurements were quite suc-

cessful, that led to proper design of the program and fulfilling the objec-

tive of the thesis. 

6.1 Thesis project 

This thesis was focused on describing the test process with its ins and outs. 

In the same time, the thesis were describing the main principles of the 

concrete testing as well as what is concrete, concrete types and some of its 

properties. Examples of different testing methods are present such as test-

ing using ultrasonic pulse velocity to measure the disturbance in signal ve-

locity to get required result. In the same time it was described the common 

the flexural test, which is the way to go in the future. 

All the dimensions and parts of the measurement system together with the 

test station such as a hydraulic jack, parts of the test station and a general 

explanation of LabVIEW were described. The testing process was a sig-

nificant part of this thesis where is described how the test station was set 

and the working principle of the created LabVIEW program. At the end of 

the thesis the measurement results and evaluation of them were talked 

about. The measurement results were successful, and the program is capa-

ble of giving alarm when concrete is broken with a right determination of 

the alarm level. 

6.2 Difficulties 

The main difficulty of the thesis work was the test station from HAMK 

Ohutlevykeskus, since it was not ready for testing concrete. The test sta-

tion was poorly designed and the space between the walls of the upper part 

was smaller than concrete bea ’s width. As also stated in the introduction 

this caused many complications with installing concrete beam into the sta-

tion 

The same design problem was causing a scratching noise when force was 

applied to the concrete beam. It was caused because concrete was in close 

contact with the iron walls of the test station, which was generating a dis-

turbance in the measurements. Together with that the background noise 

was a serious problem for the test but adding a sound box for the micro-

phone partly solved the problem.  In the end the test process was quite 
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successful but because of the poor design the objective of the thesis could 

not be performed perfectly. 

6.3 Future possibilities 

In the future, it is possible to redesign the test station so that the common 

the flexural test will be possible to perform. For that instance, the upper 

part of the station should be raised by about 400mm up and space between 

the walls could have more width for about 10mm, so that no noise will be 

produced while testing the concrete. At the same time the test station 

could be longer so that other concrete beams with different dimensions 

could be used. Also it is possible to design new system using machine vi-

sion for recognising cracks in the concrete during the test process. 
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Appendix 1 

CREATED PROGRAM IN LABVIEW 
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Appendix 2 

HYDRAULIC JACK MANUAL 
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Appendix 3 

MICROPHONE USED IN MEASURMENTS 
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Appendix 4 

RUBBER PAD FOR PREVENTING SCRATCHING 

 


