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I. INTRODUCTION 

 

Any person on this planet comes into contact with 

various elements of infrastructure. We spend hours in 

tall building buildings made of concrete, we cross 

bridges made of concrete and steel. We use electricity 

received through high voltage power lines that stretch 

through countries. The electricity is generated with 

enormous turbines and nuclear power plants, 

thermoelectric power-plants even let us get warmth 

for our dwellings. Water and natural gas reaches us 

through complex net of pipelines. All units of this 

infrastructure, as well as any of the many more other 

buildings, every Thing that is Made will eventually 

brake, bend, skew or crash- will come to a faulty 

state. 

To avoid this, this entire infrastructure has to be 

maintained; their state- monitored. We have to know, 

if the houses we live in, the bridges we cross are safe- 

If our lives are safe. 

Monitoring of constructions is made “all the time”, 

that is to say-any interval it is deemed necessary; 

from the point of view of statistics- when the variable 

“chance it all would crash” meets variable “this much 

money can be spent on inspection”. So- some faults 

still occur. Manufacturing plants stop, trains derail, 

bridges collapse. To make such occurrences less 

often, automated monitoring systems should be 

introduced. Systems, that would really be able to 

monitor all the time- constantly and without any 

intervals; that would let us know when the first sign 

problem occurs instead of the best that can be done 

with manual maintenance at intervals- to find when 

actual problems have already showed up or even 

clustered together, forming a bigger problem. 

Inventing and introducing such systems always come 

with certain limitations. Firstly-he system should be 

safe, secondly- the monitoring system should cost 

considerably less than the object it will be 

monitoring. 

This article will check on some methods that can be 

used to monitor the state of constructions and the 

base elements of these systems and their sensory 

elements. 

 

II. SHORT REVIEW OF NON-DESTRUCTIVE 

TESTING (NDT) 

 

2.1. Radiography 

Use irradiation with radioactivity to make detailed 

scans of structure of the monitored construction. The 

method provides results with high precision and level 

of detail, making it highly reliable to determine the 

safety of the construction. Unfortunately the devices 

for irradiation and radioactive isotopes are expensive, 

bulky and there are various very strict limitations to 

use of such devices and elements. And a very large 

downside- radiation quickly reaches harmful state to 

living organisms, thus drastically limiting the use if 

this method to monitor the state of constructions. The 

method can be used for periodic monitoring of 

separate elements of the construction and in best 

case- inside specialized laboratory- much like x-ray is 

used in medicine. 

 

2.2. Eddy-current testing 

A rather perspective method, the phenomenon it is 

based on was discovered back in 1824–1850 and still 

can be used to this day. As sensory elements are used 

Hall sensors and SQUID sensors (Superconducting 

Quantum Interference Device) that have up to a 

thousand times higher resolution. The principle does 

have its limitations- it can be only used on electro-

conductive materials and it has strict limitations on 

depths of the measurements. The most limiting factor 

of this method is the limited area where each 

measurement can be made at a time. As a result- the 

surface would need to be “scanned” by making 

subsequent measurements one such small area after 

another small area till all the construction is combed. 

 

2.2. Magnetic Adaptive Testing 

An interesting method based on magnetic induction. 

The principle used is very similar to how an isolating 

electric transformer functions Fig.1. The primary coil 
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gives energy impulse and on the secondary coil it is 

received and measured on its clamps. In case of 

“Ideal transformer” the energy on primary and 

secondary coils would be identical. In an actual 

transformer there are losses of energy as well as 

impulse wave-form deformations. This is cause by 

active and reactive resistance of wires, losses caused 

by energy transmission from one form to another and 

crossing several surfaces of various electric and 

magnetic conductivity; hysteresis of the transformer 

core will cause both energy loss and wave-form 

deformations. The largest measureable difference to 

parameters would be caused by the changes in the 

state of transformer core- layering of the core 

material, change of its shape, integration of a layer of 

air that was not there originally (broken core) or 

mechanical stress applied to the core will affect the 

system strongly enough to have these changes 

noticeable when monitoring the Current and Voltage 

of the system. The method becomes less precise the 

larger the area that is monitored, it creates 

electromagnetic emission that can interfere with other 

devices while working and lastly- it would work only 

on ferromagnetic materials and can only be used 

where the existence of constant magnetism and thus, 

the fact any ferromagnetic dust would stick to the 

magnetised parts, would not be a problem. 

 

 
Fig.1. The magnetic induction method. 

 

The method can be used for continuous monitoring of 

magnetically closed constructions. The method can 

monitor the construction constantly and with high 

safety, the system also has high longlivety as 

measurement impulse generation and reception is 

done with simple coils. However, to use this method, 

the construction need to be made to be used in 

tandem with this method, as adjusting an already 

installed construction to house this monitoring system 

can only be done by swapping the existing 

construction elements with ones that have this system 

elements installed. 

 

2.3. electromechanical impedance (EMI) 

Technique 

Emi- One of the relatively new NDT methods, known 

as the electromechanical impedance (EMI) 

Technique. The method consists of making 

measurements of the monitored elements within a set 

frequency range. When plotted as functions of 

frequency, these measurements constitute a unique 

signature of the structure. If there is a change in the 

monitored element, the signature of the structure also 

changes. The method can rival Radiography with its 

precision; however, it is not widely used due to 

various factors. To use this method, extensive 

knowledge of the material and its behaviour in 

various natural circumstances is needed as well as 

equally extensive knowledge about the probable 

faults of said element. The parameters of the 

construction and its elements can change because of 

humidity and even ambient sound, not just faults, 

like, for example, micro-fractures. The devices used 

are complex and expensive, but, as this method is 

slowly getting more exposure, also more and more 

technical solutions become available on market with 

more attractive prices. Also more empiric results 

become available as more scientific research is done 

using said solutions. The results range from data for 

searching for faults in concrete to determining state of 

vegetables.  

 

III. INTEGRATED NDT SOLUTIONS 

 

Most commonly used EMI system is based 

onimpedance converter Fig.2 as AD5933 1 MSPS, 

12-Bit converter and its evaluation hardware EVAL-

AD5933EBZ. Pros to this system is comparatively 

low price, industrial temperature range of -40°C to 

+125°C; 2.7 V to 5.5 V power supply operation and 

serial I2C interface, thus allowing the elements not 

only be linked to a computer system, but also 

microcontroller systems, thus making the whole 

system and its costs more flexible. 

As an alternative ADuCM350 can be used. It has 16-

Bit Precision ADC; Low Power Meter On A Chip 

with Cortex-M3 and Connectivity. Impedances can 

be measured from 80 Hz to ~75, that is lower than 

AD5933 100 kHz, but it has a better 16-bit precision 

analogue-to-digital converter (ADC). The integrated 

Chip has factory pre-set for work with several 

problems. Can be programmed, has several channels 

with video/audio support for use of a Display. The 

communication range is very wide. Has 2.5V-3.6V 

active measurement range that has high compatibility 

with Li-ion accumulators. As a result this unit can be 

considered as a good alternative. 

 

 
Fig.2. Impedance Converter. 

 

Such microchips are mostly intended for medical, 

network uses so they are not ideal for use in 

construction monitoring. But, if the automated 
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monitoring systems based on this method will 

become more common, more specialized systems will 

also become available. 

During a research (Venu Gopal MadhavAnnamdas, 

2010) a testing of concrete constructions was 

commenced using Embedded PZT Sensor, the 

research confirmed that 100 kHz frequency was 

optimal for the tests on the concrete and maximal 

measurement range was 200mm. 

 

IV. CONCLUSION 

 

By gathering information on various NDT methods, 

analysing their cons and pros; conclusion can be 

made, that Automated construction monitoring 

system with low costs and high safety is plausible, 

but their current limitations would make their use 

riddled with problems; most noticeable problem at 

the moment is lack of pre-set solutions based on 

empiric results from tests of actual constructions and 

materials. Results and, as a proxy, price, of any 

method used will highly depend on how well-placed 

sensory elements and modules would be and how 

effective would they work together. A similarity of 

the sensor placement can be drawn with demolition of 

constructions using explosives- well placed charges 

on well prepared for this task construction would 

drastically decrease material expenditure when 

compared to brute-forcing the process or guess-work 

of where to place charges. And we need it to last. 
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