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Introduction

Buildings constructed of lightweight steel or concrete
structures may have fallen and people might be lost. There
were many accidents in the Europe recently —in Lithuania,
Russia, Poland and Germany. Most frequently such
failures occur during winter time when structures are
exposed to additional load because of the snow which is
accumulating on aroof, strong winds, and other exposures
that overload the structures of the building.

It would be possible to save human lives if people
were notified about a critical condition of building
structures at least 10 — 20 minutes before collapse. In case
approach of critical conditions is known at least before 1 —
2 hours it is even possible to keep a building itself. In this
case for example it is possible to clear roof of a building
from snow reducing critical loads or take other measures to
reduce critical load. To define the load of a structure
visually is rather difficult or even impossible. Therefore
automatic signalling systems should be used. When
parameters are exceeding threshold values, the system
must set an alarm informing about arising danger.
Development and implementation of such constant
monitoring systems is not common yet. Authors are
analyzing possibilities to build and use such systems.

Requirementsfor the M onitoring System

Basic constructive elements of a light structures used
in various buildings are usualy steel farms. To identify
state of steel constructions automatically some parameter
that can be changed to electrical value and then measured
should be found. There is a rigid relation between
durability and strain of a structure element in steel
structures [1]. On the other hand, size of strain of a steel
construction even in case of exposure of high loads is
rather small. For example, if on a steel wire with cross-
section A = 4-10* m? and length | = 10 m force of size F =
1000 N is applied the relative strain will be

F _
e =25 = 36310 5, 1)

Nevertheless steel has considerably  higher
opportunity to be deformed compared to concrete.
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Concrete has considerably lower level of deformation
before it is damaged and the strains to be measured for
concrete would be even smaller compared to steel.

Strain can be measured using different techniques but
most often as reliable and comparably low-cost solution
resistive strain gauges that transform strain of the gauge to
small change of its resistance are used.

In a complex building there are many carrying
structures (or to say typical points of those structures)
condition of which individually or jointly defines state of
the building and as a result safety of operation of a
building. Therefore monitoring system should be multi-
channel and in most cases would have up to severa
hundreds or even more channels. Designers who know an
arrangement of crucial structures should define installation
points of strain gauges. Ideally mathematical model should
be developed for the building defining crucial points and
possible distribution of strains of these points. Therefore as
one of the main parameters — strain parameter is measured
in multiple points of a particular construction.

Concluding the aforementioned it is clear that
monitoring system must @) determine the current condition
of a building (structure, bridge, roof, etc.); b) define small
changes of parameters (strain, vibration, acceleration, etc.)
of physical quantities in specific points of a structure; c)
transfer results of an estimation to the data-processing
centre where results are processed, mathematical model of
a dtructure is applied and result is carried out [2].
According to these results decision on the current
condition of a structure is made (automatically or by
human operator).

M ulti-Channel Strain M easurement System

According to earlier experience further conclusions
are made:

1. The system should be as simple as possible. In this
case the quantity of error sources, amount of errors and
therefore the price is relatively low ensuring relatively
low-cost service of the system.

2. The system should have the feedback configuration
ensuring that the influence of a part of error sources is
compensated.



3. New products of electronics should be applied as
much as possible in the system, often in non-standard
application.

4. The system having many channels (up to several
hundreds) should be designed in a block principle. In this
case measurement units are placed in a relatively short
distance from measurement points and the system can be
easily adapted for different purposes.

It appears that the structure and problems to be solved
for such systems are practically identical irrespective of
measured parameters of a structure, an end result or a
scope of the system. Therefore the block diagram of
monitoring system is common for all similar applications.
Created general block diagram of monitoring system is
submitted on aFig. 1.

The developed structure is highly agile — it is possible
to measure and store various parameters of the object state,
if necessary adding additional measuring units and number
of measurement points can become quite high in order to
connect to the system measurements of other objects or
distant parts of the same object (e.g. parts of a large
buildings, bridges, etc.). In this case it is possible to
construct monitoring system gradualy by adding
additional measurement units upon necessity. It is possible
to measure, accumulate data, and to anayze other
important parameters of structure by only changing
sensors, measuring units and/or programs.

In this system al signals from measuring units have
digital form and can be transferred through the Internet or
Intranet. It is possible to apply standard Wireless LAN and
overcome one of the biggest lacks of the systems currently
in use — communication lines that are relatively short and
dedling with analogue signals. It is established that
implementation of measurement lines in buildings (it is
especiadly applicable in aready build-up “working”
buildings) is quite heavy and expensive job. At the same
time measurement lines are mounted near cables of
communications, electric supply and control lines are
subject of influence of noises. It results to increase of
errors and reduction of reliability of the system.

Therefore structure of the system that allows reducing
of the measurement and communication lines is more
preferable and cheaper at the same time. System proposed
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Fig. 1. Block diagram of monitoring system

ensures that location of separate measuring blocks can be
established in immediate proximity from measured
structures and at the same time length of connecting cables
can be reduced reducing errors of measurement.

The system proposed is highly agile — each measuring
unit with gauges can be used for measurements where it is
needed up to several tens of gauges (32 in this case),
amount of measuring units can be increased where more
gauges are needed or a distance between gauges should be
increased. The central server and workplace of tracking
and management in this case can be established at any
location that is the same or different from the building
monitored. Furthermore the centralized system can monitor
several buildings or even al required to monitor buildings
of the city and build metropolitan area monitoring system.
Later such system might be integrated into centralized
emergency services system (such as 112, etc.).

Building of such systems based on dtrain
measurement has several difficulties to deal with. Earlier it
has been shown; that the size of deformation is rather
small, therefore the change of strain-gauge resistance is
also small:

AR = RSg,, 2

where R — strain-gauge resistance;
construction; S— sensitivity ratio.

For example in case of change of strain of steel farm
is in range &=10°.107 srain-gauge resistance is
R=120Q and sensitivity ratio S=2, the change of
resistance of strain gauge is AR =(0.00024...0.24) Q. It is
avery small value and typically non-balanced Wheatstone
bridges are used for such measurements. It has been shown
that application of non-balanced Wheatstone bridge
without feedback is not convenient for such type of
applications where several strain gauges are connected to
the same measurement unit [3, 4]. Nevertheless nearly all
strain gauge measurement systems in the market are based
on non-balanced Wheatstone bridge and therefore are
struggling to expand systems as implementation, expansion
and maintenance of such systems are costly. Authors have
developed a digitally balanced Wheatstone bridge that
allowsimplementation of the monitoring system proposed.
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Fig. 2. Functional scheme of the method for evaluation of small resistance changes by using autometically digitally balanced

Wheatstone bridge with R-2R DAC

Digitally Balanced Wheatstone Bridge for
M easur ements

Strain

The method for measurement of small resistance
changes by using automaticaly digitally balanced
Wheatstone bridge has been developed by authors [3, 4].
Method is based on using of R-2R DAC as balancing
element. Genera structure of the method is provided in
Fig. 2. The resistance of the sensor in this caseis:

RiN+2"Ryy .
2"RyRiy

where n — number of DAC bits, Ry — resistance of DAC
input (resistance R-2R matrix elements), N — decimal DAC
control code.

It is established that proposed method allows
avoiding multiple disadvantages that are typical to the
classic system. The created method is a feedback method.
Wheatstone bridged is balanced by changing resistance of
DAC and checking whether the balance is exceeded or not.
As code controlled resistance DAC of R-2R type is used.
MOSFET switches are used for connection and
disconnection of different channels. These switches have
resistance of the open channel less than 0.05 Ohm and
therefore the influence of these resistors to the
measurement result is minimal.

The main advantages of this method are:

Feedback system is regulating itself and therefore
reducing influence of external noise to evaluation
results.

System is not influenced by length and resistance of
the gauge connecting wires and therefore can be
easily used as multi-channel system by multiplexing
gauges using low resistance switches.

The strain measurement in the system is made in two
stages: the status of the bridge after gluing gauges on
a construction to be measured, and the load is not
applied to the structure. Then the status of the loaded
construction is measured. The size of strain is defined

R, =R = RR; 3
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as a difference of these two measures. Analysis and

experimental research has shown that this method can

be used for monitoring tasks with resolution up to 25,

The model of the system was checked during 24

hours and worked with 10 m length cables. The

measurement errors are not established for all this
period of time.

The research of constructions in laboratory conditions
is more complex problem. For deeper understanding of
processes in the loaded constructions, it is necessary to
measure strains of smaller sizes.

Further increase of resolution (for example, for
laboratory or very high accuracy measurements) is possible
only by taking measures to reduce external influence to the
measurement results. It is established that main causes for
inaccuracies are:

1. Zero drift of the operational amplifier.

2. Higher resolution leads to lower balancing voltage
which is influenced by noise and bridge balance
point can not be established precisely.

Methods of reducing these influences are analyzed. It
is shown [3] that the resolution can be increased applying
these methods:

Zero drifts are reduced with:

a) Operational amplifiers for alternating voltage: usage
of aternating voltage power supply for Wheatstone bridge
and amplifiers with signal modulation.

b) Compensate drifts: usage of duplicate operational
amplifier and known reference evaluation just before
evaluation of gauges.

Noises with lagging phases are reduced by:

a) Usage of digital filters;

b) Usage of hardware filtering;

¢) Averaging of evaluation results.

It is established that applying these methods in
parallel it is possible to gain resolutions up to 2** and
therefore gain 0.024% — 0.006 % accuracy level of
evaluation of small resistance changes.

Experimenta investigation of automatically digitaly
balanced Wheatstone bridge confirmed theoretical



assumptions. Methods of reducing noise influence are 5. The developed multi-channel system is relatively

developed and confirmed during experiment. low cost compared to classic system as it is not influenced
) by cable and switch parasite parameters.
Conclusions 6. The methods of improvement of evaluation quality

and resolution are investigated. It is established that
combining different methods it is possible to achieve 12 —
14 bits resolution (0.024 —0.006) % accuracy). It is
established that it is necessary to use digital signa
processing and different compensation methods in
combination for gaining such accuracy.

1. It is possible to avoid unexpected construction
collapses if the constructions are constantly monitored and
preventive actions are performed.

2. Most of construction monitoring systems is relying
on measurement of strain of multiple points of
constructions.
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R. Kvedaras, V. Kvedaras. Strain M easurements and Monitoring of Constructions // Electronics and Electrical Engineering. —
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Results of analysis of recent accidents in public buildings are presented. It is shown that construction state identification systems are
integral part of public and local warning and security systems. This system is highly flexible and can cover system of a separate
structure, and also can be expanded to group of structures (houses, bridges, etc.) or to systems of identification of the whole city.
Structure of construction state identification system is proposed and analysed. It is established that in order to ensure wide usage of such
systems it is necessary to solve some scientific problems. Solution for multipoint measurement of strain as one of the most important
parameter for construction state identification is proposed. It is shown that measurements of strain by using closed-loop self-balancing
system ensure necessary resolution with high accuracy and can be used in multipoint measurements. It is possible to increase amount of
points of measurement by easily adding additional measuring blocks. These blocks are well integrated into the suggested system of
identification. Ill. 2, bibl. 4 (in English; summariesin English, Russian and Lithuanian).

P. Kesanapac, B. Kagapac. U3mepenns nedopmanmii ¥ MOHUTOPHMHI KOHCTPYKLMIl // DJIeKTPOHMKA M JIEKTPOTEXHHKA. —
Kaynac: Texnouorus, 2008. — No. 1(81). — C. 65-68.

IIpencraBieHsl pe3ynbTaThl aHANIN3a HEJABHUX HECYACTHBIX CIIy4aeB B OOIIECTBEHHBIX 3JaHMsAX. Iloka3aHO, YTO CHCTEMEI
HASHTU(QUKAINY COCTOSIHUS KOHCTPYKIIMM — HEOThEMJIEMasi 4acTh OOMIET0 M MECTHOTO NMPERyNpPEeXICHHUs M CHCTEM Oe30IacCHOCTH.
IIpennokeHa 1 mpoaHaIM3UPOBaHa CTPYKTYpa CHCTEMBI HJICHTH(UKANHA COCTOSHHS KOHCTPYKIHUH. JlaHHAs cHCTeMa SIBIISICTCS OUeHb
THOKOH U MOXET 0XBAaThIBATh CUCTEMY OTAEIBHOTO CTPOEHHS, a TAKXKE MOXKET OBITh paclInpeHa 0 TPYIIBI CTPOSHHH (I0OMOB, MOCTOB U
T.I.) WM CHCTEMBI MAECHTU(UKAIMU CTPOCHUH LEJNOro ropofa. YCTaHOBJIEHO, YTO ISl INMPOKOTO HCIOIb30BAHHUS TAaKUX CHCTEM
HEOOXOMMO PElINTh HEKOTOpBIE Hay4yHbIEe NMpoOneMbl. IIpeanoxkeHo pelieHre MHOTOTOYEYHOTO M3MEPEHHs Je(opMalii KaK OJHOTO
U3 CaMBIX BaXHBIX IapaMEeTPOB I MUICHTU(PUKAIMU COCTOSAHHSA KOHCTPYKuuH. [TokasaHo, 4To m3MepeHHs iedopMaliiu, HCHONIb3Ys
CHCTEMY caM00aaHCHPOBAHUS 3aKPHITON METIN TapaHTUPYIOT HEOOXOIMMOE PELIEHHE C BBICOKOH TOYHOCTBIO M MOTYT HCIONIB30BaThCs
B MHOTOTOYEYHBIX M3MEPEHHAX. YBEIHYUTh KOJIMYECTBO TOUEK H3MEPEHMS JErKO MOXKHO YBEIMYUTh JOOABIAS IOMOTHUTEIbHBIE
HU3MEpHUTENbHBIE OMOKK. DTH OJOKH XOPOIIO HHTETPUPYIOTCS B MPEUIONKEHHOW cucreMoil uneHtudukanmu. Mn. 2, 6ubn. 4 (ma
AHTJIMICKOM s3bIKe; pedepaThl Ha aHITIMHCKOM, PYCCKOM U JIMTOBCKOM 513.).

R. Kvedaras, V. Kvedaras. Deformacijy matavimas ir konstrukcijy monitoringas // Elektronika ir elektrotechnika. — Kaunas:
Technologija, 2008. — Nr. 1(81). — P. 65-68.

Pristatoma neseniai visuomeniniuose pastatuose jvykusiu avariju analizé. Parodyta, kad konstrukciju basenos identifikavimo
sistemos yra bitina ir neatskiriama bendryju ir vietiniu saugos sistemuy dalis. Pasitlyta ir isanalizuota konstrukciju biiseny
identifikavimo sistemos struktiira. Si sistema yraypag lanksti ir gali apimti atskiro statinio sistema, taip pat gali biti ispléstaiki statiniy
(pastaty, tilty ir pan.) grupés ar viso miesto statiniy konstrukcijy buseny identifikavimo sistemos. Parodyta, kad norint placiai taikyti
tokias sistemas, reikia isspresti tam tikras mokslines problemas. Pasitilytas daugiataskis deformacijy, kaip vieno i svarbiausiy
konstrukciju baseny identifikavimo parametry, matavimo budas. Perodyta, kad deformacijy matavimas, naudojant uzdaros kilpos
susibalansuojancia sistema, garantuoja reikalinga sprendima su dideliu tikslumu ir gali bati naudojamas daugiataskiuose matavimuose.
Matavimo bloky didinimas |leidzia nesudétingal plésti matavimo tasky skaiciy ir integruoti siuos modulius i pasitilyta sistema. 1l. 2, bibl.
4 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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