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PRZEDMOWA

O istniejace obiekty budowlane trzeba dba¢ zawsze, poniewaz brak tej dbatosci
moze prowadzi¢ do zagrozenia ich bezpieczenstwa oraz bezpieczenstwa ich
uzytkownikéw. Ze wzgledu na rézng trwatos¢ obiektéw budowlanych wiek XXI stat
si¢ dla budownictwa w duzej mierze wiekiem napraw i remontéw. Wraz z kurczeniem
si¢ terenow budowlanych wzrost tego typu dziatan w stosunku do obiektéw
istniejacych jest nieunikniony. Utrzymujacy si¢ $wiatowy kryzys ekonomiczny nadal
hamuje wzrost nowych inwestycji. Zaréwno naturalnie starzejaca sie tkanka
budowlana, jak i niestety coraz czesciej obiekty nowe obarczone bledami
projektowymi czy wykonawczymi, wymagaja napraw i remontow. Przeprowadzenie
naprawy catego obiektu lub tylko jego czgsci, wymaga zréznicowanego podejscia w
zaleznosci od rodzaju obiektu, rozwigzania konstrukcyjnego, jego wielkosci, czy
funkcji. Nie bez znaczenia jest tu réwniez oddzialujgce srodowisko. Z powodu
zwigkszajacej si¢ agresywnosci srodowiska oraz starzenia si¢ obiektow budowlanych,
a takze nizszej ich trwalosci, coraz czgsciej sg potrzebne ich naprawy i ochrona
konstrukcji. Te zagadnienia szeroko przedstawia przygotowana monografia ze
szczegdlnym uwzglednieniem korozji biologicznej, korozji chlorkowej, czy
promieniowania jonizujacego. W pracy przedstawiono wiele zagadnien od tak
cickawego, jak podejscie do prognozowania stanu technicznego niektorych elementow
obiektow budowlanych, jako modelu prognozowania szeregu czasowego, az to analiz
filozoficzno-prawnych, takich jak wplyw utrzymania i remontu obiektu budowlanego
na prawa autorskie.

Ksigzka ta jest kolejna, juz 5 pozycja, przygotowang przez redaktoréw w tematyce
trwatosci napraw obiektéw budowlanych, po wydanych juz w 2007, 2009 i 2010r.
pozycjach. W poprzednich monografiach przedstawiono: Trwafos¢ i skutecznosé
napraw obiektow budowlanych (2007r.), Wspotczesne metody naprawcze w obiektach
budowlanych (2009r.), a takze Trwale rozwigzania naprawcze w obiektach
budowlanych (2010 r.) oraz Durability and repair of building structures (2010r.). Tym
razem proponujemy czytelnikowi Trwafe metody naprawcze w obiektach
budowlanych. Pozycja ta aktualizuje wiedz¢ o najnowszych krajowych i wybranych
zagranicznych osiagnigciach w dziedzinie trwatych rozwigzan naprawczych
zastosowanych w obiektach budowlanych. Przedstawia takze przyktady negatywne
prowadzace nawet do awarii lub katastrof. W celu zachowania czytelnosci utrzymano
wprowadzony juz w pierwszej ksiazce podziat na dwa gldwne dzialy. W pierwszym
zawarto podstawy naukowe (Nauka, badania, technologie), w drugim przedstawiono
zastosowania praktyczne trwatych napraw i wzmocnien elementow obiektow



budowlanych oraz samych obiektéw (Budownictwo ogdlne, Konstrukcje metalowe i
Konstrukcje murowe). Tresci podzielono na 30 rozdzialdéw, ktérych autorami sg czesto
wysokiej klasy specjalisci od napraw obiektéw budowlanych, dziatajacy zaréwno w
kraju jak i za granica.

Przygotowana * monografia jest adresowana do srodowisk naukowych i
projektowych, producentéw materialdw stosowanych w naprawach obiektow
budowlanych oraz wykonawcow tych robdt, a takze do studentéw kierunkéw
zwigzanych z budownictwem.

Redaktorzy monografii Tomasz Blaszczynski, Wiestaw Buczkowski, Jozef
Jasiczak i Mieczystaw Kaminski, chcieliby skierowaé¢ gorace podziekowania do
autoréw poszczegoélnych rozdziatéw za trud ich przygotowania, a opiniodawcom za
wnikliwe recenzje.

Redaktorzy



Spis tresci
Contents

1. Nauka, badania, technologie
1. Science, research, technologies

Jézef LUCHKO, Vladimir KOVALCHUK, O. WOZNIAK

Device for measuring and evaluation stress-strain state transport facilities
at variable load and temperature

Urzqdzenie do pomiaru i oceny stanu naprezenie - odksztalcenie dla obiektow
komunikacyjnych przy zmiennym obciqzeniu i zmiennej temperaturze

Aldona LOWINSKA-KLUGE, Daria HORBIK
Biological corrosion of selected building materials
Korozja biologiczna wybranych materiatéow budowlanych

Tomasz BLASZCZYNSKI, Bogumil KLIMASZEWSKI, Wojciech KUCNER
Efektywnos¢ iniekeji gruntowych
The efficiency of ground injections

Aldona LOWINSKA-KLUGE, Tomasz PIETRASZEWSKI,

Mitosz ROGOZINSKI, Karolina SOBCZAK, Anna SZYMCZAK

Control of selected properties of cement- composites for their use

as biological shields in the objects exposed to ionizing radiation

Ksztaltowanie wybranych wlasciwosci kompozytow cementowych pod kqtem ich
zastosowari jako oston biologicznych w obiektach naraZonych na promieniowanie
Jjonizujgce

Tomasz Z. BLASZCZYNSKI, Maciej R. KROL, Mariusz JANUSZEWSKI
Wplyw agresji chlorkowej na szczelno$¢ beton6w stosowanych w
oczyszczalniach Sciekéw

Influence of chloride aggression on the tightness of concrete used in sewage
treatment plants

Agnieszka SLOSARCZYK, Teresa KANTEL, Maria RATAJCZAK
Procesy starzeniowe wybranych zapraw naprawczych
Aging processes of selected rapair mortars

Michat BABIAK

Modyfikator asfaltéw nowego typu zwigkszajacy trwalo$¢ wyrobéw
hydroizolacyjnych =
The asphalt modifier of a new type — the method to increase of the stability
of waterproofing materials

11

13

2

38

54

73

85

94



2. Budownictwo ogdélne 107
2. Building construction

Piotr NOAKOWSKI, Andreas HARLING, Ella BRYLLA 110
Prefabrykowane $ciany hali przemyslowej w Wuppertalu. Aspekty

ponownego montazu poawaryjnego

The protection connections between facade panels and columns

Bohdan NAZAREWICZ, Wiktoria NAZAREWICZ, Jurij WATAZYSZYN 129
Renowacja zabytkowego kosciola Parafii Rzymskokatolickiej pw. $w. Stanislawa

Bpa w Busku, woj. Lwowskie

Renovation of historical church roman-catholic parish - st. Stanislay church in Busko,
Lviv province

Zbigniew BROMBEREK 131
Naprawy i “naprawy”: utrzymanie i remont budynku a prawa autorskie
Repairs and “repairs”: building maintenance and renovations, and copyright issues

Jurij VYBRANETS 153
Hight calculation of a changeable structure
Propozycje obliczania sktadowych konstrukcji tymczasowych

Krzysztof KAMINSKI 159
Efektywno$¢ napraw gotyckiego kosciola farnego w Plocku
The efficiency of the walls repair of the Gothic church in Plock

Marek DOHOJDA, Jarostaw SZULC 170
Stan techniczny stropu wielopoziomowego garazu zewnetrznego a sposob jego
naprawy

Technical of state RC floors in external multilevel garages a the method of their repair

Aleksy LODO, M. CHODOR 181

Naprawa pokrycia dachu z folii PVC zniszczonego gradem
The repair of PVC roofing destroyed by hail

Jacek MADRAWSKI, Wojciech KOSTRZEWSKI 189

Badanie skuteczno$ci uszczelniania czaszy zbiornikéw retencyjnych bentomata
Study of the effectiveness of the canopy seal reservoirs by bentonite mats

Tomasz GORZELANCZYK, Krzysztof SCHABOWICZ 195
Zastosowanie plyt wlékno-cementowych do naprawy okladzin wewngtrznych
Application of fibre-cement panels in repairs of interior panelling

Piotr KNYZIAK 206
Wplyw wykonawstwa i sposobu eksploatacji na trwalo$¢ prefabrykowanych
budynkéw mieszkalnych

Influence of proper construction and maintenance on durability of the precast
residential buildings




Barbara KSIT, Barttomiej MONCZYNSKI

Praktyczne zastosowanie tynkéw regulujacych zawilgocenie na przykladzie
dawnego Kolegium Jezuickiego we Wschowie

Practical usage of moisture regulating mortar system on the basis

of the old Jesuit College in Wschowa example

Dariusz JANISZEWSKI, Zuzanna JANISZEWSKA, Marlena KUCZ

Propozycja renowacji dachu oraz wiezy Kosciola
pw. Sw. Wawrzynca w Nakle

Proposal of renovation of the roof and the tower of St. Warzyniec Church in Nakto

Grzegorz WYSOCKI, Barbara KSIT

Technical state diagnosis of an inventory building and a proposal

of optimization of the rafter framing renovation

Rozpoznanie stanu technicznego budynku inwentarskiego — z optymalizacjq
renowacji wieZby dachowej

Michat BABIAK
Trwalo$¢ wspétczesnych materialéw hydroizolacyjnych
Durability of modern waterproofing materials

3. Konstrukcje metalowe
3. Metal structures

Krzysztof G. WASZCZUK, Andrzej S. NOWAK
Statistical parameters for fatigue strengths categories of steel
Parametry statystyczne kategorii wytrzymalosci zmeczeniowej stali

Maciej SZUMIGALA, Marcin CHYBINSKI, Lukasz POLUS
Problem eksploatacyjny wiazaréw kratowych wykonanych z przekrojéow
zamknig¢tych w dachach bezplatwiowych

The problem with the steel trusses which have chords of hollow sections

in the roofs without purlins

Katarzyna RZESZUT

Analiza przyczyn korozji kanaléw wentylacyjnych wykonanych ze stali
nierdzewnej zamontowanych w plywalni krytej

Corrosion of ventilation ducts made of stainless steel in indoor swimming-pool

Maciej SZUMIGALA, Zbigniew KURZAWA,

Marcin CHYBIN SKI, Ewa SZUMIGALA

Odbudowa konstrukcji wsporczej wanny pieca szklarskiego po awarii
Rebuilding of supporting structure of the glass furnace after failure

Katarzyna RZESZUT
Analiza przyczyn awarii hal namiotowych o konstrukcji aluminiowe;j =
Analysis of failure of the tent halls made of aluminum structure e

217

227

239

247

259

261

271

278

290

307



10

Maciej SZUMIGALA, Zbigniew KURZAWA, Lukasz POLUS 320
Brak przejezdnosci suwnicy podwieszonej do konstrukeji stalowej hangaru
The problem with the ride of the suspension crane suspended to the steel air shed

4. Konstrukcje murowe 329
3. Masonry structures

Beata NOWOGONSKA 331
Prognoza stanu technicznego §cian murowanych jako model prognozowania

szeregu czasowego

Predicting the certainty in exploiting a building

Adelajda GOETZKE-PALA 340
Badania wilgotnos$ci muréw ceglanych nieniszczaca metodg dielektryczng
Tests of moisture content in brick walls by non-destructive dielectric method

Monika SIEWCZYNSKA ' 349
Analiza no$nosci konstrukeji murowych projektowanych w ciggu ostatnich
sze$cédziesieciu lat

Analysis of load capacity of masonry structures designed in the last sixty years

Indeks autorow 362
Author index

%




1. Nauka, badania, technologie
1. Science, research, technologies



Device for measuring and evaluation stress-strain state transport
facilities at variable load and temperature

Jézef Luchko?, Vladimir Kovalchuk®, O. Wozniak®

“Lviv branch of Dnipropetrovsk National University of Railway Transport named after academician V.

Lazaryan

In this work the scientific principles of a new device for the measurement and evaluation of the stress-
strain state of transportation facilities under changing temperatures and loads. The technical problem
which is solved by this work is to adopt the monitored transport facilities evidence-based decisions about
the need for renewal of an element, controlling gradual reduction of the bearing capacity of the structural
elements, establishing their actual technical condition and residual life.

At the heart of the new device is measuring strain using analog-to-digital converter (ADC) and analog
measuring bridge-tensometer. The advantage of the proposed device is that the accuracy of measurements
made with the help does not depend on the length of the connecting conductors and supply voltage. He
can help you evaluate and consider the deformation caused by too, and temperature effects on transport
facilities.

Keywords: technical state, transducer (converter) analog-to-digital, transport facilities

1. Introduction

Whereas the term of reliable operation, which is set for transport facilities, is
confined, there is a need to establish remaining resource of reliable operation and
continuous monitoring of changes in physical and mechanical characteristics of the
material during long-term operation at variable temperatures [1-5]. Therefore, there is
a need to develop a device for the purpose to monitor these structures and regularly
record deformations that they may have. Data about material deformation structures
can be obtained using sensors - resistive-strain sensors [6]. Practical application of
which requires the development of measuring circuits and devices to work with them.

Generalized block diagram of the proposed device is shown in Fig. 1 When
measured signal from tensometer 1 to the input of the ADC 2, where the measured
signal parameters are determined by means of software and displayed on the display 5
and 3, for further use and processing, accumulated in memory 4 for the operation of
the measuring system and ADC using power supply 6. %
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Figure 1. Generalized block diagram of measurements

A real circuit measurement (Figure 2) consists of a personal computer 7 which
feeds the ADC 2 and 1 tensometer. Information tensometer 1 is transmitted to the
ADC 2, and from there on PC 7, which in this case performs the functions of an
information board 3, storage media 4 and software 5.

No special requires for PC used for measurement needed. One of its features is the
presence of a hard drive with a storage capacity that is sufficient to store a large
number of measured values. It is desirable the computer to be portable.

The software that will run on your computer must guarantee the safety and
redundancy of the data, the possibility of processing and visual reproduction.

JIanT oominy

XXUBINEHHA

He
&7 ‘/786,‘/
>3

lg

Figure 2. The real measurement scheme
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Next, consider the features of bridge circuits by resistance changes in one of the
bridge arms and shed some light on the method of calculation parameters such
schemes when dealing with strain sensors.

Thus, in view of the statements above, the challenge is the rational scheme of the
bridge and its calculation. In tensometers used two schemes of measurements are
used: bridge and half-bridge (potentiometer) [7-8].

The equilibrium condition is given by bridge circuit

f K
“=t (1)
R, R
RR, =R,R, 2
Dependence of output voltage from parameters of resistance schemes is
RR,—RR
Udéa = U() 153 2- 4 (3)

(R +R,)(R,+R,)
Where U, = E, — IR, - stress feeding bridge.

Depending on the mode switch on the sensor bridge circuitare are distinguished
switching on sensors in one, two and four arm bridge circuit [7, 9, 10]. When
measuring small deformations caused by thermal effects appropriate to apply the
bridge circuit switching on sensors in four arm bridge (Figure 3). This circuit switched
feasible even with the view that the thickness of the beam is large compared with the
deformation and its opposite sides are in different temperature conditions.

+Q Up Q-

Figure. 3 - Switched bridge circuit of strain sensors in four arm bridges

¢

Next, consider the principle of determining the VAT elements of bridge structures
- under variable loads and temperatures, which is in the simultaneous measurement of
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the object’s deformation and temperature (and the compensation temperature effects
on resistive-strain sensors). The developed approach allows determining the VAT in
sufficiently small neighbourhood of any point on the object. It is based on the
dependence of the resistance resistive-strain sensors (sensors) on temperature and
deformation. ‘

2. The principle and method of determining the deflected mode of the
bridge design and compensation of temperature effects on resistive-strain
sensors

It is known [5], the change in resistance of the sensitive element (SE) is the main
informative parameter by which you can learn about the value of the measured
deformation. The electrical resistance varies with SE deformation. At constant
temperature 7, relative change in resistance AR/ R of the resistive-strain sensor is
proportional to the linear deformatione€ :

E=—  =ke )
- Ak

where & - coefficient of tensosensitivity of resistive-strain sensor for temperature T;
AR - increase resistance CHE caused by its deformation.

Deformation € CHE at the temperature 7' is determined by the change of
measurements base relative to the initial value:
[ -1 Al
E=—"—=— ®)
[ /

where: / - length of base CHE at the temperature 7 and absence of deformation, /. -

€

the length of the base CHE at temperatures 7|, under deformation €.

Since CHE installed tightly on the surface of the object, it deforms with it, and its
deformation € coincides with a linear deformation of the object surface in the
direction of the axis of the CHE where it was installed.

In the case where the object is in a uniform uniaxial stress state, and resistive-strain
sensor axis is oriented along the direction of action of the stress, deformation CHE
equals longitudinal deformation of the object € caused by stress . Therefore, by
measuring the resistance R resistive-strain sensor under the influence of stress on the
object it is possible to calculate it’s the relative change:

_RE_R
R

kL

g O
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From the formula 4 we can find longitudinal object deformation

e=2 @)

k
Herewith stress G is determined as

é
(¢) € ( )

re E - Young modulus of object’s material.

Consider the electrical circuit measurement of the growth of resistance resistive-
strain sensor in its deformation. For this purpose, the basic bridge circuit is used.

~ Output voltage at the diagonal cd of the bridge at the power of the bridge voltage
source is given by formula (3), and the power circuit of the DC power supply output
Itage of the bridge is given by

R1R3 = R2R4

el
® "R +R,+R +R,

©

:where 1 — bridge supply voltage

- Resistive-strain sensor resistance at the fixed temperature is served in the form (1).
The resistance values R, R, , R;, R, in the bridge circuit are usually chosen such that
when €=0 the bridge was balanced. Then at the power of the bridge from the direct
~voltage source we obtain

L ar-o (10)

In order to reduce measurement error, it is advisable to determine the stress acting
in the facility, which is proportional to output voltage, so, the power from the voltage
source:

oo ope o h a1
(R.+R,)(R,+R,)
The power from the current strength:
g o S (12)

RA+RFR IR,

If you choose R, = R, = R, = R, and take into consideration that AR << R, we’ll
have:
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The power from the voltage source

AR U
U,,=U—=— 13
S Tl 3 (13)
The power from the direct current strength
AR U
U,,=]—=— 14
@0 o 3 (14)

That is, in the first case the output voltage of the measuring bridge is proportional
to the relative change in resistance of the resistive-strain sensor, and the second - the
absolute resistance change.

If you choose R, =R i R, = R;, taking additionally R, << R get
AR

Bl TE (15)
: R
The power from the direct voltage source
aK i
U,, =U—=—R 16
@o. rtg e (16)

The power of the bridge circuit from the direct current strength source
From formula (15) follows

U
£= 17)
U@é
The power from the direct voltage source
U
€=
2Udé6

The power of the bridge circuit from the direct current strength source (from
formula (16)).

Substituting the value obtained from equation (17) into (6) - (7), we obtain the
formula for determining the uniaxial deflected mode based on measurements using
bridge circuit:

‘et e Ui (18)
kUdé&.l kU&ﬁ.l
selpaleos sathe Moy - (19)
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EU[ 1 1 J
o= = : (20)
2k Uciéé.l Udé6.2

It is necessary to consider dependence of resistance CHE with variable temperature
from deformation and temperature. (21)

RERG T 2n

Taking into consideration that the electrical resistance of modern semiconductor
- resistive-strain sensors is almost linearly dependent on the deformation, give the
- relation (21) in the following form:

R(e,T)=R(T)+R(T)k(T)e: 22)
k(T)= % ; (23)

: When the temperature is fixed 7 =7, formula (22) is equivalent formula (1),
Iwhere £ =k(T,), Ry=R(T,).
Present R(T ) in the form

R(T)=R+AR(T), (24)

~ where R, - resistive-strain sensor resistance €=0 at a fixed temperature; 7 ;

~ AR(T ) - resistance change, caused by temperature changes.

Thus, taking into account that, € <<1, AR(T ) << R, we obtain

R(e,T)=R+AR(T)+Rk(T)e, (25)
Therefore it follows
%—AR(T)+K(T)8. (26)

Setting this correlation into formula (17) we get

A
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1 AR(T) Ups.| 1 1
A=WT+T(;_W). (28)

It follows that with the change of 7 measurement error depends on the initial
resistance resistive-strain sensor, as well as change its tensosensibility factor with

temperature. Note that when the temperature is fixed 7' =7, k=k(T ), AR(T )=0
then, asaresult A=0.

If the tensosensibility factor varies little with temperature change, the formula (28)
takes the following form

_1AR(T)

Aot
kR

(29)

That error in this case is only the initial temperature coefficient of resistive-strain
sensor resistance.

Consider eliminating errors due to changes in temperature. To this aim, consider
the resistive-strain sensor with the base, which is twice longer than the base of
conventional resistive-strain sensor (Fig. 4) (or use another similar device, which is in
the same conditions of temperature and or connected in such a way so that is not
deformed). Its peculiarity lies in the fact that it is installed on the surface of an object
by gluing only one half the length of its base. Stuck deformed part is compatible with
the object and changes its resistance with temperature change:

R=R{s; T} (30)

Resistance R, not gluing part (or second, not gluing resistive-strain sensor)

depends only on temperature:
R:=R{(T)! 31

When connecting gluing and not gluing crystal parts to adjacent parts of the bridge
circuit output voltage is defined similarly as in the previous case by the formulas (11-
12). Assume further that the length of glued and not glued parts is equal, so the initial
resistance of those parts of the crystal are the same. Resistance of glued part will vary
according to formula (26), and the resistance of glued section gives a view

R, =R+AR(T). (32)

Setting this correlation (26) and (27) into formula (12) we get

kL
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Rk(T)e
U, = : 33
" (R+R)(R +R,) i
Under fulfilment of conditions R, = R, << R, get
Ug =tk(T)e (34)

Hence, the output signal doesn’t contain a component that is due to the change of
initial resistance of resistive-strain sensor at change in ambient temperature.

In this caseR =R,=R, a R,=R,=R+AR. Taking into account, that

AR << R,, we get:
The power from the voltage source
AR T
U,,=U—=—E&, 35
w=Uso=Zt 65)
The power from the current strength source
AR 1]
U,,=1—=—E. 36
w=15-=2t 66)

When measuring use bridge circuit with switching on resistive-strain sensor in four
arm bridges (see. Fig. 3) in which, using four sensors, two resistive-strain sensors are

measuring (R, and R,) and two compensating (R, Ta R;).
Measured deformation convert into tension by the formula

= _SvE+(1—2v)E
T (1+v)(1-2v)

The result is the value of deformations and stresses in particular temperature and
load.

3. Conclusions

The device of measurement the deflected mode of transport facilities under varying
temperatures and loads can be used for continuous monitoring of their technical
condition.

To create a system for monitoring the deflected mode of these structures should be
used resistive-strain sensors as transducers measuring deformation. Based on the
results of such monitoring can predict the deformation elements Of transportation
facilities under different temperature conditions that must be considered during their
design.
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Urzadzenie do pomiaru i oceny stanu naprezenie - odksztalcenie dla
obiektow komunikacyjnych przy zmiennym obcigzeniu i zmiennej
temperaturze

W pracy przedstawiono zasady dotyczace zastosowania nowego urzadzenia do
pomiaru ioceny stanu naprgzen oraz odksztatcen dla obiektow komunikacyjnych,
uwzgledniajgc zmienna temperaturg i obcigzenia.

W referacie rozwigzano problem monitorowania obiektéw komunikacyjnych oraz
renowacji ich elementéw, kontrolowania stopniowej redukcji nosnosci elementéw
konstrukecyjnych, ustalenia ich aktualnego stanu technicznego oraz zywotnosci (okresu
uzytkowania).

Nowe urzadzenie stuzy do pomiaru odksztalcenia za pomoca analogowo-
cyfrowego konwertera (przetwornika) (ADC) i analogowego tensometrycznego mostu
pomiarowego. Zaletg urzadzenia jest doktadnos¢ wykonanych pomiaréw, ktéra nie
zalezy od dhugosci przewoddw i napigcia zasilajacego

Stowa kluczowe: stan techniczny, przetwornik (konwerter) analogowo-cyfrowy, obiekty komunikacyjne




