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A CASE STUDY OF PRE-SERVICE CRACKS
IN THE CONCRETE DECKS
OF A TWO-LEVEL BASEMENT CAR PARK

P.G. KOSSAKOWSKI', J. SLUSARCZYK?

This paper deals with the prevention of failure of structural elements made of reinforced concrete. It discusses pre-
service cracks in the concrete decks of an underground parking facility. The cracks were assessed by analyzing their
morphology. The results were used to determine the crack causes and the mechanisms of their initiation and growth.

Some design solutions to prevent or reduce the occurrence of pre-service cracks are also presented.
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1. INTRODUCTION

It is standard practice that a building erected in an urban area, where the cost of land is very high, has
underground floors, for instance, to offer sufficient parking facilities [1]. A frequent solution is to make
the substructure larger than the superstructure. In many a case, basement walls extend close to the
property boundaries. This requires using a special building technology, for example, a closed system of

slurry walls. The basement can be constructed without 'entering' the neighbouring parcels of land using
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a method in which thedeck is also responsible for pressing against the slurry walls to keep them in place
both during the construction and operation of the building.

Projects of this type require high-quality design and construction. Their complexity implies that various
types of flaws may occur [2]. This paper describes one of such flaws, i.e., undesirable cracks in the decks
of underground parking facilities, discovered on completion just before the building was open. The
investigations involved assessing the cracks by analysing their morphology and determining their cause.
The paper also mentions some solutions designed to reduce or prevent the occurrence of this type of

cracks and the role of the so-called minimum cross-sectional area of reinforcement [3-4].

2. STRUCTURE OF THE SLAB DECKS FOR THE UNDERGROUND PARKING
FACILITIES
The structure under study is a two-level basement (Fig. 1) extending beyond the superstructure walls,

which is used for parking. Both slab decks were designed as non-beam decks with a thickness of 30 cm.

They were constructed using C30/37 concrete and class A steel (grade RB 500W).

Fig. 1. View of level —1

The deck viewed from level —1 is thicker between axes A and C; this is where the fire escape route runs.

The floor finish and the structure of the deck depends on the function. The deck viewed from level —1
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consists of the following layers: industrial flooring, sloped mortar bed (5-10 cm) and a 30 cm thick
reinforced concrete slab. However, the layers of the deck where the fire escape route runs are, from the
top downwards, pavers, sand setting bed, geotextile membrane, fine and coarse aggregate, a drainage
layer, waterproofing membrane, extruded polystyrene rigid insulation and a 35 cm thick reinforced
concrete slab. The deck viewed from level -2 consists of the following layers: industrial flooring, sloped
mortar bed (5-10 cm) and a 30 cm thick reinforced concrete slab.

An orthogonal grid of pillars with a maximum size of 8.10 x 8.15 m was used. The deck slabs are
supported by the walls of two centrally located service ducts and the exterior slurry walls around the
perimeter of the basement. The decks, generally with rigid peripheral ties, were constructed using no
expansion joints, although the length of the building is nearly 70 m. It was a challenging solution even
though concrete placing was performed in stages. The rebars 12 and 16 mm in diameter spaced 10 and
20 cm apart were used for the primary reinforcement of the concrete slabs. The static calculations
involved analysing the flexural behaviour of the slabs pushing against the slurry walls under pre-
operation and operation conditions. Forces due to concrete shrinkage or changes in the air temperature
were not taken into account. The rebars of the top and bottom reinforcement varied in diameter across
the entire area of the deck. The ratio of the total area of the top and bottom reinforcement to the total
cross-sectional area of the slabs ranged from 0.4 to 0.7%. The basement including the deck on level —1
is made of concrete W8. The basement not only has a structural function, it also serves as insulation, with
the slurry walls forming the so-called water-tight bathtub.

Before the building was ready for operation, undesirable cracks occurred on the underside of the deck
viewed from level —1. In some areas, there were water drops on the surface indicating that the horizontal
barrier was not leak tight. This required performing a detailed inspection of the deck surface (the deck

underside) on both levels and producing a comprehensive report.

3. MORPHOLOGY OF THE PRE-SERVICE CRACKS

In the deckviewed from level —2, cracks were found in the peripheral ties, i.e., those adjacent to the slurry

walls. The cracks are illustrated in Fig. 2 (crack width measurement sites Nos. 6 — 12).
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Fig. 2. Illustration of the cracks in the deck viewed from level —2 (pre-service inspection report)

A particularly large number of cracks were found in the ties along the longer sides of the
undergrounddecks. The direction of the cracks in the deck was almost always perpendicular to the slurry
wall line except for those in the corner. Practically all the cracks began in the area where the deck met

the slurry wall (Fig. 3a).
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a) b)
Fig. 3. a) Site 7: cracks in the deck viewed from level —1; b) Site 10: cracks in the deck viewed from level —1

The crack growth direction is slightly different only in the deck area adjacent to two mutually
perpendicular slurry wall sections. The deck area adjacent to the perpendicular (corner) slurry wall
sections have cracks nearly perpendicular to the angle bisector formed by two adjacent slurry wall
sections. Thus the corner deck area at the slurry wall corner contains cracks inclined at about 45° to the
parting line between two adjacent slurry wall sections (Fig. 2).

Cracks were not present in all the peripheral tiesof thedeck and their distribution differed between the
areas designated within them. The distances between the cracks were of an order of 0.5 m. Cracks with
a width of more than 0.2 mm were not found. The width of the cracks ranged between 0.05 mm and 0.10
mm.The seepage of rainwater indicated that the cracks extended across the entire thickness.

In the areas where cracks occurred, no deviation from flatness of the surfaceof the deck underside was
observed.

The cracks in the deckviewed from level -2 reported at crack width measurement sites #1-5 practically
did not differ in location, growth direction, growth intensity or width from the cracks found in the
deckviewedfrom level —1 (Fig. 4).
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Fig. 4. Illustration of the cracks in the deck viewed from level —1 (pre-service inspection report)

Cracks were observed in the peripheral ties, i.e., ones adjacent to the slurry wall. The crack growth direction
in the deck slab was also almost perpendicular to the slurry wall line. Like for level —1, the cracks generally
had one end located in the area where the deck slab was in contact with the slurry wall (Fig. 5).

Fig. 5. Site 2: cracks in the deck underside viewed from level —2
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Also in the deck areas adjacent to two mutually perpendicular slurry wall sections, the cracks were almost
perpendicular to the angle bisector formed by the parting line between the slurry wall sections.
The inspection did not confirm that the cracks propagated across the whole thickness of the slab because

it was an interfloor slab and no access was available to the top because of the flooring.

4. CRACK WIDTH CONTROL BY USING MINIMUM REINFORCEMENT IN

ACCORDANCE WITH EUROCODE 2

In reinforced concrete buildings with cast-in-place structural elements, deformations may occur due to

fixed external restraints. Some basic examples are shown in Fig. 6.
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slab fixed at the ends
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slab fixed along the bottom
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slab fixed along the bottom and one side

Fig. 6. Deformations imposed by fixed external restraints

The phenomena that may be responsible for the occurrence of this type of deformations include:
- concrete shrinkage,

- a fall in temperature.
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However, the factors affecting the cracking differ in the two cases. In practice, forced deformations are
observed after:

- placing concrete in between two existing sections,

- placing concrete to extend the existing section on either of the restrained edges.

The stresses that occur are dependent, for instance, on the translation restraint factor. It is possible to
minimize the stresses and their effects by applying appropriate procedures. The simplest method to
control the width of cracks caused by forced deformations is to use minimum reinforcement (Eurocode
2). Considering the bonding between steel and concrete, we can calculate the required diameter of the
reinforcement bar from the conditions of equilibrium between the tensile force in the concrete before
cracking and the tensile force in the concrete after cracking. The minimum reinforcement can be

calculated using the following formula:

As,min: kck fct,cffAct / Os (1)

The minimum reinforcement is expected to resist the forces responsible for the cracking of the whole
deck by reducing stress in the steel, which means a relatively small elongation of the steel bars in the
crack area. os is the absolute value of the maximum stress permitted in the reinforcement immediately
after the formation of the crack. The acceptable maximum stress in the reinforcement is the characteristic
reinforcement yield stress, fyk. Limiting crack widths requires assuming a lower value of the acceptable
stress dependent on the bar diameter and the bar spacing. The whole tensile force is restrained by the
reinforcement.

Factor k takes into account the influence of non-uniform, self-balancing stresses, which lead to a
reduction in the forces generated by forced deformations. Factor k can be used to reduce the tensile
strength of concrete; the effect of self-stressing material reducing the element resistance to cracking was
taken into consideration in the respective formulae. Factor k. allows for the nature of the stress
distribution within the section immediately prior to cracking and for the change of lever arm as a result
of cracking. For pure tension ke = 1.0.

feetr is the mean value of the tensile strength of concrete, effective at the time cracks may be first
expected to occur. A is the area of concrete in that part of the section which is calculated to be in tension

just before the formation of the first crack.
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5. CRACK ASSESSMENT AND REPAIR

The investigations showed that the cracks were relatively regular in shape and their orientation was

defined in relation to the slurry walls. Cracks occurred in the peripheral ties of the decks.

In this study it was assumed that internal forces caused by gravity loading were not responsible for the

cracking. It should be noted that the location and layout of cracks in the deck under excessive gravity

loading are completely different. Examples of calculation results are shown in Figs. 7 and 8.
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Fig. 8. Map of cracking on the slab underside [5]
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Because of the minimum cross-sectional area of reinforcement (minimum bar diameter and minimum
bar spacing) the crack width was small and the cracks were spaced relatively evenly. As the cracks had
negligible influence on the deck behavior under gravity loading, they were repaired using elastic
polyurethane resin.

The flatness of the underside of the decks was assessed by measuring the distance to the floor with a
laser tape measure and a leveling instrument. The vertically measured ordinates allowed us to draw a
map of cracks present on the underside of the decks viewed from levels —2 and —1. The measurement
profiles in selected areas were almost linear in nature.

The flatness of the decks was also measured using a three-meter rod. In many different positions, the
ends of the rod always touched the underside of the decks. This suggests that the surface of the underside
of the decks viewed from levels —2 and —1 was flat.

As the deck in the crack area was flat with no curvatures or deformations it can be claimed that the state
of cracks was not a result of the bending moments. The cracks in the deck were not caused by the action
of a one-sided, vertical gravity loading, nor were they the effect of the temperature gradient across the
deck thickness.

The seepage through the cracks in the deck on level —1 indicated that the cracks had split and propagated
across the entire thickness of the slab. This suggests that the cracking was due to tensile stresses
distributed across the whole thickness of the slab (from the bottom to the top). Thus, the initiation and
growth of cracks occurred according to the Rankine criterion based on the condition that normal stresses
exceeded the tensile strength of the concrete used for the decks. Normal stresses occurred as a result of
concrete shrinkage [6] or a drop in the outside temperature.

The crack growth directions clearly suggest that the deformations were restrained by the existing
peripheral ties. The cracks represented the linear resistance of thedeck. The response of the slabs to such
processes as concrete setting, hardening and shrinkage was their natural deformation. These deformations
were restrained by the rigid-in-its-plane slurry wall that the deck slabs were joined with. The cracks
propagated perpendicular to the line of the slurry wall, which resisted the natural deformations caused
by the shrinkage of concrete in the deck slabs or a drop in their temperature. The rigidity of the ties was
high and the reason for that was not only the adherence of concrete to concrete placed at different times.
The deck reinforcement was anchored into the vertical reinforcement of the slurry wall. Placing concrete
at time intervals reduced or completely eliminated the effects of shrinkage. The peripheral ties were thus

responsible for the generation of tensile stresses distributed
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along the whole thickness of the deck slab. The restraint of the deformations is best visible in the corner
areas. The ties occurring along two mutually perpendicular walls led to the formation of diagonal cracks,
practically perpendicular to the bisector of the angle formed by the parting line between the slurry wall
sections.

The slabs were produced by placing concrete at time intervals not only to prevent concrete shrinkage but
also because of the technology used to construct the underground floors. As can be seen, the stresses
generated during concrete placing were so high that relaxation of tensile stresses was essential. The
greatest deformations attributable to concrete shrinkage had actually occurred before the inspection;
almost no increase was reported during the examinations. Some of the unavoidable forced stresses are
those caused by the resistance of the reinforcement to prevent natural shrinkage of concrete. In this case,
however, it was not of key importance.

The state of stresses resulting from the occurrence of tensile stresses could be improved by
simultaneously reducing the temperature of the deck and the temperature of air. Because of the low mass
of the slabs, the temperature gradients related to the cement hydration heat only [7-8] were quite small.
It was found that the maturing concrete did not generate considerable residual stresses.

It was assumed that no significant tensile forces would occur in the deck slabs under service conditions.
Another assumption was that the forces due to concrete shrinkage had decreased sufficiently. It was thus
concluded that the process of split cracking was practically over and the cracks were stable. An ND type
Schmidt hammer was used to determine the strength of the concrete. The non-destructive testing
inspection was performed according to the relevant standard and the manual by the Institute of
Construction Engineering. The concrete strength was determined from the rebound readings obtained for
six randomly selected points. On the inspection day, the characteristic cylinder strength of the concrete
slab (fex) viewed from level -2 was approximately 60 MPa, while that viewed from level —1 was about

50 MPa. Examples of the measurement results are provided in Fig. 9.
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Fig. 9. Results of the Schmidt hammer tests for one of the measurement points

The non-destructive tests showed that the designed strength class of concrete had already been achieved.
Standard calculations confirmed that the building was safe to use and the load-carrying capacity of the
decks would be sufficient under service conditions. The effect of a considerable drop in the deck
temperature was not analysed.

The structure of the deck and the minimum cross-sectional area of reinforcement contributed to the
relatively uniform distribution of cracks caused by forced deformations and their limited width. If the
width of a crack does not exceed 0.2 mm, the crack is actually acceptable by standard for the XD1
exposure class. It was assumed that the seepage would probably stop with time because of the formation
of self-sealing CaCO3. The deckviewed from level —1 required immediate sealing by injection (Fig. 10),

which is a standard procedure.
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Fig. 10. Crack sealing at site 8

Elastic polyurethane resin was used for this purpose. It was also recommended that the behaviour of both
decks be monitored in the initial period of operation of the building in order to empirically confirm the

stability of the existing cracks.

6. CONVENTIONAL METHODS TO LIMIT THE INFLUENCE OF FORCED

DEFORMATIONS

Cracking is considered an inherent feature of reinforced concrete. This does not imply, however, that the
phenomena cannot be controlled at the construction or operation stages. In the case of a non-massive
element, like the one described here, the strength of concrete can be exceeded as a result of the occurrence
of forced stresses. There are a couple of causes of these stresses. One is free deformation of an element
attributable to such processes as concrete setting, hardening or shrinkage. The other is resistance to this
deformation generated by the peripheral and internal (reinforcement induced) ties. Minimising stresses
of this type requires taking account of:

- the size and location of the plots,

- the length of joints between new and existing concrete (the latter with shrinkage deformations present),
- the necessity to use cement with special properties,

- the necessity to perform special maintenance operations,
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- the temperature of concrete as placed.

Currently, the use of a variety of modern computer programs and methods, usually based on the finite
element method (FEM) is applied in the design and research on the concrete structures [e.g., 9]. Today’s
software tools for FEM analysis [10, 11] make it possible to assess the likelihood of the occurrence of
cracks in a concrete structure before its operation, similarly to the effects of failure observed in other
structural materials [e.g., 12, 13]. If cracks are assumed to appear, the general approach is to control only
their width. The initiation of the damage processes of concrete structural elements take place in the
material structure and several models and theories describing these processes are determined [14—18]
similarly as for other materials [19-21]. They mey represent the first step in analyzing the behavior of
the concrete under different conditions [22, 23].

In simple cases, the width of cracks due to forced deformations is controlled by determining the so-called
minimum cross-sectional area of reinforcement [3], [4]. This involves assessing the force acting on the
steel reinforcement and its response. The stresses that occur cannot cause the steel to flow and their
values must correspond to the acceptable crack width. For example, if we control cracks that are due to
external factors and they extend across the whole thickness of a slab, the force acting on the reinforcement
is determined directly as a ratio of Acto fuer. One factor is the cross-sectional area of the concrete
element and the other is the estimated tensile strength of the concrete before a crack occurs.
Reinforcement of this type is particularly vital for elements where external loads do not lead to

considerable internal forces.

7. CONCLUSIONS

The analysis of the deck cracks in this example indicates that forced interactions can be of significance
not only with regard to massive structures. Minimisation of ties accompanying deformations resulting
from the shrinkage of concrete or a decrease in the outside temperature is particularly crucial when the
concrete is also to act as a leak tight barrier. In such a case, special solutions are required at all the stages,
from design to construction, including appropriate concrete technology and construction technology.

Slurry walls, which constitute the external restraints for the decks, provide significant resistance to their
thermal and shrinkage deformations. The influence of thermal stresses is actually similar to that of
shrinkage stresses. Shrinkage deformations are always negative. Thermal deformations, however, are

negative only at a drop in the outside temperature. Even though the two types of stresses did not occur
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simultaneously and their signs differed, they were sufficient to cause considerable forces to occur in the
contact zones between the decks and the slurry wall. The resulting tension led to the occurrence of cracks
propagating across the entire thickness of the slabs.

The cracking did not affect the load-carrying capacity of the structure but the stiffness of the decks was
slightly reduced. The major undesirable effect is the loss of water tightness, which under unfavorable
weather conditions may allow rainwater to seep through the concrete. This problem refers mainly to the

deck viewed from level -2, whose functions are both load-carrying and insulation (water-tight bathtub).
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STUDIUM PRZYPADKU ZARYSOWANIA DWUPOZIOMOWEGO PARKINGU PODZIEMNEGO

Keywords: betom, zapobieganie uszkodzeniu, rysa, garaz podziemny

SUMMARY

Przy realizacji budynku na drogim gruncie standardem jest wykonywanie kondygnacji podziemnych. Sa one niezb¢dne
chociazby ze wzgledu na zapewnienie odpowiedniej liczby miejsc parkingowych. Niejednokrotnie zdarza si¢, ze poziomy
podziemne dochodza do granic dziatki. Wymaga to zastosowania odpowiedniej technologii realizacji. Najczgsciej w tym celu
jest wykorzystywany zamknigty uktad $cian szczelinowych.

Przedsigwzigcia tego typu wymagajg zarowno dobrych projektéw jak i starannego wykonawstwa. Ich ztozonos¢ sprzyja
powstawaniu roéznego typu usterek. W artykule na stosownym przyktadzie opisano jedna z mozliwych. Dotyczy ona
niepozadanego zarysowania podziemnych stropéw parkingu ujawnionego tuz przed rozpoczeciem eksploatacji.

Podziemny parking budynku zostal zlokalizowany na dwoéch kondygnacjach podziemnych wychodzacych poza obrys
budynku. Ptyty stropowe nad poziomem -2 i —1 zostaly zaprojektowane zasadniczo jako bezbelkowe o grubosci 30 cm. Do
ich wykonania uzyto betonu klasy C30/37 i stali klasy A gatunku RB 500W. Siatka stupow ortogonalna o maksymalnym
wymiarze 8,10 x 8,15 m. Do podparcia plyt stropowych wykorzystano $ciany dwoch centralnych trzonéw komunikacyjnych
i obwodowe $ciany szczelinowe. W stropach z zasady o niepodatnych wigzach obwodowych zastosowano rozwiazanie
bezdylatacyjne, gdzie wigkszy wymiar ma blisko 70 m. Jest to do$¢ $miate rozwiazanie nawet przy zaktadanym projektem
etapowaniu betonowania. Wbudowane zbrojenie glowne stanowig prety # 121 # 16 o odpowiednio regulowanych rozstawach
10 i 20 cm. Na catej powierzchni stropu zastosowano zmienny stopien zbrojenia. Laczna powierzchnia zbrojenia goérnego i
dolnego do catkowitego przekroju ptyty wynosi od 0,4 do 0,7 %. Konstrukcja czgsci podziemnej wraz ze stropem nad
poziomem —1 wykonana z betonu W8 oprocz zasadniczych zadafi konstrukcyjnych ma do spenienia réwniez funkcje
izolacyjna. Stanowi tzw. ,,biata wanng".

Tuz przed oddaniem obiektu do eksploatacji, na spodzie stropu nad poziomem —1 w niektorych miejscach pojawily si¢ krople
wody sygnalizujace brak szczelnosci przegrody poziomej. Stato si¢ to sygnatem do przeprowadzenia szczegdtowych ogledzin
spodu stropéw nad poziomem -2 i—1.

Zarysowania ptyty stropowej nad poziomem —1 dotycza pasm zewnetrznych a wigc przylegajacych do $ciany szczelinowej.
Szczegodlnie duza liczba rys wystgpuje w pasmie od strony, przebiegajacym wzdhuz najdtuzszego boku kondygnacji
podziemnych. Kierunek zarysowan plyty stropowej jest wlasciwie zawsze prostopadty do linii przebiegu $ciany szczelinowe;.
Praktycznie zawsze jeden z koficow rys na ogét ma miejsce w strefie styku plyty stropowej ze $ciang szczelinowa.

Jedynie pole stropowe przylegajace do dwoch wzajemnie prostopadtych odcinkéw $ciany szczelinowej ma nieco odmienny
kierunek zarysowania. Pole stropowe przylegajace do prostopadlych (naroznych) odcinkéw $ciany szczelinowej ma
zarysowania prawie prostopadie do dwusiecznej kata jaki tworza faczace si¢ odcinki $ciany szczelinowej. Czyli narozne pole
stopu wystgpujace przy narozu $ciany szczelinowej ma zarysowanie przebiegajace pod katem okoto 45° do zbiegajacych si¢
odcinkow $cian szczelinowych.

Zarysowania nie dotycza w réwnym stopniu wszystkich zewngtrznych pasm stropowych ani pél stropowych z nich

wydzielonych. Odlegto$ci migdzy rysami sa rzgdu 0,5 m. Szerokosci rys przekraczajacych 0,2 mm nie zmierzono. Rozwarcia
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rys zawieraja si¢ w granicach od 0,05 mm do 0,10 mm.Wystepujace przesaczanie wod pochodzenia opadowego $§wiadczy o
przelotowym charakterze rys. Obraz zarysowan stropu nad poziomem —2 pod wzgledem umiejscowienia rys, ich kierunkow,
intensywnosci i szerokosci praktycznie nie odbiega od zaobserwowanego nad kondygnacja —1.

Kierunek powstatych rys wskazuje wyraznie na powstrzymywanie odksztalcen przez istniejace zewngtrzne, obwodowe
wigzy. Stanowig one tzw. opory liniowe. Plyta stropu w wyniku zachodzacych w nim procesdw, takich jak wiazanie,
twardnienie, skurcz dazyta do swobodnego odksztalcenia. Temu odksztalceniu przeciwdzialata sztywna w swojej
plaszczyznie Sciana szczelinowa do ktdrej ptyty stropowe byty dobetonowywane. Rysy przebiegaja prostopadle do przebiegu
$ciany szczelinowej, ktéra zaoporowata swobodne odksztalcenia zwigzane ze skurczem plyty stropowej czy tez obnizeniem
jej temperatury. Sztywnos¢ wigzow jest znaczna i wynika nie tylko ze zwyklej przyczepnosci betonéw uktadanych w ré6znym
czasie. Zbrojenie stropu zostato zakotwione za zbrojenie pionowe $ciany szczelinowej. Etapowanie betonowania z uzyciem
przerw roboczych ztagodzito skutki skurczu, ale jak wida¢ catkowicie ich nie wyeliminowato. Tak wigc wigzy zewngtrzne
przyczynity si¢ do generowania napre¢zen rozciagajacych roztozonych na petnej grubosci ptyty stropowej. Powstrzymywanie
odksztatcen jest bardzo dobrze widoczne w polach naroznych. Wigzy wystepujace wzdtuz prostopadtych, dwéch kierunkow
spowodowatly powstaniem ukosnych zarysowaf, praktycznie prostopadtych do dwusiecznej kata zbiegajacych si¢ odcinkow
$ciany szczelinowe;j.

Zastosowana konstrukcja i przekroje zbrojenia pozwolily na rozproszenie i ograniczenie szerokosci rys od odksztalcen
wymuszonych. Jesli szeroko$ci rys nie przekraczaja 0,2 mm to dla klasy ekspozycji XD1 sa wihasciwie normowo
dopuszczalne. Dla stropu poziomu —1 przyjeto jednak rozwigzanie natychmiastowego uszczelnienia rys przez wykonanie
standardowe;j iniekcji. W tym celu zastosowano elastyczng zywicg na bazie poliuretanowe;j.

Zarysowanie uznaje si¢ za inherentng cechg zelbetu. Nie oznacza to jednak zupetnego braku mozliwoéci jego kontrolowania tak
w sytuacji poczatkowej jak i eksploatacyjnej. W przypadkach elementu niemasywnego, a wige takiego jak opisywany moze
dochodzi¢ do przekroczenia przez napr¢zenia wymuszone wytrzymatosci betonu na rozciaganie. Napre¢zenia te s generowane
para spre¢zonych przyczyn. Pierwsza to swobodne odksztatcenie, do ktorego dazy element w wyniku procesow, takich jak
wigzanie, twardnienie, skurcz. Druga przyczyna jest opor temu odksztalceniu stawiany przez wigzy zewngtrzne i nieuniknione
wewngtrzne (zbrojenie). Minimalizowanie tego typu napr¢zen wymaga zwrocenia uwagi na:

- wielko$¢ i potozenie dziatek roboczych,

- dtugosci taczenia betonu nowego ze starym o juz zaawansowanych odksztatceniach skurczowych,

- zastosowanie cementu o odpowiednich wlasciwosciach,

- zabiegi pielggnacyjne,

- temperature betonowania.

W prostych przypadkach w celu kontrolowania szerokosci zarysowania od odksztalcen wymuszonych wyznacza si¢ tzw.
minimalny przekrdj zbrojenia.

Na podstawie prezentowanego przyktadu zarysowania stropow widaé, ze oddziatywania wymuszone moga mie¢ znaczenie
ito nie tylko przypadkach konstrukcji okreslanych mianem masywnych. Minimalizowanie krgpowania odksztatcen od
skurczu i obniZenia temperatury zewn¢trznej nabiera szczegdlnego znaczenia wowczas gdy dodatkowa funkcja betonu staje

si¢ zapewnienie przegrodzie szczelnosci.



