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Fig. 5. General view of the foundation block expemtal sample reinforced
with the help of a rigid rod - I-beam (welded ofddsfilesNe 6,5)
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THE PRINCIPLES OF BASES AND FOUNDATIONS CALCULATION CONSIDERING
DEFORMATIONS ACCORDING TO THE NATIONAL AND EUROPEAN STANDARDS

TATSIANA VIALIUHA, ALEXANDR KREMNIOV, NATALIA LOBAC HEVA
Polotsk State University, Belarus

The principles of bases and foundations calculattmmsidering deformations in accordance with
the national and European standards are provideke Timit state designs USL and SLS are considered
according to the European standards. The similagtand differences of bases and shallow foundations
calculation considering deformations in accordarveith the national and European standards are ident
fied and generalized.

In May 2015 the Republic of Belarus has officidikgcome a participant of the Bologna Process. The pa
ticipation in the Bologna process allows the highéucation in the Republic of Belarus to be refatraecord-
ing to the global and European tendencies. Thusadays the harmonization of national and Europessigd
standards is of current interest. The Eurocodeednttion in the Republic of Belarus may incredse inflow
of foreign investment in construction, thereforee @f the main issues nowadays is Eurocodes devgapid
the ability to use them in practice.

Eurocodes are the normative documents in the aarigtn sector, developed by the European Committee
for Standardization and recommended for use inrdecme with the national characteristics by theoRaan
Union member countries. The National Annexes toEheocodes provide the additional requirementstlier
construction individual parameters, which can tghér, but not lower than the common European dBash
country defines these requirements independemtlfEurope a common approach in geotechnical design'th
been developed yet.

The National normative documents [1, 2] as welEasocode 7 [3] decree the design of various objects
according to the two groups of limit states (depegan the bearing capacity and deformation) angehani-
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fied terminology and symbols, so there aren't sufitl differences between the national Belarusstandards
and the European tendencies. However, unlike TCR][Eurocode 7 [3] has a more expanded rangeeot i
culation cases.

The national standards of the Republic of Beland Burocode 7 have a number of similar instructions
concerning the limit state design. However, desgitecurrent principles and calculations, the tssod the de-
sign remain different. The direct use of the Eusspstandards without taking into account natiohalracteris-
tics of foundations design and calculation is ingdole in the Republic of Belarus.

In the articles by G. Scarpelli and R. Frank [4t8 examples of shallow foundations calculation fo
limit states are given. In the article written bikitsenko M.I. and Ignatov S.V. [7] the differendiesthe design
of slab foundations according to the standardfi@fRepublic of Belarus and European standardstateds R.
Frank and Andrew J. Bond [8, 9] explain and comnmenthe articles from Eurocode 7, which include ragw
proaches to the design, besides these authorsegamples of bases and foundations calculationshiwilti-
mate limit state according to the European starmldPdtrakov A.A., Petrakova N.A., Lobacheva N.G.d&®-
vide a comparative analysis of the soil settlenaexbrding to the standards of Russia and the Ukrain

Despite the increased interest of the well-knowiergists to the chosen issues, "harmonization'hef t
bases and foundations calculation considering d&ftions according to the national and Europeardstals is
still relevant. These questions remain unsolveds their further development is required.

The principles comparison of the bases and foundatcalculation considering deformations according
to the national and European standards.

To estimate the limit states of the second group dlearly stated in TCP 45-5.01-67-2007(0225(Q) [1
what kind of calculations need to be done:

— considering deformations of the buildings bakesto the external loads and soil weight;

— considering crack formation and crack openinthefoundations constructions.

Eurocode 7 [3] emphasizes the design criteria boeald follow when calculating, and determine a man-
datory control procedure using partial factors. Vhkies of partial factors are advisory; they carchanged in
the National Annex. The Measures preventing lirtates occurrence, as stated in Eurocode 7, maicalyde
the consideration of stabilized and unstabilizedest Eurocode 7 determines two key conditionsgchvimust be
considered: ultimate limit state (ULS) at failuredaserviceability limit state (SLS) under workingats, for
which settlements must remain within pre-specif@drable levels. Even national design codes &emnining
the ULS vary enormously for these simple caseqittebeing based on similar mechanisms of failaseglo the
designs that are developed from them.

There are three methods of limit states calculdgi® 5, 8, 9].

The methods to analyze working limit states

M ethod Description Constraints
Calculations are done separately for| (ULS) The model provides failure
Direct each Iimi_t state, both ultimate (ULS) | mechanism
and serviceability (SLS) (SLS) Calculations considering de-
formation (settlement) are used
Comparable experience with the re- | Only SLS loads are chosen to meet
Indirect sults of field & laboratory measure- | requirements concerning limit states
ments & observations is used calculations
Common & conservative calculation| Presumed contact pressure is used
Directive rules are applied and construction (annex G [3])
control is defined

When calculating slab foundations [1] it is recormehed to apply the following foundation calculated
schemes:

— linear-deformable half-space with a contingéntthtion of compressible thickness deptb;

— linear-deformable layer;

— ultimate equilibrium of environment.

TCP 45-5.01-67-2007(02250) clearly defines theirliappon field and the calculation method, corrects
calculation formulas, introduces the rules for deiaing deformation modules.

In order to calculate the limit state one shouldwrthat exploitation limit states occurrence is @tim-
possible [3]. Nevertheless exploitation limit statesting can be performed by two methods:

— by computing calculation values of the impasufes § (deformation, irregular settlements, vibration,
etc.) and by comparing these values with the vadfidisit states Cd, using mathematical inequa(ity;

— by applying a simplified method, based on corapkr experience.

Testing of soil foundation on exploitation limiasts requires inequality solving:

Su< G, 1)
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where §— the ultimate calculated value of settlement;

Cq— the ultimate value of settlement.

As the ultimate calculated value for the impaceeff(settlement) &hree components of settlement have
to be considered:

— § — immediate settlement; To determine the immediatdement elasticity theory solutions are used,
considering the elastic modulus as soil deformatioaracteristics. Taking the formula from AnnexsFam ex-
ample [3]:

_ plblf
S=Te )
where E, — the calculation value of the elastic modulus;

f — a settlement coefficient;

p — the (average) pressure at the base of the ftionda

— S, — settlement caused by consolidation. This seéigrfor water saturated soft soil is crucial. ltigu-
ally calculated using the assumption of a one-dsi@ral compression. Soil deformation charactesstizn be
determined with the help of the empirical relatiips of Terzaghi's one-dimensional consolidaticotly [9],
taking into account the average degree of cong@id&m depending on the corresponding time fadter

— S — settlement caused by creep.

When testing soil foundations on exploitation listates partial factors are normally set equal to 1

The national standards provide limitation of theabte foundation settlement:

S<S, 3)

where S — calculated total (final) settlement;

S, — the ultimate value of the absolute foundatioetlement, for example, given in Annéx CHB
5.01.01.

The methods for settlement calculation give@@P 45-5.01-67-2007(02250) [1] can be used onljén t
case of the linear soil deformation without thegiloisity of lateral expansion.

Conclusions

1. When calculating the settlement of the foundatisimg Eurocode 7 the greater emphasis is put on the
settlement caused by consolidation, as it is cemsil the main value of the three components intdked
settlement formula.

2. Eurocode 7 isn't mandatory, it's recommended, sadrtimediate settlement of the foundation can be
determined not only with the formula in Annex F,[Blt also with the Menard formula or the Pauli &alis
formula (for sand), etc.

3. Eurocode 7 introduces the approach to the calomaif bases and foundations deformations "using
comparable experience ....". In the national stedglthis approach is absent.

4. The maximum ultimate settlement of the frame buigi and structures foundations is 7.5 cm (sand)
and 13,5sm (clay) according to Eurocode 7. In atammce with the national standards the maximum atém
settlement of the frame buildings and structuregnéfations is 8 cm (for the reinforced concrete &am
and 12 cm (for the steel framework) and does npedd on the soil type under the foundation.

5. The comparison of the principles of bases and fatinds calculation considering deformations in
accordance with the national and European standasisevealed that there are differences in theoappes
of problem solving and practical bases calculatiohkese questions remain unsolved and their further
development is required.
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PROTECTION FROM CONSTRUCTION BIODETERIORATIONS
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The problem of protecting structures from biologidamage is indicated in the article. It was nothdt
the most aggressive towards concrete is thiobaatétiis shown that the most common means of piotecs
biocides. The problem of durable, affordable andlegically safe biocide protection is urgent.

In the field of construction and maintenance oil eisd industrial buildings the problem of biocaian is be-
coming increasingly urgent. Biocorrosion is thetdesion of structural materials under the actibmiroorganisms
and their metabolic products [1]. More than 40-56Pthe total damages recorded in the world are ectied with the
activity of microorganisms [2]. The results of angde survey of various buildings [3] showed thaitdigs may be
affected by bacteria, elementary and other micpsdangi, algae, lichens and even higher plantisrdgcopic fungi
considerably worsen service characteristics of riadge causing not only partially damage to thdding, but also
their complete destruction. The protection agatnstosion of building materials based on mineralencrete, brick
and plaster is not given enough attention, defipitdact that the biodegradation of design and rdéiwe materials of
civil and industrial buildings and structures indem conditions is becoming more common. Thus th&egtion of
building structures from biological damage is afgtical interest.

The scientific literature on the corrosion of builgl materials [1-4] shows that microorganisms teigg
processes of biodeterioration through their wastelycts (acids, alkalis, enzymes and other aggressib-
stances), which interact with the substances bélgntp the building materials, destroying the bindelution,
brick, rock (stone building), concrete, metal atiteo building elements. The list of exuded acidsatber exten-
sive: from heavy mineral (sulfuric and nitric) tolpatomic organic (humic acid, pyruvic acid). Stwally sim-
pler organic acids are isolated: acetic, lactigpponic, tartaric, oxalic, fumaric, malic, citriend etc. Active
acid formation is indicated by the pH on the sugfa€the building material when investigated.

It was found [1] that the most aggressive towamisceete are nitrifying and thionic bacteria whialr-d
ing the life emit such strong acids as nitric anliusic. Under their exposure the protective filfncalcium car-
bonate formed on the surface during the hardenimgmcrete is destroyed. It is the film that pretgethe leach-
ing of calcium hydroxide.

According to the results of the studies performgdnY. Drozd [5], the resistance of the concretais
creased with the decrease in permeability (pore)sikhe penetration of bacteria, whose size is ipaom-
posed of 0.5 - 20 microns, in pore diameter of thas 30 microns is difficult. The thiobacteriaesis about 1
micron. Further away from the surface of the cotectike number of aerobic bacteria is decreased tharethe
number of anaerobic ones.

To eliminate or ensure the destruction of biologpests in infested buildings and structures tlaeeedif-
ferent disinfection technologies. To depress Ihadid of thiobacteria it is possible through thegasaf biocide
additives. The tests carried out in the paper g shown that certain additives - biocides slow méovsome
extent the destruction of the concrete. Howeverais concluded that the tested biocide concreteti€nough
resistant to highly aggressive gaseous mediumwveiser

In CRCRI laboratory tests of concrete treated viAimetron were performed [6]. The components of
Penetron infiltrate into the concrete and causetlia pores and capillaries the growth of crystateating so-
called "crystallization obstruction”, reducing thermeability of concrete. The concrete treated Wiginetron in
the initial period had increased the resistancgutfuric acid solutions. After 6 months of testiogncrete sam-
ples had minor damages in the reservoir. After Iihtims of testing the destruction of protective faygets
started. And bare concrete was extensively breattown. It is concluded that the Penetron coatingjiag to
the surface of the concrete, only temporarily slodwa/n the process of destruction of concrete iagegus en-
vironment highly aggressive sewer. The author efwork [6] suggested that in the sewers with slghnd
moderately aggressive gas media the material caisdfeal.
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