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On the basis of the analysis of scientific and standard literature on design
of constructions bases and foundations, catalogs of prefabricated elements
products of the bases of small underlay, textbooks on architectural designs the
structural model of determining of laying foundation depth is developed. It can
be considered as the planar coherent oriented unweighted graph.

Tops and edges of a graph are revealed. The graph contains thirty tops
(nodes) and forty one edges (communication).

The top "Depth of laying foundations” has twelve entrance edges as
directly this top is influenced by twelve factors: "Existing and planned relief
after engineering preparation of the building area”, "Depth of laying the
foundations of adjacent buildings and laying engineering communications”,
"Provision of special thermal measures to eliminate soil freezing"”, "Purpose
and design features of design structures, loads and influences on foundations",
"Design features of foundation materials”, "Engineering geological conditions
of the construction site™, "Laying the foundations of the building at different
altitude marks", "Hydrogeological conditions of the construction site and their
possible changes in the construction and operation process of structures",
"Depth of seasonal soil freezing", "Location of foundations", "The presence of a
basement or technical underground", "Foundations calculation for bearing
capacity".Other seventeen tops have communications among themselves and
(or) with twelve above-mentioned tops. These tops have the following names:
"Soil type", "Soil properties”, "The distance between the inner faces of the
foundations”, "The average pressure under the base of the upper foundation
from the calculated loads", "Coefficient that takes into account the influence of
the thermal regime of the building ", "The heating presence in the building",
"Estimated average daily air temperature in the room", "Season and outside air
temperature during construction”, "The distance from the outer face of the wall
to the edge of the foundation”, "Floor type first floor”, "Location under the
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inner walls", "Location under the external walls", "Standard depth of seasonal

soil freezing", "The average of the annual maximum depths of seasonal soils
freezing”, "The sum of the absolute values of the average monthly negative
temperatures for winter in this area"”, "The depth of the groundwater level”,
"Water lowering measures".

Keywords: cellar, depth of freezing, engineering-geological conditions,

foundation, soil, underground waters, underlay depth.

Statement of problem. In system the building-foundation-basis the
foundation is the buffer between two other components of this system. Besides,
the foundation is the bearing part which is carried out first of all. Therefore it is
necessary to design it on the one hand correctly, and on the other hand - it is
rational. In particular, it is necessary to determine depth of underlay of the
foundation correctly. For this purpose the design engineer or the student has to
represent clearly the factors participating in this process. Visually it can be
shown by means of structural model.

It is known that the graph in space of the relations is structural model, and
the graph consists of two sets: sets of objects (tops, nodes) and sets of
communications (edges) [1]. One-sided communications represent the directed
edges and call arches. If at least one edge of the graph has orientation, all graph
is called oriented. Proceeding from it, for creation of structural model it was
necessary to reveal as the factors influencing foundation depth, and factors,
significantly related. They form set of tops of the graph. To analyze their mutual
influence and, thus, to define set of edges and their orientation.

Recent research and publication analysis. The analysis of scientific and
standard literature on design of the foundations [3-7] has shown that the
structural model of determination of foundation depth does not exist. However
in the specified literature (as well as in another analyzed, but not provided in the
list of references) in separate look there are factors influencing foundation depth
and their mutual influence is shown.

Setting article objectives. In work the object is set - on the basis of the
analysis of scientific and normative literature to develop structural model of
determination of depth of underlay of the foundation of small underlay in case
of design of the new building.

Main part. The analysis of literature [2-7] and experience of statement of
architectural designs has allowed to create structural model (fig. 1).

The structural model contains thirty tops and forty one edges and is the
coherent planar oriented graph [1].

The top "Depth of laying foundations” has twelve entrance edges as
directly this top is influenced by twelve factors.

The first of factors is "Existing and planned relief after engineering
preparation of the building area".

As foundation depth is considered from planning mark of the earth
(border between overground and underground parts of construction), and this
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mark can be different along construction perimeter, and foundation depth can be
different along building perimeter.
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Fig. 1. Structural model of determining of laying foundation depth

The second factor is "Depth of laying the foundations of adjacent
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buildings and laying engineering communications™. The foundation cannot cross
most the existing engineering networks. Therefore depth of underlay of these
networks limits configuration of the foundations located above. In certain cases
they at all cannot be done over the communications located below. The same
concerns adjacent constructions. They can have large underground part. Or the
new adjacent foundation can threaten normal operation of the existing
constructions. Therefore at design of new constructions all these factors need to
be considered.

The following factor is "Purpose and design features of design structures,
loads and influences on foundations”. As at first project construction and only
after that decide how to transmit loading from it through the foundation on the
basis, all features of construction directly influence the foundation, including
foundation depth.

The fourth factor is "Design features of foundation materials”. The
foundation transmits load of the basis through base of foundation. Width of this
base depends on the size of loading which she perceives. It can affect additional
quantity of ledges of foundation base [4, 7]. If to use prefabricated elements of
the foundations [3], then the nomenclature of these elements can affect mark of
foundation base also.

The fifth factor is "Engineering geological conditions of the construction
site”. The soil capable to apprehend all loadings from construction has to be the
basis under the foundation and to provide its normal operation, that is not to
cause excessive deformations of construction.

One more factor is "Laying the foundations of the building at different
altitude marks". If some compartments of the foundation need to be put on
different position levels, then it is possible if the conditions given in [6] are
satisfied.

The seventh factor is "Hydrogeological conditions of the construction site
and their possible changes in the construction and operation process of
structures”. Underground waters affect physicomechanical properties of the
basis, that is on factor "Engineering geological conditions of the construction
site". Besides, the seventh factor influences foundation depth in complex with
the eighth factor: "Depth of seasonal soil freezing" [6]. The foundations have to
be laid lower than depth of seasonal freezing of soil in order to avoid rebound of
the soil arising at certain negative outdoor temperatures.

It is in certain cases allowed not to consider the eighth factor. For
example, the base is located under internal wall of construction. Also if the base
is located under external wall, then the eighth factor is not considered when the
special thermal measures to eliminate soil freezing are provided, or the
foundation leans on the fine sands or soil which do not have soil arising
properties.

"The presence of a basement or technical underground” influences
foundation depth as they are underground parts of construction. Besides, it is
allowed to accept depth of underlay of the bases from half of the cellar less than
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0.5 m if calculations of the bases for bearing capacity are satisfied [6].

It is necessary to distinguish the top "Soil type" having seven output edges
and one entrance edge from top of "Property of soil” from the tops which do not
have direct link with "Depth of laying foundations”. In system construction-
foundation-basis above the mentioned top characterizes component "basis". And
"Properties of soil" characterizes all physicomechanical properties of the basis [2].

Conclusions. The developed structural model allows to evaluate in a
complex the factors influencing foundation depth. In case of reconstruction of
the existing constructions this structural model can be added and detailed if to
consider factors of strengthening of the foundations.
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CTPYKTYPHASA MOJAEJIb OITPEAEJIEHUA I')TY BUHBI
JAJVTIOKEHUA @PYHIAMEHTA

Kynnpar T. H., Jlutauukuit C. W., [lyraues E. B., 3nanesuu B. A.

Ha ocnoge ananuza Hayunoli u HOpMaAmueHOU Jaumepamypvl Ho
NPOEKMUPOBAHUIO OCHOBAHULL U (DYHOAMEHMOB COOPYICEHUL, KAMAN0208 U30e ULl
COOPHLIX  D]IeMEeHMO8 (DYHOAMEHMO8 MENKO20 3ANONCEHUS, YYEOHUKO8 NO
APXUMEKMYPHbIM — KOHCMPYKYUSAM — pa3pabomauwa  CMPYKMYPHAsL — MOOeib
onpeoenerus 2nyouHvl 3an0diceHus pynoamenma. Ee mooicno paccmampusams
KaK NJIAHAPHBLUL CEA3HbIIL OPUSHMUPOBAHHBIU HEG36EULeHHbLI 2pad).

Buisisnenvt eepuiunvt u peopa epaga. Ipagh nacuumvieaem mpuoyamo
sepuiur (y3108) U COpoK 00HO pebpo (cea3v). Bepwuna «lnyouna 3anodxcenus
dynoamenmosy  umeem  08eHAOYAmMv  BXOOHbIX  pebep,  NOCKOIbKY
HenocpeOCmEeHHO HA M) BepUIUH) GIULIOM 08eHadyamsb akxmopos: «Penvedd
cywecmsyrowull. U - CHJIAGHUPOBAHHBIIL  NOCNe  UHMNCEHEePHOU  NO0020MOBKU
meppumopuu  3acmpoukuy, «lyouna 3anoxcenus @GYHOAMEHMO8 CMENCHbIX
COOpPYIICeHULl U NPOKIAOKU UHICEHEPHBIX KOMMYHukayuily, «lIposedenue
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CNeyUuaIbHblX MEeNI0MeXHUYEeCKUX MepOnpusimuil, UCKIOUAOWUX NpoMep3aHue
epyHmosy, «Haznauenue u xomcmpykmuenvie 0COOEHHOCMU NPOEKMUPYEMbIX
COOpYdHCenull, Hazpyska u GuusHue Ha @ynoamenmoly, «Koncmpykmuenvie
ocobennocmu  mamepuanod  gynoamenmay,  «HMHocenepHo-eeonocuyecKue
VCI0BUSL YUACMKA CIMPOUMENbCMBay, «3anodceHue QYHOAMEHMO8 COOPYHCEHUs
HA PA3TUYHBIX BLICOMHBIX OMMemKaxy, «l uopoeeonocuueckue yciosus y4acmka
CMPOUMENbCMBA U BO3MOJNCHbIE UX UBMEHEHUs 8 npoyecce CMpoumenbCmeda u
IKCHIyamayuu coopysxicenuily, «lnyouna ce3oHH020 Npomep3aHusi 2pyHmMosy,
«Pacnonooicenue  pynoamenmos», «Hanuuue noosana um mexHuuecKo2o
noononvsy, «Pacuem ocunosanuii no mecyweni cnocoorocmuy. OcmanbHuvle
CeMHaOyamov GepulUn UMEOm C853U Mexcdy cobol u (uiu) ¢ 08eHaAoyamvio
BbLIUEYNOMAHYMBIMU BePUUHAMU. DMU BEPULUHBL UMEIOM ClledyIowue HA36aAHUSL:
«Tun epynmay, «Ceoticmea epynmay, «Paccmosnue medxncoy enympeHnumu
epanamu @ynoamenmosy, «Cpeonee oagnenue nod NOOOUBOU DA3MEUeHHO20
sviute hyHoamenma om paciemuulx Hazpy3oky, «Kosghguyuenm, yuumolearowuii
BIUSIHUE MENJI0B020 PENCUMA COOpYAHCceHUusy, «Hanuuue omonnenue 6 30anuuy,
«Pacuemnas cpednecymounas memnepamypa 8030yXa 6 nomeweHuu», «Bpews
200a U mMeMnepamypa Hapys*CHO20 6030yXd HNPU  B036€0eHUU  30AHULY,
«Paccmosinue om eHewnell epanu cmenvl 00 Kpas yynoamenmay, «Tun nonos
nepgoeo  smagicay,  «Pacnonojicenue  no0  GHYMPEHHUMU — CHEHAMUY,
«Pacnonooicenue noo  mapysicHoimu - cmenamuy, «Hopmamusnas —2nyouna
ce30HH020 npomepsanus cpynmay, «Cpeousas u3 encecoOHbIX MAKCUMATbHBIX
2nyOuH Cce30HH020 npomep3anusi cpyHmosy, «Cymma abcoNomHbIX 3HAYEHUll
CPEOHEeMECAUHBIX OMPUYAMENbHLIX MeMNepamyp 3a 3uMy 6 OAHHOM patloHey,
«Imybuna pacnonodicenus ypoeHs NOO3eMHbIX 800», «Bodononudicarowue
MEpONPUSAIMULY.

Kniouesvie cnosa: enyouna 3anodcenus, 2nyOuHa Npomep3aHus, pyHm,
UHICEHEPHO-2e002UYecKUe YCl08Usl, N0O3eMHble 800bl, NOOBA, (DYHOAMEHM.

CTPYKTYPHA MOJEJIb BUBHAYEHHA I'N"IMUBUHU 3AKJIATAHHSA
OYHAAMEHTY

Kynapar T. M., Jlitainekuii C. 1., [Tyrados €. B., 3nanesuy B. A.

Ha ocnosi ananizy HAYKOBOI ma HOpMamueHol jaimepamypu 3
NPOEeKmyB8anHs OCHO8 ma @GYHOamenmis cnopyo, Kamanozié eupooieé 30ipHUX
eleMeHmie yHoamenmie MiNKo20 3aKIAOAHHS, NIOPYUHUKIG 3 aAPXIMEKMYPHUX
KOHCMPYKYIU pO3POOIEHO CMPYKMYPHY MoOelb (akmopie enaugy Ha nuOUHy
saknadaunus gynoamenmy. Ii mooicna posensoamu, sk nianapHuii 36 A3HULL
opienmosanuil HeszsadiceHull epag. Busaeneno eepwunu ma peopa epagy. I pagp
Haniuye mpuoysamo 6epuiut (8y31i) ma copok ooHe peopo (36 ’s30K).

Bepwuna «Inubuna 3axnaoanus yHoamenmis» mae 08aHaoysims 6XiOHUX
pebdep, OoCKibKU 0e3n0cepeoHbo HA YK GEePUIUHY  BNIUBAIOMb  08AHAOYSIMb
Gaxmopis.: «Penvegh ichytouuti i cniano8aHull Nicis IHMCEHEPHOI Ni020mMOoeKU
mepumopii 3a6y008uy, «lubuna 3axnadanHs GyHOAMEHMI8 CYMINCHUX CHOPYO
ma NPOKIAOAHHS [HJCEHepHUX KoMyHikayiuy, «llepedbauenns cneyianbHux
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MENJIOMEeXHIYHUX ~ 3aX00i8, W0  GUKIIUAIOMb  NPOMEP3AHHA  IPYHMIBY,
«lIpusnauenns 1 KOHCMPYKMUGHI 0cobOAUBOCMI CNopyo, WO HPOEKMyIOmby,
Hasammaxycenus i enaueu Ha ynoamenmuy, «Koumcmpykmueni ocobrugocmi
mamepianie  QyHoameHmyy, «lHoicenepHo-2eonociuni  ymMo6u  OLNAHKU
OyoisHuymeay», «3axnadanns Gynoamenmie Ccnopyou Ha pPiHUX BUCOMHUX
giomimkaxy, «l iopoceonoziuni ymoeu OisAHKU OYOI6HUYMEA | MONCIUBL IX 3MIHU )
npoyeci  OyoigHuymea U excnayamayii cnopyoy, «lnubuna ce30HH020
npomep3anms pynmiey, «Posmawysanns ynoamenmiey, «Hasaenicmo niosany
abo mexHiuno2o nioninisay, «Po3paxyHok ocHo8 3a Hecyuoro 30amuicmiop.
Pewma cimnaoysme eepwun maromv 38’a3ku  midc cobow i (abo) 3
o0ganaoysamovma suwe 32a0anumu eepuwunamu. Lfi eepuunu maoms maki HA36U:
«Tun tpynmyy, «Bracmusocmi tpynmyy, «Biocmans midic enympiwninu epansamu
@dynoamenmisy, «Cepeoniti muck ni0 nidoweow  euwe  POo3IMIYEHO20
@dyHOamenmy 6i0 po3paxyHkosux HasammadiceHvy, «Koeghiyienm, wo epaxosye
BNIUE MENN08020 pexcuMy cnopyouy, «Haseuicme onanenns y 6y0ieniy,
«Po3spaxynrxoea cepednboooboea memnepamypa nogimps y npumiwgenniy, «llopa
POKYy [ memnepamypa 306HIWUHBLO20 NOBIMps niduac 38edeHHs 0Y0i6iy,
«Biocmans 610 306HiIwNbOI epani cminu 00 Kparo ynoamenmyy, « Tun nionozu
nepuio2o nogepxyy, «llio enympiwmninu cminamuy, «I11io 306HiwHiMU cminamuy,
«Hopmamusena enubuna ce3onnozo npomepzanHa 1pyHmy», «Cepeons i3
WOPTYHUX MAKCUMATbHUX 2MUOUH CEe30HH020 npomep3anus Ipyumiey, «Cyma
abCoNOMHUX 3HAYEHb CEPeOHbOMICAYHUX He2AMUBHUX MeMNnepamyp 3d 3UMy 8
oanomy  patioHiy, «lubuna  posmauty8amHs — piGHs — NIO3EMHUX — BOOY,
«Booononuorcysanvui 3axoour.

Knwouosi cnosa: enubuna 3aknadauus, nubUHa NpoMep3amHs, IPYHM,
IHOICEeHEePHO-2e0102IUHI YMOBU, NIO3eMHI 800U, NI08AT, hYyHOAMEHM.
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