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Anotanis. OyHIaMeHTH y BUTISI CYIIJIBHOI IIJIUTH MIMPOKO 3aCTOCOBYIOTHCS B (DyHIaMEHTOOY IyBaHHi,
He3Ba)kKafoyl Ha BUCOKY MarepiasoeMHicTh. [Ipu mipoMy B psii BUMAAKiB Hecyda 3/aTHICTh OCHOBH 3aJIN-
TTAE€THCS HEOBUKOPUCTAHOI0. PO3IIIAHYTO MeTO/ 3HMKEHHS 3yCUIIb Y TUINTHOMY (yHIAMEHT] IIJITXOM HOTo
VJIAIITYBaHHS 3 OKPEMUX €JIEMEHTIB, SIKi BKJIFOUAOThCS B CILIbHY POOOTY Ha PI3HUX eTarax 3BeJleHHs Oy IiBJIi.
Haseneno pesysbraTéi Hanpy:keHO-/1e(hOPMOBAHOTO CTaHY OCHOBH Ta (PYyHAMEHTHOI IJINTH TIPU BKJIIOYEHHI
eJIEMEHTIB MIMTHOTO (DyHAAMEHTY B poOOTY Ha PI3HUX eTalnax 3BefileHHs OyaiBJi. AHaIi3 OTPUMAHUX PE3YJib-
TaTiB MOKa3aB, 1[0 POSIJISTHYTUH METO/[ IIOETAITHOTO BKJIIOYEHHS IVIUTHOTO (DYHIAMEHTY B POOOTY O3BOJISIE
TaKO)K BUKOPHUCTOBYBATH IIPH BUIIPABJIEeHHI HEPIBHOMIPHUX OCiZIaHb i KPEeHiB, M0 BUHUKAIOTh y’Ke i/ Jac
3Be/IeHHS Oy TiBIi.

Kro4oBi cioBa: perysiioBaHHs 3yCUJIb, INIUTHUN (DYyHIAMEHT, KOHTAKTHI HANIPY;KEHHs, HePiBHOMIpHIi
OCiJJaHHS.
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Annoranusa. OyHIaMeHTSHI B BUJIE CIUIONTHON IUTUTHL IIMPOKO IPUMEHSIOTCS B (DyHAAMEHTOCTPOEHUH, HECMOT-
PsI Ha BBICOKYIO MaTepUaIOeMKOCTb. 1IpH 9TOM B Psijie CIydaeB HeCyIast CIIOCOOHOCTb OCHOBAHUSI OCTAETCst
HeJIONCIIOIb30BaHHOM. PaccMoTpen MeToy CHIKEeHUS yCUIMI B IUIMTHOM (byHAMEHTe IIyTeM ero yCTPOHCTBA
13 Pas/ieIbHbIX 9IEMEHTOB, KOTOPBIE BKJIOUAIOTCSI B COBMECTHYIO pabOTy Ha PasiNdHbIX 9TANAX BO3BELCHIS
31anM. IIpuBesienbl pesyJbTaTbl HalpsiKeHHO-Ae(OPMUPOBAHHOIO COCTOSTHUSI OCHOBaHMS U (yHIaMeHTHO
IUINTBI TIPU BKJIOYEHUN HJIEMEHTOB IUIUTHOTO (DyHIAMEHTaA B PabOTY Ha Pa3JIIYHbIX TATIAX BO3BEEHI 3/[AHHSL.
AHa/u3 110Jly4eHHBbIX Pe3yJ/IbTaToB 110Ka3ajl, 4TO PaccMaTpUBaeMblif METO/[ N03TAITHOIO BKJIIOYEHUS IJIMTHOIO
(byHzamenTa B paboTy I03BOJBIET CYIIECTBEHHO CHU3UTD YCHIIHS B (DYH/IAMEHTHO TLIHTE, & COOTBETCTBEHHO
ee MaTepruaJoeMKOCTb. JlaHHbII MeTO/1 MOKHO TaKsKe UCII0/Ib30BaTh IPU MCIPaBJIeHNN HepaBHOMEPHBIX 0CaIoK
1 KPEHOB, BO3HUKAIONIUX YK€ BO BpeMs BO3Be/IeHU 3/[aH1A.

Kiouessie cioBa: peryJjanpoBaHue YCHHHﬁ, TJTATHBIN beHlIaMeHT, KOHTaKTHbI€ HalIpAXKEHUA, HEPABHO-
MepHbI€ OCaJKU.
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Abstract. Slab foundation is widely used in foundation engineering despite the high consumption of materials.
In a number of cases, the bearing capacity of soil of foundation is not enough used. A method for reducing
internal forces slab foundation through creating of separate elements, which are include in the jointly work
at different stages of construction of the building. It has been given the results of the stress-strain state of
the base and the foundation slab when the elements slab foundation included in the work at various stages
of construction of the building. Analysis of the results showed that this method phased inclusion in the work
of the elements slab foundation can significantly reduce the internal forces in it and, consequently, its
consumption of materials. This method can also be used for correction of non-uniform settlements and tilt

arising already during the construction of the building.

Keywords: regulation internal forces, slab foundation, contact pressure, non-uniform settlements.

Introduction

Slab foundation are widely used in modern construc-
tion. This is due to modern high-rise buildings, and
construction on areas with difficult ground condi-
tions. The use of slab foundation allows relatively
evenly distribute theload on a large area of the base.
However, despite the relatively evenly loaded may
occur above permitted tilt caused by the inhomoge-
neity of the soil mass, eccentric vertical loads and
other factors.

In addition, since the minimal sizes of the foun-
dation slab in most cases taken constructively de-
pending on overall dimensions of the building, of-
ten soil foundation base has a substantial margin of
safety.

This work is devoted to the decreasing consump-
tion of materials slab foundation by making fuller
use of the bearing capacity of soil foundation di-
rectly in the zone of the load.

Review

Determination of stress-strain state of the slab foun-
dation is made of the results of a complex joint cal-
culation of «Ground — foundation — buildings» or
as the structure, interacting with deformable gro-
unds taking into account the pre-computed stiff-
ness characteristics of the grounds and buildings [ 1,
2,3,4]. More accuracy is the calculation of the «Gro-

und — foundation — buildings», which is recom-
mended to perform, taking into account the sequence
of the construction of buildings [2]. Increase of ac-
curacy of calculations can better perform design the
construction of the slab foundation and thereby re-
duce its consumption of materials. The accuracy of
the calculation depends on the following factors:

— detailed calculation scheme;

— the adequacy of accepted the calculated model
soil foundation [5, 6];

— physical nonlinearity of soil foundation, materi-
als of slab foundation and overground construc-
tions [4, 7, 8];

— loading history and change calculation scheme
supporting structures in the process construc-
tion of the building [9, 10].

Also reduction consumption of materials of slab foun-
dation can be achieved by the use of a variety of
effective design solutions and technology of making
slabs foundation [11, 12, 13, 14, 15, 16]. In this di-
rection special attention should be solutions in
which reduction forces in the foundation is achieved
by changing the diagram of contact pressure [12,
13,15,16,17,18]. Change diagram of contact pres-
sure can be:

— making of foundation slab of variable stiffness [ 12];

— makingin the level of foundation base open py-
ramidal cavities, allowing to increase the con-
tact area with increasing settlements [ 13];
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— changing calculation scheme of the foundation
slab by introducing hinge joints [15] or defor-
mation seams [16];

— the use of easily deformable inserts [17] or an
intermediate preparation of variable stiffness

[18].

Main information

This article presentsa method of reducing the inter-
nal forces in slab foundation through its making of
separate elements, which are included in the joint
work at different stages of construction of the build-
ing. Slab foundation is divided by temporary defor-
mation seams on the supporting elements and the
span elements. The supporting elements may be
formed as a monolithic reinforced concrete strip
foundations for a building wall or in the form of
individual columnar foundations under columns.
Between the support elements are performed the
span elementsin the form of monolithic reinforced
concrete slabs. Between the supporting elements and
the span elements of the slab foundation placed tem-
porary deformation seams width 0.7—1.0 m. Their
technology can adopt a similar temporary contrac-
tion joints p. 6.17 [2].

Inclusion the span elements in the joint work is
performed by filling the monolithic concrete in tem-
porary deformation seams.

Time of inclusion the span elements into the
joint work of the slab foundation is selected from
the conditions optimum use of the bearing capacity
and deformability of the base under the supporting
elements. As the selection criteria may be used:

— the contact pressure at the base of the supporting
element reaches certain value. This may be the
level of pressure that exceeds the value of the
design resistance of foundation soil defined for
the width of the supporting element;

— the settlement of the supporting element reaches
certain value - s”. The thickness of the span
elements of slab foundation can be reduced on
the value predicted settlement of supporting
elements at the time of their inclusion in the joint
work.

Temporary deformation seams in the slab founda-
tion is expedient to arrange in locales minimum bend-
ing moments. In this case, additional local upper and
lower reinforcement can be terminated in the place
of temporary deformation seams. Respectively the

temporary deformation seams will cross only the
main continuous reinforcement.

Reinforcement bars passing continuously thro-
ugh temporary deformation seams, can be performed
with bending compensation that will allow them to
include in the work only after reaching a certain
difference in the settlements of the supporting ele-
ments and the span elements of slab foundation.

Initially, the load is perceived only supporting
elements of the foundation slab, and at a certain stage
of construction of the building is include in the work
the span elements, after which the construction of
the building continues. At the same time as the load
increases under the base the supporting element is a
transformation diagram of contact pressure (Fig. 1a)
from the saddle to the parabolic type [19]. After
inclusion in the work the span elements is occurs a
redistribution of internal forces in elements of the
slab foundation and further transformation diagrams
contact pressure (Fig. 1b).

Atits core, this method is a pre-planned strength-
ening strip or pier foundation by transforming them
into a slab, which is sometimes used in the super-
structure and reconstruction of buildings [20, 21,
22,23].

To determine the stress-strain state of the slab
foundation, created by this method, it is necessary
to consider the history of the loading of the «Gro-
und — foundation», and gradual change of design
scheme of bearing structures [9, 10]. At pressures
under the supporting elements of the slab founda-
tion larger than the corresponding design resistance
of foundation soil must also take into account the
non-linearity of soil deformation.

For the qualitative assessment of the effect of
phased inclusion the span elements on stress-strain
state slab foundation performed a series of compar-
ative calculations. Compared the results of the
stress-strain state of elementsincluded in the joint
work at different stages of construction of the build-
ing, with the results obtained for a continuous slab
foundation.

The calculations were performed in the software
Plaxis, which allows to consider the gradual change
in the design scheme at different stages of construc-
tion of the building.

The calculations regarded cross section of the
foundation slab, consisting of four of supporting ele-
ments and three the span elements connecting foun-
dation into a single monolithic block (Fig. 2).
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Figure 1. Distribution of contact pressure: a) separate work of supporting elements and the span elements of slab
foundation; b) joint work of supporting elements and the span elements of slab foundation; 1 — the supporting
elements of slab foundation; 2 — the span elements of slab foundation; 3 — temporary deformation seams; 4 — main
continuous reinforcement; 5 — monolithic concrete; 6 — diagram contact pressure under the supporting element at
pressures less than the initial critical pressure; 7 — diagram contact pressure under the supporting element at
pressures higher than the design resistance of foundation soil; 8 — diagram contact pressure after inclusion in the

work the span elements.

The calculations are performed in the conditions
of plane strain that is not strict solution for slab
foundation, but for qualitative assessment the accu-
racy of the results is sufficient. At aratio of of length
to width of the slab foundation, greater than or equal
to two, is allowed perform a joint calculation slab
interacting with a deformable base as a plane prob-
lem [2]. In this case when calculating the in the
transverse direction base and slab foundations ac-
cept working in conditions of plane strain.

As the calculation model soil foundation used
model Mohr-Coulomb.

The bases is a homogeneous mass of soil, with
the following main characteristics (7 =18 kN /w3,
E=15MPa, v=0.3,c=20kPa, p=18°).

The thickness of the slab foundation — 1 m. Ma-
terial of foundation — heavy concrete class B20.
Foundations modeled by rods finite elements with
corresponding stiffness.

The loading was carried out through the sup-
porting elements of the slab foundation. The incre-
ment of the load was performed in stages to a value
of the design load. The inclusion of the span ele-
ments of slab foundation in joint work was made at
various stages of loading (from 50 to 90 % value of
the design load).

The calculation results

On the results calculations were obtained diagrams
shadings of stresses and strain in the basis of the slab
foundation.

Shadings of settlements of the bases for the de-
sign load for a continuous slab foundation, as well as
for phased inclusion of the elements is shown in
Fig. 3.

The relative change of the bending moments and
the settlements in the support section and the span
section of slab foundation, depending on the stage
inclusion of the span elements in the work are shown
in Fig. 4. Thebending moment M, and settlement
S,; inrelevant sections of the continuousslab foun-
dation taken as 100 %.

Conclusion

1. Phased inclusion in the work the span elements
of the slab foundations can significantly reduce
the internal forces in the slab foundations. In
this case, the later is included in the work ele-
ments span the less they are bending moments.
Bending moments in the span section of the slab
foundation thus can be reduced several times
and thus significantly reduced consumption of
materials.

2. Reducingthe bending moments takes place not
only in the span elements of the slab founda-
tions, but in the supporting elements. This phe-
nomenon is explained by the transformation
diagram of contact pressure under the base foun-
dations after the formation of zones of limit equi-
librium under the edges of the supporting ele-
ments.
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Figure 2. Cross section of the slab foundation: 1 — the support element; 2 — the span element; 3 — temporary

deformation seams filled a monolithic concrete.
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Figure 3. Shadings settlements after applying the design load: a) continuous slab foundation; b) inclusion the span
elements in the joint work at aload 50 % of design load; ¢) at a load 70 % of design load; d) at a load 90 % of design

load.

3. Pressure on the foundation base is distributed
less evenly, increased under the supporting ele-
ments, and decreased under the span elements. It
makes better use of the bearing capacity of the
base directly under the supporting elements.

4. Settlementsthe supporting elements of the slab
foundation is higher than the span elements in
this regard is recommended to provide them pre-
liminary rise.

5. When building in difficult ground conditions
there is the probability of non-uniform settle-
ments and tilt are already in the process of con-
struction of the building. In this case, possible a
partial or complete correction of non-uniform
settlements encountered during construction, by
includingin work the span elements of slab foun-
dation in areas with less settlements at later stage
the construction of the building.
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percentage of the bending moment in the respective section continuous slab foundation; b) settlements expressed as

a percentage of the settlements continuous slab foundation.
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SApkin Bikrop BosoaumMupoBuyY — KaHIUIAT TEXHIYHUX HAYK, JOIEHT Kadeapu OcHOB, GYHIAMEHTIB Ta MiJI3eMHUX
criopy a1 Jlon6achKol HallioHaIbHOI akageMii Oy aiBHUIITBa i apxiTekTypu. Haykosi intepecu: B3aemozist OyaiBess i crio-
DY/ 3 HepPiBHOMIPHO 1ehOpMYyI0U0I0 OCHOBOIO. ByliBHUIITBO Ta TIPOEKTYBaHHsI OYIiBEJIb i CTIOPYL B CKJIAMHUX iHKEHEP-
HO- Ta TOPHO-TEOJIOTIYHUX YMOBAX.

Kyxap T'anna BosoguMupiBHa — KaHAMJAT TeXHIYHUX HAyK, JOIEHT Kadenpu OCHOB, GyHIAMEHTIB Ta IiI3eMHUX
criopy a1 Jlon6ackKoi HalfioHambHOI akazieMil Oy aiBHUITBA i apxiTekTypu. HaykoBi inTepecu: Oy IiBHUIITBO Ta IIPOEKTY-
BaHHsT Oy/IiBeJIb i CIOPY/I B CKJIAJHUX 1HKEHEPHO-TEOJNOTTYHNX YMOBAX, KOHCTPYKTHBHI METOAM 3aXUCTy GyaiBesb i
CIIOPY/l HA KapCTOHEOe3MeYHUX TEPUTOPIsAX, CUCTeMU aBTOMATHYHOI KoMIleHcalil edopMaliiii OCHOBH.

Apxun Bukrop BragmmupoBuy — KaHAWIAT TeXHIUECKUX HAYK, OUEHT KadeApbl OCHOBAHUH, (DYHIAMEHTOB U MOJ-
3eMHBIX cOOpyskeHui JIoHOacCKON HAIIMOHANBHON aKaJeMUH CTPOUTEILCTBA W apXUTEKTYpHI. HaydHble MHTEPECH:
B3anMO/Ie}ICTBYE 3/[aHUI 1 COOPY KEHHH ¢ HepaBHOMEPHO /iechopMUPYyeMBbIM OcHOBaHIeM. CTPOUTEIBCTBO U TPOEKTH -
pOBaHNe 3[IAHNH U COOPY’KEHNH B CJIOKHBIX NHXKEHEPHO- ¥ TOPHO-T€OJIOTHYECKUX yCIOBHSIX.

Kyxapp Anna BiagumupoBHa — KaHANAT TEXHUYECKUX HAyK, ZIOIEHT Kadeapbl OCHOBaHUM, (GYHIAMEHTOB U IO/~
3eMHBIX coOpyskeHuil JIoH6acCKON HAIIMOHANBHON aKaJeMUH CTPOUTETLCTBA W apXUTEKTYpHI. HaydHble MHTEPECH:
CTPOMUTEJNBCTBO M NMPOEKTHPOBAHNE 3[IAHUH W COOPY’KEHUN B CJIOKHBIX WHKEHEPHO-TEOJIOTHUECKNX YCJIOBHX, KOH-
CTPYKTUBHBIE METOBI 3aIUTHI 3/[AaHIH W COOPY’KEHWI Ha KapCTOONAHBIX TEPPUTOPHSX, CUCTEMBI /IS aBTOMaTHIe-
CKOI KoMTIeHcaruu aeopMaliiii OCHOBAHUS.
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