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AHoTalis. Y cTaTTi po3rysiHyTa TEXHOJIOTisI BIOCKOHAJIEHHSI TIPUCTPOIO perysiboBanux (yHmamenTis. Hase-
JIEHO CXeMy PO3PO0JIEHOTO TIPUCTPOIO PETYJIIOBAHHS BEPTUKAIBLHOIO MOJIOKEHHs y IPOCTOpi. Po3pobiieHa KiHieBo-
eJleMeHTHa MOJIeJIb GaraToNOBEPXOBOIO KaPKACHOTO OYAMHKY HA IUIMTHOMY (DYHIaMEHT] Y IPOrPaMHOMY KOM-
mrekci SAP2000. locmimkenns BKovae B cebe po3poOKy KiHIIEBO-eTeMEHTHOI MoziesTi Oy aiBI i aHasmi3 oTpu-
MaHUX Pe3yJbTATiB Ha TPHOX €Talax: MePIINi eTalr: MoIe b 6araTomoBEPXOBOTO OYIMHKY Ma€ HETOPYIIeHe
BEPTUKAJIbHE TOMOKEHHS B TIPOCTOPI, APYTHil eTal: MOJe b 6AraTOMOBEPXOBOTO OYAMHKY OTpUMAaia KpeH
30 c™, TpeTili eTar: 3 0TIOMOTOI0 PO3POOJIEHOTO PUCTPOIO (& caMe PETYJIIOBAHHST JOBKUHHI CTPUKHS, TKUH
MoJIeJIIo€ poGOTY MPUCTPOIO), Oy AiBJIS MAE BipHE BEPTUKAJIbHE MOJIOKEHHS B IPOCTOPI, KPEH ILIUTHU 3a/IHIINB-
¢t HesMinHUM. OTPUMAaHO JaHi PO Halpy KeHO-1eOPMOBaHUIl CTaH €JIEMEHTIB KapKacHOTo OyJIWHKY Ha
MIMTHOMY (hYH/IAMEHTI ITPU PETYJIF0BAHHI BEPTUKAIBHOTO MOJOKEHHS Y MPOCTOPI.

KiouoBi ciioBa: pery/iboBanuii yHIAMEHT, KapKaCHUH OYAMHOK, KPEH, KiHI[EBO-eJIeMEHTHA MOJIED,
SAP2000, mampysxeHo-aeOpMOBaHWiT CTaH, TUINTHIH (GYyHIAMEHT, BePTUKATIbHE MOJIOKEHHS OYIiBI B
TIPOCTOPI.
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AnHoTamus. B cratbe paccMOTpPeHa TEXHOJIOTHSI COBEPIIEHCTBOBAHNS TEXHOJIOTUI YCTPONUCTBA PETYJINPY€EMbIX
dbynnamento. [IpuBeneHa cxeMa pa3paboTaAHHOTO YCTPOUCTBA IO PETYIMPOBAHIIO BEPTUKATIBLHOTO TTOMOKEHIISI
B HpocTpaHcTBe. PazpaboTana KOHEYHO-9JIeMEHTHAST MOJIETTb MHOTO9TKHOTO KAPKACHOTO 37IaHNsI Ha TUIHTHOM
¢dbynunamente B porpaMmmuoM koMiiekce SAP2000. VccenoBanne BRIoYaeT B cebst pa3paboTKy KOHETHO-
9JIEMEHTHBIX MOJIeJIel 3IaHVST M aHAIN3 TIOJyYeHHBIX Pe3YJIbTaTOB HA TPEX dTalax: NePBBI 9TaIl: MOJIeSb MHO-
FO9TAKHOTO 3/IAHMST UMEET HEeHAPYIIeHHOe BEePTUKAIBHOE IOJOKEHUE B IIPOCTPAHCTBE, BTOPOI JTAIl: MOJETb
MHOTO3TaKHOTO 3IaHHsI TT0JTyYria KpeH 30 ¢M, TPeTHii 3TAIl: ¢ OMOIIBIO0 Pa3paboOTaHHOTO YCTPOUCTBA (& MMEH-
HO PEryJIMpOBaHusl IIMHbI CTEPIKHSI, KOTOPBIA MOZIeJIMpyeT paboTy yCTPONCTBA), 3aH1e UMEET BEPHOE BEPTH-
KaJIbHOE TIOJIOJKEHHE B IIPOCTPAHCTBE, KPEH IUIMTBI OCTAJICS] HeM3MeHHBIM. [1osrydeHbl JaHHbIe O HAIPSI’KEHHO-
1eOPMHUPOBAHHOM COCTOSTHUH 9JIEMEHTOB KAPKACHOTO 3/IaHUST HAa IUIUTHOM (DyH/IAMEHTeE TIPU PEryJIUPOBAHIH
BEPTUKAIBHOTO TIOJIOXKEHHST B TPOCTPAHCTBE.

KiroueBsbie cioBa: perynpyeMblii (pyHIaMeHT, KapKacHOE 371aHKe, KPeH, KOHEYHO-3JIEMEHTHAST MOJIEJb,
SAP2000, nanps:kenHo-1ehOPMUPYyEMOe COCTOSTHUE, TITUTHBIN (DyHIaMeHT, BEPTUKATIBHOE TIOJI0JKeHNe
3/IaHUsI B ITPOCTPAHCTBE.
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Abstract. The article considers the technology improved technology device controlled foundations. The
scheme developed device to regulate the vertical position extension. Finite-element model of multi-storey
frame building on a slab foundation in the software package SAP2000 was developed. The study includes the
development of finite-element model building and analysis of the results obtained in three stages: the first
stage: a model of multi-storey building has an unbroken vertical position in extension, the second stage: the
model of multi-storey buildings had tilt of 30 c¢m, the third step: using the developed device (namely the
length of the bar control that simulates the operation of the device), the building has the correct vertical
position in extension, the tilt of the slab foundation remained unchanged. The data on the stress-strain state
of the elements of the frame in the building on the slab foundation in the process of regulation the vertical

position in extension.

Keywords: adjustable foundation, frame building, tilt, finite-element model, SAP2000, strain-stress
state, slab foundation, the vertical position of the building in extension.

Introduction

The territory of Ukraine is characterized by com-
plicated engineering-geological and mining-geolo-
gical conditions. Donbass — the country’s oldest
coal-mining field which occupies the first place in
the industrial importance and size of coal. In the
1720s it opened the Donetsk coal basin and indus-
trial development began in the late XIX century.
The area is about 60 thousand square kilometres.
The total reserves to a depth of 1 800 m — 140.8 bil-
lion tons. The Donetsk city is located at the centre
of a mining district. Mining subsidence involves
horizontal and vertical displacements of the ground
surface as a consequence of the excavation or the
failure of mining galleries. This type of subsidence
has occurred since last time in the residential zone
of Donetsk, probably as the result of the collapse of
abandoned underground mining labours [1-3].
The wide cost of land plots in large cities of the
world suppose active use of underground space and
dispose increasing the number of stories within a
densely urban setting. There are a lot high-rise build-
ings in Donetsk. Many of this constructions have
non-uniform settlement that exceed permissible le-
vels. In the centre of the city located multi-storey
apartment building which has tilt more than pro-

vided by building regulation. Such buildingsis dan-
gerous in use because of the violation of their ser-
viceability. On the one side the building is sup-
ported by a auxiliary girder, which hinders further
settlement of the building. Such cases are not un-
common in the citieslocated on Anthropogenic Soils
[3,4].

Two methods of levelling buildings are current-
ly employed: 1) sinking of a portion of the building
opposite the tilt; 2) raising the undersized section
of the building and levelling it.

The first method (slightly controllable) is ac-
complished by either drilling-out soil from beneath
the lower surface of the foundation, or local wetting
of the bed, which is simultaneously subjected to a
pressure increase [5].

Method suppose providing geodesic levelling of
the building, assign angle and direction equal to
foundation slope, after this determining needless
bank yard under foundation from the side which
characterized by lesser settlement, which prevents
elimination of the tilt.

The second method is employed with use of var-
ious designs of jacks, and is controlled. Method to
balance monolithic reinforced concrete structures
includes cuttingjack holes, installation of a mono-
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lithic reinforced concrete distribution belt, instal-
lation of jack units in jack openings and systems for
lifting and balancing, supply of pressure into jack
units, monolithing of gaps between the lifted and
the support part of the structure, formed after build-
ing lift.

In this paper a different procedure is presented.
Numerical model of the building shows influence of
use of developed device. First of all, object of study —
administrative building is the same construction
with out-of-service building that situated in the
centre of Donetsk city. The space-planning decision
of the building include general building in terms of
size 22x22 m. The building is skeleton-type, made
of braced frame structural design, building is 24 sto-
ries with a grid of columns 3x3 and 2x2 m. Typical
floor heightis 3 m. The frame of the building is made
of precast concrete. Columns used prefabricated
concrete rectangular cross-section with a size of
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400x400 mm. The foundation adopted in the form
of a monolithic reinforced concrete slab thickness
of 0.5 m (fig. 1). Second, the experiment study shows
the use of the developed device with a load of the
building.

Discription of the tilt correction procedure

Thisdevice isset in at the construction phase of the
building, and relates to the field of construction.
After ground work and establishment of monolithic
foundation slab. Developed device set on the un-
derground technical story under every column and
mate with foundation slab. During construction and
afterit the settlement is occurs. This process should
be evenly and gradually stop. If settlement is rela-
tive can arise various strains, including building tilt.
High-rise buildings can be deformed due to wind or
non-uniform heating of the sunshine of walls.

Flan of monolithic foundation slab
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Figure 1. Construction of research building and foundation slab.
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In buildings with more than 20 stages the centre
of inertia is situated high enough, and the area of
base is relatively small. It contributes to propaga-
tion of tilt of the buildings and structures. Control
of these processes is very important in the study of
use of a building.

The idea of the device usage is next. In the first
phase construction has normal vertical position af-
ter commissioning, but, after non-uniform settle-
ment which could occur by the several reasons such
as: due to mining, soil liquefaction, earthquake,
ground motions, blast induced ground excitations
etc., the building has wrong vertical position that is
dangerous for people inside. To correct this position
and levelling the construction it’s necessary to use
the developed device (fig. 2).

Numerical analisys

It isuseful to build up a 3-D full scale finite element
model in order to accurately monitoring the struc-
tural behaviours of the high-rise building of differen-
tial settlement. With help of finite-element model
can analyze the bending momentsand how they will
changein phase of experiment.

In the software package SAP 2000 has been de-
sign finite element model of the twenty-four story
building. Columns and beams made of reinforced con-
crete with a cross section of 40 x40 cm. The device
was placed between the columns of the ground floor
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and foundation slab. The device is a steel pipe and
from economic considerations, it was laid diameter of
24.5 cm. With a diameter of greater virulence device
was placed in the center of the building. In order to
clearly depict the behavior of a building during its
non-uniform settlement and further adjustments in
the software package has been developed 3 stages. In
the first phase the building was under permanent and
temporary load (fig. 3a). In the second phase the
building received the tilt with a maximum value of
30 cm (fig. 3b). The verticality of the building was
disrupted. In the third phase, to simulate the behav-
ior of device, in the opposite direction of the tilt is
applied load for bias the joint in the right direction.
Foundation plate remained tilted, but the building is
levelling and serviceable (fig. 3c).

Diagrams of bending moments in software pack-
age SAP2000 in all phase of experiment are shown
in fig. 4.

The results are tabulated and are made accord-
ing to these findings (table).

Devices proposed. Experimental results

The invention relates to the construction, namely
to the devices that minimize the effects of non-uni-
form settlement of the underlying foundation soils
and buildings.

Between the foundation and the superstructure
is placed system of cross-beams and underneath them

""""""" [ I | i1 I
subsidenog conclusion
Phase 1 Phase 2 Phase 3
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Figure 2. Phase of experiment.
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satisfied recess for placing a device which consists
of two metal tubes (internal and external) (shown
on fig. 5). The interior and exterior tubes have a
oblique bottoms. There isa sand in the exterior tube.
If the building receives non-uniform settlement(tilt)
(shown on fig. 3b) and it necessary adjustment the

a) ¢)

Figure 3. Load and the boundary condition of the
numerical model in SAP2000: a) normal vertical position;
b) building has a tilt; ¢) levelling the tilt.
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position of the building construction is carried out
by the release of the bulk material through the hole
of the interior tube. After the release of the required
amount of sand, the interior pipe is lowered into
place, thereby blocking the release of the bulk ma-
terial and measure the sediment associated with the
release of sand. Application of the device to adjust
the position of a building or structure at the base of
differential settlement allows the possibility of ad-
justing the position of the building or structure in
use.

According to the results of experimental studies
it was determined sequence of axial load and dis-
placement of sand in the device (fig. 6).

Conclusions

Thus, the comparative analysis efforts multistorey
building frame elements showed the following re-
sults on a slab foundation: The average force values
in the frame elements at the second stage forces ex-
ceed the first stage of 50 %; force values are reduced
in the third phase of the study compared to the sec-
ond stage of the study and reaches values of effort in
the first stage with a difference of 5-10 %.
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Figure 4. Bending moment M, and Bending moment M.
Table. Bending moments M, and M, received by software package SAP2000

M, max, KN-m M, min, KN-m My, max, KN-m My min, KN-m
Stage 1 26.240 (100 %) —23.040 (100 %) 19.40 (100 %) —23.66 (100 %)
Frame 1 Stage 2 38.530 (147 %) —38.330 (166 %) 27.92 (144 %) —-35.26 (149 %)
Stage 3 31.160 (118 %) —29.460 (127 %) 21.39 (110 %) —25.81 (109 %)
Stage 1 0.008 (100 %) —0.004 (100 %) 23.59 (100 %) —30.45 (100 %)
Frame 2 Stage 2 27.050 (338 125 %) | —33.560 (839 000 %) | 29.69 (125 %) -41.77 (137 %)
Stage 3 0.074 (925 %) —0.980 (24 500 %) 25.89 (109 %) —36.53 (119 %)
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b)

Figure 5. Construction of device: a) general form of the device; b) interior tube; ¢) exterior tube.
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Time-displacement

Force-displacement

Figure 6. Dependency diagrams of time-displacement and force-displacement.
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IlerpakoB Osnekcanap OnekcaHIpoBHY — JOKTOP TEXHIYHUX HayK, mpodecop kadeapn ocHOB, (pyHIAMEHTIB Ta
nigzemuux crnopyn J{oH6acbKoi HallioHambHOI akazeMil OyaiBHUITBA i apxiTekTypu. HayKoBi iHTepecu: Teopist B3ae-
Mofiii Copy 3 1ehOPMOBAHOIO THIOCHOBOIO, Y TOMY YHCJI Ha TiAPOGIIOBAHNX TEPUTOPISIX i MPOCIIAI0UNX TPyHTaX;
PO3po0OKa i OCTiKEHHsT (DyHAAMEHTIB i IBUIIEHOT HECYYOi CIIPOMOIKHOCTI i METOJIIB iX PO3PaxyHKy Ha OCHOBI TiTIOTE3
HeJIiHi#iHOT TeoMexaHiKu Ta Teopii Oy AiBeIbHUX KOHCTPYKILIii.

Bpuwxkara Karepuna OuseriBua — acmipant Kabeapu ocHOB, GyHIaMEHTIB Ta Tia3eMHux copyz lonbacbkoi Hatio-
HaJIbHOI akajieMii Oy AiBHUIITBa i apxiTekTypu. HayKoBi iHTepecH: KOHCTPYKIIiT i3 SMIHHUMH MTapaMeTpaMu JJIst BUTIPaB-
JIEHHSI KPEHiB CIIOPY/I.

Macao Muxkosa CepriiioBuy — acucteHT Kadeapu OCHOB, (DyHAAMEHTIB Ta Mia3eMHUX crnopys Jonbacbkoi Hario-
HaJIbHOI akajieMii OyaiBHUNTBA i apxiTekTypu. Haykosi iHTepecu: KOHCTPYKIIii miamipHux crit. OcobauBoOCTi BU3Ha-
YeHHs HaBaHTa)KeHb Ha IMi/IMTIPHI CTIHU.

IlerpakoB AnekcaHap AJleKCaHAPOBUHY — JIOKTOP TEXHMUYECKHMX HayK, podeccop kadeapol ocHOBaHUM, HyHIaMeH-
TOB U TOJ3EMHBIX coOpyskeHni [loHOACCKON HAMOHATBHON aKaJIeMHU CTPOUTENbCTBA U apXUTEKTypbl. Hayumble
MHTEPECHI: TEOPHSI B3ANMOENCTBUS COOPYKEHUH ¢ ehOPMUPYIOIINMCS OCHOBaHUEM, B TOM YHCJIE Ha MopabaTbiBa-
€MBIX TEPPUTOPHSIX M MPOCAZOYHBIX IPYHTAX; pa3paboTKa U MccieqoBaHie (YHIAMEHTOB MOBBIIIEHHON HeCyIel
CIOCOOHOCTH U METO/IOB WX Pacyera Ha OCHOBE IMIIOTe3 HEJIMHEHHOW TeOMEXaHUKU U TEOPHH CTPOUTENbHBIX KOH-
CTPYKUUIL.
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Bpoixkaras Exarepuna OseroBHa — acipaHT Kadeapbl OCHOBaHUH, (yHIAMEHTOB U IIO/I3eMHBIX coopykeHnH J{oH-
6accKoil HAIMOHAIHHOM AKaZEMUU CTPOUTENHCTBA W APXUTEKTYPhl. HayduHnbie MHTEPeCh:: KOHCTPYKIINU C U3MEHsI-
e€MBIMHU TTapaMeTPaMu /IS UCIIPABJIEHUS KPEHOB COOPY KEeHHH.

Macino Hukonaii Cepreesny — accucreHT Kadbeapbl OCHOBaHWii, GyHIAMEHTOB U MOA3EMHBIX coopyskenuii Jlonbac-
CKOH HaIlMOHAJIBHO aKafIeMUN CTPOUTEIbCTBA U apXUTeKTypbl. HayuHble MHTepechl: KOHCTPYKIMY IOTIOPHBIX CTeH,
0COBEHHOCTH OIPEJIEIEHUs] HAPY30K HA TIOOPHbIE CTEHBI.
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