KAAKCTAH PECOYBRNWIKACK! MLH. TYMWNEB AThIHOAFS|
BT BINIM MSHE FbiNbiM MUHUCTEI EYPAIWA ¥NTTbIK YHUBEPCHTETI
i MMHWCTEPCTEO OEPAZOBAHMA M HAYKK EBPAZMMCKW HALIMOHANBHBIN
PECTYBMAKM KASAXCTAH YHIBEPCUTET UM, J1H, TYMUNEBA
MINISTRY OF EDUCATION AND SCIENCE GUMILYOV EURASIAN
OF THE REPUBLIC OF KAZAKHSTAN NATIOMAL UNIVERSITY

CTyOEeHTTEP MEH XXac FanbiMaapablH

«FbInbiM XxaHe 6inim - 2015»

artbl X Xanblkaparnblk fbifibiIMU KOHOEPEHUNACBIHbIH
BAAHOAMAIIAP XXUHAF bl

CBOPHUK MATEPUWATJIOB
X MexayHapoaHon Hay4YHOU KOHdepeHLnm
CTYOEHTOB U MOSIOAbIX YYEHbIX

«Hayka n obpasoaHue - 2015»

PROCEEDINGS

of the X International Scientific Conference
for students and young scholars

«Science and education - 2015»




VJIK 001:37.0
BBK72+74.04
F 96

196

«FputbiM koHe OimiM — 2015» aTThl CTyHEHTTEp MEH JKac FaubIMAApPIbIH X
XanwIK. FpuUL. KOHP. = X Mexa. Hayd. KOH(]. CTYyJIGHTOB U MOJIOABIX y4eHbIX «Hayka
u obpazosanue - 2015» = The X International Scientific Conference for students and
young scholars «Science and education - 2015». -
Acrana: http://www.enu.kz/ru/nauka/nauka-i-obrazovanie-2015/, 2015. — 7419 ctp.
Ka3aKIlia, OpbICIIA, aFbUIIIBIHIIIA.

ISBN 978-9965-31-695-1

JKuHakka CTyIEHTTEpAiH, MaruCTPAHTTAPbIH, JOKTOPAHTTAPMABIH >KOHE Kac
FAJIBIMJIAP/IBIH KAPATHUIBICTAHY-TEXHUKAIBIK KOHE TYMAHHUTAPIBIK FHUIBIMAAPIBIH
©3eKT1 Mocelesnepi 0oiibIHIIIA OasHAaMaIaphbl €HI131JITeH.

The proceedings are the papers of students, undergraduates, doctoral students
and young researchers on topical issues of natural and technical sciences and
humanities.

B C60pHI/IK BOIIUIKM AOKJIaJAbl CTYACHTOB, MaruCTpaHTOB, JOKTOPAHTOB U
MOJIOABIX YUYCHBIX IO dKTYaJIbHBIM BOIIPOCAM €CTCCTBCHHO-TCXHUYCCKNX 1
I'YMaHUTapHBIX HAYK.

VJIK 001:37.0
BBK 72+74.04

ISBN 978-9965-31-695-1 ©JILH. T'ymumeB ateiHnmarel  Eypaswus
VITTHIK YHUBEpcHUTETI, 2015


http://www.enu.kz/ru/nauka/nauka-i-obrazovanie-2015/

IIpencraBnennsie 'OCT u CHull pacders! npu onpeneneHuu IOMYCKOB HAa M3TOTOBIIEHUE
JeTanei, pa3O0MBOYHBIE PAOOTBI W  CTPOUTEIHHO-MOHTAXHBIE PAOOTBI HE  YYHUTHIBAIOT
XapaKTEepPUCTHKH  CTPOMTEIBHOH HMHIYCTPUH, TEXHOJOTMM TPOM3BOJACTBA, TI€0/E3MUYECKOE
o0ecrniedyeHre, 1 KOHEYHO e JKCIUTyaTallhOHHbIE OCOOCHHOCTH 3/1aHUN U COOPYKEHUN CO CPOKOM
€ro J0JITOBEYHOCTH.

HecoBepmenctBo pacuera nonmycTuMbIXx OTKJIOHEeHHME B mnepeuncieHHbix ['OCT u CHull,
NPUBOAUT K HOBBIM HAyYHBIM TMOHMCKaM U pa3paboTKe METOJOB B ONpEICNCHHM TOYHOCTH Ha
M3TOTOBJIEHHE JIeTallel, pa30UBKY, MOHTaX KOHCTPYKIUH.

Cnucoxk MCHOJb30BAHHBIX HCTOYHHKOB

1. BpeMeHHbBIE TEXHUUECKUE YCIOBHUS Ha MOHTaX CTaJIbHBIX KOHCTPYKLIMN MHOTOITAXKHBIX
3nanuii B T. Mockse. BTY-04-49.- M., 1949,

2. YKa3aHMA TIO TPUMEHEHHUIO COOpHBIX KeIe300€TOHHBIX KOHCTPYKLUMH M JeTaneil B
ctpoutenscTBe. Y-107-56. —M.:.T'occrpoitnznar,1956. —29c¢.

3. TexHuueckue yciaoBHUS Ha HM3TOTOBICHHE U MPHEMKY COOPHBIX XKEJIe300€TOHHBIX U
O0eToHHBIX KOHCTpYKIHi u neraneii. CH-1-57,-M.:Ctpoitnznart, 1958. —22c.

4. TexHUYECKHE YCIOBHS Ha W3TOTOBJICHHE W MPUEMKY >KEIe300€TOHHBIX M OETOHHBIX
m3nenuid. CH-1-61.-M.:Crpoitnznat,1961. —24c.

5. VYkazaHus 1O MOHTaXy COOpHBIX Kene300eTOoHHBIX KoHcTpykuuid. CH-180-61.-
M.:Crponiuzaar,1961.28c.

6. UncTpykuust o Tonorpado-reoge3nueckuM padboram i TOPOJICKOTO, TPOMBIIIJICHHOTO
1 mtocenkoBoro ctpoutenscTBa. CH 212-62.M.:T'occtpoiinzaar,1962.

VK 528.48:69.032(574-25)
DEFORMATION MONITORING OF HIGH-RISE BUILDINGS USING GLOBAL
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Supervisor — c.t.s., professor Igilmanov Zh.A.

Abstract. Deformation of engineering structures is often measured in order to ensure that
the structure is exhibiting a safe deformation behaviour. For example, the deformation of high-rise
building can be monitored by using geodetic method such as Global Positioning System (GPS).
This paper discusses the monitoring of high-rise building using the GPS methods. The case study is
the ¢ur Dhabi Plaza building, in Astana, Kazakhstan. Eleven control points have been established
whereby four of them is located out of the building itself, and the others are located at the Abu
Dhabi Plaza compounds. The field measurements have been carried out in two different epochs,
July 2013 and February 2015. The GPS observation and deformation data have been processed and
analysed by using the Autodesk softwares, respectively. The results showed that there is some
movements occurred in the building.

Introduction

Engineering structures (such as dams, bridges, high rise buildings, etc.) are subject to
deformation due to factors such as changes of ground water level, tidal phenomena, tectonic
phenomena, etc. Cost is more than offset by savings and by improvements in safety both during and
after constructions. As a result, the design, execution and analysis of such surveys are a matter of
considerable practical importance. Expanded resource development, the trend towards potentially-
deformation-sensitivity engineering and construction projects, and growing geosciencetific interest
in the study of crustal movement have all combined to increase awareness of the need for a
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comprehensive integrated approach to the design and analysis of such deformation surveys.
Deformation refers to the changes of a deformable body (natural or man-made objects) undergoes in
its shapes, dimension and positio. Therefore it is important to measure this movements for the
purpose of safety assessment and as well as preventing any disaster in the future. Deformation
measurement techniques generally can be divided into geotechnical, structural and geodetic
methods (Teskey and Poster, 1988). The geodetic methods (highly understood by land surveyors)
that can be used are Global Positioning System (GPS), close range photogrammetry, total station
(terrestrial survey), very long baseline interferometry and satellite laser ranging. The survey
methods can be further subdivided into the survey network method and direct measurement
methods. In geodetic method there are two types of geodetic networks, namely the reference
(absolute) and relative network (Chrzanowski et. al., 1986).

The selection of most appropriate technique or combination of techniques for any particular
application will depend upon cost, the accuracy required, and the scale of the survey involves.
Therefore several aspects related to the optimal design of the networks, measurement and analysis
techniques suited to the monitoring surveys have to be considered. The design of monitoring
scheme should satisfy not only the best geometrical strength of the network but should primarily
fulfill the needs of subsequent physical interpretation of the monitoring results. Selection of
monitoring techniques depends heavily on the type, the magnitude and the rate of the deformation.
Therefore, the proposed measuring scheme should be based on the best possible combination of all
available measuring instrumentation. A common feature for both geodetic and satellite methods in
monitoring scheme involves the following three stages:

e The development of a network configuration,

e The execution process that runs a designed network into reality which deals with both the
documentation of the proposed network stations and the actual field measurement
techniques, and

o The network analysis that deals with the processing and analysis of the collected geodetic
data.

GPS Background and Structural High Rise Building

GPS is satellite based positioning system, which has been developed by the US Department
of Defense (DoD) for real time navigation since the end of the 70’s. It has made a strong impact on
the geodetic world. The main goal of the GPS is to provide worldwide, all weather, continuous
radio navigation support to users to determine position, velocity and time throughout the world. It
consists of three segments: the space, control and user segment. The GPS can be used for absolute
and relative geodetic point positioning. Its primary task is to measure distances between 24
satellites in known orbits about 20,000 km above the earth and provide the user with the
information of determining user’s position, expressed in the geocentric 3D coordinate system
(WGS84).

GPS techniques have several advantages as a monitoring tool. The surprisingly high
accuracies of relative GPS measurements are finding an application in monitoring surveys in areas
where stations require intervisibility and weather conditions. Currently, with the deployment of the
full satellite constellation, continuous and automated monitoring using GPS will become
increasingly practical and cost-effective. Thus, the potentials of GPS as a super positioning tools
brought a fresh air to the field of monitoring surveys, especially in areas where quick results could
save lives and property. In principle, the monitoring of high-rise building using GPS can be
performed episodically (epoch intervals) or continuously. Current GPS accuracy estimates range
from 1-2 ppm for regional baseline vectors determined using commercial production software
(DeLoach,1989).

High-rise building is defines as a multistory building tall enough to require the use of a
system of mechanical vertical transportation such as elevators. Although originally designed for
commercial purposes, many high-rise buildings are now planned for multiple uses. They arose in
urban areas where increased land prices and great population densities created a demand for
buildings that rose vertically rather than spread horizontally, thus occupying less precious land area.
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The foundation of high-rise buildings must support very heavy gravity loads and they usually
consist of concrete piers, piles or caissons that are sunk into the ground.

The most important factor in the design of high-rise buildings is the building’s need to
withstand the lateral forces imposed by winds and potential and ground movements. Most high-rise
buildings have frames made of high strength steel and concrete. Their frames are constructed of
columns (vertical-support members) and beams (horizontal-support members). Cross bracing or
shear walls may be used to provide structural frame with greater lateral rigidity in order to
withstand wind stress. Even more stable frames use closely spaced columns at the building’s
perimeter, or they use the bundled-tube system, in which a number of framing tubes are bundled
together to form exceptionally rigid columns. Curtain walls enclose high-rise buildings; these are
non-load-bearing sheets of glass, masonry, stone or metal that is affixed to the building’s frame
through a series of vertical and horizontal members called mullions and muntins.

Case Study. Aldar Properties has appointed a consortium consisting of CCC and Arabtec to
develop the new Abu Dhabi Plaza planned by the firm for Astana in Kazakhstan. The plan involves
the construction of five towers, the tallest of which will be 320m, on a 500,000m? site. The mixed-
use development will contain 556 luxury apartments, 107,000m? of office space, a five-star hotel
with serviced apartments and a 50,000m? retail podium with four large basement car parks. The
project originally was assigned to another contractor in 2007 and then recently taken over by CCC.
One of the most important challenges at this stage is to review the work which has been done by the
previous contractor. The inspection of the existing construction helps the engineers to decide
whether to carry on or to modify it.

The observation network consists of 5 base stations, and 4 monitoring stations. Two
observation campaigns are made for this study: The first campaign was carried out in July 2013 and
the other in February 2015. All stations were surveyed by using 3 units of Leica 300 dual-frequency
receivers. Static GPS surveying mode with relative positioning was used for all stations. In this
study, geodetic control survey has been carried out to identify the stability of the monitoring
stations T7, T8, T9, T10 and T3 from the GPS observation. In order to achieve the maximum
possible accuracy in deformation surveys, we try to keep all possible systematic errors constant by
using only the same type of receiver in all survey campaign, use the same software, try to use
similar geometry of satellites in the repeated measurements of individual baselines, and finally try
to conduct all survey campaign in similar environmental conditions.

Result and Analysis. The coordinate system for the project is defined by parameters of the
Astana City Coordinate System (ACCS).

On this datum, points T7, T8, T9, T10, T3 were handed over to the main contractor on 8
July 2013. These points are located on the foundation raft and have values as follows:

CP X Y

17 340.660 -5244.474
T8 408.911 -5279.107
19 446.913 -5232.723
T10 473.178 -5252.519
13 552.076 -5240.853

The level datum for the Project is Baltic Sea Datum 1977 (BSD). The level datum for the
project is defined by points T7, T8, T9, T10, T3 handed over to the main contractor on 8 July 2013.
These points have values as follows:

BM H

T7 330.666
T8 330.681
T9 330.681
T10 330.703
T3 347.389

All setting out for Block R tower will be on this datum (L1 SSL = 347.575m BSD)
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Perimeter Survey Control (Horizontal) Using survey control handed over for the works,
additional survey control points ADP1 - ADP6 have been established around the perimeter of the
site. Two of these points (ADP3 and ADP4) located external to the site, i.e. beyond the influence of

excavation and construction will be adopted as Reference Control Points.
Monthly check surveys will be carried out between all perimeter survey control points to

monitor point integrity. These monitoring surveys will be run from Reference Control Points.
Least squares network adjustment methods will be used for traverse adjustment. These regular
check surveys will determine whether there is a trend of movement of survey control, in which case

coordinates may be revalued.
Further surveying will be carried out to install additional points around the perimeter of the

site, and within the site area for the setting out of the works. Perimeter Survey Control (Vertical)
From Benchmarks (BMs) handed over for the works, additional survey control points ADP1 -

ADPG6 have been established around the perimeter of the site.
Two of these points (ADP3 and ADP4) located external to the site, i.e. beyond the influence

of excavation and construction will be adopted as Reference Benchmarks.
Check surveys will be carried out monthly between all Primary BMs to determine any heave

or settlement. These monitoring surveys will be closed loop and run from Reference BMs.
Monitoring will determine whether there is a trend of movement of Primary BMs, in which case

levels may be revalued.
Further surveying will be carried out to install additional points around the perimeter of the

site, and within the site area for the setting out of the works.
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Sketch 1. Corewall displacement.

In order to correct the corewall and hence steer the tower towards the design vertical, a full
and continuous program of core wall adjustment will be implemented as the work proceeds by use

of discrete adjustments to formwork where necessary at each level as the building rises.
For this purpose, a corewall as-built survey will be carried out and as-built report prepared
(as above). The report will show departure and direction of all corewall elements from design

position. Data from the as-built report will be used to determine the required adjustment towards
This method of formwork

the design vertical of formwork for the next rise of corewall concrete.
adjustment is the most ideal method of control of upper tower vertical alignment.
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Sketch 3. Corewall Displacement adjustment.

Conclusion

The monitoring network is properly adjusted and analysed before the results are used in the
deformation analysis. The SKI TM software has been used to process all GPS observation data.
While, the analysis of deformation survey for the GPS observation has been carried out by using the
Autodesk software. The preliminarily presented results of the test surveys demonstrate that GPS
survey has the potential to be used in monitoring of high-rise building. More research is required ,
however, to fully understand all sources of errors and their influence on GPS results for high

precision deformation surveys because some anomalies in the GPS results still occur in geodetic

measurements which cannot yet be fully explained.
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KA3AKCTAH PECIIYBJIMKACBIHBIH MEMJUIEKETTIK I'EOAE3HUAJIBIK KEJITHI
KAHI'BIPTY )KOHE MIOCEJIEJIEPIH TAJIJIAY

blasipbic JIaz3zar
Lazzat.ydyrys@mail.ru
JLH.I'ymuneB atweinarsl Eypa3us yITTHIK YHUBEPCUTETIHIH MarucTpanThl, Actana, Kazakcran
Frouteimu sxerekmrici — TemupxanoB K.K

Kepnaiy ¢usukanbik OeTiH OeIIeKTeNn 3epTTeyre apHajlFaH KOOPAMHATTHI T'€0JE3USIIBIK
HEri3 TPUAHTYIALMS, MOJUTOHOMETPHUS, T€OMETPHUSUIBIK >KOHE TPUTOHOMETPUSIIBIK HUBEIUpICY
TocUIepl MEH >OocHapibl *oHE OWIKTIK TeONEe3WSUIBIK JKENIJIepAl cally apKbUIbl >Kacaajbl.
Kazakcran PecnyOnmKachlHBIH MEMIICKETTIK TE€OJE3HSUTBIK JKETICI JKaNMbl MEMIICKETTIK KoHE
apHaiibl TororpadusIIBIK TyCIpUTIMIED JKoOHE KapTajlap jkacay YIUiH apHailbl MaKcaTTarbl )KeJiepi
JAMBITY YIIIH TEOAE3USIIBIK HETi3 OOJBIN TaObUIA[bl JKOHE T'€OJIC3USHBIH FHUIBIMA MIHJICTTEPIH
[Ienyre ASKOHOMHKAa MEH KOPFAHBIC CAJIACHIHBIH WHKCHEPIIK-TEOJAC3USUIBIK  KATHIHACTAFBI
KOKETTUTIKTEPIH KaHaFaTTaHABIPY YIIIH KBI3MET €TE/Il.

Kazakcran PecnyOnukachlHBIH ayMarblHIAa MEMIICKETTIK TeOoAe3WsUTbIK kemini (1942
XKBUTFBI, BanThIK KOOpAWMHATTAP XKYHECiH) Oip KOOpAMHATTAp KYyHeci MEH OHWIKTIT NakaaiaHaIbl.
Anaiima, Kasipri 3aMaHFbl TalanTapra caid, 013 KOJIIAHBIN, MaiJanaHbll OTHIPFAaH MEMIIEKETTIK
TeOJIe3MSUIBIK KEMHI KalTa KapacTelpy, KeWOip aygaHaapja OHBIH JoNIIriH Oaramaay >KOHE
xaHapTy kKepek. lllerenmme kemTereH ennepiae Ke3IECETiH jXaHAa KOOPAWUHATTAp JKYHECIH KYpy
Mocesneci OoWbIHIIA Oacka enjepie mpodiieManapabl ISy TOCUIACPIH 3€pTTey OTe Maiaalibl
00JIbII TaOBLTAIE.

Kazipri ke3enne exiHmi OybIHHBIH YII: — aMEPHKAHIBIK, €YPOIAJBIK >KOHE PECEHIIK
Kyienep KoJaHbUIyJa, SFHH, aMepPHKaHIBIK jkepcepikTik kydeci — Global Positioning System
(GPS) xome peceitmik ['NJIOHACC (ranamaplK HaBHUTAIMSIIBIK YKEPCEPIKTIK JKykecl) xyieci
Konganynaa. byriari tagna Eyponansik GALILEO atThe xyiieci o3 kyMbIChIH aTKapyaa. COHbIMEH
Katap KazakcraHablK KazSAT-1 skepcepiri Faphlka YIIBIPBUIABL, Oipak OJ1 COTCI3IIKKE YIIbIpaIl,
ocel opaiina KazSAT-2 sxep cepiri YIIbIPBIIABL.

1980 >xpUTBI, MHTETPAUSIIBIK YAEpICTepAiH AamybiHa OainmaHbicTel GPS-emmey >xymbic
icreii Oactamel. 16 Eypoma enpepiHiH ramamablKk reofesusuiblk skenmiMeH Oipre EUREF
KpIcKapThulFaH araybl ETRS-89 koopmunarrap kyiieci amran Eypomanblk Teoe3usibiK
aHBIKTAMaJIBIK >keliHi Kypasl. bip GPS naiinanana oteipsin, 93 Herisri HykTe Ti30eri KOOpAHHATTap
xyuieci ITRF anpiktan emmenin, 150 TypakTbl Typae *KYMBIC ICTEHTIH CTaHIUsIAD KEHEUTUIII.
Consimen karap, EUREF mbiaanait Tanantapra [1] colikec 00ysl THIC.

- Ke3 kenreH >xofapbl JOQJAIKTETl Te0Ae3MsUIBIK >koHe Eypomanarbl reolnHaMUKAabIK
KoOaappl TeOLEHTPIIIK KYHEeCiH ecenTey/i YChIHYFa;

- Jlonm ecem xyiieci KypbuiyFa, o1 WGS-84 xakpiH xoHe Eypomanarer (ayana, TeHi3me, xep
OoiibiHIIA) OapibIK TypJepiH TeoJe3Usl JKOHE HABUTAlMSUIBIK MIHAETTepAl IIenry YIIiH
NalgaTaHbIIa b,

- bynan Opmmait Eypomanarbl maiimanaHbUIaThlH KOOPAWHATTAp MYJIEM OacKaiia YJITTHIK
KYHeciH (reoie3usIbIK PENepiliK) YIKeH CaHbIHA HEri3enreH 0onysl MyMmKiH. Eypomna 3amanaym
KaJp/bIH OIpiKTIpUITeH CaHIBIK KapTa JepeKTep 0a3achlH Kypy YIIiH ciiTeMe OOJIbI TaObLIa bl

GPS nen I'NIOHACC ka3ipri xy#enepiHid opKauchichl 24 cnyTHHKTEH (21 »XyMmbICc icTemnm
TYpFaH JKoHE 3 pes3epBTeri) Typaasl, onap mieHOep opOuTamapablH OapibIFbl OOMBIHINA AEPIIK
Kepni aitnanaasl. GPS chnyTHuKTEpiHIH oOpOMTanmapbl aiThl JKa3bIKTHIKTA OpPKAaWCHICHIHA 4
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