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Geo-monitoring of basement slab at Abu-Dhabi Plaza in Nur-Sultan City, Kazakhstan

Abstract. In modern architecture, there is an increased need to design constructions in
conditions of dense development. It is important to implement a project without hitches.
However, during the construction process, design flaws or environmental impacts can
often arise in the end result. Therefore, proper design and monitoring allow taking
preventive measures that helps to avoid overhaul of buildings in the future, which also
affects to the cost of project, and sometimes-human casualties.

During and after the construction of high-rise permanent structures often-unacceptable
cracking can occur in the external walls and at the base slab of the basement.
Respectively, groundwater starts to leak through the cracks of basement, compromising
the serviceability and durability of the basement and rendering it unusable. The paper
presents the use of fiber-optic sensor technologies geotechnical engineering. In this
paper, it has been established the possibility of foundation monitoring system using
fiber optic sensors during the construction process.

The monitoring system includes a distributed fiber-optic voltage measurement system
using a fiber-optic cable, which allows you to control deformations that occur on the
surface of the plate.

This study involves an investigation of the foundation system in a high-rise buildings
and structures in Nur-Sultan city.

Keywords: strain, basement slab, high-rise buildings, fiber-optic sensors, civil
engineering.
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Introduction

High-rise buildings (buildings with a height of more than 75 m) pose new challenges for
engineers, especially in the field of calculations and design of above-ground structures, bases and
foundations. Therefore, designers of both above-ground and underground parts of the building are
forced to resort to more complex methods of calculation and design. Especially this applies to
geotechnicians, who are involved in the design of foundations for high-rise buildings. By complexity,
problematic design, erection, operation, impact on the environment and people, high-rises can be
attributed to the structures of increased danger and complexity.

Many megaprojects are being built in Nur-Sultan. One of the unique projects is the “Abu-Dabi
Plaza” (ADP) complex which was started to the construction from July 2011 in Nur-Sultan. This will be
the highest building in Central Asia. "Abu-Dabi Plaza" - a complex from several towers, united around
the main building with a height 320 meters - 75 floors here are used several heavy crane for construction
stage (see Figure 1).

Before you start laying the foundation, you need to decide on its technology and depth. It
depends on the expected load on it and the features of the natural conditions, namely the type of soil
and the depth of the groundwater. ADP residential skyscraper consists of 5 main towers (see Figure
1):Block R - offices and living quarters (75-Storey, Mixed Use 450 Apts 69,000 sqm, Office 37,000
sqm);Block O- office building (30-storey, Office 69,000 sqm);Block H- hotel and furnished rooms (14-
Storey Hotel, 190 Guest Rooms, 100 Serviced Apts, 32,000 sqm);Block Y- offices of class «A» (2-Storey,
Podium Retail, 50,000 sqm) and Block Z-residential apartments (17-Storey Residential 20,000 sqm).
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Figure 1. Project ADP in Nur-Sultan city

During and after construction of the permanent structures unacceptable cracking occurred in the
external walls and base slab of the basement. Groundwater has been leaking through the cracks,
compromising the serviceability and durability of the basement and rendering it unusable.

Construction site Company has since engaged Golder to review the design of the basement to
establish the likely cause of the cracking and to propose methods for rectification. The chosen method
comprised an internal drainage system maintaining a dry interior whilst collecting and draining water
leaking through the walls and floor. Golder developed the system into a conceptual design consisting of
a voided slab covering the floor and a fagade for the walls [1-2].

Subsequent to the conceptual design Golder was made aware of the need for detecting and
monitoring potential expansion arising from delayed ettringite formation (DEF) and alkali-aggregate
reaction (AAR) in particular areas of the base slab. The possibility for DEF and AAR was highlighted by
accelerated expansion tests and concrete chemical tests.

The voided slab obstructs visual observation of the slab and access for monitoring. Golder
therefore developed a conceptual design for a slab monitoring system enabling the detection and
monitoring of DEF- and AAR related expansion and cracking during operation of the basement. The
primary element of the slab monitoring system comprises a distributed fibre optic strain sensing
(DFOSS) system employing fibre optic cable to monitor strains developing on the slab surface. This
paper presents the detailed design of the DFOSS system.

Design of distributed fibre optic strain sensing system. DFOSS has been employed for
measuring the strain in civil engineering structures for over a decade. It is now harnessed worldwide
for monitoring a wide range of structures, including tunnels, bridges, piles, dams, embankments and
diaphragm walls.

DFOSS relies upon backscattering when light is transmitted along an optical fibre. One particular
component of the backscattered light is produced by Brillouin scattering. At any point along a fibre, the
frequency of Brillouin backscattered light depends upon the strain and temperature at that point.
Making allowance for the effect of temperature therefore, the strain anywhere along a fibre can be
deduced by transmitting pulses of light down the fibre and analyzing the frequency of backscattered
light.

Compared to the use of isolated strain gauges, DFOSS offers a new paradigm for strain
measurement in that:
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- DFOSS returns the continuous strain profile along a structural element. Strain gauges can
provide only discrete pointwise readings and can miss vital strain variations between gauges.

- The backscattering from optical fibres is unaffected by electromagnetic interference.

- The core of optical fibres is made from pure silica which is very stable and inert. The fibres
therefore resist corrosion, do not contaminate the local environment and have a design life measured in
terms of decades.

- Optical fibres can operate over a much wider range of temperatures than most electronic
devices.

- Optical fibres are small and unobtrusive, and hence are easy to integrate into both new and
existing structures.

- The complete strain profile can be recovered for a fibre stretching several kilometers,
potentially replacing tens of thousands of discrete sensors. The single-cable approach greatly simplifies
installation.

- As a result of the ongoing development of DFOSS read-out units, a DFOSS system installed
now can benefit from potential enhanced measurement capabilities in the future.

Most analyzers require the installation of an additional optical fibre to measure temperature
alongside the strain sensing fibre so that the effect of temperature can be eliminated from the Brillouin
frequency shift.

The proposed DFOSS system comprises a grid of fibre optic cable bonded to the B4 slab linked to
an analyzer located in a temperature- and humidity-controlled room at Bl level (see Figure 2 for
“General plan of cable routing on B4 slab” and Figure 3 for “Part plan of cable routing in Block R
monitoring area on B4 slab”).

Gauge length. Fracture of the fibre must be prevented since installing the fibre below the voided
slab renders any remediation of the fracture practically unfixable. Fracture at a localized crack in the
slab is prevented by fixing the fibre only at discrete points rather than bonding the fibre to the slab
continuously along its routing. An unbonded length between two adjacent points of fixture is called a
gauge length. Prevention of overstraining relies upon the fibre undergoing the average surface strain of
the slab along a gauge length instead of experiencing the maximum localized strain adjacent to a crack.

An alternative to discrete fixing is to bond the fibre continuously along its length but to allow the
adhesive bond to yield beyond a predetermined shear stress. However, achieving consistent yielding of
the adhesive under site conditions is difficult in practice and risks either inaccurate representation of
strain in the case of premature yield or fibre fracture if yield is retarded.

Strain resolution.The degree to which an analyzer can resolve the strain in a fibreis limited by
noise and so resolution decreases with measurement distance. Strain resolution may be augmented by
improving the signal-to-noise ratio with a more powerful analyzer or by successively taking many
measurements and averaging.

The averaging of strain along a gauge length places a more stringent requirement on the strain
resolution compared with the case of a continuously bonded fibre. Furthermore, the spacing of the fibre
optic grid determines the distance of fibres from an expansion event and influences the required strain
resolution.

The lowest strain in a gauge length that would be induced by any conceivable expansion event
was determined to be 22 pe through assuming;:

A requirement to detect surface strains as low as 0.06%, equivalent to the strain of 0.6 mm m-1
explains the determination of the lowest induced strain which is summarized as follows:

1) For each expansion event, interpolate the relationship of applied volumetric expansive strain
and maximum induced surface strain obtained by numerical analysis to determine the critical value of
expansive strain required to induce the lowest detectable strain of 0.06%.
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2) For each expansion event and for a range of gauge lengths and grid spacings evaluate the
maximum strain induced across a gauge length by the critical value of expansive strain.

When considering expansion events across the entire conceivable range of events the lowest
induced strain is 22 pe. Although specifications for most analyzers state a strain resolution in the order
of 2 to 5 pe this refers to the condition of uniform strain along the entire fibre. Under irregular strain
conditions the resolution of typical analyzers increases to around 20 to 30 pe which is adequate to detect
practically all expansion events considered. Therefore, strain resolution is not a governing factor in the
DFOSS design.
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Figure 2. General plan of cable routing on B4 slab
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Figure 3. Part plan of cable routing in Block R monitoring area on B4 slab

At certain areas the base slab is thickened by casting additional concrete above the structural floor
level and in places steel mesh is cast into the thickened section to prevent surface cracking. To reduce
the risk of installing the cable at a curvature exceeding the allowable curvature the elevation of the cable
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should be maintained in the thickened sections and instead the channel depth adjusted to accommodate
the change in slab thickness.

Producing the channel at the thickened sections would necessitate cutting through any steel mesh
that might be present and additional time and tooling should be provided for this task.

Fixing points within the monitored areas in Blocks R, Y and Z are depicted at intervals of
approximately two meters or longer to create gauge lengths. Of the 525 fixing points 450 of them clamp
a single cable and the remaining 75 clamp two perpendicular cables. A fixing solution similar to that
illustrated in Figure 4may be employed to clamp either one or two cables.

At most intersections both cables are clamped but at six intersections, namely four at the centre of
the Block R core and two within the Block Y monitoring area, the intersections are spaced significantly
closer than two meters. At these six locations only, a single cable is clamped to avoid creating gauge
lengths shorter than two meters.

Stainless steel clamping plate

Fibre optic cable
Rubber spacer

4 thm
Stainless steel sandwich plate
8 mm

Rubber spacer

Stainless steel base plate

25 mm Channel in base slab

Z"O ma
Figure 4. Conceptual design of cable fixing point (contractor to provide design)

The analyzer measures strain by transmitting pulses of light down the fibre and analyzing the
frequency spectrum of the backscattered light. The optical budget of an analyzer may be increased by
extending the pulse width measured in nanoseconds, which reduces its attenuation. If the pulse width
is too long however, backscattered light from the leading edge of the pulse begins to interfere with
backscattered light from the trailing edge of the pulse and the analyzer is unable to differentiate
between the two. This places a limit on the minimum distance over which a value of strain can be
interpreted by the analyzer. This distance is termed the spatial resolution and may be likened to the
width of an averaging window for a sampling point [2-3].

A spatial resolution as short as 2 cm is achievable by some analyzers on the market but due to the
trade-off between optical budget and spatial resolution this comes at the expense of the optical budget
which at such a low spatial resolution would be only around 2 dB. To achieve the required optical
budget of 11 dB the spatial resolution would typically be no lower than around 0.5 m [3].

Even though the spatial resolution limits the minimum distance over which a value of strain can
be interpreted, the analyzer is still able to take multiple measurements at small intervals along the fibre.
The shortest interval between two sampling points is termed the sampling resolution and depends upon
the number of measurements made by the analyzer. Cable lengths and connectivity as portrayed in
Figure 5.
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Figure 5. Schematic diagram of distributed fibre optic strain sensing system

The commission test results were able to capture temperature changes caused by curing of
concrete during the testing as shown in Figure 6 and Figure 7. The temperature changes were significant
at certain locations at Block R where slab casting process were ongoing during the measurement time.
Similar measurement trends between both temperature and strain sensing cables indicates that the
strain changes were caused by change in temperature rather than structural movement [7].

As slab casting and repair works were ongoing during the test, the temperature changes affected
the recorded strain measurements which increased the standard deviation of both fibre optic cable at
certain locations along the monitoring route.

By comparing the standard deviation of the first and second test, the results has shown that both
tests have very similar magnitude of standard deviation except for those areas where there were
significant changes in temperature. Therefore, for the current analyzer used, the thermal shift in
electronic components does not affect the precision error when the analyzer is powered off.

Up to date, the slab casting and repair works at the monitoring area (Level B4) are still ongoing.
Long term monitoring work will start after the completion of the slab casting and repair work at the
monitoring area [4-5].

250
Tight Buffer Fixed Point Strain Sensing Cable
Block R Vertical

200

Strain (ug)
———

-200
Chainage (m)

Figure 6. Strain measured at Block R vertical on 18/2/2020 16:45 (result of geotechnical monitoring)
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A. bypan6aesa, A.)K. XKycynoekos, A. Omapos
A.H. T'ymunaes amoindazor Eypasus yammuix ynusepcumemi, Hyp-Cyaman, Kasaxcman

Hyp-Cyaran xaaacbiaaarbr AOy-/a6mu I1aasa sxepTeaeciHil TakTaHeri3gepiHiH
TeOMOHUTOPUHTI

Anaarmia. 3amaHayu coyAeTTe KOII JKarjaiila THIFbI3 KYPBIABIC JKarAallbIHAAFEl KYPBLABIMAAPABI
’KoDasay KaxkeT eTeai. JKoGaHBI >Ky3ere achIpy ©Te MaHBI3AbI, Oipak KypblabIC OaphIChIHAa KeOiHece
’KoDaja KaTeaikTep TybIHAAybl HeMece KOpIlaFaH OpTaHBIH COHFBI HOTIKere acepi 00Aybl MYMKIH.

CongpIKTaH, AyphiC >kKODaJay >KoHe yaKThlABI Oakblaay OoJalllakTa FUMapaTTapAblH Kypaeai
KeHJeAyiH 0oaablpMayFa MYMKiHAIK OepeTiH aaAblH-aly IIapaJapblH, COHBIMEH Oipre >KOOaHBIH
©31HAIK KYHBIHA, Kelide adaMAapAblH Kaza 00AMaybIHa aABbIIl KeAeAl.

Kemn xabarTel cTanMoHapAbBIK FIMapaTTapAbl caly KediHAe >KoHe O4aH KelliH KeOiHece CBHIPTKBI
KaOpIpFfasap MeH >KepTeJe TaKTachlHaH >KapbIKTap TaOyra 0oaaabl. JKep acTel cyaapnl >Kepreaejeri
JKaphIKTap apKblAbl eTe Oacraiiabl. bya >xepreae KaOaTBHIHBIH Y3aKTBLABIFBI MeH OepikTiriHe kayim
TOHAipill, OHBI IalijadaHyfa >KapaMchl3 eTedi. Makadagda TaAIIBIKTBI-ONTUKAABIK CEHCOPABI
TeXHOAOTUAAAPABIH TeOTeXHUKAABIK MHXKeHepusaja KOA4aHbLAYbl KepcertiareH. Kypolabic mponecinge
TaAIIBIKTBI-ONITUKAABIK AaTYMKTepAi KOAJaHa OTBIPBIN, ipreTacTblH MOHMUTOPMHI 3KYMeciH Kypy
MYMKIiHAII KapacThIPhLAFaH.

MoHnuTtopyHr >KyifeciHe IlAacTuMHaHBIH OeTiHAe maiiga 0oaaTeiH JedopManusaHel Oackapyra
MYMKIiHAIK OepeTiH TaAIIBIKTBI-ONTUKAABIK KabeabAl KOAJaHyMeH TapaAfraH OITHMKAaAbIK KepHeyai
oAIIey Xylieci Kipeai.

Ocnr seprrey asceiHga Hyp-Cyaran k. (Kasakcran) opnasackaH Ouik fuMapaTrap MeH
MMapaTTapAblH HeTidep JKyiieciH sepTrey O0AbIIT TaObLAaAbL.

Tyitin cesaep: xepHey, ipretac TakTacel, OMiK FMaparTap, TaAlIbIKTBI-ONTUKAABIK, AaTYUKTep,
a3aMarTThIK KYPBLABIC.
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A. bypan0Oaesa, A.K. Xycymnoekos, A. OMapos
Eepasuiicxuii nayuonaronvii yrusepcumem umenu A.H. ['ymuresa,
Hyp-Cyaman, Kasaxcman

I'eOMOHMTOPMHT ITIOABaabHOJ IIAUTEI B paMKax npoekTa AOy-/Za6mu I1aasa B ropoae Hyp-Cyaran

AnHoTanmmsi. B coBpemeHHON — apxmuTeKType Bce uyallle BO3HMKaeT HeOOXOAMMOCTh
IIPOeKTUPOBaHUsA KOHCTPYKIIMIA B YCAOBUAX ILAOTHOM 3acTpoliku. BakHO peaamn3osbiBaTh IIpOeKT Oe3
3aMIHOK, HO B IIpollecce CTpOUTeAbCTBA 4acTO MOTYT BO3HMKaTh OIIMOKM ITpOeKTa MAM BAUSHUE
OKpy>KalOllleil cpeabl Ha KOHeYHBI pesyabTaT. IlooTOMy mpaBmapHOe IIpOeKTHMpOBaHUE U
CBOEBPEeMEeHHBbI!I MOHUTOPHMHI IIO3BOASIOT IPUMHUMATh IIPEBEHTUBHBIE Mepbl, KOTOpble ITOMOTaloT
n3bexxaTh KallUTaAbHOTO pPeMOHTa 3AaHmUil B OyAyIlleM, 4yTO TakKe BAMSAET Ha CTOMMOCTD IIpOeKTa, a
MHOT/Ja U Ha Ye/A0BeyecKye KepTBBL.

Bo BpeMst u mocae cTpomTeAbCTBa BBHICOTHBIX CTaIlMIOHAPHBIX 34aHMUII MOIYT BO3HMKHYTDL 4acTO
He/OITyCTUMBIe TPeIlMHBl BO BHEITHMX CTeHaX M Ha (pyHAaMeHTHOM nanTte rnogsasa. CoOTBeTCTBEHHO,
TPYHTOBBIE BOABI HAuyMHAIOT IIpOTeKaTh uepe3 TpeIIMHBl B II0ABade, YTO CTaBUT 104 YIpo3y
paboOTOCIIOCOOHOCTh M AOATOBEYHOCTh IJOKOABHOIO BTa’ka U JedaeT ero HeNpUIroAHBIM  AAs
MCII0AB30BaHMs. B cTaThe npeacraBaeHO NpuMeHeHe BOAOKOHHO-ONITUYECKMX CeHCOPHBIX TeXHOAOTUI
reoTexHM4Yeckoll MHXeHepum. B jJaHHOIT pabore ycraHOBAeHa BO3MOXKHOCTb CO34aHUs CUCTEMBI
MOHUTOpMHTa (yHJaMeHTa C MCIIOAb30BaHIEM BOAOKOHHO-ONTMYECKUX JAaTYMKOB B IIpoIiecce
CTPOUTEeABCTBA.

Cucrema MOHMTOpPMHIa BKAIOYaeT B ceOs pacrpeieleHHYIO BOAOKOHHO-ONTHYECKYIO CHUCTeMY
U3MepeHNs HalpsDKeHMsl C  MCIOAb30BaHMEM BOJOKOHHO-ONTHYECKOTO Kabeas, 4TO I103BOAseT
KOHTpPOAMPOBaTh AedpopMaliiy, BOZHMKAIOII/e Ha IIOBePXHOCTH IIAUTEL.

B pamkax gaHHOrO Mccael0BaHUs IPOBOAUTCA MCCA€AOBaHME CUCTeMBl (PYHAAMEHTOB BBICOTHBIX
3aanmii u coopyxxennii B 1. Hyp-Cyaran (Kasaxcran).

KaloueBbie caoBa: HampspKeHme, IaMTa (yHAaMeHTa, BBICOTHBIE 3J4aHUsA, BOJAOKOHHO-
OIITUMYECKNe AaTYMKY, I'Pa’k4aHCKOe CTPOUTEeABCTBO.
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