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Design a Building Information Modeling (BIM) project concept in combination with
foundation monitoring on the example of the Abu Dhabi Plaza construction project

Abstract. With the advent of new technology in the monitoring of buildings and high-
rise structures it has become possible to monitor damage and defects in existing
structures and infrastructures. The need for timely detection of critical points of building
structure defects through the use of sensors, as well as the lack of description tools for
understanding, visualizing and documenting sensor output data increasingly
encourages designers, builders and facility managers to use the capabilities of such a
powerful system as the Building Information Modeling System (BIM). The primary goal
of any construction project is safety for people, which can only be ensured by proper
monitoring of building health, where the presentation and management of the received
information about changes in the system and structure can be ensured by using BIM.
The purpose of this paper is to describe the application of a distributed fiber optic strain
gauge sensor system, and the possibility of integrating the data obtained from the
sensors into the BIM system.

Keywords: building Information Modeling System, basement slab, high-rise buildings,
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Introduction

Over time, the condition of concrete structures and foundation slabs can deteriorate, which
becomes a serious and ongoing problem for owners. Evaluation of the actual condition of deteriorated
structures is important for timely identification of critical defect values and making decisions for
appropriate repairs.

Due to the large number of aging infrastructures, structural health monitoring (SHM) has come to
play an effective role in the operation and maintenance phase of the structural life-cycle management
process.

SHM makes it easier to monitor and evaluate the properties of structures, which optimizes the
cost of maintaining structures and improves their safety [1].

Structures have different reactions under different loads during their life cycle, which can be
measured with SHM systems and sensors to obtain information about changed parameters and
elements [2,3]. The main stages of condition monitoring are design observation and measurement,
condition assessment, information management, planning and decision making, repair execution, and
evaluation of repair and maintenance effectiveness [4,5].

Speed and accuracy are two key factors in assessing the condition of structures in sanitary
monitoring, which will be enhanced by the use of BIM software. BIM has shown to have tremendous
potential for use in the construction industry. BIM plays an important role in making SHM information
accessible, practical, and understandable. It can improve the quality of stages of assessment and
management of objects, in addition BIM includes tools, processes and technologies for documenting and
sharing 3D digital models. This is especially important BIM is the traditional basis for describing
information related to monitoring because it prepares a methodology for interdisciplinary
metamodeling to qualify [6]. BIM workflows based on digital models make it easier to evaluate model
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changes in real time. Efficient data management is possible by linking elements of SHM systems, such
as sensors, with external sources (e.g. sensor data stored in databases) for various aspects, such as
monitoring the condition of building elements [6].

BIM processes are organized into different kinds of information from different areas depending
on whether these processes are coordinated with the same software, called "closed BIM", or with cross-
program applications, called "open BIM" [6]. The advantage of closed BIM processes is the consistency
of models with the same file format, which is usually a specific file format of a particular software
vendor. On-site closed BIM processes also have disadvantages, such as some limitations and limited
flexibility due to these limitations. On the other hand, industry reference classes (IFCs) support
platform-independent or open BIM processes. IFC is standardized according to ISO 16739-1:2018 [7] in
its current version for the description and exchange of building information models.

With the help of IFC a standard for semantic models describing construction information at all
stages of the life cycle of a building was created [6]. IFC follows an object-oriented approach in which
construction information is treated as a set of objects, and each object has attributes to describe it. In
addition, IFC provides a set of types, functions, and rules to obtain information appropriate to the
domain of interest, such as structural engineering [6].

The modeling center of the Kazakh Scientific Research and Design Institute of Construction and
Architecture (KazNIISA) developed the concept of information model of the basement of Abu Dhabi
Plaza and integration of data coming from sensors. Information modeling in Kazakhstan in official
documents received the abbreviation TIMSO (Technology of Information Modeling of Construction
Projects), although the term BIM is also used as a synonym for this concept.

BIM can facilitate the lifecycle management and monitoring of structures throughout the various
phases of design, material production, layout selection, and maintenance, such as recycling and
maintenance such as recycling and reuse of materials.

In general, the effectiveness of using BIM in SHM and maintenance comes down to the following
as: managing and controlling SHM data, better interpretation by connecting real-time data in BIM
models, and preparing a confident database for various projects.

Modeling and analysis systems using BIMs

All properties of buildings, components, documentation and other parts of the structure are
accessible via the BIM model. The BIM database is easily represented using the IFC standard to pass the
exchange step [8]. This is a standard for interpreting data about a building or facility during
construction or maintenance phases and is useful for categorizing data as a BIM model. IFC was
developed so that different platforms can integrate construction information, i.e. interoperability
enabling collaborative work. IFC allows the construction process to be standardized because it is an
open exchange format and compatible with various applications [9]. Many researchers use BIM in SHM
models to explain the benefits and limitations of existing standards.

We are faced with the task of determining the best format for saving SHM model data to a digital
database through the BIM system, as this will help increase the efficiency of monitoring. In this case, it is
necessary to determine what range of data obtained from the sensors will be integrated into the BIM
system using the IFC standard as a tool for creating a three-dimensional digital model of the real
foundation equipped with fiber optic sensors. Software that will transmit data from the recorder to the
monitoring room in real time and will integrate this data with BIM requirements is the most important
aspect of the project.

In order to improve the visual properties of the monitoring process, the researchers tried different
software and visual programming environments. Connecting environmental sensor data to BIM via
Dynamo, Arduino, and Revit APIs, integrating BIM with other tools such as building management tools
to gain comprehensive control over project monitoring, and integrating BIM with a geographic
information system (GIS) to better manage building information [10-12]. In addition, some maintenance

24 Ne 1(138)/2022 A.H. Tymunes amvindazor EYY Xabapuvico. Textukarvis 2oiAvim0ap xate mexXHoAOZUSAGY Cepusicl
ISSN: 2616-7263, eISSN: 2663-1261



A. Buranbayeva, A. Zhussupbekov, R. Nursafin, K. Badashvili

strategies have been developed to manage massive data, visualization, quality and data storage.

Visualization quality and data storage processes serve as a model for other areas of research [13].

Researchers have explored various aspects of BIM approaches to improve the quality of building
design and management by increasing the speed and reliability of big data modeling with BIM, such as
modeling concrete structures and optimizing sensor placement [14-20].

Of great interest is the plan for future research on integrating 4D BIM models with on-site sensor
monitoring to improve the health monitoring imaging and analysis process, in addition to accounting
for duration, performance and hazards in real time [15,16]. Due to the fact that these upper-dimensional
models improve the quality of designs in all phases of design, maintenance, and monitoring, researchers
are enthusiastic about this area of research [17].

Most of the studies cited in various parts of this paper used real-time and dynamic monitoring;
however, they were categorized under these sections according to the primary purpose of each study [9,
17]. After understanding the reliability of BIM to account for static loads, researchers can use dynamic
monitoring to diagnose sensor data based on the latest situation and changes in structural properties
[18]. This helps researchers better understand the workings of the structure, leading to confident
decision-making. There are several works in the field of structural monitoring systems in an interactive
three-dimensional environment [19]. Some researchers believe that the use of data-driven technologies
presents problems such as the lack of BIM approaches, the discreteness of the AEC sector, and the lack
of real-world practical examples; so they worked on the parametric use of BIM for structural monitoring
with time-dependent sensor data and dynamic analysis in a high-quality three-dimensional
environment [20].

In this paper, a foundation slab with an integrated fiber optic sensor was considered as an
example to show that the model facilitates the interpretation of data using a dynamic BIM environment.
The use of this model will be the result of research to monitor the health of the foundation slab and
parking area of the Abu Dhabi Plaza project (Figure 1) in Nur-Sultan city and solve the various
problems encountered during operation. The main objective of this work is to solve such a problem as
the dependence of integrated data into the information model of the building on the received sensor
data in terms of time.
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Figure 1. The foundation slab and parking area of the Abu Dhabi Plaza project

BECTHVK EHY umenu A.H. I'ymunesa. Cepus mextuseckue Hayxu u mexror0uu Ne 1(138)/2022 25
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



Design a Building Information Modeling (BIM) project concept in combination with foundation monitoring...

Some researchers propose to solve and remedy a similar problem in research using methods such
as a combination of BIM and the Internet of Things, which would provide a dynamic data transfer and
appropriate data format to show the feasibility of this method in improving safety and quality in the
maintenance of structures [21-26].

As stated earlier, traditional researchers have used BIM primarily to design, monitor, and analyze
new structures over their lifetime; however, the view of BIM has changed, and it has recently been used
to enhance visualization to improve decision-making [27-29]. Many types of studies have encountered
problems with sensor data extraction and lack of compatibility, which prevents the integration of BIM
and SHM [27, 29].

Previously, some researchers have worked on using sensor output data in an IFC-based BIM
model using embedded sensors; however, a number of researchers [29, 33] have conducted an online
BIM modeling process to improve static BIM models from static to dynamic using real-time SHM data.
Long-term monitoring of structures faced real problems in processing the large amounts of data that
were added to the BIM model; however, this problem was solved by using sensor data and moving
applications to dynamic mode [34]. Analysis of large amounts of data has also been facilitated by data
compression techniques to deal with missing data [35].

Sensors and remote monitoring technologies

Collecting real-time information about facilities, buildings and other construction-related areas is
an effective way to manage construction projects.

The integration of WSN and BIM technologies improves the accuracy of hazard monitoring and
energy consumption, which are major issues in lifecycle management and human safety [36, 37]. These
tools are mainly aimed at reducing the cost of building maintenance by improving the accuracy of
decision making based on data collection and processing. The performance of sensing technologies
depends on the main purpose of monitoring and maintenance and is widely accepted among
researchers to navigate equipment and building safety by considering the advantages and
disadvantages of each technology. Some important types are global positioning system, encoding
sensors, laser, radio frequency identification devices, audio technologies, radio detection and range,
magnetic sensors, vision cameras, and Ultra-Wide Band [38, 39].

In our project the monitoring tasks are solved by the distributed fiber optic strain sensing system
(DFOSS). DFOSS has been used to measure deformation in civil engineering structures for more than
ten years. It is currently used worldwide to monitor a wide range of structures, including tunnels,
bridges, piles, dams, embankments and diaphragm walls.

DFOSS is based on backscattering of light as it is transmitted through an optical fiber. One
component of backscattered light is produced by Brillouin scattering. At any point in the fiber, the
frequency of the Brillouin scattered light depends on the strain and temperature at that point. Therefore,
given the effect of temperature, it is possible to determine the strain at any point in the fiber by
transmitting pulses of light along the fiber and analyzing the frequency of backscattered light [40].

Compared to the use of isolated strain gauges, DFOSS offers a new paradigm for strain
measurement:

- DFOSS returns a continuous strain profile along a structural element. Strain gauges can only
give discrete point readings and can miss important strain changes between gauges.

- Backscatter from the optical fiber is unaffected by electromagnetic interference.

- The core of the optical fibers is made of pure silicon dioxide, which is very stable and inert.
Therefore, the fibers are not susceptible to corrosion, do not contaminate the local environment and
have an estimated service life of decades.

- Optical fibers can operate over a much wider temperature range than most electronic devices.

- Optical fibers are small and unobtrusive, so they are easy to integrate into both new and existing
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designs.

- A complete strain profile can be reconstructed for a fiber several kilometers long, potentially
replacing tens of thousands of discrete sensors. The single-cable approach greatly simplifies installation.

- As a result of ongoing development of DFOSS readers, a DFOSS system installed now can take
advantage of potential enhanced measurement capabilities in the future.

Most analyzers require the installation of an additional optical fiber for temperature measurement
along with the strain-sensitive fiber to eliminate the effect of temperature on the Brillouin frequency
shift.

The proposed DFOSS system (considered based on a study of the foundation slab and parking
area of the Abu Dhabi Plaza project) consists of a grid of fiber optic cables attached to slab B4, connected
to an analyzer located in a temperature and humidity-controlled room at B1 (see Figure 2 "General Plan
of Cabling on Slab B4" and Figure 3 "Partial Plan of Cabling in the Block R Monitoring Area on Slab
B4").
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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
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In some areas, the base slab is thickened by pouring additional concrete above the level of the
structural slab, and in some areas, steel mesh is poured into the thickened part to prevent surface
cracking. To reduce the risk of laying cable on curvature greater than acceptable, keep the height of the
cable in the thickened sections and instead adjust the depth of the channel to accommodate changes in
the thickness of the slab (Figure 4).

Figure 4. Cable installation in cover drain system

Creating the channel in the thickened sections will require cutting through any steel mesh that
may be present, so additional time and tools should be provided for this task.

The attachment points in the controlled areas in the R, Y and Z units are shown at intervals of
approximately two meters or more to create measured lengths. Of the 525 attachment points, 450 clamp
one cable and the remaining 75 clamp two perpendicular cables. To clamp one or two cables, a fixture
similar to the one shown in Fig. 5.

In most intersections, both cables are clamped, but in six specific intersections, namely four in the
center of the R block core and two in the Y block monitoring area, the intersections are much closer than
two meters. In these six locations, only one cable is clamped to avoid creating a calibration length of less

than two meters.
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Figure 5. Conceptual design of cable fixing point (contractor to provide design)
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The analyzer measures strain by transmitting pulses of light along the fiber and analyzing the
frequency spectrum of the backscattered light. The optical budget of the analyzer can be increased by
increasing the pulse duration, measured in nanoseconds, which reduces its attenuation. However, if the
pulse duration is too long, the scattered light from the leading edge of the pulse begins to interfere with
the scattered light from the trailing edge of the pulse, and the analyzer cannot distinguish one from the
other. This imposes a limit on the minimum distance at which the strain value can be interpreted by the
analyzer. This distance is called the spatial resolution and can be likened to the width of the averaging
window for the sample point [41].

Spatial resolution up to 2 cm is achievable by some analyzers on the market, but because of the
trade-off between optical budget and spatial resolution, this comes at the expense of the optical budget,
which is only about 2 dB at this low spatial resolution. To achieve the required optical budget of 11 dB,
the spatial resolution is typically at least 0.5 m.

Although the spatial resolution limits the minimum distance at which the strain value can be
interpreted, the analyzer is still capable of taking multiple measurements at small intervals along the
fiber. The smallest interval between two sampling points is called the sampling resolution and depends
on the number of measurements taken by the analyzer. Cable lengths and connections as shown in

Figure 6.
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Figure 6. Schematic diagram of distributed fibre optic strain sensing system

Expansion caused by both retarded ettringite formation (DEF) and alkali-aggregate reaction
(AAR) has the potential to lead to cracking in the slab. The fiber optic system must be designed to detect
the formation and development of cracks and to withstand the highly localized deformations that are
likely to develop in them. According to section 7.3.4 of Eurocode 2 (1), the crack width depends on the
stress in the reinforcement. A numerical analysis has been performed to estimate the surface
deformations and stresses in the upper part of the reinforcement caused by expansion under the action
of DEF and AAR.

The numerical analysis was performed using PLAXIS 2D 2018.01. It should be recognized that the
factors determining slab expansion are complex, and the computational effort required to accurately
model all scenarios and interactions would not be feasible for design purposes.

The assumptions underlying the analysis have been carefully considered to provide an
approximate estimate of stresses and strains, while limiting the computational effort to an acceptable
level.
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Conclusion

For the first time the authors considered the possibility of combining BIM technology with real
data from automated monitoring of the foundation slab of the underground parking of Abu Dhabi
Plaza Complex in the soil conditions of Nur-Sultan. Combining these technologies allows us to evaluate
the results of geomonitoring in real time, which will ensure the safe operation of high-rise buildings
with a developed underground part of the complex engineering and geological conditions of the new
capital of the Republic of Kazakhstan.

Given the novelty of this field of research, there are many gaps in all existing studies, there is no
single standard for all modeling procedures. Most researchers have considered the integration of BIM
and monitoring with some assumptions. Extension of the IFC scheme, optimization of sensor data
under a single system and management of large amounts of data are some of the main problems that
still need to be investigated in the future.
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A.bypano6aesa!, A.JKycynoekos?, P.Hypcapun3, K.bagansnan’
IKasaxcman zeomexnuxarvix accouuayuscol, Hyp-Cyaman, Kasaxcman
2Mackey memaexemmix KypuiAvic yHusepcumemi, Mackey, Peceil
3 Kasax KypolAbic kaHe cayAem ZulAbiMu-3epmmey xKate xobaray uncmumymul, Aamamul, Kasaxcman

Hyp-Cyaran kaaaceiHaarsr AOy-/a6u I1aasa Kypblabic )ko0acel MbIcaablHAA ipreTac
MOHNTOPUHTIIMeH yiiaecTipe oTeipbil, Building Information Modeling (BIM) >x006acbIHbIH
KOHIIeNIMsCBIH JKacay

Anpaarma. Tumapatrap MeH KemkaOaTThl KypblAbICTapAbl Oakbliayda >KaHa TeXHOAOTMSHBIH
naiiga ©OOAyBIMEH KOAJAAHBICTaFrbl KYpPbLABIMAAP MeH MH(PPaKyphIABIMAAPABIH 3aKbIMAAHYBl MeH
akayJdapplH Oakblaay MYMKiH 0044pl.  JaTunkrepai Koa4aHy apKblAbl FIMapaTr KYPBLABIMBI
aKayJapblHBIH CBIHM HYKTeAepiH yaKTBIAbl aHBIKTay KaKeTTidiri, coHAali-aK CeHCOPABIH IIIBIFBIC
AepeKkTepiH TYyCiHy, BM3yaau3alyuslay >KeHe Ky’KaTTay YIIiH cuUIlaTTaMa KYpaAAapbIHBIH >KOKTBIFBI
Au3aliHepAepAi, KYpbIABICIIBLAAPABI >KoHe MekeMe OacmiplaapbiH Building Information Modeling
System (BIM) cusaKTBl KyaTThl Kylieci MyHAall >KyiledepAiH MYMKIiHAIKTepiH IaligalaHyfa OapraH
caifbIH bIHTaAaHAbIpaAbl. Kes KeareH KypblabIc 5KOOachIHBIH OacThl MaKcaTbl ajaMAapAbIH Kayimcisairi
0ol TaOblAaAbl, OHBI TeK FUMapaTThlH AEHCAyABIFBIH AYPBIC DaKbliay apKblABI KaMTaMachl3 eTyre
004aabl, MyHJa Xylie MeH KYpBLABIMAAFbl ©3TepicTep TypaAbl aAbIHFaH aKIlapaTThl YCBIHY >KoHe
Dackapy BIM kemeriMeH KaMTaMmachl3 eTiayi MyMKiH. MaKaAaHbIH MakKcaThl TapaTblAFaH TaAIIBIKTHI-
OIITMKAABIK TEH30MeTPAiK CeHCOp >KYIeciH KOA4aHyAbl KaHe ceHcopAapJaH aAblHFaH Jepekrepai BIM
KylieciHe OipikTipy MyMKiHAIriH cunaTTay OOABIIT TaObLAaABI.

Tyiin cesaep: ruMapaTThlH aKIapaTThIK MOJAeAbJAey >Kylieci, JKepTede TaKTachl, KOIIKaOaTThI
yiiaep, TaAIIBIKTBI-ONTUKAABIK CeHCOpAAp, KYPBLABIC MHKEHEePUSChI.

32 Ne 1(138)/2022 AL.H. Tymunres amvirdazot EYY Xabapurvicor. Texnukarvik 2oiAbimM0ap Kawe mexHoA02UusAGp cepuscol
ISSN: 2616-7263, eISSN: 2663-1261



A. Buranbayeva, A. Zhussupbekov, R. Nursafin, K. Badashvili

A.bypanb6aesa!, A.XKycyno6exos?, P.Hypcapun?, K.bagamsnan®
IKasaxcmarickas zeomexnuveckas accouuayus, Hyp-Cyaman, Kasaxcman
2Mocxkosckuii zocydapcmeerHblii crmpoumeAbbiii yrnusepcumem, Mockea, Poccust
3 Kasaxckuil HAYuHO-UCCACD06AMEADCK UL NPOEKMIHDL UHCHIUIMY M CIPOUEALCINEA U APXUTNEKMYPOL,

Aamamut, Kazaxcman

ITocTpoenne KoHITeIIIMYM IIpOeKTa MHPOPMAIIMIOHHOIO MOAeaviposanus 3aanmuii (BIM) B
coYeTaHIM C MOHMTOPUHIOM pyHAaMeHTa Ha IpyMepe CTpOUTeabHOro rmpoekra Abu Dhabi
Plaza

AnpnoTamms. C nosiBAeHNeM HOBBIX T€XHOAOIUI B 004acTy MOHMTOPMHIA 34aHMUI M BBICOTHBIX
COOPY>KEHMII CTad0 BO3MOXKHBIM OTCA€XKMBATh IIOBpeXAeHMsI ¥ AedeKTsl B CYIIeCTBYIOIINX
KOHCTPYKIMAX U MHPpacTpykrypax. HeobxoamMOCTs cBOeBpeMeHHOTro OOHapy>KeHUsI KPUTUIECKIX
TOueK AeeKTOB CTPOUTEABHBIX KOHCTPYKIUII C TIOMOIIBIO JAaT4MKOB, a TakKXe OTCYTCTBUe
VHCTPYMEHTOB ONMCaHMUsA AAs IOHMMaHNs, BU3yaAu3aluy U AOKYMEHTHPOBaHMUS BBIXOAHBIX AaHHBIX
AaTYMKOB BCe yalle II00y>XKJaeT IIPOeKTUPOBIIMKOB, CTpoUTeaell U PyKOBOoAuTeaell OOBeKTOB
UCIIOAB30BaTh  BO3MOXKHOCTM TaKOM  MOIIHOM CHCTeMBI, KaK cHcTeMa MH(POPMAIIMOHHOTO
Mogeanposanus 3aaHuii  (BIM). OcHoBHOI 11eabl0 AI000TO CTPOUTEABLHOTO IIPOEKTa sBASETCS
0e30macHOCTb 4451 AIOJAei, KOoTopass MOXeT ObITh oOeclieyeHa TOABKO IIyTeM HaJAe’Kalllero
MOHUTOPHMHIA COCTOSIHUSA 3AaHNs, TAe IpeJcTaBAeHe U ylipaBAeHNe IoaydeHHON mHpopMalueir oo
U3MEHEeHIsX B CICTeMe U CTPYKType MO>KeT ObITh oOecriedeHo ¢ rtomonpio BIM. Llearsio ganHOM craThu
SIBASIETCSI ornmcaHue IpUMeHeHI pacripeseAeHHO CHUCTEMBI BOAOKOHHO-OIITUYECKUX
TeH30MeTPMYEeCKMX AaTIMKOB, a TakXKe BO3MOKHOCTU MHTerpaluy AaHHbIX, [IOAy4eHHBIX C AaTYMKOB, B
cucremy BIM.

KaioueBbie caoBa: cucreMa MHPOPMAIIMOHHOIO MOJAEAMPOBAHMSA 34aHUI, II0ABaAbHOE
IepeKphITHe, BLICOTHBIE 34aHNSI, BOAOKOHHO-OIITMYECKIe AaTUMKHU, Tpa’kAaHCKOe CTPOUTEAbCTBO.
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