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Abstract

Any large-scale construction project is inconceivable without the use of a crane for lifting heavy
items. The selection of the tower cranes and finding the best position for each crane saves time and
money and improves work safety. Performing such an intensive analysis manually, comparing
different cranes using many criteria is tedious, time-consuming work. This paper presents an original
approach for crane selection based on visibility analysis in the BIM model integrated with the Web
environment. The described decision support algorithm involves analysis of crane positioning in the
condition of real-world representation model, analysis of crane operator viewport based on the line-
of-sight in GIS analysis, crane jib reach analysis. The presented approach allows analysing movable
and static crane types, calculate the percentage of the visible and reachable parts of the building,
compare crane alternatives and different crane positions.
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Ivadas

Norint pasirinkti racionaly krano arba krany variantus, svarbu pateikti pakankamg ir
iSmatuojamg informacija apie alternatyvias krano/y pastatymo vietas, atsizvelgti i kiekvieng krano
parametrg, palyginti skirtingus krany tipus ir jy darbo ir judéjimo aiksteléje variantus. Esami tyrimai
nagrinéja kelis krany pasirinkimo budus. PavyzdZiui, Alkriz ir Mangin (2005) sukiré sprendimy
paramos priemong, skirta nustatyti optimalig krano vietg ir sumaZzinti persidengianciy darbo viety
plota. Pagrindiné tyrimy apimtis yra susijusi su optimizavimo uzduotimis, susijusiomis su krano ir
sandéliavimo vietos optimizavimu, optimalaus krany skaiCiaus ir jy tipy parinkimu (Al Hattab,
Zankoul, Barakat ir Hamzeh, 2017; Younes & Marzouk, 2018; Al Hattab, Zankoul ir Hamzeh, 2017),
ir krany darbo zony persidengimu (Al Hattab, Zankoul ir Hamzeh, 2017, 2014). Reikéty pabrézti, kad
krany parinkimo uzdavinys gali apimti daugiau kintamyjy nei vien krano ir statybvietés parametrai,
nes statybos projektas apima tiekimo grandinés valdyma, kas turi jtakos krano operacijy kalendoriniam
grafikui ir lemia ekonominj veiksnj. Pavyzdziui, Irizarry, Karan, & Jalaei (2013) iStyré tiekimo
valdymg integruojant BIM ir GIS technologijas, kad biity galima analizuoti iStekliy prieinamuma
vizualizacijos pozitriu. Tokio tipo tyrimai leidzia sukurti GIS Zemélapj su objektais, kuris yra labai
naudingas planuojant procesus, nes vizualiai perteikia informacijag apie jy prieinamumag ir atstimus.
Tokie tyrimai nors ir laikomi papildomais parenkant krana, taciau jie gali turéti didelés jtakos statybos
procesy valdymui.

Siuo tyrimu siekiama apibrézti parametrus, kaip tiksliai nustatyti skirtuma tarp alternatyviy
krany ir keliy krany junginiy. Sitlomas metodas sujungia naujas duomeny rinkimo ir analizés
metodus, pagrjstus BIM, GIS ir Ziniatinklio (toliau — Web) aplinkos integravimu, ir leidZia sumaZinti
krano pasirinkimo proceso iSlaidas ir laikg. Pagrindinis tyrimo klausimas: Kokie parametrai gali
apibrézti tiksly alternatyviy krany varianty ir krany deriniy skirtumus ir kaip galima nustatyti §iuos
parametrus? Kiti tyrimo klausimai:

e Kaip iSanalizuoti BIM modelj Web aplinkoje nepriklausomai nuo BIM modelio
geometrijos tipo?

e Kaip tiksliai nustatyti matomg objekto dalj BIM modelyje esan¢iame Web aplinkoje?

e Kaip tiksliai nustatyti pasiekiamg pastato dalj BIM modelyje esan¢iame Web aplinkoje?

Sis straipsnis prisideda prie $ios srities Ziniy Siais aspektais:

e Pateikia BIM modelio analizés metoda Web aplinkoje, kuris nesiremia BIM modelio
geometrija.

e Pateikia biidg kaip tiksliai nustatyti krano operatoriui matomgajg pastato dalj analizuojant
BIM modelj Web aplinkoje.

e Pateikia budg kaip tiksliai nustatyti krano strélés pasiekiamg pastato dalj analizuojant
BIM modelj Web aplinkoje.

Ankstesni tyrimai

Krano parinkimas yra viena i$ svarbiausiy statyby projekto uzduo¢iy (Marzouk & Abubakr,
2016), pavyzdziui, sunkiy konstrukciniy elementy kélimas ir perkelimas i§ sandéliavimo vietos |
montavimo vietg (Tam & Tong, 2003). Svarbg taip pat lemia ir ekonominés priezastys (Zavichi,
Madani, Xanthopoulos, & Oloufa, 2014). Tinkamas kranas, parinktas pagal keliamaja galia, strélés
siekj ir kitus parametrus, turi biiti taip pat ir nebrangus, nes krany kaina turi didele jtakg visai projekto
kainai (Moussavi Nadoushani, Hammad, & Akbarnezhad, 2016). Norédami sumazinti krano nuomos
kaing projektui daZzniau naudojami du kranai (Hornaday & Haas, 1993). Krany tipas ir skai¢ius daro
jtaka darby naSumui ir trukmei, taip pat svarbu jvertinti, kad krany darbo vieta laikoma pavojinga zona
(Shapiro, Shapiro, & Shapiro, 2011). Krano parinkimo procediira yra sudétingas procesas, apimantis
jvairiy veiksniy analiz¢. Tokie veiksniai apima, pavyzdZiui, tinkamiausio krano tipo nustatymg
atsizvelgiant j reikalaujamas specifikacijas, j statybos projekto poreikius (Abdelmegid, Shawki, &
Abdel-Khalek, 2015), vertinant krano pastatymo vieta ir judéjimo kryptis, atsizvelgiant j objekto kitus
parametrus (Lewis & Bejczy, 1973;Wang et al., 2011), kroviniy kélimo trajektorija (Lozano-Perez &
Wesley, 1979), pavojingos zonos parametrus (Goldobina, Demenkov, & Trushko, 2019).



Decades ago, the crane selection process was performed by hand-written calculations that
required much time consumption. Because of a human factor, such calculations had many mistakes
and losses comparable to automated processes. Within the usage of computers, the crane selection
process became much easier, faster, and more accurate. To perform the analysis, the building
information, its surroundings, and crane specifications should be presented. The most suitable way of
how the real-world data can be analysed is to present it in the three-dimensional (3D) space rather than
in two-dimensional (2D). Therefore, the 3D models of construction sites and cranes are created more
often (Han, Bouferguene, Al-Hussein, & Hermann, 2017; Han, Hasan, Bouferguéne, Al-Hussein, &
Kosa, 2015). Nonetheless, it should be highlighted that there are researches that still use 2D space for
the crane selection process and mathematical calculations of the crane location optimisation based on
construction site boundaries (Safouhi, Mouattamid, Hermann, & Hendi, 2011).

The use of Building Information Modelling (BIM) tools for presenting facility information
brings many benefits. There is no significant difference between the BIM model and the 3D model for
visualisation purposes (Pan, Guo, & Li, 2017). However, for analysis purposes, the BIM model suits
much better because of attributive information that is presented inside the model (Bosche & Haas,
2018). Such an approach allows analysing the building and simulate the crane operations, calculate
the crane required capacity or length of the boom (Hermann, Hendi, Olearczyk, & Al-Hussein, 2010).
The researches can be categorised as follows: selection of a suitable crane type, optimisation of crane
location, lifting path planning, coordination of multiple cranes, crane operation visualisation and
simulation (Zhou, Guo, Ma, Zhang, & Skitmore, 2021). Wang et al. (2015) developed a system that
uses BIM model representation for optimisation of the number of cranes and their types as well as
their location. Dutta et al. (2020) investigated in optimisation of the lifting path of an element by the
collision detection based on the elevation data presented in the BIM model. Astour and Franz (2014)
focused their research on simulation-based layout planning by analysing the possible behaviour of the
elements on the construction site. Karan & Irizarry (2015) integrated BIM, GIS and semantic web
technology to calculate the crane movement based on geospatial analysis. Irizarry et al. (2012)
integrated GIS and BIM environments to optimise locations of multiple cranes to reduce the
workspace areas overlapping. However, the presented approach cannot identify the best suitable type
of crane.

The existing studies present multiple approaches for crane selection. However, the methods are
barely enough to present accurate results comparable not just visually but mathematically. For the
crane selection, it is important to provide sufficient and measurable information on alternative crane
locations, consider each parameter of the crane, different types of cranes and possible combinations
of the cranes. This study aims to define the parameters for the accurate determination of the difference
between alternative cranes and crane combinations. The proposed approach combines new
technologies and methods for data gathering and analysis based on BIM, GIS and Web environments
integration and allows reducing the cost and time for the crane selection process.

Preparations and data gathering
BIM, GIS and Web integration

The starting point of each practical implementation is the development of the environment in
which all logic is carried. There are two ways how such an environment can be presented, installable
software on the computer or Web-based application. The number of Web-based applications is
incredibly small because the set of technologies that allows building 3D web applications was invented
just ten years ago. From the perspective of easy access and collaboration, it is clear that Web-based
applications have a long list of advantages; therefore, the Web environment has been selected as a
base for project development.

As has been highlighted above, the best way to analyse real-world objects is to present them in
3D space. For this purposes, the WebGL (Khronos Group — WebGL, 2021) technology was used. It
allows drawing the canvases with the 3D data inside the Web environment. The web-based 3D
application can be developed by the WebGL Application Programming Interface (API) itself or by
using web libraries that allows to speed up the development process. For this research, the Three.js
(three.js, 2021) library has been selected due to sufficient manuals and high community support.



Tyrime ,, Three.js* vaizdo vienetai naudojami vietos nustatymui ir koordina¢iy konvertavimui.
Pagrindinio ,, Three.js* vaizdo kiirimo kodas Siame straipsnyje nebus pateiktas, nes jj lengvai galima
rasti oficialioje svetainéje. Reikéty pabrézti, kad matomumo analizei naudojamas duomeny perteikimo
technika raycasting, skirta sukurti 3D perspektyva 2D zemélapyje. Sis jrankis tiesia linijg i§ vieno
tasko j kita 3D erdvéje. GIS aplinkoje $is jrankis vadinamas regéjimo linija (angl. line-of-sight). GIS
ir Web aplinkas galima integruoti jvairiais budais, tokiais kaip zemélapiy sgsajos, taSky debesies
vaizdavimas, GIS sluoksniy naudojimas, auk$¢io pavirS§iaus modeliavimas ir kt. Paprastai
statybvietéje informacijai apie realaus pasaulio buiseng rinkti naudojamas lazerinis skenavimas.
Siekiant sumazinti darbo sgnaudas ir laiko sgnaudas, galima naudoti 3D modeliavimg grjsta
fotogrametrija.

BIM modelio integravimas | interneto aplinkg yra sudétingesnis. To prieZastis yra ta, kad BIM
aplinka nebuvo sukurta naudoti kartu su interneto aplinka, be to, visi BIM modeliai yra kuriami
nuosavybingje programinéje jrangoje, tokioje kaip ,,Autodesk Revit“ ir ,,Bentley Solidworks*. Tokia
patentuota programin¢ jranga neleidzia tikrinti BIM modelio faily struktiiros, nes ji yra uzSifruota,
todél atnaujinti nuosavybinio tipo BIM failai iSlieka nepalaikomi Web aplinkoje ir negali buti
apdorojami uz patentuotos programinés jrangos, Kurioje jie buvo sukurti, riby (Shkundalov, 2017).
Norint turéti galimybe apdoroti BIM modelj Web aplinkoje, BIM modelj reikia konvertuoti j Web
palaikoma failo tipa (Niu, Pan ir Zhao, 2015). Reikéty pabrézti, kad plac¢iai naudojamo IFC failo tipo
taip pat negalima apdoroti ir be konversijos. Baigus konversija, BIM modelio atvaizdavimg galima
ikelti § Web aplinka. Rezultate gauta aplinka pateikta 1 paveiksle.
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Paveikslas 1. Integruota BIM, GIS ir Web aplinka. Image 1. Integrated BIM, GIS and Web environments

Objekto parametrizavimas

Norint atlikti analizg, reikia surinkti objekto pavir§iaus geometrinius parametrus. DaZniausiai
informacijai apie pastatg statybvietéje rinkti naudojamas lazerinis skenavimas. Taciau toks biidas
netaikomas naujai statomiems pastatams, todél geometring informacijg reikia surinkti i§ BIM modelio.
Informacija apie BIM modelio ir bet kokio 3D objekto geometrijg gali biiti saugoma jvairiais buidais:
kaip geometriniai elementai, pavyzdziui, trikampiai ar kvadratai, kaip pavirSiai, kaip kieti objektai,
sujungimo taskai, matematiskai apibrézti objektai ir kt. Sie metodai turi skirtingus tipus, briauny ilgj,
daugiakampiy dydzius, o tai lemia skirtingus pranaSumus ir trilkumus, taciau visi jie turi tg patj
trikumg - jie remiasi geometrija, kurig sukiiré BIM modeliavimo programiné jranga arba konversijos
jrankis, kuris buvo pritaikytas konvertuoti BIM modelj j Web palaikantj failo formata. Be to, BIM
modelis turi nepertraukiamg geometrijg ir, konvertuojamas, daZniausiai kei¢iamas j ,,Boundary
Representation* (B-Rep) geometrijg, nes Web sprendimai daugiausia orientuoti j $io tipo geometrijg.
D¢l to nejmanoma sukurti vieningo sprendimo, kuris analizuos visy tipy geometring informacijg.



To solve the issue of geometric information collecting from the BIM model a new approach has
been developed that is based on the generation of a cloud of points from the BIM model surface. The
generation of the points can be done in multiple ways: by using geometry joining points, by generating
points on the geometry edges, by a complex algorithm of defining points on the surfaces. However,
none of these methods allows generating the cloud of points with equal distance between the points
that is necessary for further accurate analysis. Therefore, it was decided to generate points by the
detection of the intersection points of the GIS analysis line-of-sight (line) and BIM model surface.

The geometry of the BIM model can be presented in any way; however, the intersection of this
geometry with the line always will return only one point. To generate the points for all object surfaces
such intersection lines should be generated to all surface of the BIM model, starting from the lowest
coordinates of the BIM model in each direction and ending with the highest coordinates. The
coordinate increment step can be defined in any range, and it represents the distance between the
points. For this article, the span of 10 cm between the points has been defined. It should be highlighted,
that a smaller distance between the points increases the accuracy of the analysis; however, it
significantly influences the duration of calculations.

As a result, the cloud of points that represents the surface of the BIM model is generated. The
advantage of this method is that it does not rely on the type of the BIM model geometry, and each
point in the cloud of points has an equal distance with the adjacent points.

Crane specification

The position of the crane needs to be specified to perform the analysis of the crane location. By
default, each object in the 3D environment has coordinates in the local coordinate system. The Web-
based GIS applications use Mercator coordinate system; therefore, it is necessary to convert local
coordinates into Mercator coordinate system. However, as this article is not aiming to present the
conversion process of coordinate systems, this algorithm is not presented. More information about
such conversion can be found in Shkundalov & Vilutiene (2020) article.

For safety, the check of the distance to the nearest objects needs to be performed. In the present
approach, the distance check is done automatically while placing or moving the crane. To check the
distance, the same approach of line interruption is used: from the position of the crane, the lines are
created in all directions and the distance from the crane position to the nearest objects is checked. In
case the distance is smaller than is defined by the system operator, the alert will be shown. The same
procedure can be repeated multiple times by changing the height of the casting point to perform a
check for all crane body. The advantage of this approach is that it allows checking the distance to any
type of the objects presented by any source, such as distance to the building presented by the BIM
model, distance to the real world objects presented by 3D mesh model or distance to any other loaded
objects.

After the crane location is defined and it suits the minimum required distance to the adjacent
objects, the height of the crane and length of the boom can be defined. In case the system operator
does not define the specific height of the crane, the minimum required crane height will be
automatically calculated based on the height of the building presented in the BIM model. The same
logic is applied to the length of the boom: in case the operator did not specify it then the distance from
the crane position to the farthest point of the generated cloud of points will be considered as the
required length of the boom. In most cases, cranes with long boom cost more than cranes with shorter
boom, so it is necessary to keep the proposed value as a reference and not use automatic crane boom
length adjustment, but perform an analysis to obtain the optimal length. Moreover, the methodology
presented in this article allows to analyse an infinite number of cranes, and this can be considered as
an additional advantage of the study. As Lin & Haas (1996) stated, there is a big chance that the usage
of two or more cranes will be much more efficient compared to a single crane.

After the location and the height of the crane as well as the length of the boom are defined, the
crane workspace area is created. This area is used to analyse the overlapping of the workspace areas
in case several cranes are analysed that is useful for safety as has been highlighted in previous studies
analysed in this manuscript.



Paskutinis parametras, kuris yra labai svarbus krano pasirinkimo procesui, yra krano keliamoji
galia. Siam parametrui nustatyti informacija galima paimti i§ BIM modelio, nes jame pateikiama
jvairiapusé informacija apie visus pastato elementus. Taciau reikia paZyméti, kad konvertuojant BIM
modelio nuosavybés tipo bylas, ne visada tinkamai perkeliama susijusi informacija apie konstrukcijos,
elemento ir medZiagos parametrus. Siam straipsniui reikalinga krano keliamoji galia apibréZiama
pagal sunkiausig BIM modelyje pateikta elementg. Toks elementas yra betoniné 10.76 m® plokste, kuri
sveria 25.42 tonas. Kadangi atliekant analize Sis parametras nebus keifiamas, jo nereikia niekur
pabréZti, iSskyrus krano pasirinkimo reikalavimus.

Rezultatai

Integravus BIM model;j realaus pasaulio vaizde kaip 3D tinklo modelj, sistema yra pasirengusi
atlikti analize.

Pateikta analizé pagrjsta linijy i§ krano kabinos ar krano operatoriaus matymo lauko
generavimu, jvertinus krano vietg ir krano aukstj, iki tasky, kurie saugomi sudarytame analizuojamo
objekto tasky debesyje. Kai linijos sugeneruotos, jos naudojamos paskesnei analizei. Jei kranas buvo
pasalintas iS5 modelio, jis nebus analizuojamas ir neturés jokios jtakos gautiems skai¢iavimams. Kaip
buvo pabrézta auk$Ciau, informacija apie kiekvieng taska yra saugoma, todél néra problemy atlikti
analize kiekvieno atskiro taSko atZvilgiu.

Sios analizés pabaigoje kiekvienam Kranui paskai¢iuojami su krano darbu ir konkre¢iu BIM
modeliu susije¢ matomumo (angl. visibility rate) ir pasiekiamumo (angl. reachability rate) rodikliai.
Kadangi atstumas tarp $alia esanéiy tasky yra fiksuotas ir zinomas, kitame analizé Zingsnyje galima
paskaiCiuoti matomo pavirSiaus plotag taikant Herono formul¢ (Heron's formula, 2021) be klaidy
(Kahan, 2014) ir padidinti rezultato tiksluma.

BIM modelio parametrizavimas

Pirmasis analizés zingsnis yra tasky debesies generavimas pagal objekto pavirSius pateiktus
BIM modelyje. Pritaikius skyriuje ,,Objekto parametrizavimas® pateikta logika, sudaromas tasky
debesis su Zingsniu 10 cm (2 paveikslas.). Bendras tasky skaicius priklauso nuo objekto dydzio ir
apibrézto zingsnio. Pateiktame projekte bendras tasky skai¢ius yra 81415, t. y. 808.5 m?. Informacija
apie kiekvieng taska saugoma tolesnei analizei.

Atstumas tarp tasky yra fiksuotas, todél kiekvienam analizés zingsniui bus apskai¢iuojamas
tasky debesies plotas. Tasky debesies generavimas visam pastatui uztrunka 27 sekundes. Sis Zingsnis
reikalingas vieng kartg analizés pradzioje ir nebus kartojamas tolesnéje analizéje, nebent BIM modelis
bus atnaujintas. Jei BIM modelyje pateikiamos skirtingos statyby fazés arba jos yra jkeltos kaip atskiri
BIM modelio atvaizdai, Sis Zingsnis turi bati kartojamas kiekvienam statybos etapui ir kiekvienam
etapui bus sukurtas atskiras taSky debesis.

Paveikslas 2. Tasky debesys generuotas i§ BIM modelio. Image 2. Cloud of points generated from BIM model



Crane location and workspace area

The next step is to specify the cranes inside the real-world representation. As has been
highlighted above, in case the crane parameters such as height and length of the boom were not
specified by the operator, they would be calculated automatically based on the information presented
in the BIM model. In the presented project, the length of the crane boom is set to 8 meters for both
cranes. With the help of workspace area representation that is built by the length of the boom, the
cranes can be placed with no collision of the highlighted above areas that are presented in figure 3.

Based on calculated parameters, the crane can be selected. By entering crane parameters,
different alternatives can be compared. The number of cranes that can be added to the project is
unlimited; therefore, there is an opportunity to place as many cranes as needed and specify their unique
parameters, compare different combinations of cranes and different locations. Alternative cranes can
be excluded from analysis by toggling the relevant icon in the crane settings window.

Paveikslas 3. Krany padéties nustatymas ir darbo vietos zony vaizdavimas. Image 3. Cranes positioning and workspace areas
representation

Crane visibility rate

Crane visibility rate is the parameter that represents the percentage of the building or any object
under construction that can be visible from the crane cabin. To calculate this parameter, the detection
of line interruptions (breaks) is made. In case the generated line has at least one interruption by any
object presented in the 3D space, then the point on the building surface, to which the line was cast, is
considered as invisible from the crane viewport. After all, points have been analysed, the sum of visible
points is calculated. The result of this analysis is presented in figure 4.

This parameter can be useful in case there is a need to identify the optimal crane position from
which the largest part of the building can be seen. For example, the optimum location of the crane for
the instalment of the exterior walls can be determined by combining calculated visibility rate with the
reachability rate. The calculation of visibility rate is made by comparing the total number of points
that are stored in the cloud of points and the number of points that can be seen from a crane viewport.

In the presented project, the number of visible points for the first crane is 42290, and the
visibility rate is equal to 51.95 %; the number of visible points for the second crane is 40439, and the
visibility rate is equal to 49.67 %. The results of the analysis show that approximately equal parts of
the facility can be seen from both crane locations; nonetheless, the difference is 2.28 % which means
that from the first crane location the visible area of the building is 18.4 m2 larger comparing to the
second location.



Paveikslas 4. Krano matomumo lygis: mélyni taSkai matomi i$ pirmo krano. Iaée 4. Crane visibility rate: blue points are visible
from the first crane

Krano strélés siekio rodiklis (Crane reachability rate)

Siame tyrime nustatomas krano strélés siekio rodiklis (angl. reachability rate) yra parametras,
nurodantis procenting pastato BIM modelio dalj, kurig galima pasiekti krano stréle i§ nurodytos krano
darbo vietos. Norint apskai¢iuoti §j parametra, lyginamas nutiestos linijos ilgis su krano strélés ilgiu:
jei nutiestos linijos ilgis yra mazesnis arba lygus krano strélés ilgiui, taskas ant objekto pavirSiaus yra
laikoma pasiekiamas. BokStiniams kranams linija projektuojama ant lygaus pavirSiaus, kad biity
iSvengta vertikalios koordinaciy jtakos, o projekcijos ilgis lyginamas su krano strélés ilgiu. Atlikus
visy tasky esandiy debesyje analize, apskai¢iuojama pasiekiamy tasky suma. Sio analizés etapo
rezultatas pateiktas 5 paveiksle.

Sis parametras naudingas atliekant uzduotis, kurioms esant reikia vertinti strélés siekj ne tik
vizualiai, bet ir matematiSkai. Toks metodas leidzia pakankamai tiksliai palyginti alternatyvias krano
vietas ir skirtingus strélés siekius ir tiksliai nustatyti skirtumus.

Pateiktame projekte pasiekiamy tasky skaicius nuo pirmojo krano yra 21976, o strélés siekio
rodiklis (angl. reachability rate) yra lygus 26.99 % arba 218,2 m. I$ antrojo krano pasiekiamy tasky
skaiCius yra 39747, o strélés siekio rodiklis yra lygus 48.82 % arba 394.7 kvadratiniams metrams.
Analizés rezultatai rodo, kad tarp dviejy krano viety yra reikSmingas skirtumas. Tai yra, antroji krano
vieta yra 21.83 % efektyvesné, palyginti su pirmaja vieta, o pasiekiamas plotas yra 176.5 m? didesnis.

Paveikslas 5. Krano siekio lygis: zaliyjy tasky negalima pasiekti; galima pasiekti oranzinius taskus. Image 5. Reachability rate:
green points are not reachable; orange points can be reached.



Visibility rate of a building

Visibility rate of a building is a parameter that represents the percentage of the BIM model
surface that can be visible from at least one crane. The visibility rate of a building is calculated based
on the number of visible points gathered for each analysed crane; coinciding points are considered as
the same point.

The visibility rate of the presented building in the examined project is equal to 95.01 % that is
77353 points. Based on this parameter the alternative locations of the crane as well as different crane
combinations can be compared to achieve the biggest visible surface of the building. Moreover, the
usage of this method allows determining the invisible zones of the building in each construction phase
in case they are analysed. This gives an opportunity to determine the phases when the crane need to
be moved to have a better view.

Reachability rate of the building

The last and the most significant result of the proposed analysis represents the reachability rate
for all building surface. The reachability rate of a building is calculated in the same way as the visibility
rate of a building, i.e. by summing the number of reachable points from each analysed crane.

The reachability rate for the examined building is 75.81 % that means that the cranes from the
specified positions will not reach almost 25% of the building that will cause significant problems in
the construction process. The suggestion is to change the positions of the cranes by the relocation of
the cranes or rent the cranes with a longer boom. The proposed approach allows excluding the not
suitable cranes from the analysis. It is possible to compare different combinations of cranes, for
example, one crane with a long boom and a combination of two cranes with shorter booms. Another
example is the splitting the working area for several cranes on different construction phases: cheaper
crane can be rented for the beginning phases of the construction process, and when the reachable part
of the building is larger, and the existing crane becomes unsuitable, then a more expensive crane can
be rented.

Conclusions

The crane selection is one of the important tasks in the construction project, as it has a big
influence on the project budget, schedule, safety and other aspects of the construction project. To
receive precise information about crane operations different crane parameters need to be considered
analysing them mathematically and visually. The usage of Web environment allows easy collaboration
of the project participants and becomes very popular as a basis for a common data environment.
Therefore, the proposed methodology integrates BIM, GIS and Web environments and allows
analysing a crane as well as combinations of cranes in the condition of a real-world environment, and
based on the BIM model representation inside the Web environment. The results of the performed
analysis shown high accuracy of the calculation and proved the usefulness of the developed
methodology by comparison of crane alternatives.

The study proposes crane visibility and crane reachability rates that can be applied as additional
to conventional parameters used in crane selection analyses. Based on crane visibility rate and crane
reachability rate the locations of the cranes can be examined and compared more accurately, which
allows determining the optimal locations. Those parameters allow us to not just visualise the difference
of the crane specifications, but to understand how exactly they differ. Such an approach allows
analysing different construction phases and finds optimal solutions for cranes operation and locations.
This enables to reduce the budget of the crane operations and avoid the use of more expensive cranes.
The visibility and reachability rates of a building proposed as complementary parameters allow
determining how well the parts of a building are visible and reachable from the specific crane position.

The presented study has limitations. Specifically, the cost of crane rent is not considered, as
well as the crane type needs to be defined by the system operator. Future investigation will be focused
on development of the system that checks the distance to the adjacent objects, notify on insufficient
distances and propose alternative positions automatically. To implement this functionality the GIS
layer with adjacent objects, such as roads, red lines, communications, need to be connected.



ISvados

Krano pasirinkimas yra viena i§ svarbiausiy statybos projekto uzduociy, nes krany naudijimas
turi didelg jtaka projekto biudZetui, tvarkara$¢iui, saugumui ir kitiems statybos projekto aspektams.
Norint gauti tikslig informacijg apie krano operacijas, reikia apsvarstyti skirtingus krano parametrus,
matematiSkai ir vizualiai juos analizuojant. Web aplinkos naudojimas leidZia lengvai bendradarbiauti
projekto dalyviams ir tampa labai populiarus kaip bendros duomeny aplinkos pagrindas. Todél
sitiloma metodika integruoja BIM, GIS ir Web aplinka ir leidZia analizuoti viena krana, taip pat krany
kombinacijas realios aplinkos salygomis ir remiantis BIM modelio vaizdavimu interneto aplinkoje
atlikti alternatyvy analizg. Atliktos analizés rezultatai parodé didelj skai¢iavimo tikslumg ir jrodé
sukurtos metodikos naudingumg lyginant krany alternatyvas.

Tyrime sitilomi krano matomumo (angl. visibility rate) ir krano strélés siekio (angl. reachability
rate) rodikliai, kurie gali buti taikomi kaip papildomi kartu su kitais jprastais parametrais, naudojamais
krano parinkimo analizéje. Remiantis krano matomumo rodikliu ir krano strélés siekio rodikliu, galima
tiksliau isnagrinéti ir palyginti krany vietas ir pasirinkti optimalias. Sie parametrai leidzia ne tik
vizualizuoti krano specifikacijy skirtuma, bet ir suprasti, kuo tiksliai jie skiriasi. Toks pozitris leidzia
analizuoti jvairius statybos etapus ir rasti optimalius krany ir jy darbo viety sprendimus ir iSvengti
brangesniy krany naudojimo. Pastato matomumas ir strélés siekio rodikliai, sitilomi kaip papildomi
parametrai, pastato BIM modelyje integruotame Web aplinkoje leidZia nustatyti, kaip gerai pastato
dalys yra matomos ir pasiekiamos i§ konkrecios krano padéties.

Pateiktas tyrimas turi ir apribojimy. Siame tyrime neatsizvelgiama j krano nuomos kaing, taip
pat krano tipa turi apibrézti sistemos operatorius. Ateityje tyrimas bus sutelktas  sistemos, kuri tikrina
atstuma iki gretimy objekty, pranesa apie nepakankamus atstimus ir automatiskai siiilo alternatyvias
pozicijas, plétra. Norint jgyvendinti $ig funkcija, reikia sujungti GIS sluoksnj su gretimais objektais,
tokiais kaip keliai, raudonos linijos, komunikacijos.
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