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KOKKUVOTE

Kiesolevas magistritods uuriti mittestandardsete hoonete ehitusgeodeetilisel teenindamisel
esinevate iilesannete lahendamise viise ning saavutatavat teoreetilist tdpsust. Selgitati vilja
projektis ettendhtud ehitusnormatiivid ning neist tulenev geodeetiliste toode vajalik tépsus
ja arvutati sooritatud t66de teoreetiline tdpsus. Vorreldi laserskaneerimisel tihistega ja
pilv-pilvega registreerimise tulemusena saadud andmete erinevust. Saadud punktipilvedest
moodustatud teostusjooniseid vorreldi ettevotte poolt koostatutega, Kusjuures viimane
kasutas moddistamisel elektrontahhiimeetrit. Lisaks sooritati ecltdusuga rajatud vahelael
vajumisvaatlused. Uurimust66 kdigus sooritati rida modtmisi AS Merko Ehitus Eesti poolt

rajatav Hilton Hotell Tallinn objektil ja nendega kaasnevaid arvutusi.

Uldistatud andmete pdhjal tehti teoreetilised arvutused geodeetiliste todde eeldatava tipsuse
hindamiseks. Arvutuste kdigus vdeti arvesse tugivOorgu rajamise, montaazihorisondi
lahtepunktide ja mérkimistoode vead. Saadud tulemustest vois jareldada, et kasutatud

meetodid rahuldavad {ildjuhul rajatavale hoonele esitatud tdpsusnoudeid.

Magistrit66 kdigus sooritati kontrollmdoddistamine jaotises 6.3 kirjeldatud viisil ning saadud
tulemusi vorreldi laserskanneri andmete pdhjal leitud vertikaalsustega ning ettevottelt
saadud tulemustega. Selgus, et laserskanneri andmetest saadud tulemused olid kiillaltki
taipsed (KRV £2,5 mm), kuid ettevdtte kasutatud meetod ei rahuldanud ehitusnormatiivi
EVS-EN 13670:2010 poolt sétestatud tingimusi seinte vertikaalsuse mddramisel ja eriti

korruste vahelise pokkumise médramisel.

Magistritoo kdigus vorreldi laserskanneri abil kogutud modddistusandmete toGtlust kahel
erineval viisil. Esiteks registreerides punktipilved tdhiste abil ning teiseks pilv-pilv meetodil.
Saadud tulemuste pohjal jéreldati, et kasutada voiks kombineeritud meetodit, st et
pilv-pilvega registreerimisel tuleks vajadusel kasutusele votta minimaalsest vajalikust arvust
rohkem tédhiseid, niiteks antud t60s saadi samavéérne tulemus iihel korrusel juba kolme
tdhise kaasamisega, mis on tunduval vdhem, kui tdhistega registreerimisel ning annab

markimisviirse ajavoidu vélitoddel.

Ettevotte poolt koostatud plaaniliste hidlvete teostusjoonise vordlemisel laserskanneri
andmetest koostatud teostusjoonistega selgus, eeldusel, et ettevotte poolt sooritatud
mootmised on tdpsemad, et mootmiste tulemusel leitud laserskanneri KRV on +4,3 mm.
Arvestades, et ettevotte poolt sooritatud modtmiste teoreetiline KRV on +4,3 mm, saame

moddistamise KRV laserskannneriga +£6,1 mm, mis ei rahulda ehitusnormatiivide poolt



satestatud tingimusi. Laserskanneri kasutamise eelised ilmnevad keerukama kujuga
objektide puhul, kus annab eelise elektrontahhiimeetriga moddistamise ees tdnu kogutava

andmehulga suurele detailsusele.

Rajatava hoone eeltdusuga valatud vahelagede vajumeid uuriti geomeetrilise
nivelleerimisega, kusjuures eesmérgiks oli méiérata ainult eeltdusust tingitud vajumeid ning
seetottu ei olnud oluline siduda neid hoone kdrgusliku siisteemiga. Saadud tulemuste pdhjal
jareldati, et kasutatud meetod on antud mootmise jaoks igati sobiv. Taoliste konstruktsiooni
elementide uurimine on kindlasti vajalik, sest nagu vaatlustulemustest ndha v3ib vajumine

kesta kauem kui arvati ning vajumid vdivad olla oodatust suuremad.

Uurimust6d tulemusena anti {ilevaade hoonete ehitusgeodeetilisel teenindamisel ette
tulevatest probleemidest ning kirjeldati nende vdimalikku lahendamist erinevate
meetoditega ning anti tdpsushinnangud, mille leidmiseks kasutatud arvutusmeetodeid voib
rakendada analoogsetel juhtudel. Saadud tulemusi ja jareldusi vdiks arvestada sarnaste
objektide ehitusgeodeetilistel teenindamisel. Uheks huvitavaks avastuseks oli pilv-pilvega
punktipilvede registreerimise oodatavast suurema tépsuse saavutamine, mille oskuslik

kasutamine voimaldab sddsta markimisvairselt vélitoodeks kuluvat aega.



SUMMARY

In this thesis different ways of solving problems occurring in geodetic engineering servicing
and achievable theoretical accuracy during geodetic engineering-servicing of non-standard
buildings were investigated. Building regulations have been identified and the resulting
effects on geodetic accuracy were stated. In addition theoretical accuracy of the geodetic
surveys were calculated. Resulting data from target-to-target registration was compared with
data obtained from cloud-to-cloud registration. Acquired point cloud from previously
described registration methods an as-built plans were formed. These as-built plans were
compared with plans acquired form the surveying company which were surveyed by total
station. Subsidence observations were made to investigate deformations of the ceiling, which
was constructed with anticipatory ascent. All measurement and calculations which were
made during the research were based on an example of a building called Hilton Hotel Tallinn
constructed by AS Merko Ehitus Eesti.

As a result of the research, building regulations to which a building must comply were
identified and theoretical calculations were made to assess the accuracy of the geodetic
surveys. During the calculations the errors that had occurred during the construction of the
primary system, secondary system, and in setting out were taken into account. From the
results obtained by the theoretical calculations, it can be concluded that the methods used

meet the accuracy requirements of the building.

Control surveying in the manner described in section 6.3 was performed as part of this thesis.
The results obtained were compared with the verticality found from the collected laser
scanner data and with the results obtained from the company. It turned out that the results
obtained from the laser scanner data were quite precise (MSE + 2.5 mm), but the method
used by the company did not satisfy the requirements of the building regulations EVS-EN
13670:2010.

Resulting data from target-to-target registration was compared with data obtained from
cloud-to-cloud registration. Based on the results that were obtained, it was concluded that, a
combined method could be used. That is to say that cloud-to-cloud registration could be
used, with more than the minimum number of targets if necessary. For example, the given
research gave equivalent results on one floor if only three targets were used, which is
considerably less than in target-to-target registration. As a result, significant time saving on
fieldwork will be achieved.



The as-built plan, which was created by the company, was compared with the as-built plan,
which was constructed from previously registered point cloud. It was expected that the as-
built plan created by the company was more accurate. As a result of comparing deviations
from both the as-built plans MSE +4,3 mm was obtained. Whereas, the theoretical MSE of
the as-built survey was at the same magnitude, it is a bit much and did not satisfied the
conditions laid down by the building regulations. However, in the case of objects with more
complex shapes, terrestrial laser scanning is advantageous when compared with surveying

with total station due to the increased level of detailed data.

Subsidence observations of the ceiling, which was constructed with anticipatory ascent, were
surveyed using geometric leveling, with the only aim to determine subsidence due to the
anticipatory ascent of the ceiling. Therefore, it was not necessary to link them to the building
elevation system. Based on these results, it was concluded that the method that was used was
highly suitable for such measurements. Such surveys are certainly necessary for this type of
construction elements, as it can be seen from the results of subsidence observations, sinking

of this type of construction elements may last longer and be greater than expected.

As a result of this research an overview of the problems that can occur during geodetic
engineering-servicing of a building were given. In addition, different ways to solve those
problems using various methods were described. The calculations methods for accuracy
assessment can be applied to similar cases. The results obtained can be taken into account
during geodetic engineering-servicing for similar construction objects. Another interesting
finding was that using cloud-to-cloud registering to merge point clouds resulted in higher

accuracy than was expected, which allows for significant time savings if used wisely.



