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THE IMPROVING OF THE ACCURACY OF ENGINEERING
AND GEODETIC WORKS IN THE CONSTRUCTION AND CONTROL
OF THE GEOMETRIC PARAMETERS OF HIGH-RISE BUILDINGS

Abstract. In the article, the authors had done a brief analysis of existing modern, traditional methods and tools
that allow to determine the planned coordinates of geodetic signs, located on the last tier of super-high engineering
structures, paid special attention to the disadvantages and concluded that it’s necessary to develop a method and
device for determining the geodetic coordinates on ultra-high engineering structures with high accuracy to provide
engineering and geodetic works during the construction and operation of high-rise structures.

In the article, the authors propose their method and device for determining the planar coordinates of the upper
geodetic sign of the line of vertical design on ultra-high engineering structures with high accuracy, which is based on
the method of the straight linear resection by the light distance meter. The result of the proposed method is the
enhancing of the accuracy of engincering and geodetic works during the construction and control of geometric
parameters of high-rise structures.

This method of distance measurements allows getting the enhancing of the accuracy of the engineering and
geodetic measurements by fixing the moment of occurrence of the double frequency with root mean square error
(RMSE) above 0.5 mm, thus eliminating the need to measure the phase difference between direct and reflected
pulses. A particular advantage of the proposed method is that the accuracy of the measurements depends on the
comparison of the radiated fand double f, frequencies, which makes the measurement precision.

Key words: geodetic monitoring, vertical design, light distance meter, planned coordinates, construction of
high-rise structures.

Review. During construction and often during the operation period of the high-rise engineering
structures, the task to determine the planned coordinates of the geodesic sign, which is located on the top
(roof) of the high-rise structure arises.

Let’s consider briefly the advantages and disadvantages of the well-known methods of determining
and transmitting the planned coordinates vertically. The method of constructing the vertical by mechanical
plumb-line is the simplest, however, for the geodetic maintenance of the construction of multistore high-
rise structures, this method cannot be used due to the low accuracy (1:1000 under favourable measurement
conditions) of coordinate transmission [1].

There is a method of determining the coordinates of the upper geodetic sign (UGZ) by constructing
two collimation planes with the sight axes of the total station located on the construction site [2], in which
the intersection of the collimation planes forms a vertical line through which the planned coordinates are
transmitting from the lower geodetic mark (LGM) top sign. Insufficient accuracy is associated with the
unacceptable error (for this measurement >+10 of angular seconds) of cylindrical instrument levels, which
gives a vertical error of ~+20 mm at a building height of 100 m.
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T'1s the period of frequency, in the mixer 7 the double frequency f; = 2f appears, which goes from block
7 to block 8. In block 8, the frequency is divided into two. Also block 8 receives from block 3 the current

radiation frequency f, which is compared with the frequency %g. At the moment of the coincidence of these

frequencies, the signal of the presence of the equality of frequencies f = %g from block 8 comes to block

1. Into block 1 also comes from block 2 values of the current frequency at the time of the coincidence. The
number 7 is determined by the approximate value of the distance on a large scale (2).
In the end, determine the distance from the device to the reflector just for the moment of the

coincidence of frequencies f = f?g according to the formula (1) is determining.

To determine the coordinates of the upper geodetic sign of the structure in conditions of wind sway
on the upper floors, the proposed method is implemented within the schemes shown in figure 1 and 2. At
the same time, into a light distance metre device the low-frequency modulation of the main high-
frequency modulation of the light pulse radiation is putting, and it’s performing by block 3 on the
command of block 1 (figure 2). Low-frequency modulation allows with a small amplitude of the rocking
of the upper geodetic sign and with the rocking of the main frequency fin small limits, leaving an known
number 7 to be constant, to obtain a sufficient number of points of double current frequency f; = 2f and
the moments of its appearance to graphic of deviation of the upper geodetic sign from the vertical in axis
X and Y. Visualization of such a graphic makes it possible to do vertical control in dynamics.

The work of the light distance metre is doing mainly according to the scheme shown in figure 2 and
differs from the mentioned above version of the work in that it tumn on the low-frequency modulation in
block 3 f and block 4 radiates pulses of signals from block 3 from which signals are received in block 7
(communication "block 2 - block 4" and "block 2 - block 7" in this case does not work). Otherwise, all the
blocks work according to the scheme in figure 2.

The distances are determined by the formula (1) at a constant value », only the frequency is changing.
With the known value of the number » (which can be determined in advance, for example, when the
engineering structure is in the state of calm), in advance, the values of deviations AS; are calculating for
the points of the trajectory of the upper geodetic sign, in which there is a double frequency f, appears.

. . Af; .
That is, from formula (1) it turns out that, AS; = %Si, so, defining moments ¢; on the occurrence of
13

double frequency fy, using the data AS;, Af; and ¢; build a graphic that shows the dynamics of the rocking
of the upper geodetic sign and the moment of finding the upper geodetic sign on the vertical.

When the location of the light distance metre rays near the planes of the structure XOZ and YOZ,
Ax;,.. and Ay; . will accordingly be equal to Ax;, . = K;AS; and Ay;, .. = K,AS; . where K is the
coefficient that considers the angle of inclination of the light distance metre beam.

To evaluate the accuracy of the determining the distance S, we differentiate (1) the variables fg and V,
considering the number of wavelengths and, passing to the RMSE | we get

2 2
_I’Z 14 2 1 2
i) o)

As it is known from the literature, the error of a single measurement of the distance of the phase light
distance metre is determining by the [8]:

2 2 2
mS = \/S2 (ﬂj + S2 [ﬂ} —+ (L) mi(p +m]% s
% f 4z f

where % and % are relative errors due to inaccurate determination of the speed of light propagation in

the atmosphere and the inaccurate measurement of the radiation frequency; mpis the phase measurement
error; my, is the error of calibration of the light distance meter.

In the process of measuring the distance by the light distance meter, which is proposed by the authors
of this article, the phase measurement operation is excluded, it remains:
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2 me \2
= 2 (My 2 ﬂ 2
me = S(v)+5<fg>+mk. 3)
Thus, the composition of the errors, which depends on the measured distance, will be as follows:
1) % = 107+ 1077. At short distances to 1-1,5 km % =1km-107% = 1mm;

Mfg _ 10=6 - 10-7 ~ Mig _ .10-6 —
2) - = 107° + 107. At short distances to 1-1,5 km - = 1km-107° = 1lmm.

g g

Substitute the obtained values in (3) with the proviso that distances S = 1-1.5 km, we obtain

2 e N2
_ 2 (M 2(Zfa)” —
ms—\/S (v) +5(fd) 1.5 mm. &)
Errors m, and m;, are the errors of the centring of the light distance meter and the reflector
installation, for the high-precision measurements should be taken tolerances for at least 0.1 mm. The error

of calibration m,4; will be 0.2 mm.
Considering the components of the error we get:

m= |mi+mf = 0,12+ 0,22 = 0.22 mm. (3)

Considering (4) and (5), we obtain the general formula of the RMSE distance measurement for the
pulse-frequency light distance metre proposed by the authors of this article:

mg :(0.22+1.5-s-10'6) mm .

Thus, during the usage of the impulse-frequency light distance metre suggested by the authors, during
the measurement of short distances for engineering and geodetic work (up to 1-1.5 km), the accuracy of
the measurements will mainly be affected by the errors m., m;;,, Meq;.

The conclusion. Therefore, this method of light-distance metre measurements allows obtaining an
increase in the accuracy of engineering and geodetic measurements by fixing the moment of occurrence of
the double frequency with RMSE above 0.5 mm, thus eliminating the need to measure the phase
difference between direct and reflected pulses. A particular advantage of the proposed method is that the
accuracy of the measurements depends on the comparison of the radiated f and double f; frequencies,
which makes the measurement precision.

According to the obtained data, the graphs of oscillations of the upper geodetic sign relative to the
vertical in the directions of the axes X, Z of the engineering structure are constructed and they are used to
control the verticality during the construction and installation of technological equipment. Equally useful
will be the device and method to perform geodetic deformation control during the operation of
engineering high-rise structures.

Thus, the method of light-distance metre measurements proposed by the authors allows doing the
determination of the vertical with high accuracy in conditions of the oscillations of ultra-high engineering
structures.
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MNOBBIINEHHWE TOYHOCTH HHKEHEPHO-TEOJAE3UYECKUX PABOT IIPH BO3BEJEHUHN
M KOHTPOJIE TEOMETPUHYECKHX MAPAMETPOB BEICOTHBIX COOPYKEHUI

AnHotanmusi. B crarse aBTOpPHI BBINMOJIHWIN CXKATBHIH AHAIN3 CYIICCTBYIOIINX COBPEMCHHBIX TPATHIHOHHBIX
METOJIOB U YCTPOMCTB, MO3BOJLIFOIIIX OIMPEACIHITH IIIAHOBBIC KOOPAWHATHI TCOIC3HMECKIX 3HAKOB, PA3MEIICHHBIX HA
TIOCTICTHEM SIPYCE CBEPXBBICOKHX HHKCHEPHBIX COOPY’KCHIH, 0COOCHHOE BHUMAHUE YACHIN HEJOCTATKAM CYIIECTBYIO-
X crioco0oB. OOIMEn3BECTHRIE CITOCOOBI, 3 HMEHHO CIIOCOO TOCTPOCHHS BEPTHKAIH C MOMOMIBI0 MEXaHHYECKOTO
0TBECA, HECMOTPS HA TO, UTO SIBJIICTCSI HAMOOJEE MPOCTHIM B HCIIOIB30BAHHH — HE OOCCIICUYHMBACT HEOOXOAUMYIO
TOYHOCTh TIPH CTPOMTCIBCTBE MHOTO3TAKHBIX BBICOTHBIX COOPYKCHHH, IPEACIbHAS TOYHOCTH 3TOTO CIocoda
cocraaaer 1:1000 mpw yCHAOBHEH OJATONPHATHBIX YCIOBHH HW3MCPCHHM, CICAYIOIHH CHOCOO OMPeICICHHUS
KOOPIMHAT BEPXHET0 TCOAC3MYCCKOTO 3HAKA IPH IOMONIM MOCTPOCHHSI ABYX KOJUIMMALMOHHBIX IUIOCKOCTEH
BH3UPHBIMH OCSMH ONTHKO-3JICKTPOHHOTO TAXEOMETPA AHANOTHYHO HE OOCCIEYMBACT TPEOYEMOIl TOYHOCTH, IPH
BBICOTE COOpysKeHmsI 100 M onmoOKa 10 BEPTHKAIH COCTABILIET ~+20 MM, HAaHOO0JICe TOUHBIA M3 H3BECTHBIX CIIOCOO0B
HA CETONHSIIHHUH JCHb SBIBIETCSA CII0OCOO ONTHUYECCKOTO HIIM JIA3EPHOTO BEPTUKAILHOTO NMPOCKTHPOBAHUS, KOTOPBIH
00eCIIeYMBACT TOYHOCTh 1-2 MM 71 BBICOTHI COOpPY KeHHS MpUOIM3uTenbHO 100 M, HO, KAK MBI IOHUMAEM, 3TOH
TOYHOCTH TAK/KE HEAOCTATOUHO. ABTOPBHL, INPOAHATH3UPOBAB M3BECTHBIC CIOCOOBI OIPEACICHUS IUIAHOBBIX
KOOPIMHAT TEOAC3MUCCKUX 3HAKOB, PA3MCIICHHBIX HA MOCIICIHEM SIPYCE CBEPXBBICOKMX HHKCHEPHBIX COOPYKCHHH,
MPUODTH K BBIBOAY, UTO HEOOXOAMMO pPa3paboTaTh CHOCOO M YCTPOHCTBO ONPEACICHHWS IMJIAHOBBIX KOOPIMHAT
BEPXHETO T'COJC3HYCCKOTO 3HAKA HA CBEPXBBICOKMX HH)KCHEPHBIX COOPYKCHMSAX C IOBBINICHHOW TOYHOCTHIO I
oOecrieueHHST HHKEHEPHO-TE0IC3MUCCKAX PadOT BO BPEMS CTPOUTEIBCTBA M IKCIUIYATAMH BEICOTHBIX HH;KCHEPHBIX
COOPYKEHUIL.

B crarbe aBTOpHI NMpEIIATarOT COOCTBEHHBIC CIIOCOO M YCTPOMCTBO ONPEICIHCHHS IUIAHOBBIX KOOPAWHAT
BEPXHETO TCOJC3MUYECKOTO 3HAKA JIHHHHM BCPTUKAILHOTO IPOCKTHPOBAHMS HA CBEPXBBICOKHMX WH)KCHEPHBIX
COOPYKCHISIX C MOBBIIICHHOW TOUHOCTBIO, KOTOPBIH OCHOBAH HA METOZC MPAMOM JIMHEHHON 3aCCUKH CBETOJANIBHO -
MEPHBIMH H3MEPEHISIMH, TIPH 3TOM BBIIIOJTHAIOT I'€0C3MUCCKYEO MPUBI3KY IICHTPAIBHBIX TOUCK CBETOJAIFHOMEPOB
HIDKHETO T'€0JIC3UUECKOTO 3HAKA B MEDKCHEPHOM COOPY)KCHHH B IIJIAHEC H IO BBICOTEC C HEOOXOIMMOM TOUHOCTBIO,
CBETOJAIILHOMEPHI OPHCHTHUPYIOT HA ONTHYECKHUE OTPAKATEIH, YCTAHOBICHHBIC HA BEPXHEM T'€OJE3HYCCKOM 3HAKE
HHKCHEPHOTO COOPYSKCHHS M, M3MCHS YaCTOTY H3JIYUCHHUS MMITYJIECOB, (DHKCHPYIOT PACCTOSHHS OT CBETOJAIBHO-
MEPOB 0 OTPakaTellel BEPXHET0 TE€0IC3MUCCKOTO 3HAKA, PA3MEIICHHOTO HA COOPYKCHUM, B MOMCHTBI BOSHHKHOBC -
HUS B KaHAJaX NPHEMHHKOB CBETOAAIBHOMEPOB ABOMHOW YACTOTHI M3JIYUCHHS, BBIMUCILII 3TH PACCTOSIHES I
K@)XJ0TO W3 CBETOJATBHOMEPOB.

Pe3ynbpraToM mpeio;KeHHOTO aBTOPAMHM CIOCO0A SIBIICTCS MOBBIICHUE TOUHOCTH HHXKCHEPHO-TCOJC3HUCCKIX
padoT mpu BO3BEACHUH W KOHTPOJIC TEOMETPHICCKIX MTAPAMETPOB BHICOTHBIX COOPY KCHHH.

JlaHHBIA CrIOCO0 CBETOAATPHOMEPHBIX M3MEPECHHH IT03BOJIICT IOJIYYHThH MOBBIMICHHEC TOYHOCTH HH>KCHEPHO-
TE€OIC3MUECKIX H3MEPEHHUH 32 cUeT (PUKCAnMy MOMCHTA TOSIBJICHUS ABOMHON YACTOTHI CO CPEIHEH KBAJIPATHICCKOH
ommnOKOH HE Xyske +0,5 MM, IIPH 3TOM HCKIIFOYAFOT HEOOXOAMMOCTh M3MEPEHMS PAa3HUIBI (pa3 MEKIY MPSIMBIMH U
OTPAKCHHBIMH UMy TbcamMu. OCOOCHHOC MPCHMYIICCTBO MPCIIOKCHHOTO aBTOPAMH CII0C00a COCTOHT B TOM, UTO
TOYHOCTh H3MEPCHHH 3aBHCHUT OT CPABHCHHA HM3JIYYACMOH M ABOMHOM 4YaCTOT, YTO AETACT H3MEPESHHA IPEHU-
3HOHHBIMH.

KioueBnbie ciioBa: reoe3MUeCKU MOHHTOPHHI, BEPTUKAIBFHOC IMPOCKTHPOBAHKE, CBETOJAIBHOMED, IUIAHO-
BbIC KOOPINHATHI, BO3BEICHHUE BHICOTHBIX COOPYKCHHH.
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