I'OJUIIHUK HA YHUBEPCUTETA 11O APXUTEKTYPA, CTPOUTEJICTBO U TEOAE3UsA
coous

Tom 55 2022 Bpoii
@ Vvolume Issue

ANNUAL OF THE UNIVERSITY OF ARCHITECTURE, CIVIL ENGINEERING AND GEODESY
SOFIA

Honyuena: 10.01.2022 2.
Ipuema: 11.02.2022 ..

DISCREPANCIES AND MISCLOSURES IN THE THIRD LEVELLING
OF BULGARIA

V. Cvetkov!

Keywords: precise levelling, errors, discrepancies, differences, misclosures

ABSTRACT

In order to investigate the expediency of the allowable differences between both
independent measurements among bench marks in the sections, lines and loops of our First
Order Levelling Net, the data of the Third Levelling of Bulgaria have been analyzed.

Using simple graphical visualization techniques is made an attempt at clarifying of the
relationship between the length of the sections, lines and loops and the accumulated
discrepancies in the measured elevations and misclosures, respectively.

Analyzing the above-mentioned data, a heteroscedasticity of the distribution of the
discrepancies is detected.

1. Introduction

Despite developing of GNSS measurements the First Order Levelling still leaves the
most accurate method for vertical measurements [1]. Based on this fact the method is
commonly applied for monitoring of the Earth’s crust [2 — 5], tectonic investigations [6],
monitoring of vertical movements of constructions [7 — 8], etc. Owing to the importance of this
approach there are strict recommendations and prescriptions on how measurements have to be
executed [9 — 11]. Differences in territory, relief, economic and political environment,
development of the levelling equipment [12], etc. reflect on the methodology of execution of
the precise levelling. Consequently, each country has different criteria of the allowable
discrepancies in the levelling sections and lines and acceptable misclosures in the levelling
loops. According to [9] the allowable difference between both forward and backward
measurements of the elevation between two bench marks in the sections, lines and loops in
Canada can be given by equation (1).
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|D| <3mmJ/L, (1)

where L is the levelling distance between two bench marks in the sections, lines or loops in km.

Based on the previous experience the authors of [9] have remarked that 16% of the
measurements in the sections, lines and loops can’t meet the above requirement and must be
relevelled.

The limit (1) is also used in the first order levelling in Russia [10] when the number of
the stations in the measured sections are less than 15 per km. In order to avoid rejecting
measurements in the mountain areas, [10] define additional looser criterion in these cases when
the number of the stations in the measured sections are greater than 15 — (2).

|D| < 4mmy/L . )

This fact is a small step ahead in differencing the mountain crossing lines from these
ones which pass through a flat terrain.

The Old Bulgarian instruction [13] defined the allowable discrepancies of the sections,
lines and loops by equations (3), (4) and (5), respectively.

|d| <1,5mm\/1. (3)
|D| < 2,25mmi/L. @)
W/ <1,5mmJF . ®)

In equations (3)-(5) I, L and F are the levelling distances between two bench marks in the
sections, lines and loops in km, respectively.

Without any consideration equations (3)—(5) have been added in [11]. Due to this fact
the criticism [14] seems to be reasonable.

The first goal of this article is to support those part of the conclusions which were made
in [14] concerning the vertical control with utilizing of simple graphical visualizations.

The second one is to illustrate some lows of heaping up of the discrepancies and
misclosures of the Third Levelling of Bulgaria /1975 — 1985 year/ [15].

2. Discrepancies in the sections

Relationship between the absolute values of the discrepancies between both
levelling between bench marks in the sectionss and the square root of the length
of the sections in Third Levelling of Bulgaria
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Fig. 1. Discrepancies in the sections
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Looking at Fig. 1 one can see that:

A. The limit of the differences between both forward and backward measurements
of the section elevations given by (3) is too ambitious. What is more, this
criterion can’t be meet in those sections which contain routes with huge
elevations as were shown in [16].

B. The second limit, which is pictured in green in Fig. 1 and is close to (4) seems
more reasonable than (3). It is obvious that only 15 out of 4573 sections don’t
meet it.

C. The third limit, which is pictured in yellow and given by (1), was not satisfied
only in one section. Despite being appropriate in the mountain regions this
criterion is too loose in the main part of the sections.

D. The spread of the discrepancies in the analyzed 4573 sections is triangle shaped
along the square root of the length. This fact clearly shows a presence of a
heteroscedasticity and raise a question about relationship between section
discrepancies and the square root of the length of sections. Furthermore, the
question about appropriate weights of the section elevations seems to be more a
rule of the thumb than a proven scientific fact.

3. Discrepancies in the lines

Relationship between the absolute values of the discrepancies
between both levelling among end bench marks in the lines and the
square root of the length of the lines inthe Third Levelling of
Bulgaria
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Fig. 2. Discrepancies in the lines

Looking at Fig. 2 it is obvious that:
A. The limit of the differences between both forward and backward measurements
of the line elevations given by (4) is too ambitious. One can count that 18 out of
55 lines or 33% of all lines in the Third Levelling of Bulgaria weren’t able to
satisfy this requirement.

B. The limit given by (1), which is pictured in green in Fig. 2 seems more
reasonable than (4). The limit (1) wasn’t met only in 7 out of 55 lines and again
those are mainly mountain crossing lines.
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C. The spread of the discrepancies in the analyzed 55 lines is triangle shaped along

the square root of the length of the lines. This fact clearly shows a presence of a
heteroscedasticity and raises a question about relationship between line
discrepancies and the square root of the length of the lines. Furthermore, the
question about appropriate weights of the line elevations of the Third Levelling
of Bulgaria doesn’t seem to meet the classic theory. Analyzing the Second
Levelling of Bulgaria and one third part of the Second Levelling of Finland [16]
has been shown that there is a stronger relationship between the discrepancies |D|
in the lines and the accumulated absolute elevations 3|h| along the lines than
between |D| and the square root of their length.

4. Misclosures of the loops

The misclosures of the loops produced in the Third Levelling of Bulgaria are pictured in
fig. 3. It is important to say that the analyzed misclosures don’t contain a gravimetric
correction. Thus, they are raw misclosures.

W inmm

Relationship between the absolute values of the misclosures of the loops
and the square root of their perimeters in the Third Levelling of Bulgaria
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Fig. 3. Misclosures in the loops

Looking at Fig. 3 can be seen that:
A. The limit of the differences between both forward and backward measurements

B.

C.

of the line elevations given by (5) is both ambitious and unreasonable. One can
count that 7 out of 23 loops or 23% of all loops in the Third Levelling of
Bulgaria weren’t able to satisfy (5).

According to Fig. 3, if the coefficient of 1,5 in (5) had been replaced to 2 only
about 10% of the loops would not satisfy the limit.

As mentioned above the limit (5) is unreasonable owing to the fact that the
misclosures are column shaped where upper band is close to 45 mm. Looking at
Fig. 3 one can see that the spread of the misclosures seems to be more similar to
a noise than a trend.



Fig. 3 clearly shows that the misclosures of the loops are not function of their lengths.
One strong argument in this direction is the misclosure of the ring loop which is only 2,85 mm
but the length of the loop is 2550,18 km.

5. Let put all things together

Discrepancies and misclosuresin the Third Levelling of Bulgaria
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Fig. 4. Discrepancies and Misclosures

Fig. 4 gives a general point of view about the lows of accumulation of the discrepancies
and misclosures in the Third Levelling of Bulgaria. It is easy to see that:
A. The errors are trapezium shaped. This fact implies of a presence of a
heteroscedasticity along the sections, lines and loops. Therefore, the limits (1)-
(5) may not be the best ones.

B. The discrepancies in the mountain crossing lines / marked outliers / are equal or
greater than the greatest misclosure in the loops even though their length is 2 — 3
times shorter than the perimeters of the loops. This fact clearly shows that the
classic theory about the lows of accumulation of levelling errors in our country
should be revised [16].

C. Up to 200 km the lines have systematic heaping of discrepancies but after this
length there is some compensation which leads to the fact that the misclosures of
the loops can’t leap over some value. According to Fig. 4 this value is
approximately equal to the discrepancy of the line with the greatest length.

6. Conclusion

We cannot solve our problems with the same thinking we used when we created them
[17]. This Einstein’s thought is fully relevant concerning the precise levelling in Bulgaria. It
needs further investigations to define more appropriate vertical control limits than (3)—(5),
which according to Fig. 1 — Fig. 4 are not suitable for the territory of Bulgaria. It needs
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different thinking in order to understand the lows of accumulation of the errors in the precise
levelling as a whole and based on this knowledge to produce relevant vertical control criteria.

To be this possible the levelling data [15] have to be digitized in an open file format and
to be easily acceptable [18] by analyzers for further investigations.
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HECBOTBETCTBUA U HECBBIIAJIEHUS ITPU TPETATA
HUBEJIALIUSA HA BBJIT'APUSA

1
B. IIBeTKOB
Kniouosu oymu: npeyusna nueenayus, epewiku

PE3IOME

C nen uscineABaHE HAa CHCTOSITENHOCTTA Ha JOMYCTHMUTE Pa3lIMKH MEXIY JABETE He-
3aBUCUMU IIPOTUBOIOJIOKHU U3MEPBAHUS HA IIPEBUILEHUATA MEKIY PEIEPUTE B HUBEJIAUHUTE
CEKLIMH, JINHUU U MOJMIOHU Ca aHAJIW3UPAHU JAHHUTE OT TPETOTO M3MEPBAHE HA IIbPBOKJIAC-
HaTa HUBeJIauHa Mpexa Ha P bearapus.

Karo ce m3non3BaT onpocTeHn rpadUIHN TEXHUKH 32 BU3YaTU3aIHsl, € HAIPaBeH OIUT
Jla C€ U3SCHU Bpb3KaTa MEXKIY JAB/DKUHUTE HA HUBEIAUYHUTE CEKLUU, JIUHUU U OJIUTOHU U Ha-
TPYNAHUTE PA3JIMKU B U3MEPEHUTE [IPEBUILICHUS U HECHBIIAICHUSI.

VYcraHoBeHa € HapacTBallla HEYCHOPEIHOCT B Pa3CEMBAHETO HA M3CIECABAHUTE PA3IUKU
C HapacTBaHE Ha IPOHUBEIMPAHUTE PA3CTOSHUS.

! Bacun LIBetkoB, ac. I-p UHXK., KarT. ,,[eXHOJOTUS ¥ MEHUDKMBHT B cTpoutencteoro”, BCY , Jloben
Kapasenos®, yi. ,,Cyxomosncka“ Ne 175, Codus 1373, e-mail: tzvetkov_vasil@abv.bg

201


https://www.yourselfquotes.com/albert-einstein-quotes/
https://www.cadastre.bg/sites/default/files/documents/SavetPoGeodeziaKK/analiz_nivel_mrega_bg_agkk.pdf
https://www.cadastre.bg/sites/default/files/documents/SavetPoGeodeziaKK/analiz_nivel_mrega_bg_agkk.pdf



