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Abstract. The article is about the results of the research and development work of highways and
airfields laboratory of the National Transport University, namely the development of an experimental sample
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of a microleveler for evaluating the unroughness of the base and road surface on the basis of an already existing
device for measuring the rutting (transverse roughness) of the road surface.

The general appearance, main technical characteristics and the algorithm for working with the device
are given. The performance of the device was tested by conducting control measurements in parallel with a
level of a traditional design on the surface of an asphalt concrete pavement under natural conditions.

On the territory of the National Transport University, a series of experimental studies was carried out
using known measures of length, accepted as reference ones.

Further research and implementation of the device described in the article into the practice of the road
industry in Ukraine will make it possible to quickly monitor the construction and repair of road surfaces and
coatings and to make corrections in technological processes, to purposefully manage quality, to assess the
condition of road surfaces and coatings that are in operation, and to identify local sections of roads with
unsatisfactory levelness, which in turn will contribute to the reduction of road accidents associated with
unsatisfactory road conditions.

At the same time, it is expected that the cost of a domestic microleveler for evaluating the unroughness
of the base and covering of road clothing may be several dozen times lower, compared to foreign analogues,
under the condition of mass production.

Keywords: road structure, roughness of road surfaces, longitudinal equality, transverse equality,
geometric leveling, microleveling, International Roughness Index IRI.

Introduction. The issue of improvement and development of means for evaluating the transport and
operational indicators of road structures has always been and is relevant and extremely important for the road
industry of Ukraine.

The accuracy and objectivity of the assessment of the operational state of road structures makes it
possible to timely identify sections of roads with insufficient strength and take measures to strengthen them,
which contributes to the improvement of the transport and operational state of highways.

At the same time, a detailed analysis of the state of the problem of determining the operational
properties of road surfaces and deformation characteristics of road structures in different countries of the world
showed that one of the main indicators characterizing the quality of the road structure is also equality.

There are about 50 fundamentally different designs of devices for assessing the uniformity of coatings
and several hundred of their various modifications. There are much fewer equality assessment methods.

Materials and methods.

A group of American scientists from the University of Michigan, which included: Michelle Sayers,
Steven Karamigas, etc., based on the results of the review, suggested dividing the existing devices for assessing
the uniformity of coatings into 4 classes according to the methods underlying them.

According to the international classification, methods (equipment) for assessing equality are divided
into 4 classes. In contrast to our standards, the fourth class is present abroad - equipment for expert and visual
evaluation of equality.

Analysis of domestic and foreign experience of equality assessment shows that the highest quality
equality assessment can be obtained only with the help of methods (equipment) of the 1st and 2nd classes.

Large-scale studies conducted in the 80s of the 20th century conclusively proved the inability of
traditional methods and devices (which mostly belong to the 3rd and 4th classes) to qualitatively assess the
roughness of road surfaces.

Based on the analysis of scientific and technical sources, it was established that the most reproducible
are the data of profilometers, which use the principle of scanning the surface of the road surface using mainly
ultrasonic and laser systems. Therefore, they received further development all over the world. But the main
drawback of this equipment is its extremely high cost.

Therefore, in the road industry, more accessible, albeit less productive, methods of assessing equality
continue to be widely used to this day, including geodesic. Along with the traditional geodetic methods of
measuring the unroughness of the base and road surfaces, such as geometric (technical) or trigonometric
leveling, it is also possible to use such a specific method as microleveling.

Microleveling is widely used in the installation and calibration of technological equipment. But its use
is justified only when the distance between control points is within 1 m. For example, to monitor the stability
of beams, trusses, foundations, technological equipment. This method is characterized by simplicity and high
accuracy of measurements.
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The electronic microleveler Dipstick-2000 (Fig. 1), developed by Face Construction Technologies,
USA, is known in the world for assessing the roughness of concrete floors [1].
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Figure 1 — Microleveler Dipstick-2000
Pucynok 1 — Mikpownisemnip Dipstick-2000

The Dipstick-2000 microleveler consists of a DS 2000 measuring unit, a Palmtop HP200LX computer
for recording and storing measurement data, a long handle with a bracket for attaching a computer, power cells
inside and a handle for convenient repositioning of the device [2].

The handle is rigidly fixed with the measuring block, which is mounted on the surface with the help of
two supports. The Dipstick-2000 kit includes two pairs of supports. One pair has a larger contact area with the
surface and is used for coatings with high roughness (asphalt concrete, cement concrete). The other has the
shape of a needle and is used with smooth surfaces (metal, tiles). The distance between the supports can vary,
but is usually 305 mm [2].

The technical characteristics of the device are given in the table 1.

Table 1 — The main technical characteristics of the microleveler Dipstick-2000 [2]
Tabauns 1 — YMoBH poBeneHHsI 1a00paTOpHUX BUIPOOyBaHb [2]

Name Value
Distance between supports, mm variable
Measurement range of excesses, mm + 80
Permissible zero setting error, mm +0,1
Permissible error of measuring the excess at the station, mm +0,1

Permissible measurement error of excesses of the leveling stroke,
mm

+(0,1+0,2 x 10* x D)
where D — the length of the leveling stroke

Nutrition

Ni-Ca battery

The term of work, hours, not less 10
Overall dimensions, mm 560 x 350 x 990
Weight, kg 10,9
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The essence of the measurements is as follows. With the help of a precision electronic accelerometer
installed in the measuring unit, the angle of inclination of the device is fixed. The distance between the supports
is known and constant. Using these data, the computer of the device calculates the excess between the supports
of the microleveler (Fig. 2).
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Figure 2 — The essence of measurement using a microleveler Dipstick-2000
Pucynok 2 — CyTHiCTh BUMIPIOBaHHS 3a JOITOMOI00 MikpoHiBesipa Dipstick-2000

The measurement takes place as follows. First, the profile marking is performed, along which the survey
of elevation marks of the pavement will be carried out, and data about the work site is entered into the
computer. Next, the performer moves the device along the measured line so that one of the two supports
remains stationary, while the other describes an arc of 180° and is set on the measured profile (Fig. 3).
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Figure 3 — The process of measurement using a microleveler Dipstick-2000
Pucynoxk 3 — IIpoiiec BUMIprOBaHHS 13 BUKOPUCTaHHAM MikpoHiBesipa Dipstick-2000
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—

After the system has stabilized, the device records the data and calculates the excess between the points
above which the supports are located.

According to [2], 12 to 15 hours of continuous work is spent when measuring a longitudinal profile
2,500 m long with a survey step of 0.5 m with a Dipstick-2000 microleveler.
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Later, a newer device Z-250 Reference Profiler was developed by the ROMDAS company in New

Zealand for high-precision measurement of longitudinal profiles [3].
The raw data can be automatically processed by the Z-250 (Fig. 4) to calculate the International Identity

Index (IRI) or further analyzed using standard, freely available software such as ProVal.

Figure 4 — Z-250 Reference Profiler
Pucynok 4 — Z-250 Reference Profiler

Z-250 can be used for:

calibration or testing of other devices for measuring the roughness of coatings;

monitoring the condition of roads, highways, bridges, etc.;
— data collection for accurate identification of vulnerable places on the coating;

data collection for research purposes.
The Z-250 consists of two main components: a measuring unit and a portable computer that functions
as a data logger. The measuring unit contains a battery, an accurate inclinometer and a power circuit. Detailed
technical characteristics of the Z-250 are given in the table 2.

Table 2 —The main technical characteristics of the microleveler Z-250 [3]
Ta6mwst 2 — OCHOBHI TeXHIYHI XapaKTEPUCTHKH MikpoHiBenipa Z-250 [3]

Name Value
Accuracy class Ist class of accuracy of devices for measuring surface
irregularities
The distance between the supports 250 mm
Measurement method high-precision inclinometer
Permissible error of measuring the excess at the | 0,05 mm
station
Battery life 14 hours (continuous measurements)
Overall dimensions 250 mm x 80 mm % 140 mm
Mass 3 — 5 kg without battery

The principle of measurement in Z-250 is the same as in Dipstick-2000. During shooting, the Z-250
displays the distance traveled and the current height (in mm). After passing 30 m, the device will additionally
display the IRI value in real time. After the measurement is completed, the final IRI value is displayed on the
screen. The user also has the opportunity to build a coverage profile (Fig. 5).
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Figure 5 — Display of measurement results on a PC
Pucynok 5 — BinoOpaxenHs pe3ynbTatiB BUMiproBaHas Ha [1K

For each measurement, two files with extensions are created:
— .txt — a text file containing 3 columns: distance, coverage elevations, and summary or longitudinal
profile data;
— .erd —the .ERD file can be imported into software such as ProVal or RoadRuf for further analysis of
road profiles.
The advantages of Z-250 are:
— registration of roughness and longitudinal profiles of the coating with high accuracy;
free data formats;
connection to the data logger via Bluetooth connection;
— intuitive and convenient interface.
Results. On the basis of the device for measuring the rutting of the road surface [4-8] in the laboratory
of highways and airfields of the National Transport University, an experimental sample of the device was
developed, similar in principle to the Dipstick-2000 microleveler (Fig. 6).

Figure 6 — Microleveler based on the NTU laser profilograph
Pucynok 6 — MikponiBenip Ha 6a3i tazepHoro mpodinorpadha HTY
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The device is a metal frame on two hinged supports with a platform attached to it, on which the
measuring carriage of the laser profilograph is installed. The distance between the supports is 500 mm. The
angle of inclination is measured using a laser sensor installed in the profilograph carriage. The measurement
procedure is the same as when using Dipstick-2000. The difference is that the values of the angle of inclination
are recorded manually by the operator. To do this, you need to go to the «Displays of sensors» item in the main
menu of the profilograph and find the line «Inclination».

In order to check the performance of the experimental sample of the device, a number of control
measurements were carried out in parallel with the measurements using a leveler of a traditional design.

The research was conducted on the surface of the asphalt concrete pavement under natural conditions
on the territory of the National Transport University (Fig. 7).

Figure 7 — The process of conducting experimental research in natural conditions
Pucynok 7 — Iporec mpoBelieHHsT eKCIIEPUMEHTAIIBHUX JJOCTIPKEHb Y HATYPHUX YMOBaX

A marking was made along the line of the measured profile using a measuring tape. The leveling rail
was placed on the heels of the microleveler at each measurement. The obtained results are shown in the table 3.

Table 3 — Measurement results
Tabauns 3 — Pe3yapTaTi BUMipIOBaHb

Readout Excess, mm
Picket
Level, mm Microleveler, degree Level Microleveler
0 4695 +0334 43 +2,91
0,5 4698
1.0 4700 + 0,340 +2 +2,97

Hayxoswuii xxypHan «ABTOMOBUIBLHI JIOPOT'H I JIOPOXKHE BY AIBHULITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).

AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2022. Issue 111




TEOJE3IS TA 3EMJIEYCTPIN / GEODESY AND LAND MANAGEMENT

The excess on the microleveler was found by the following formula:
h =1-sini (1)

where i — tilt angle;
h — sought excess;
[ — distance between points.

Since the distance between the supports of the microleveler is known (500 mm), formula (1) takes the
form:

h =500-sini 2)

As follows from the table 3, the values of excesses obtained using a leveler and a microleveler do not
differ significantly. So, we can say that the experimental sample of the microleveler was in working condition.

In the future, a series of experimental studies was also carried out using known measures of length,
accepted as reference ones.

The research was conducted on a tiled surface (Fig. 8).

Figure 8 — Experimental studies using known measures of length
Pucynok 8 — ExcriepuMeHTasbHI TOCTIPKEHHS 3 BUKOPUCTAHHSIM BiJIOMUX Mip JJOBXKUHH

With the help of an electronic level, it was established that the surface of the tile is clearly horizontal
and can be used as a reference.
With the same parking points of the heels of the device, zeroing of the readings of the microlevel was

carried out by bringing the readings in the forward and reverse directions to the same, but diametrically
opposite values.

The following were used as reference measures:
— 24 mm thick metal weight;
— polyethylene plate with a thickness of 3 mm;
— plastic plate 1 mm thick.

The results of measurements are given in table 4.
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Table 4 — Results of measurements using known measures of length
Tabauns 4 — Pe3yapTaTi BUMIpIOBaHb 3 BAKOPUCTAHHAM BiIOMHX Mip JOBXHHU

. Absolute Relative
Indication Excess, mm
Measure, error, mm error, %
mm Level, mm Microleveler, Level Microleveler Microleveler
degree
0 1188 0 - -
24 1163 2,803 25 24,45 0,45 2
3 1182 0,339 6 2,95 0,05 2
1 1186 0,115 2 1 0 0

As follows from the table, the relative error of measurements of excesses using a microleveler is within
2%, which is significantly less than the maximum permissible value of 5%.

Conclusions and Recommendations.

Based on the device for measuring the rutting of the road surface, an experimental sample of a new
domestic device has been developed, which is similar in principle to the Dipstick-2000 microleveler and the
method of evaluating the unroughness of the foundations and road surface with its use.

The microleveler has successfully passed a number of experimental studies, proving itself as a device
that is simple and easy to use and maintain.

The relative error of measurements of excesses using a microleveler was within 2%, which is
significantly less than the maximum permissible value of 5%.

After successful experimental research, the work started can be continued in the future in the direction
of manufacturing a microleveler prototype, developing a technical project and working design documentation
with the aim of serial production of this new measuring equipment to improve the quality of road construction.
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AHoTanis. B craTtri Haerscs mpo pe3ynbTaTH JOCHTiTHO-KOHCTPYKTOPCHKOI poOOTH NabopaTopii
ABTOMOOUILHUX JOpIr Ta aepoapomiB HallloOHaIBHOIO TPAaHCIOPTHOI'O YHIBEPCUTETY, a caMe PO3pOOKY
EKCTIEpUMEHTAILHOTO 3pa3ka MIKPOHIBETIPY IS OIIHIOBAHHS HEPIBHOCTEW OCHOBH 1 TIOKPUTTS TOPOKHLOTO
oJsTy Ha 0a3i BKe iCHYI0YOro MPUCTPOIO AJIsl BUMIPIOBaHHS KOJIIHHOCTI (MTOMEepeYHoi piBHOCTI) JOPOKHBOTO
MOKPHUTTS.

Hapeneno 3aranpHHI BUTIISAI, OCHOBHI TEXHIUHI XapaKTEPUCTUKH Ta aJTOPUTM POOOTH 3 TIPHIIATIOM.
BukoHaHo mepeBipKy mpane3JaTHOCTI NpuiIady Ipu HMpOBEICHHI KOHTPOJIBHHUX BHMIPIOBAHb MapaieibHO 3
HiBENIPOM TpaauLiiHOI KOHCTPYKLIi Ha HOBEPXHi acPaabTOOCTOHHOTO IOKPUTTS Y HATYPHUX YMOBAX.

Ha tepuTopii HamionaasHOTO TpaHCIIOPTHOTO YHIBEPCUTETY MPOBEICHO CEPI0 €KCIIEPUMEHTATHHIX
JOCTIDKEHb 3 BUKOPUCTAHHSM BiJJOMUX Mip JOBXHHH, IPUAHATHX Y SKOCTI €TaJIOHHUX.

[opanpmn moCHiIKEHHS Ta BIPOBAIKCHHS OMHMCAHOTO B CTATTI MPHJIAAY B MPAKTHKY JOPOKHBOTO
rocrogapcTBa YKpaiHd AaxyTh 3MOTY ONEPATHBHO KOHTPOIIOBATH OYIAIBHUIITBO 1 PEMOHT JOPOXKHIX OJISATIB
Ta IMOKPHUTTIB i BHOCUTH KOPESKTHUBH B TEXHOJIOTIUHI MPOIIECH, IECTIPIMOBAHO KEPYBATH SKICTIO, OIIIHIOBATH
CTaH JIOPOXKHIX OJIATIB Ta MOKPUTTIB, IO 3HAXOATHCS Ha CTAJil EKCILTyaTallil 1 BUSBIISATH JIOKAJIbHI JTUISTHKA
JIOpIT 3 HE3aJO0BUIBHOIO PIBHICTIO, MO B CBOIO depry Oyme cupusaru 3menmenaro JTII, mos's3zanux 3
HE3aI0BUTEHUMH JOPOKHIMH YMOBaMH.

B T0i1 e gac, ouiKyeTbcs, 110 BapTiCTh BITYM3HAHOTO MIKPOHIBEJIpY JAJIS OLIHIOBAaHHS HEPiBHOCTEH
OCHOBH 1 TOKPUTTS JOPOXKHBOTO OJIITY MOXE B JICKiJbKa JIECATKIB pa3iB OyTH HWXKYOIO, MOPIBHSIHO 3
3aKOPIOHHUMU aHAJIOTaMH, 332 YMOBH CEPIHHOTO BUPOOHHUIITBA.

Karwo4oBi ciaoBa: MOpOoXHS KOHCTPYKIIiS, PIBHICTH JOPOKHIX IOKPHUTTIB, TO3MOBXKHS PiBHICTD,
MoIepeyHa PiBHICTh, TEOMETPUYHE HiBEJIIOBaHHS, MiKpOHiBeMOBaHHS, MixkHapoaHmii iHAekc piBHOCTI IRI.
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