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Abstract. An article devoted to the development of the latest equipment for testing road structures 
during the diagnostics of roads both in the process of repair and construction, and in the process of operation. 

A measuring station for stamp tests of road structures and their layers has been developed, which unites 
the test equipment into a single automated complex mounted on the base car. This eliminates the need for 
manual labor of the operator, increases productivity and accuracy of tests, provides the ability to perform 
multiple loads. 

At the same time, any truck or road vehicle can be used to create the load. A measuring unit with special 
software installed on it is used for registration and processing of measurement results. 

The results of laboratory tests of the measuring station, which were carried out in the laboratory of the 
department of metrological support of measurements of geometric quantities of SE «Ukrmetrteststandard» are 
highlighted. 

The obtained results indicate that the values of measuring force, absolute error and range of measure-
ments of the station of movement of the station meet the regulatory requirements. 

Keywords: static stamp tests, measuring station, laboratory tests, measuring force, absolute error. 
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Introduction. Today, the issue of objective assessment of the condition of road structures for effective 
management of the road network and rational allocation of financial resources is extremely important for the 
road industry of Ukraine. 

The use of heavy goods vehicles for freight transport has led to a sharp deterioration in the condition of 
many roads, causing progressive damage to their pavement. 

In these conditions, the issues of instrumental diagnostics of highways and allocation of areas in need 
of major repairs or reconstruction are of great importance. The most objective assessment of such sites is 
possible with the use of modern technical means and advanced test methods. 

 
Materials and methods.  
In the laboratory of roads and airfields of the National Transport University a measuring station for 

stamp tests of road structures and their layers was developed [1-5]. 
The station is a complex measuring instrument, which is a set of test equipment combined into a single 

automated complex for the rapid determination of the deformation characteristics of road structures and their 
layers during stamp tests. 

The laboratory tests of station were carried out in the laboratory of department of metrological support 
of geometric values measurements of SE «Ukrmetrteststandart» in accordance with program and methodology 
given in [6, 7]. 

The purpose of laboratory tests was to determine measuring force values, the absolute error and station 
range displacement node measurements and to check their compliance with the regulatory requirements. 

Results and Discussion. The tests were performed by conditions shown in Table 1, with certified meas-
uring instruments and working standards use, technical characteristics of which are given in Table 2. 

 
Table 1 – Conditions for laboratory tests 
Таблиця 1 – Умови проведення лабораторних випробувань 

Name of the parameter Parameter value 

Exterior temperature, °С from 15 to 25 
Relative air humidity, % from 30 to 80 
Atmosphere pressure, kPа from 80 to 106 

 
Table 2 – Technical characteristics of measuring instruments and working standards 
Таблиця 2 – Технічні характеристики засобів вимірювальної техніки та робочих еталонів 

Name and marking  
of working measurement standard  
and measurement technique means 

Legal require-
ments 

Specifications manual 

Flat-parallel end measures  
of length IV class 

DSTU 3741 
Bogey values of length measures from 0,1 to 10 
mm, δ = ± (0,2 + 2·Lm) μm 

Scales for static weighing GOST 29329 Measuring range from 0,2 to 3 kg, ∆ = ± 3 g 
Rack С - II  GOST 10197 Н = 250 mm, the flatness of table 0,004 mm 

Meteorological glass  
thermometer ТМ-6  

GOST 112-78 
Measuring range from 10 to 30 ⁰С;  
graduating mark 1 ⁰С; 
∆ = ± 1 ⁰С 

Control aneroid barometer М-67 TC 2504-1797 
Graduating mark 0,1 kPа; 
∆ = ± 0,15 kPа 

 
Before tests starting, the station's displacement unit was checked for mechanical and other defects that 

could affect measurements accuracy, mounted on a laboratory bench and connected to a power source. 
The measurement force of displacement node was determined using scales for static weighing during 

contact of measuring probe rod with weight pad. For this purpose, the measuring sensor of displacement node 
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was fixed in a type C - II rack with a displacement range not less than the measurement range of the displace-
ment node. 

The measuring sensor core was lowered and weight readings were taken at the beginning, middle and 
end of the measuring range of the displacement node when the sensor core was moved directly (when lifting 
the measuring sensor rod). 

The weights in grams divided by 100 were equal to the measurement force in newton’s (N). 
As a result of testing, it was found that measuring force value of node displacement station is within 

1 - 3 N, which meets regulatory requirements given in [6, 7]. 
The absolute measurement error using the station displacement node was determined by means of 

plane-parallel end measures of length IV discharge with a nominal size of 0,1 mm, 2 mm, 4 mm, 6 mm, 
8 mm, 10 mm (Fig. 1). 
 

 
1 – station measuring displacement sensor node; 2 – rack С - II; 3 – rack table С - II; 4 – station measuring unit; 5 – 
plane-parallel end measures of length IV discharge 

Figure 1 – Determination of absolute measurement error using the station displacement node 
Рисунок 1 – Визначення абсолютної похибки вимірювань з використанням вузла переміщень станції 

 
The methodology for determining the absolute error was to do following actions: 
- measuring sensor of the movement node is fixed in the rack; 
- lowered the core of the measuring sensor to contact with table working surface; 
- readings of station measuring unit were set to «zero»; 
- on the table rack the distance piece was set with the lowest bogey value; 
- the final measure length was measured, pre-installing the core of the measuring sensor on its work 

surface; 
- the core of the measuring probe was lifted and installed distance piece was replaced on the distance 

piece of larger size; 
- the measurement of each distance piece was carried out three times, removing the readings on the 

display screen of the station measuring unit. 
The length Lр of each six finite measures, p = 1…6, measured by station displacement node, 

was determined by the formula: 
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where Lpi – readings of the station measuring unit at the i - th measurement of the p - th distance piece, 

mm. 
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The absolute error р  of displacement node when measuring the length of each six distance piece, 

p = 1…6, was determined by the formula: 
 

,р р рdL L    (2) 

 
where Lpd – real length value р - th distance piece, mm. 
For the real value of measurements absolute error with help of station displacement node the maximum 

obtained values were taken. 
Standard deviation of displacement node random error component when the length of each six distance 

piece was measuring, p = 1…6, was calculated by the formula: 
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The range of displacements measurements was taken to be the range in which the absolute error in the 

displacements measurement did not exceed the maximum permissible value ± 0,01 mm. 
The results are shown in Table 3. 
 
Table 3 – Results of absolute error and measurements range of station displacement node computations 
Таблиця 3 – Результати визначення абсолютної похибки та діапазону вимірювань вузла пе-

реміщень станції 

N 
Distance piece 

Lpд, mm 
Readings of displace-

ment node Lpі, mm 
Distance piece 

Lp, mm 

Absolute varia-
tions 

 Δp, mm 

Standard devia-
tion 

pS , mm 

1 
0,10 

0,08 
0,1000 0,000 0,0141 2 0,11 

3 0,11 
1 

2,00 
2,00 

2,0067 0,007 0,0094 2 2,02 
3 2,00 
1 

4,00 
4,01 

4,0100 0,010 0,0000 2 4,01 
3 4,01 
1 

6,00 
5,99 

6,0067 0,007 0,0125 2 6,02 
3 6,01 
1 

8,00 
8,01 

8,0033 0,003 0,0094 2 8,01 
3 7,99 
1 

10,00 
10,01 

10,0133 0,013 0,0047 2 10,01 
3 10,02 

Real value of absolute variations of displacement node Δmax = 0,013 mm 
Maximum standard deviation Smax = 0,0141 mm 
The range of displacement node measurements from 0,1 to 10,0 mm 
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According to the table, the real value of absolute variations measurements using station displacement 
node does not exceed the maximum permissible value ± 0,01 mm, and the measurement range is from 0,1 to 
10,0 mm, which meets the regulatory requirements given in [6, 7]. 

The standard uncertainty in absolute variations determining using the station displacement node was 
calculated by the formula: 
 

2 2 2 2 ,a b c du u u u u     (4) 

 

where au  – uncertainty of plane-parallel distance piece (for distance piece of IV class 

0, 00012au   mm); 

bu  – uncertainty of picking up ( 0, 003bu   mm); 

cu  – uncertainty of picking up 
max

S , mm; 

du  – uncertainty of ambient temperature deviation from 20 °С, (for measurements at the laboratory 

0du  ). 

Extended uncertainty in absolute variations determining using the station displacement node was cal-
culated by the formula: 
 

,U k u   (5) 

 
where k – coverage factor, (for confidence figure 0,95 under Gaussian law k = 2). 
The results are shown in Table 4. 
 
Table 4 – The results of the calculation of uncertainty in determining the absolute measurement error 
Таблиця 4 – Результати розрахунку невизначеності при визначенні абсолютної похибки 

вимірювань 

N The name of the parameter 
The value of the pa-

rameter 
1 Standard uncertainty u, mm 0,013 

2 Extended uncertainty U , mm 0,026 

 
As follows from the table, the extended uncertainty U when determining the absolute error of meas-

urements using the node of the station movements does not exceed the maximum allowable value of ± 0,03 
mm, which meets the regulatory requirements given in [8]. 

Conclusions and Recommendations. Therefore, in general, we can conclude that the developed sam-
ple of the automated measuring station for stamp tests of road structures and their layers has successfully 
passed laboratory tests, as a result of which it was found that the values of measuring force, absolute error and 
measuring range of the station regulatory requirements. 
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Анотація. Стаття присвячена питанням розробки новітнього обладнання для випробувань до-
рожніх конструкцій під час діагностування автомобільних доріг як в процесі ремонту та будівництва, 
так і в процесі експлуатації. 

Розроблено вимірювальну станцію для штампових випробувань дорожніх конструкцій і їх 
шарів, яка об’єднує випробувальне обладнання в єдиний автоматизований комплекс, що монтується на 
базовому автомобілі. При цьому виключається необхідність ручної праці оператора, підвищується про-
дуктивність та точність випробувань, забезпечується можливість виконання багаторазових наванта-
жень. 
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В той же час для створення навантаження можна використовувати будь-який вантажний авто-
мобіль чи дорожню машину. Для реєстрації та обробки результатів вимірювань використовується 
вимірювальний блок з встановленим на ньому спеціальним програмним забезпеченням. 

Висвітлено результати лабораторних випробувань вимірювальної станції, що проводились в ла-
бораторії відділу метрологічного забезпечення вимірювань геометричних величин ДП «Укрметртест-
стандарт». 

Отримані результати свідчать про те, що значення вимірювального зусилля, абсолютної похи-
бки та діапазону вимірювань вузла переміщень станції відповідають нормативним вимогам. 

Ключові слова: статичні штампові випробування, вимірювальна станція, лабораторні випробу-
вання, вимірювальне зусилля, абсолютна похибка. 
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