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Abstract 
As one of the important components of the road traffic system, the speed limit plays an 
important role in regulating the speed of vehicles. Understanding the characteristics of 
vehicle operation speed at the speed limit spots has a certain guiding role in the 
formulation of speed limit values, it can further verify the function of speed limit and 
reflect the abidance of speed limit for the publics. The speed data at 18 speed limit spots 
on 8 secondary roads from Chinese Henan Province were selected in this paper. The 
influence of different speed limit values on the operation speed was analyzed. The 
variability and the time characteristics of the vehicles operation speed at speed limit 
spots were summarized, and the relationship between the speed limit value and the 
operation speed was also formulated. It can be concluded that the V85 speed of the cars 
is generally higher than the speed limit value, and the gap between them decreases with 
the increase of the speed limit values. In the case of a low-speed limit value, the V85 
speed of the trucks also appeared to be higher than the speed limit value, but the V85 
speed gradually became lower than the speed limit value as the speed limit increased. It 
can be also found that the speed dispersion degree at the speed limit spots is increased 
with the increase of the speed limit value, and the operation speed of the vehicles during 
the day is higher than that during the night. 
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1. Introduction 

As the development of the transportation infrastructure, the transportation industry has also acquired 
great achievement in the last few decades in China. The traffic safety issues caused by the 
development of transportation have also been paid more and more attention. The survey showed that 
Chinese car ownership was 250 million, and the number of traffic accident deaths was 62,763 [1] in 
2019. There were 280 million cars in United States, and the number of traffic accident deaths was 
36,120 in 2019. It was revealed that the speeding caused more than one-third of fatal accidents in the 
United States, and about 13,000 people died every year [2]. In traffic safety, the determination of the 
speed limit value and people’s compliance is a very important topic [3]. Research on adjusting the 
speed limit value is focused on discussing its impact on speed, exhaust emissions, and travel time [4]. 
A suitable speed limit value can achieve a balance between safety and traffic efficiency, and achieve 
a safe and efficient road traffic environment. The traffic safety is an interesting topic for all countries 
for ever. 

As one of the countries that started speed limitation earlier, United States has accumulated a lot of 
experience in speed limitation. The speed limit methods are mostly engineering methods based on 



International Core Journal of Engineering Volume 8 Issue 4, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202204_8(4).0001

 

2 

the operation speed of each road in the 85th position, which can be adjusted according to 
infrastructure and traffic conditions. According to an investigation by the Technical Committee of 
the ITE Engineering Committee, some road speed limit values were too low. Many organizations 
have deviated from their standard guidelines and set lower speed limits. Some researches showed that 
lower speed limits were often caused by political pressure[5]. A lower speed limit will increase the 
rate of speeding and will also affect the efficiency of traffic. Regarding the road speed limit system, 
Germany installed an early fixed-spot speed limit device on the expressway in 1973 [6]. In 1997, the 
interval speed limit system was used as a new type of speeding capture system in the Netherlands [7]. 
Scholars have conducted research on the effect of adjusting the speed limit value on speeding [8]. 
The speed limit and limit system has become more popular in some countries. 

The speed limit research is mainly concentrated on expressways and urban roads in China [9]. With 
the increase in the popularity of automobiles, the speed limit of other types of highways has gradually 
received attention. Liu Xia established comprehensive speed limit decision models for cars and trucks 
by investigating the traffic data in Chinese Jilin Province. The models take safety as the constraint 
condition and take transportation efficiency and economy as the goal [11]. Xu Ting studied the 
rationality of the speed limit setting on expressway in Xinjiang Bosai by comparing the speed 
relationship between the speed limit zone and the non-speed limit zone [12]. By analyzing the 
relationship between the speed limit and the operation speed in the longitudinal slope section of the 
road, Zhang Ying established a model of the relationships between the operation speed and the V85 
speed, between the speed limit value and the slope, which provided a theoretical method for 
determining the speed limit value of the longitudinal slope section of the road [13]. Wu Shasha 
compared the relationship between different speed limit values and operation speeds in highway, and 
proposed that the speed limit value would affect the operation speed, and the operation speed is 
usually greater than the speed limit value [14]. Jiang Xinguo studied the effectiveness of speeding 
behavior intervention measures, and found that the speeding capture system and the intelligent 
speeding intervention system had the best speeding intervention effect [15]. The speed limit value 
determination method is usually based on the design speed value of the road or reduce the value of 
the design speed as the road final speed limit value in China. 

The speed limit is used to control the operation speed of vehicles and to avoid the traffic accidents. 
The speed spots will actually affect the operation speed of vehicles. To analyze the speed at speed 
limit spots statistically can find the function of speed control, it will further pinpoint the value of 
speed limit. It can further represent the compliance level that the publics abide the traffic regulations. 
The speed data of vehicles at speed limit spots was collected in Chinese Henan Province. The 
influence of the speed limit spots on the operation speed of vehicles including the cars and the trucks 
was disclosed in this paper.  

2. Data Collection 

In order to ensure the validity of the data, the data were collected under the conditions of similar roads 
and good weather conditions. The traffic flow data were obtained at the different speed limit spots, 
including the types of vehicles, passing time, operation speed. The data collection was on the dual 2-
lane carriageway leveled as secondary roads in Chinese Henan Province. 

In order to ensure the full coverage of the data, the minimum sample size is calculated by the 
following equation. 

 

𝑁 = 𝑆𝐾/𝐸                                (1) 

 

Where, N is the minimum sample size (vehicle quantities), S is the standard deviation of the sample 
(km/h), K is the coefficient that determines the confidence level, E is the allowable error of vehicle 
speed observation value (km/h). 
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For the secondary roads, these coefficients can be determined referred to Chinese technical 
specification, for examples, S is 9km/h, E is 2km/h, and the 95% confidence level of K is 1.96. 
Substituted these values into Eq.(1), the minimum sample size of the survey sample is calculated with 
78. It is means that the traffic data at different speed limit sings is involved at least 78 vehicles 
information. In actual, the data were collected from the day to night within 24 hours, the data was 
larger than 78. 

The traffic flow data were counted from 18 speed limit spots on 8 road sections, and they were 
classified and integrated according to the speed limit value. The data collected from the same speed 
limit spots were analyzed. 

3. The Operation Speed Distribution at the Speed Limit Spots 

There were lots of traffic data in observation road sections, the operation speed could be clearly 
emerged by normal distribution analysis. The data were analyzed as three categories (named as cars, 
trucks, all vehicles) at different speed limit spots. The data will be appeared at the same speed limit 
from different road sections. The P-P graph results are as shown in Figure 1 and Figure 2 (only lists 
two sections). 

 

 
Figure 1. P-P graph of vehicle speed in section 1 

 

 
Figure 2. P-P graph of vehicle speed in section 2 
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The frequency distribution of the vehicles speed data are shown in Figure 3 and Figure 4. It can be 
proved that the collected vehicle speed data conforms to the normal distribution. 

 

 
Figure 3. Operation speed distribution in section 1 

 

 
Figure 4. Operation speed distribution in section 2 

 

In order to visually show the distribution of the vehicle operation speed at the speed limit spots under 
different speed limit values, one group was selected from each of the speed limit values of 40km/h, 
50km/h and 60km/h to draw the normal distribution of vehicle speed. 

3.1 The Operation Speed Distribution of the Cars 

The speed data of cars at the same speed limit values were selected, the distribution graph of the 
operation speed is shown in Figure 5. It can be seen that the operation speed of cars also increases as 
the speed limit value increased. When the speed limit value is varied from 40km/h to 60km/h, the 
speed distribution curve becomes wider. The dispersion degree of the operation speed of cars at the 
speed limit spot increases with the speed limit value increased. It means that the operation speed of 
cars varies more and more as the speed limit increased. 
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Figure 5. Speed distribution of cars at speed limit spots 

 

The analysis in the above figure is based on a single section for cars’ speed distribution. In order to 
fully analyze the data, the operation speeds of cars on 18 road sections were processed, and the 
relationship between the standard deviation and the speed limit value was shown in Figure 6. With 
the increase of the speed limit, the standard deviation is gradually increasing. It indicates that the 
speed dispersion degree of cars is gradually increasing as the speed limit increased. 

 

 
Figure 6. Standard deviation of cars speed versus the speed limit at the speed limit spots 

3.2 The Operation Speed Distribution of the Trucks 

 
Figure 7. Speed distribution of trucks at speed limit spots 

 

The operation speed of the trucks were selected, and the distribution graph of the operation speed was 
drawn as Figure 7. It can be seen that the operation speed of trucks also increases as the speed limit 
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value increased, and the dispersion degree of the operation speed of trucks at the speed limit spots 
also increases with the speed limit value increased. The speed dispersion of trucks did not increase as 
fast as the cars. 

The distribution relationship between the standard deviation and the speed limit value was shown in 
Figure 8. According to the trend line of the chart, it can be seen that the standard deviation gradually 
increases as the speed limit value increased, it indicates that the speed dispersion degree of trucks is 
gradually increasing. 

 

 
Figure 8. Standard deviation of trucks speed versus the speed limit at the speed limit spots 

3.3 The Operation Speed Distribution of All Vehicles 

While all vehicles were selected, the distribution graph of vehicle operation speed was obtained as 
shown in Figure 9. It can be seen that the overall vehicle speed also increases as the speed limit value 
increased. It can be concluded that the dispersion of the vehicle operation speed at the speed limit 
spots increases with the speed limit value increased. 

 

 
Figure 9. Speed distribution of all vehicles at speed limit spots 

 

The distribution of the standard deviation and the speed limit value was shown in Figure 10. 
According to the trend line of the chart, it can be seen that the standard deviation gradually increases 
as the speed limit value increased, which indicate that the speed dispersion degree is gradually 
increasing. When all of the vehicle types are comprehensively counted, the increase of the speed 
dispersion degree with the speed limit value is faster than the other two types. 
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Figure 10. Standard deviation of all vehicles speed versus posted speed limit at the speed limit 

spots 

3.4 Time Distribution of the Vehicles Operation Speed at the Speed Limit Spots 

The 24h vehicles’ speed data from a few road sections were collected to analyze the speed time 
characteristics. All the vehicle types were analyzed together. The data were divided into a period of 
3 hours in chronological order, so the 24-hour vehicle operation speed data at the speed limit spots 
were divided into 8 segments. The operation speed V85 changes with time are shown in Figure 11. 
Three different sections of a road were surveyed, and the speed limit of these three sections was 
60km/h. It can be seen that the operation speed at the speed limit spots is between 52km/h and 65km/h. 
Although the value of each speed limit spot will be different, there is a common trend that the 
operation speed of the vehicle from 6 am to 6 pm is higher than other periods. The main reason is that 
the night environment has an impact on the driver's vision. 

 

 
Figure 11. The time distribution of all vehicles operation speed at the speed limit spots 

4. The Characteristics of Vehicle Operation Speed at Speed Limit Spots 

The data of this survey were from dual 2-lane carriageway secondary roads, they were mixed traffic. 
Some roads have been marked with different speed limits for trucks and cars. The data can also be 
classified into two types as the trucks and cars. Therefore, in the process of operation speed at the 
speed limit spots, this paper has carried out as three parts, named as the cars, the trucks, all vehicles. 
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4.1 The Relationship between Posted Speed Limit and the Operation Speed for 
the Cars 

By processing the collected data, the operation speed V85 of cars was obtained, and the trend line 
between the speed limit value and the operation speed V85 of cars at the speed limit spots was drawn, 
as shown in the solid line in Figure 12. 

 

 
Figure 12. 85th percentage speed of cars versus speed limit for the cars 

 

The dotted line in Figure 12 is the speed limit on the corresponding road sections. It can be found that 
on the investigated road sections with a speed limit of 40-60km/h, the operation speed V85 of cars at 
the speed limit spots is always greater than the posted speed limit. With the speed limit increasing, 
the gap between the operation speed V85 of cars and the posted speed limit is gradually diminished. 
It implies that the cars operation speed is normally higher than the speed limit, especially in the lower 
speed limit spots. In other words, the cars always pass by the speed limit signs with overspeed. 

 

Table 1. Estimation of regression coefficients for cars 

Model 
Unstandardized coefficients Standardized coefficients 

t Sig 
B Std. Error Beta 

(Constand) 22.260 4.361   5.104 0.000 

PSL 0.678 0.083 0.899 8.210 0.000 

 

The relationship between the speed limit and the operation speed V85 of cars was established by 
linear regression as shown in Table 1, and the linear regression model was as follows. 

 

𝑉 = 0.678𝑉 + 22.260                           (2) 

 

With R² = 0.8082. 

Where, 𝑉  is the 85th percentage speed of cars (km/h), 𝑉  is the posted speed limit (km/h). 

4.2 The Relationship between Speed Limit and the Operation Speed for the 
Trucks 

By processing the collected data, the operation speed V85 of trucks was obtained, and the trend line 
between the speed limit value and the operation speed V85 of trucks at the speed limit spots was 
drawn, as shown in the solid line in Figure 13. 
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Figure 13. 85th percentile speed of trucks versus posted speed limit for the trucks 

 

The dotted line in the figure is the speed limit on the corresponding road section. It can be found that 
the V85 speed is not very fitted with the speed limit for trucks on the investigated road section with 
a speed limit of 40-60km/h. When the speed limit value is low (less than 50 km/h), the operation 
speed V85 of trucks is greater than the speed limit value. When the speed limit value is higher (larger 
than 50 km/h), the operation speed V85 of trucks is less than the speed limit value. It implies that the 
trucks pass by the speed limit spots with overspeed while the speed limit lower than 50km/h, and the 
trucks is driven obeyed the speed limit while the speed limit lower than 50km/h. 

 

Table 2. Estimation of regression coefficients for trucks 

Model 
Unstandardized coefficients Standardized coefficients 

t Sig 
B Std. Error Beta 

(Constand) 16.389 4.854   3.376 0.004 

PSL 0.667 0.096 0.867 6.958 0.004 

 

The relationship between the posted speed limit and the operation speed V85 of trucks was established 
by linear regression as shown in Table 2, and the linear regression model was as Eq. (3). 

 

𝑉 = 0.667𝑉 + 16.389                       (3) 

 

With R² = 0.7516. 

Where, 𝑉  is the 85th percentage speed of trucks (km/h), 𝑉  is posted speed limit (km/h). 

4.3 The Relationship between Speed Limit and the Operation Speed for All 
Vehicles 

 
Figure 14. 85th percentage speed of all vehicles versus posted speed limit for all vehicles 
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By processing the collected data, the operation speed V85 of all vehicles was obtained, and the trend 
line between the speed limit value and the operation speed V85 of all vehicles at the speed limit spot 
was drawn, as shown in the solid line in Figure 14. 

The dotted line in the figure is the speed limit value of the corresponding road sections. It can be 
found that the operation speed V85 of all vehicles is greater than the speed limit on the investigated 
road section with a speed limit of 40-60km/h. The operation speed V85 of all vehicles will gradually 
approach to the speed limit value with the increasing of the speed limit value. It implies that all 
vehicles pass by the speed limit spots with overspeed while the speed limit of 40-60km/h, especially 
with the lower speed limit. 

 

Table 3. Estimation of regression coefficients for all vehicles 

Model 
Unstandardized coefficients Standardized coefficients 

t Sig 
B Std. Error Beta 

(Constand) 26.206 4.836   5.419 0.000 

PSL 0.578 0.093 0.874 6.226 0.000 

 

The relationship between the speed limit and the operation speed V85 of all vehicles was established 
by linear regression as shown in Table 3, and the linear regression model was formulated as Eq. (4). 

 

𝑉 = 0.578𝑉 + 26.206                        (4) 

 

With R² = 0.7636. 

Where, 𝑉  is 85th percentage speed of all vehicles (km/h), 𝑉  is the posted speed limit (km/h). 

5. Conclusion 

This paper mainly studies the vehicle operation speed at the speed limit spots of the 2-lane dual 
carriageway secondary highway in Henan Province. At the speed limit spots, the relationship between 
the operation speed and the speed limit value, the characteristics of vehicle speed dispersion, and the 
characteristics of vehicle speed time at different were studied respectively. The main conclusions can 
be drawn as follows: 

1) It is found that the 85% of the car at speed limit spots on the secondary highway are almost running 
faster than the speed limit value, and the gap between them decreases with the increase of the speed 
limit value. It can be inferred that when the speed limit value is low, the driver’s compliance rate with 
the speed limit spots is low, and the compliance rate will increase as the speed limit value increases. 

2) When the speed limit value is low, the 85% operation speed of the trucks at the speed limit spots 
is higher than the speed limit value, but it has reversed with the increase of the speed limit value. This 
is related to the vehicle characteristics of trucks, the traffic environment on secondary highway, and 
the stricter requirements of traffic management laws on the speed of trucks. 

3) The speed dispersion degree of all vehicles increases with the speed limit value increased. The 
operation speed and speed dispersion of cars were higher than that of trucks. 

4) The operation speed in the daytime at the speed limit spots is higher than that at night. It should be 
considered in the setting of the speed limit value. 

Since the research object is the operation speed data at the speed limit spots, the measured speed of 
the vehicle is normally within the permitted range of traffic laws. It indicates that the speed limit has 
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a certain positive effect on the drivers’ abidance of traffic law. But there are also a part of vehicles 
pass by the speed limit spots with overspeed. It should be paid attention that the strategy of speed 
limit is improved in the future. 
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