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Abstract

The stability and effectiveness of traffic control devices are critical for ensuring the safety of highways. According to the
Manual on Uniform Traffic Control Devices (MUTCD), chevron markings should be employed at locations with a significant
change in the horizontal alignment of the road. The Kabul-Jalalabad highway, a two-lane route traversing mountainous
terrain, features numerous horizontal curves that pose potential risks to drivers. This study aims to identify specific
curves along this highway that require chevron signage to mitigate the risk of accidents. Spanning 152 kilometres, the
Kabul-Jalalabad rural highway contains 268 horizontal curves. Field data was collected to analyse the radii of these curves.
The results indicate that 33 curves have radii less than 200 meters, highlighting these locations as critical points where
chevron signs should be installed. When building horizontal curves, it is recommended that highway planners prioritize
incorporating traffic signs, especially chevron markings. Furthermore, to improve safety and lower accident rates, the
Ministry of Transportation should maintenance the continuous upkeep and visibility of these signs along the highway.
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Introduction

Everyone travels to their place of employment, play, or business. Every good that is moved from the factory to the
marketplace, from the employees to the client, and from the land to the location of manufacturing or use. People travel
around more easily when they use various forms of transportation, such as the road, the air, the sea, the train, etc. The
simplest, most convenient, and closest form of transportation is by road. Road transportation thus facilitates the
movement of people and goods from one location to another, In the world, there are many deaths and serious injuries due
to car accidents. Every year in Afghanistan, many people lose their lives due to accidents. There are many reasons for
accidents such as improper geometric conditions of the road, carelessness of drivers, lack of traffic signals on horizontal
and vertical curves.[1] Curves both horizontal and vertical, are important components of highway safety and require more
consideration. The primary cause of road user safety concerns on horizontal curves is improper speeding. Giving drivers
advance notice and instructions can help with this problem. There are several approaches to solving this issue, such as
installing particular tools. One of the most crucial warning signs for directing vehicles through horizontal curves is the
chevron sign. [2]. (WHO), traffic accidents cause between 20 and 50 million injuries and 1.25 million deaths globally each
year. Road accidents are currently the ninth most common cause of death for young people, but by 2023, they should rise
to the fifth spot. Three main things are to blame for traffic accidents: poor road conditions, human behaviour, and
problems with vehicles.[3] A study by Zhao et al. showed that good sign design is advantageous because it alerts drivers
ahead of time to potential hazards on the road. [4] Road crews can be warned of potentially dangerous areas by using
chevron signs. Chevron signs ought to be used to promote slower car speeds as they approach horizontal curves. [5] Since
road accidents continue to claim lives daily, the problem of road safety has drawn attention from all across the world.
According to data from the World Health Organization. [6] The type of vehicle, the weather, uneven road conditions, traffic
jams, and insufficient road markings are possible additional contributing variables. [7] Since there are notably more
collisions at night than during the day, having better road markings is essential to lowering the number of accidents.
Research shows that the installation of word marking systems on roads has resulted in a 30% reduction in collisions.[8]
There has been an increase in collision frequency, with a 2.5% increase from 1990 to 2010. [9] Because of their very
nature, horizontal curves on roads present a special risk. Collision rates are strongly influenced by parameters like radius,
super-elevation, range, and speed. [10] Curves increase the risk of accidents by 1.5 to 4 times; in fact, 25% to 30% of all
traffic collisions occur in these areas. [11] Studies reveal that while 57% of accidents happen at night, 43% happen during
the day. [12] According to studies, inadequate road marking systems and traffic flow characteristics are two main causes
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of collisions. [13] Afghanistan is among the nations where conflicts claim a great deal of lives. According to research, after
Libya and Egypt, Afghanistan is the third most conflict-affected nation. Regrettably, Afghanistan's road marking system has
not seen much improvement. Thus, the purpose of this study is to evaluate how safety and the road marking system
interact. [14]

Table 1. Shown Effect of Accident in Afghanistan

people affected by accident in Afg

Year death Injures Total Effect

2009 2010 26297 28307

Afghanistan
2010 567 27275 27841

The above table shows the number of dead and injured in collisions in Afghanistan in 2009 and 2010
Literature Review

The main goal of the numerous research done to determine the causes of the rise in traffic accidents has been to lower the
number of fatalities and injuries. The absence of traffic signals, which can cause confusion and risky driving practices, is
one important aspect that has been found. Improving infrastructure and traffic management in order to address this
problem could be essential to raising road safety.[15] According to a study, installing standard chevrons can lower car
speeds on curves by about 1.28 to 2.20 km/h. Research by Zhao et al. (2015) demonstrated that the use of chevrons
successfully deters excessive speeding and lowers the number of collisions. It has been discovered that placing warning
signs along horizontal curves helps drivers become more aware of when to adjust their speed. [2] Another study found
that vehicle speeds dropped by 0.5 to 2 km/h in areas where chevrons were installed.[4] In order to warn drivers to slow
down when approaching horizontal curves, a variety of warning signs were used in this study. First, chevrons were used to
measure the speeds on the curves, and then measurements were made after the signs were installed. Based on the results,
it was found that chevrons significantly reduced speed. [5] In order to determine whether adding more chevrons would
cause car speeds to drop, Rose and Carlson studied three horizontal curves. Under actual driving circumstances, they
examined approach speeds and deceleration rates. According to their research, the average speed on the curves dropped
from 1.93 to 5.47 km/h and the average speed along the curve from 1.12 to 6.44 km/h when there were more than two
chevrons. The authors came to the conclusion that a decrease in speed around curves is correlated with an increase in
chevrons. Three curves with vehicles traveling at 80 km/h were also examined by Zhao et al. Their findings indicated that
adding chevrons reduced speed by 5 km/h. Additionally, they discovered that automobiles traveling on right-hand curves
averaged 1.59 meters from the canter line, whereas vehicles traveling on left-hand curves averaged 2.13 meters.[10] In
addition, dangerous curves on two-lane rural highways were discovered during an examination of the current network of
Flemish roads. According to the study's findings, chevrons help drivers negotiate curves more skilfully. [11]

Methodology
Selected Study Area

We selected the Kabul-Jalalabad National Highway as our study area, which spans a total length of 152 km. This highway
is crucial for connectivity and transportation in the region, making it an important focus for our research.
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Figure 1. Shows study area
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4.1. Data collection

For each horizontal curve selected for data collection along the Kabul-Jalalabad National Highway, we utilized a total
station to gather precise measurements. The data collected includes parameters such as curve radius, degree of curvature,

and super elevation.

Figure 3. Horizontal Curve ST

Results

In the first part of the research on the Kabul-Jalalabad National Highway, we focused on collecting essential data due to the

road's mountainous terrain and numerous curves. The following types of data were gathered

Table 2: Number of Total curves

NO  DESTENCE gl‘:rr‘i,ze‘;“tal X:::::l gz;“vz‘;““d 23:5:: Total Curves
1 0-25 20 0 0 0 20

2 26-50 29 4 2 0 35

3 51-75 35 2 4 15 56

4 76-100 44 4 8 13 69

5 101-125 60 2 5 15 82

6 126-152 5 1 0 0 6

TOTAL 193 13 19 43 268

In table 2 we have 193 horizontal curves,13 verticals,19 compound, and 43 reveres curves
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Figure 4. Shows all curves on the Kabul Jalalabad

In the second section of this study, we collected data on various horizontal curves along the Kabul-Jalalabad highway. The
radius of these curves different significantly, ranging from a maximum of 408.73 meters and a minimum of 43.04 meters.
This research emphasizes the curves that are in greater need of additional chevron marking—specifically, those with a
radius of less than 200 meters. The details of these curves can be found in Table 3.

Table 3. Number of Horizontal Curves with radius

NO Location of Radius NO Location of Radius
Curves Curves

1 0-12.8KM 298.174M 18 0-83.9KM 102.804M
2 0-28.7KM 98.779M 19 0-84.5KM 98.779M
3 0-31.3KM 65.726M 20 0-85.2KM 65.726M
4 0-34.1KM 51.380M 21 0-86KM 51.38M

5 0-61KM 48.877M 22 0-86.8KM 42.877M
6 0-64.1KM 120.958M 23 0-88.3KM 124.958M
7 0-66KM 62.136M 24 0-89.4KM 63.146M
8 0-67.9KM 289.971 25 0-90.1KM 214.504M
9 0-68.1KM 201.278M 26 0-92.05KM 117.065M
10 0-73.1KM 66.712M 27 0-92.8KM 215.943M
11 0-74.5KM 408.73M 28 0-94.5KM 104.504M
12 0-75.3KM 201.278M 29 0-97KM 63.124M
13 0-77KM 64.812M 30 0-98.4KM 118.566M
14 0-79.5KM 402.71 31 0-102.9KM 75.863M
15 0-81.2KM 216.704M 32 0-106.7KM 43.047M
16 0-82.6KM 116.003M 33 0-107KM 294.234M
17 0-83.1KM 211.945M 34 0-112KM 270.121M
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Figure 5. Shows Number of Horizontal Curves with radius
Discussion
Table No. 4: Horizontal Curves with Radius Less Than 200 Meters. The maximum radius is curve number fifteen, which is
124,958 meters, and the minimum radius is curve number fourteen, which is 42,877 meters. According to the Manual on

Uniform Traffic Control Devices (MUCTD). It is essential to implement chevron signs at these curves to improve safety and
alert drivers.

Table 4. Horizontal Curves with Radius Less Than 200 Meters

z
o

on Of C

1 0-28.7KM 98.779M
2 0-31.3KM 65.726M
3 0-34.1KM 51.380M
4 0-61KM 48.877M
5 0-64.1KM 120.958M
6 0-66KM 62.136M
7 0-73.1KM 66.712M
8 0-77KM 64.812M
9 0-82.6KM 116.003M
10 0-83.9KM 102.804M
11 0-84.5KM 98.779M
12 0-85.2KM 65.726M
13 0-86KM 51.38M
14 0-86.8KM 42.877M
15 0-88.3KM 124.958M
16 0-89.4KM 63.146M
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17 0-92.05KM 117.065M
18 0-94.5KM 104.504M
19 0-97KM 63.124M
20 0-98.4KM 118.566M
21 0-102.9KM 75.863M
22 0-106.7KM 43.047M
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Figure 6. Shows Number of Horizontal Curves less than 200 meter

The analysis of the horizontal curves along the Kabul Jalalabad national highway. The evaluation of the horizontal curves
detailed in Table 4 reveals important characteristics that impact roadway safety and driver navigation. These horizontal
curves are noteworthy for having a minimum radius of 42.877 meters and a maximum radius of 124.958 meters. The considerable
Given that the radii .variation in radii draws attention to the difficulties that drivers could encounter when negotiating these curves
of each of the 22 horizontal curves found in this study are fewer than 200 meters, the level of worry increases
idents. dramatically.Because they require sudden changes in vehicle direction, these tighter corners may increase the danger of acc
m For horizontal bends with a radius of less than 200 meters, chevron markings are strongly advised, under the Manual on Unifor
und Traffic Control Devices (MUTCD) standards. Chevron markings are essential for improving visibility and directing cars aro
tight corners in a safe manner. The MUTCD guidelines place a strong emphasis on the use of chevron markings, especially in
.areness and boost roadway safetyrisk locations like these curves, to enhance driver aw-high

Conclusion

This study is to conclude that Kabul-Jalalabad highway has a mountainous structure and many horizontal curves the
reason of that there are occur crashes on this road. There are 268 horizontal curves on this road in all. 193 of these are
categorized as horizontal curves, and their varied radius add to the roadway's overall dynamism. The radius of 22 of these
horizontal curves is less than 200 meters. Drivers are more at danger due to these sharper curves because they are more
likely to cause accidents, especially when bad weather or inexperienced drivers are involved.

Recommendations and Suggestions

1. Given the critical nature of these horizontal curves and the risks they present; it is imperative to prioritize the
installation of chevron markings in compliance with MUTCD standards.

2. curves less than 200 meters. Need to install chevron. reduce the number of traffic accidents in these horizontal
curves.
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3. A team Is needed to maintenance the chevrons and other traffic signs on the Kabul Jalalabad highway. On this
highway, Chevron and other traffic signs have been

Limitation
Despite many efforts, we could not get the geometric design of the Kabul Jalalabad national highway.
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