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Abstract  

In the construction industry, productivity is one of the most important key performance indicators and 

fundamental to project success. Productivity isn't everything, but it is pretty much everything in the long 

run. Improving construction productivity is therefore one of the priorities of the construction industry in 

many countries around the world. Productivity cannot be managed or improved without being measured, 

so it must first be measured and analyzed, and then productivity weaknesses identified and corrected. This 

paper aims to measure labor productivity in the construction industry and assess the percentage 

distribution of productive, semi-productive, and non-productive activities by observing construction work. 

The work sampling method was used to find out how labors spend their time during an eight-hours working 

day, and to identify percentage of the productive, semi-productive and nonproductive tasks on a working 

day. The required number of the observations was calculated, the procedure for making observations was 

determined, and data were collected through observations made on a construction project as a case study. 

based on this study, it is found that generally about 32.02% of laborers’ working time is spent on productive 

(direct) work, 36.70% on semi-productive (supportive) work, and 31.28% was spent on nonproductive 

(delayed) work. 
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1. Introduction 

The construction industry is vital to today's economy as it accounts for a significant 

portion of any country's economic output [1]. As in other developing countries, the 

construction sector in Afghanistan is one of the key sectors which provides one of the 

main sources of income for Afghans [2].  The construction sector has created employment 

for at least 30% of Afghanistan's workforce. Afghanistan's construction sector has risen 

in value from 8.7 billion Afghanis (AFN) in 2002-03 to 124.28 billion AFN in 2015-16, 

accounting for more than 10% of Afghanistan's economy. The contribution to GDP in 

2013-14, 2014-15, and 2015-16 was 7.84, 8.89, and 10.03 respectively [3]. However, the 

important issue is the manner of implementation and management of the construction 

projects.  

 

Productivity isn’t everything, but in the long run it is almost everything. Krugman [4] has 

stated that higher productivity levels have a direct impact on long-term improvements in 

a country's standard of living. For every business Improving the productivity of team 

members should be a priority, because high productivity not only leads to quality results 

but also helps customers deliver on time [5]. Pan has argued that Although productivity 

plays such an important role, construction is still a low-productivity level industry, and 

this remains a problem not only in developing countries but also in more developed 

countries [6]. Therefore, increasing construction productivity is one of the priorities for 

construction sectors in many countries around the world. 

 

In a construction project organization and management of those inputs which has a high-

level correlation with each other such as materials, labor, and capital greatly affect the 

success of the project, Therefore, it is more difficult to control and manage these 

correlated inputs from project workers due to the different nature of people in each 

country and region [7]. The construction industry is a labor-intensive, craftsman-driven 

industry, so people's behavior has a significant impact on project performance.  With this 

in mind, it is important to determine the extent of labor productivity and the factors that 

affect productivity to effectively manage the workforce. Therefore, organizational 

management must focus on labor productivity analysis and its improvement strategies.   

 

Productivity cannot be managed or improved without being measured, so it is necessary 

to first analyze and identify low productivity points and correct them [8]. There are many 

different methods of measuring construction productivity, each with its own strengths and 

weaknesses. A more appropriate method of measuring construction productivity, which 

is also used in this study, is the Work Sampling method. The current situation in 

Afghanistan needs to usher in an improved construction management framework with 

efficient design and appropriate legal, administrative and pricing systems with 

appropriate construction materials. Until project managers are able to lead projects to 

success and assert themselves in a highly competitive environment. Achieving this 

requires a lot of attention to academic research to uncover weaknesses and suggest 

possible solutions. It is clear that the number of scientific studies in Afghanistan's 



3 
 

construction sector in general and productivity analysis in particular is very 

low. Therefore, construction productivity measurement was chosen as the topic of this 

paper. This research will be useful in this field and will contribute to the literature in this 

area. 

 

2. Theoretical Framework and Literature Review 

Construction is one of the most important economic sectors in every country. Therefore, 

the planning, implementation, monitoring, and control of construction projects must be 

done with extreme caution. The performance of construction projects should be checked 

continuously to know how a project is going. Will it finish inside the constraints? Will it 

succeed or fail? So, the top management can take appropriate action. Measuring project 

performance is therefore one of the most important topics in project management, and 

several factors go into measuring project performance: Efficiency, Effectiveness, 

Schedule, Quality, Productivity, and Safety. Productivity is not only a measure of project 

performance, it has special meaning in the construction industry as it contributes to the 

growth and vitality of the industry [9].  

Many studies have been conducted to demonstrate the importance of productivity. A 

study conducted by [10] explored the importance of productivity in project management 

and concluded that productivity is the cornerstone of successful projects. Dixit conducted 

another study explaining how project management can improve productivity [11]. In this 

article, researchers discussed why project management leads to increased productivity. 

Another research which has carried out by Hamza [12] to address the ways to accelerate 

productivity with project management software. 

Productivity is one of the most crucial issues in construction project management in recent 

years and it can be defined in numerous ways. Simply put, productivity is a measure of 

the output you receive for the inputs you use in your process. Being productive means 

getting more output from the same or less input [13]. Productivity does not just 

characterize the volume of output, but output gotten in relation to the resources employed 

[14]. There are two main categories of productivity: Partial Factor Productivity (PFP) and 

Total Factor Productivity (TFP). In PFP, there is only one input such as labor, materials, 

and machines. But TFP has multiple inputs [15]. In the construction industry, productivity 

is usually understood as labor productivity, and that is, the units of work created or 

produced per man-hour. Depending on the case, it may be used in reverse, and man-hours 

per unit, this form is also often used [16].  

In order to manage construction productivity, it must first be measured [17]. Labor 

productivity ignores equipment and material costs. These are difficult to change in the 

short term. Additionally, labor costs are affected by factors such as craftsmanship, 

experience, and project location. For this reason, labor productivity also ignores actual 

labor costs and instead considers the number of hours to produce a unit of production 

[18]. This is indicated in the following equation number 1. 

 

)1...(..........
hoursLabor 

output physical ofUnit 
tyProductiviLabor   
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Choosing the right measurement technique is an important topic in productivity analysis. 

There are many methods that can be used to measure labor productivity.  Each method 

has its own advantages and disadvantages. The current study used the work sampling 

method to measure labor productivity in a construction project as a case study. Randolph 

Thomas, a leading authority in the field of construction work sampling, defined the 

method as "a productivity measurement technique used to quantitatively analyze the 

activities of people and equipment with respect to time [19]. This method estimates the 

percentage of time craftsmen spend on activities like plumbing, installing materials, 

plastering, brick masonry, pouring concrete, etc.[20]. 

 

Work sampling is one technique used to measure productivity. This method has been used 

by several researchers to analyze productivity in various industries. A study used a labor 

sampling method to assess labor productivity in semi High-Rise building construction 

projects in Pakistan [21]. This study used the Work Sampling technique to evaluate labor 

productivity and to determine the proportion of productive, semi-productive, and, 

nonproductive activities. As a result of this research, it has found that semi-productive 

activities have a large percentage following productive activities and nonproductive 

activities. 

 

The work sampling technique used by many [22]–[26] researchers to analyze labor 

productivity in construction. According to the above publications, the work sampling 

technique is an effective tool for determining the proportion of workers' productive, semi-

productive, and unproductive tasks on the working day of a construction 

project. Regarding the previous discussion, it is pointed out that there are many studies 

around the world that analyze labor productivity in the construction industry. However, 

there are no studies in Afghanistan that analyze and measure construction productivity. 

 

3. Research Scope and Methodology 

The work sampling method is used to find out how the laborers spend their time during 

an eight-hour working day and measure the percentage of productive, semi-productive, 

and nonproductive work on a working day. The required number of observations was 

calculated, the procedure for making observations was determined and the data were 

collected through the observations which were made on a construction project as a case 

study. 

 

In the application of the work sampling technique, sufficient numbers of observations 

must be taken at random to achieve reliable results. In this method, errors are likely to 

occur but increasing the number of observations can reduce the error. To calculate the 

number of observations required for achieving the desired accuracy, the following 

formula is used [27]:  

)2(..........
(s.p)

p).p(1z
n

2

2 
  
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n= Sample size (number of observations) 

z= number of standard deviation from mean for the desired level of confidence, for 

example, z=1.96 for a confidence level of 95%.  

s= standard error for example 5% 

P= percentage of occurrence of an activity or delay, expressed in decimal e.g. 

30%=0.3 

 

3.1. Procedure for Work Sampling Study 

Following steps was taken to conduct the Work Sampling study 

i. Defining the Problem.  

ii. Obtaining the approval of the responsible manager of the project in which 

study was to be made. For this purpose, the researcher personally visited the 

responsible manager of the pre-selected project to obtain their approval to 

conduct the study, moreover the researcher visited the project staff and 

workers prior to starting the study in order to inform them about purpose of 

the study and to obtain their co-operation. 

iii. Determine the desired accuracy of the final results in the form of standard 

error or percentage. An accuracy of 5% was accepted for this study. 

iv. Indicates the 95% confidence level accepted for this study.  

v. Make a preliminary estimate of the percentage occurrence of the activity or 

delay to be measured for one day. To do this, researcher visited the project 

and calculate percentage of the delay of the labors at the project site which 

was 30%. It means that labors were delaying 30% of all the working hours. 

vi. Designing the study. In this step of the study, the following activities were 

executed:  

a. the Number of observations has been determined, this is one of the 

most important points in this research. the required number of 

observations was calculated with formula 3. In this study 'z' was equal 

to 1.96 for the confidence level of 95%, 's' or a standard error was 

equal to 5%, and 'p' was 30% according to the calculation which was 

done during the site visit before start the study, then the number of 

observations “n” was founded as below: 

(3)....................3585......
0.000225

0.70.33.8416

(0.05x0.3)

0.3)0.3(11.96

(sxp)

p).p(1z
n

2

2

2

2










  

Therefore, at least 3585 observations were required to obtain reliable 

data. This may seem like a large number, but in a real application, 

every glance at the work in progress is an observation, so, 3585 

observations are not excessive. 

b. The number of days required for the survey was calculated based on 

the number of the laborers at the project site and observation rounds 

per day. The number of workers at the time of the survey was 50, and 

observations were made 10 times a day. Therefore, it was calculated 
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that it took at least 8 days to complete 3585 observations. However, 

in order to obtain reliable data, the project was visited for ten days and 

about 5000 observations were made.  

c. An observation form was designed to collect the data.  

1. The observations were made randomly and data recorded. To ensure that the 

observations are in fact made at random, a random table was used. 

 

The project selected for applying the work sampling method was a public building 

construction project in Jalalabad city. The case study project was selected based on 

available resources, ease of access, and suitability. The total duration of the project was 

one calendar year, and five months had passed since the start of the project at the time of 

data collection, but the completion rate of the project was less than 30%. The main 

ongoing activities observed were backfilling, bricklaying, steel fixing, formwork and 

concrete placement. 

In work sampling study ten rounds of observations were recorded on daily bases for 10 

days. The author randomly noted labors at different paths on site for each round by 

observing them, recording their activities into standard mention categories and denoted it 

by a mark in the corresponding portion. Thus 10 rounds were repeated for each day and 

the number of ticks at the end of the day was recorded to display the number of labors 

corresponding to each category. The same exercise was repeated for the days of 

observations for 10 days and eventually summed up to reveal the total observations in 

accordance with the standard work sampling procedure. 

Furthermore, according to the [27] task type does not play role as the observation is 

restricted to the mentioned categories which are generalized and are common in all types 

of activities. So, the focus is not on what the person is doing, but on the specific categories 

that fall into each moment of observation. However, as already mentioned, observations 

were limited to common types of backfilling, bricklaying, steel fixing, formwork and 

concrete placement. The recorded observations are therefore related to the task types 

mentioned in light of the standard categories. Some project information, operational 

details, and data have been removed to respect stakeholder confidentiality and their 

confidentiality requirements.  

Extensive data was collected to understand the patterns in which workers spend their time 

during working hours. Other information physically observable at the project site is 

recorded to aid in data analysis and related results. The extra key information that impacts 

project productivity, such as weather conditions, working environment, safety conditions, 

skills and expertise, construction phases, and ongoing activities recorded as well. Table 

1.  Shows the number of observations made each day during the survey. 
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Table 1: Number of the observations made each day during the study 

Day Observation Numbers 

1 480 

2 490 

3 510 

4 500 

5 500 

6 510 

7 500 

8 510 

9 500 

10 500 

Total 5000 

 

4. Results and Discussion 

After data collection, the observations were classified into the seven categories mentioned 

above, as shown in Table 2. In this table, percentages for each work category are recorded 

for each individual day, with the last column showing the average percentage for each 

category. 

 
Table 2: Percentages for each work category 

 

Table 3. shows the percentage of three categories of work: productive, semi-productive 

and nonproductive for every single day of the study period. As evident from the table 

below that direct work is negatively correlated in some extent with supportive work and 

delays. 

 

 Days Average 

% 

Activity type 1 2 3 4 5 6 7 8 9 10 
 

Productive work 

% 

28.

9 

29.

5 

33.

1 

30.

5 

33.

4 

33.

9 

32.

6 

32.

5 

33.

1 

32.

7 

32.02 

Semi-productive 

work % 

37.

4 

37.

6 

35.

9 

37.

2 

36.

4 

36.

5 

33.

8 

36.

4 

37.

1 

38.

7 

36.7 

Non-productive 

work % 

33.

7 

32.

9 

31 32.

3 

30.

2 

29.

6 

33.

6 

31.

1 

29.

8 

28.

6 

31.28 

total % 100 100 100 100 100 100 100 100 100 100 100 
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Table 3: Percentages for each work category 

 

Fig 1: Percentages of each work category 

 

To generalize the results of the study and measure labor productivity, all observations 

over 10 days are shown in Table 4. Each figure represents a characteristic of observed 

worker behavior, categorized into seven different types, which are further grouped into 

 Days Average 

% 
Activity type 1 2 3 4 5 6 7 8 9 10 

Direct work % 28.

9 

29.

5 

33.

1 

30.

5 

33.

4 

33.

9 

32.

6 

32.

5 

33.

1 

32.

7 

32.02 

Supportive work 

% 

preparator

y work 

and 

instructio

n 

10.

3 

8.9 10.

4 

11 10 10.

5 

12.

1 

10.

2 

11.

2 

11.

1 

10.57 

travelling 9.7 8.7 9.6 10.

1 

9.2 7.1 7.3 8.2 9.1 8.2 8.72 

tools & 

equipmen

t 

8.6 11.

4 

8.5 8.8 5.9 6.4 5.3 8.4 8.3 9.3 8.09 

materials 

handling 

8.8 8.6 7.4 7.3 11.

3 

12.

5 

9.1 9.6 8.5 10.

1 

9.32 

Delays % personal 19.

4 

20.

3 

19.

5 

17.

4 

21.

1 

19.

8 

17.

6 

18.

4 

16.

9 

17.

3 

18.77 

waiting 14.

3 

12.

6 

11.

5 

14.

9 

9.1 9.8 16 12.

7 

12.

9 

11.

3 

12.51 

Total % 100 100 100 100 100 100 100 100 100 100 100 

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

1 2 3 4 5 6 7 8 9 10

W
o

rk
 p

e
rc

e
n

ta
ge

Observation days

Direct Work

Support

Delay
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three main classes: direct (productive) work, support (semi-productive) work, and delay 

(non-productive) work. 
Table 4: Percentages for each work category 

 

As shown in table 4. Supportive (semi-productive) activities were the largest number with 

36.7%, following the direct (productive) work with 32.02% and the last one delay 

activities with value of 31.28%. First, the main categories of activity were analyzed in 

detail, and then the subcategories (secondary activities) in percentages were fully 

explored. According to Table 4, preparatory work and instruction shares the largest 

portion in support category, whereas in delay category, personal activities have the largest 

portion. It can be observed that secondary activities holding larger percentage after direct 

work are personal, preparatory work and instruction and waiting. Therefore, streamlining 

and managing these activities is necessary to increase direct work. Additionally, other 

related activities should be minimized as well because reducing them ultimately increases 

productive activities, which ultimately leads to increased construction labor productivity 

and increased project success. 

Intuitively, to increase the overall productive (direct) work rate, areas of lower 

productivity should be minimized/avoided as much as possible throughout the project. 

And, this can be done by identifying factors that lead to decreased productivity during the 

project. Some of the reasons for the low percentage of direct (productive) work in case 

study project are lack of skills, lack of tools and equipment, improper use of scaffolding, 

unsuitable plywood for formwork, Improper planning, poor safety, design errors, etc. In 

addition, site management and responsible are encouraged to instruct the worker to work 

at appropriate times rather than starting work late or leaving the project site early.  

 

5. Conclusion 

By controlling costs in different parts of the project, construction companies become 

more profitable and they can compete in the market. These include labor costs, material 

costs, and overhead costs, of which labor costs differ the most. And this ultimately related 

to labor productivity, which needs to be managed and controlled strictly to ensure success 

of the project. This study is primarily focused on evaluating labor productivity in building 

construction project in Afghanistan.  

The objective of the study was to analyze labor productivity on a construction project in 

Afghanistan. To analyze and measure productivity, a building construction project in 

Activities % 

Direct Work 32.02 

Support 

preparatory work and instruction 10.57 

36.7 
travelling 8.72 

tools & equipment 8.09 

materials handling 9.32 

Delay 
Personal 18.77 

31.28 
waiting 12.51 
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Jalalabad city, Afghanistan was selected as a case study.  To find out how the laborers 

spend their time during working hours on a day and to measure the percentage of 

productive, semi-productive, and nonproductive work the Work Sampling technique was 

used. Which was the most relevant techniques identified in the literature. The required 

number of observations has been calculated. Procedures are established for conducting 

observations. Data were collected through observations made on a construction project 

selected for case study.   

The study revealed that supportive (semi-productive) activities were the most common at 

36.7%, followed by direct (productive) work at 32.02%, and delayed (nonproductive) 

activities at 31.28% accordingly. In addition, it was found that preparatory work and 

instruction share the largest portion in the supportive activities category, whereas in the 

delay category, personal activities have the largest portion.  

For the success of the project, the labor productivity should be at the highest possible 

level, and this needs continuous monitoring of the site and determining the reasons for 

low labor productivity. The main reasons for the low percentage of direct (productive) 

work in case study projects were lack of skills of labors, lack of proper tools and 

equipment, improper use of scaffolding, unsuitable plywood for formwork, Improper 

planning, poor safety, design errors, etc. These factors can be the reasons for low labor 

productivity in other construction projects in Afghanistan as well. 

This study forms the basis for assessing labor productivity in construction projects in 

Afghanistan. The work-sampling approach is used in the current research and can be 

further improved in the future by increasing the number of projects to add value to the 

existing body of knowledge.  
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Abstract 

The durability of reinforced concrete is significantly affected by the corrosion of reinforcing bars, and 

carbonation is a major factor in the corrosion of steel bars in concrete. However, In Afghanistan, according 

to the Afghanistan Building Code (ABC), the major concerns regarding the durability of concrete structures 

are defined in terms of freezing/thawing, sulfate attack, and chloride-induced corrosion. However, there is 

no defined exposure class for carbonation-induced corrosion. Therefore, in this study, carbonation rate of 

concrete in Afghanistan is evaluated, and the carbonation prediction model is used to predict rate of 

concrete based on environmental and climate conditions. To evaluate the carbonation rate of concrete, 

75x75x75mm concrete cubes were prepared and exposed in four different regions; namely Afghanistan, 

Japan, Indonesia and Malaysia. To predict the carbonation rate of concrete, the Papadakis model was used 

to estimate the carbonation rate in terms of environmental conditions (relative humidity, temperature, the 

concentration of CO2) and concrete composition. The carbonation depths of the concrete were measured 

at 6 months and 1 year after exposure. It was observed that climatic and environmental conditions 

influenced carbonation progress. Higher carbonation was observed in Afghanistan. Moreover, the 

prediction of carbonation rate based on atmospheric parameters and concrete composition matched actual 

carbonation depth measurements in four different regions. Furthermore, the applicability of the model is 

also confirmed by comparing the predict results with the actual experimental data from accelerated and 

natural exposed carbonation depths. 

 
Keywords: Carbonation rate, environmental conditions, carbonation prediction model 
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1. Introduction 

The construction industry in Afghanistan is very different from Western countries and 

faces many challenges in maintaining good quality. Availability of materials and lack of 

equipment dictate most construction methods. Until 2004, no building codes existed for 

the concrete industry. Outside of major cities, building design is rarely considered, if ever 

existing, has historically had any consideration for earthquake force with no influence 

from modern building codes. Currently, ASC (Afghan Structural Code) has been 

established by ANSA (Afghanistan National Standard Authority). 

Recently in Afghanistan, according to Afghanistan Building Code (ABC)/ Afghanistan 

Structural Code (ASC), the major concerns about the durability of concrete structures 

have been defined in terms of freezing/thawing, sulfate attack, and chloride-induced 

corrosion [1]. However, there is no defined exposure class for carbonation-induced 

corrosion. 

Physical and chemical processes such as acid, sulfate, or alkali attacks can cause the 

concrete deterioration in service. The most serious failure mechanism is the corrosion of 

steel bars and one of the main factors of the corrosion is carbonation [2], carbonation 

reduces the alkalinity of concrete and break the passivity layer of steel bars [3]. 

carbonation rate is directly related to the concrete strength, type of curing, quality of 

concrete, mix-proportion, and environmental and climatic factor such as (temperature, 

relative humidity, and Carbon dioxide concentration).  

Relative humidity in concrete is of great importance. Many researchers have stated that 

the carbonation is significant at a relative humidity between 50-70% [2-6]. Hence, proper 

design should be carried out to avoid degradation of concrete due to carbonation. 

Therefore, much research has been done; and many concrete carbonation models have 

been formulated by applying appropriate modifications using different parameters to 

Fick’s second law of diffusion. However, typical carbonation models have the format of 

𝑋𝑐=𝐴√𝑡 [8-9]; but some models overestimate the carbonation depth after a certain time 

period. 

 

2. Materials and Methods 

2.1 Materials and Mix proportion 

In this study, OPC was used as a binder. Crushed stone with a maximum size of 20mm 

and washed sea sand were used as fine aggregate. In addition, tap water was used as 

mixing water for concrete. The physical properties of materials and the concrete mix 

proportion are described in Table 1 and Table 2, respectively. 
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Table 1: Physical Properties of Materials 

Material Description 

Cement 
OPC 

Density = 3.16 g/cm3, Specific surface area (SSA)= 3330cm2/g 

Gravel 
Crushed stone 

Density (SSD) = 2.88 g/cm3,  Maximum size aggregate (MSA)= 20 mm 

Sand 
Washed Sea sand 

Density (SSD) = 2.53  g/cm3, Fine modulus (FM)=2.69 

 

Table 2: Mix proportion and Fresh properties of the Concrete 

Mixture 
W/B 

% 

Unit Content ( kg/m3) Slump 

(cm) 

Air 

% 

Temp 
oC 

W C Gravel Sand WR AE (ml) 

N-60 60 165 275 1114 800 1031 1586 5.5 4.9 22 

* W: Water, C: Cement, * WR: Water Reducer- 3.0 ml / 1 kg of cement 

 

2.2 Methods 

Concrete prism specimens of 75x75x75 mm were de-molded 24 hours after casting. Then 

specimens were then transferred to a temperature and humidity-controlled room. The 

specimens were kept for 28 days in air curing at a constant humidity of 60% and a 

temperature of 20 0C. 

After 28 days of curing, samples were prepared to conduct exposure tests. For natural 

exposure, four distinct countries were selected; namely Japan, Afghanistan, Indonesia, 

and Malaysia. In addition, the specimens in the natural environment were exposed to 

normal conditions. Before starting the exposure test, four sides of the specimens were 

coated with epoxy, and two parallel sides were kept uncoated for CO2 diffusion (see 

photo 1). The detailed exposure plan is shown in Table 3 and the specimens in exposure 

site are shown in photo 2.  

At 6 months and 1 year of age, the carbonation depths were measured in the laboratory, 

the specimens were split and cleaned, and 1% of phenolphthalein 90% ethyl alcohol 

solution was applied to the freshly cut surface. When the solution is sprayed onto broken 

concrete surface, the carbonated portion remains uncolored (concrete color) and the non-

carbonated portion changes to dark purple. The average carbonation depths were 

measured at 10 points from each side and take the average carbonation depth at a certain 

age (see photos 3 and 4). 
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Photo 1: Specimens preparation photos. 

 

Photo 2: Concrete specimens exposed in different regions. 

 
Table 3: Detailed Exposure plan 

 

 

 

 

Exposure Area Mixture 

Exposure Condition 

Sheltered condition Unsheltered condition 

Age  

6 Months 12 Months 6 Months 12 Months 

Japan 

N-60 

☑ ☑ ☑ ☑ 

Afghanistan ☑ ☑ ☑ ☑ 

Indonesia ☑ ☑ ☑ ☑ 

Malaysia ☑ ☑ ☑ ☑ 

*N60- normal OPC concrete with 60 W/C ratio 

* SH- sheltered condition,   UnSH- unsheltered condition 
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3. Results and Discussions 

3.1 Climate Conditions of Four Regions (exposure sites) 

Exposure tests in the natural environment were conducted in four different regions, such 

as Kabul (Afghanistan), Fukuoka (Japan), Makassar (Indonesia), and Batu Pahat 

(Malaysia). Different regions have different climates and environmental conditions. The 

average relative humidity and maximum temperature data for four regions have been 

plotted in Figures 1 and 2, respectively. For Afghanistan, data were collected using 

hydrometer equipment and for the other three regions, the data are collected from internet 

sources [3], [11]–[15].  

 

3.2 Carbonation Depth 

Fig. 3 illustrates the carbonation progress for concrete exposed in four different regions 

with different climate conditions, it was observed that climatic and environmental 

conditions have influenced the carbonation progress. Higher carbonation has been 

observed in Afghanistan, the effect of sheltered and unsheltered conditions was 

insignificant compared to other regions due to the lower annual rainfall. 

It was also observed that carbonation was significant in RH <50%; in the case of 

Afghanistan, the average annual relative humidity was recorded in the range of 45%. The 

average relative humidity and temperature in Fukuoka were recorded as 65-70% and 17 
0C, respectively.  While in Indonesia and Malaysia, the annual average annual relative 

humidity and temperature were (75-80%), and (28-300C), respectively. In the case of 

Japan, the carbonation progress was significant in sheltered conditions compared with 

Fig. 1: Average Relative Humidity data Fig. 2: Annual max temperature data 
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two other regions such as Indonesia and Malaysia. This may be due to the effect of 

temperature. Lower carbonation with high humidity and high temperature. 

Fig. 3: The measured carbonation depths in four different regions 

The climatic conditions of Indonesia are different from Afghanistan and Japan. The 

average annual temperature and humidity are high; According to research, carbonation is 

faster for warmer regions and sheltered conditions. Somewhat this statement holds for all 

exposure conditions at sheltered exposure sites, whereas it can be observed that although 

the annual temperature in Indonesia is higher than that of Afghanistan and Japan, the 

carbonation depth is lower than in other two regions, the reason may be the high relative 

humidity in Indonesia. Concrete faces higher carbonation in high temperatures unless the 

relative humidity is lower [6].  

For the Malaysian environment, it was found that carbonation progress during the first 

six months was significant, while the increment was not significant until 1 year. The 
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increment in the first six months of the year can be attributed to the dry weather conditions 

from January to March, and March to February which is usually the rainy season in 

Malaysia, which causes the carbonation increment less than the 6 months and the 

carbonation was not significant at high humidity. This means that the drying and wetting 

processes have a great influence on carbonation progress. The carbonation depth of 

concrete for four different regions are shown in Photo.3 and Photo 4, respectively. 

 

 

3.3 Carbonation Prediction model 

The carbonation process is a complicated process, because it is a combination of the 

movement of gases and liquids through the pores of concrete. The carbonation of concrete 

is, in general, a diffusion process. The CO2 diffusion rate mainly depends on the quality 

and exposure condition of concrete. Many concrete carbonation models have been 

formulated by applying suitable modification using different parameters to Fick’s second 

law of diffusion. The models generally contain the parameter which relate to 

Photo 3: Graphical representation of carbonation depth of concrete for Afghanistan and Japan 

Photo 4: Graphical representation of carbonation depth of concrete for Indonesia and Malaysia 
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environmental factors involved in carbonation process and the others which describe the 

capacity of the cement past matrix to bind the CO2, but typically, the carbonation models 

take the format of Eq 1.1 (DuraCrete: Modelling of Degradation 1998). 

𝑋𝑐𝑎 = 𝐾𝑐𝑎 ∙ √𝑡                        (1.1) 

 

Xca: is the carbonation depth at time t [mm]; 

kca- is the carbonation rate [(mm/year) 0.5];  

t- Is the age of the concrete [years]. 

 

The carbonation prediction model used for estimation was developed by Papadakis [3]. 

Which takes into account the influence of concrete composition, climate parameters such 

as relative humidity and temperature, and environmental parameter such as the 

concentration of CO2 on the carbonation of concrete [10-11]. 

𝑋𝑐 = 𝑘𝑐𝑜𝑛 ∙ 𝑘𝑅𝐻 ∙ 𝑘𝑐𝑢𝑟 ∙ 𝑘𝐶𝑂2  ∙ 𝑘𝑡𝑒𝑚𝑝 ∙ √𝑡            (1.2) 

Where 

kcon: is the concrete quality related coeffecient 

kCur: is the curring related coeffecient 

kT: temprature related coeffecient. 

kRH: is the relative humidity related coeffecient  

kCO2: the squar root of CO2 content (Here the concentration of CO2 0.05%) 

 

Papadakis has summarized the main composition parameters of concrete, which affect 

the carbonation process as the water-to-cement ratio and aggregate-to-cement ratio.  The 

effects of concrete composition is shown in Eq 1.2.1 [9][12]. 

𝐾𝑐𝑜𝑛 = 350 (
𝜌𝑐

𝜌𝑤
)

(
𝑤
𝑐 − 0.3)

1 + (
𝜌𝑐

𝜌𝑤
) ∙

𝑤
𝑐  

∙ √1 +
𝜌𝑐

𝜌𝑤
∙

𝑤

𝑐
+

𝜌𝑐

𝜌𝑎
∙

𝑎

𝑐
             (1.2.1) 

Where 

𝜌𝑐 − the mass density of the cement [kg/m3], 

𝜌𝑤 − the density of the water [kg/m3], 

𝜌𝑎 − the mass density of the aggregates [kg/m3], 
𝑤

𝑐
− the water-to-cement ratio, and 

𝑎

𝑐
− the aggregate-to-cement ratio 
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The moisture content of the concrete is of great importance. As diffusion of CO2 controls 

the carbonation process. It has been reported that the optimum mositure conditions for 

carbonation are 50% to 70% relative humidity.  Papadakis et al. 1992 and Saetta et al. 

1993 have indicated the effective diffusivity of CO2 as a function of relative humidity in 

concrete as below [3], [18]:   

𝐷 ∝ (1 − 𝑅𝐻)𝑛 

Where in this part of research, the coefficient for expressing the effects of relative 

humidity is shown as below: 

𝑘𝑅𝐻 = (1 −
𝑅𝐻

100
)

𝑛

              (1.2.2) 

Where, 

kRH − is the relative humidity related coefficient 

RH − is the relative humidity  

 n − is a humidity constant.  
 

A group of researchers has suggested values of (n) values, ranging from 0.6 to 2.8 [13-

21]. Meanwhile, De Ceukelair and Van Nieuwenburg proposed a relative humidity 

influence factor betwee 6064- 1.0288 [11] [20], while Papadakis et al. proposed 2.2 [3]. 

However, in this study, the influence factor was significantly different than that of 

Papadakis et al. The factor varies depending on the initial curing of concrete and exposure 

conditions (Sheltered and unsheltered). For W/C≥0.6 and RH<55%, the "n" and Kcur 

factors are between (21.-2.2) and (0.70-0.76); for W/C≥0.6 and RH>60%, the "n" and 

Kcur factors are between (1.6-1.9) and (0.65-0.76); for W/C≤0.55 and RH>60%, the 

coefficents "n" and Kcur factors are between (1.2-1.9) and (0. 5-0.70. Nevertheless, in 

this study, the initial curing conditions were the same for all concrete specimens, while 

the humidity levels were different based on the exposure area; these values enable the 

prediction to be close to actually measured carbonation depths. 

The influence of ambient temperature of surrounding environment on the carbonation 

depth is shown as below:  

𝑘𝑡 = 𝐸𝑋𝑃(
𝑄

𝑅
∗ (

1

273 + 𝑇0 
−

1

273 + 𝑇
) 

Q- Is the diffusion active energy of the carbonation process (Q= 2.7 [kJ/mol] 

R- Is the gas constant, R= 0.008314 [kJ/mol.K] 

T0- is the reference temperature, 25 0C 

T- is the actual temperature of surrounding environment.  
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The influence factor of curing on carbonation of concrete is given in Duracrete (2000), as 

1 and 0.76 for 7 and 28 days, respectively [9] . Although in this study, these values are 

valid only for air-curing specimens and do not take into count the influence of W/C, 

exposure conditions, and water curing. However, these values vary depending on the 

environmental conditions, strength level of concrete, and initial water curing.  

The results from the four-exposure sites were compared with the predicted carbonation 

depths, as shown in Fig. 4. The actual carbonation depth well matches with the 

predictions. The coefficients were calculated as a function of the exposure conditions and 

are listed in Table 4. In addition, in Figure 4b, a strong correlation was found between 

actual and predicted carbonation. Therefore, the carbonation model is suitable for 

predicting the carbonation rate in both sheltered and unsheltered conditions.   

Fig. 4: actual carbonation depths vs. predicted carbonation depth (mm) 

Fig. 5 depicts the carbonation prediction for long-term exposure at Fukuoka. The 

carbonation model is used to verify the long-term estimate of the carbonation depth; Here, 

the carbonation depth is estimated for over 15 years and compared with the actual data 

presented in a research paper published in the proceedings of the Trondheim Conference 

in 1989 [27]. The carbonation depths measured over 15 years are presented in Table 5. 

The model predictions are in good agreement with the actual data. Therefore, it can be 

concluded that the prediction of carbonation is significantly influenced by environmental 

and climatic conditions, concrete compositions, and initial curing parameters. Therefore, 

all the factors should be considered accordingly. 

SH-Sheltered 

UnSH- Unsheltered 

AF- Afghanistan 

JP- Japan 

IN- Indonesia 

MA- Malaysia 

(a

) 
(b

) 
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Fig 5: measured carbonation depth vs. model predictions for normal OPC concrete exposed for over 15 

years at Fukuoka, Japan. 

 

Table 4:  Calculated coefficients for different exposure sites (regions). 

Exposure area 
Sheltered condition Xc 

(1) year Kcon KRH Ktemp Kcur Kco2 

Japan 

310 

0.24 0.97 

0.76 0.0224 

8.9 

Afghanistan 0.25 0.97 9.2 

Indonesia 0.16 1.02 6.2 

Malaysia 0.19 1.01 7.3 

Exposure area 
Unsheltered condition Xc 

(1) year Kcon KRH Ktemp Kcur Kco2 

Japan 

310 

0.11 0.97 

0.76 0.0224 

4.1 

Afghanistan 0.22 0.97 7.5 

Indonesia 0.10 1.02 3.9 

Malaysia 0.10 1.01 3.8 
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Table 5: Carbonation depth of concrete exposed in various regions. (Source: Proceedings of 1989 

Trondheim Conference) 

Exposure Area 

Age (years) 

Carbonation Depth (mm) 

2 5 10 15 

Hokkaido 2.0 3.5 3.8 3.3 

Miyagi 0.7 2.4 2.6 3.3 

Chiba 1.0 2.0 3.0 - 

Tokyo 1.6 - 2.2 6.4 

Kanagawa 2.2 3.8 3.9 5.5 

Hyogo 1.2 2.9 2.3 5.2 

Hiroshima 1.2 2.8 3.7 - 

Fukuoka 1.2 2.9 3.6 3.9 

Kanagawa (in seawater) 0.6 0.0 1.6 2.2 

 

4. Conclusions 

1. The carbonation rate of concrete exposed to natural exposure is significantly 

affected by climatic and environmental conditions; concrete exposed to a relatively dry 

environment and low annual rainfall indicates higher carbonation over the one-year 

exposure period. Therefore, it can be said that carbonation is still significant even when 

the relative humidity is less than 50% and proper durability design shall be carried out to 

resist the carbonation of concrete in Afghanistan.  

2. The specimens under sheltered conditions showed a higher carbonation rate than 

those kept in unsheltered conditions, however, the carbonation was lower in the 

environment with high humidity and high-temperature, even when stored under sheltered 

conditions. The carbonation rate was lower for the specimens exposed with the possibility 

of rain subjection (non-sheltered) than that without rain subjection. 

3. The carbonation model proposed by Papadakis(1992) is suitable for prediction. 

However, more attention is required to avoid overestimating a long-term estimate. The 

equation more accurately estimates the depth of carbonation by taking into account the 

coefficient of initial curing that strongly influences the carbonation process in concrete. 

Therefore, it can be concluded that the carbonation model considering the environmental 

and climatic conditions, concrete composition, and initial curing parameters can be an 

effective way to estimate the carbonation depth and make realistic prediction. 
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Abstract  

Water is considered one of the most important and basic materials of life, but for drinking, there must be 

such water that does not have bad effect on health. For this purpose, a lot of research has been done at the 

international level, in these researches the chemical composition of water has been determined that is 

suitable for health. Since mostly the people of Khost use the underground water for drinking purpose, so 

we considered it necessary to check the toxic elements (arsenic, manganese, fluoride and magnesium) in 

the underground water composition at Khost city, that more or less quantity of these elements has a very 

bad effect on health. The purpose of this research is to determine the toxic (arsenic, fluoride and 

magnesium) composition of underground water in Khost city and compare it with international standards 

and to know that can we use the underground water for drinking propose. This research, which was carried 

out at three places of underground water in the center of Khost province, found that the underground water 

at Khost city does not contain arsenic, the amount of manganese is below the permissible level, the amount 

of fluoride is within the permissible limit and the amount of magnesium is 0.28 mg/l which is less than the 

permissible level. 

 

Keywords: Underground Water, Toxic Elements, Water Quality for Drinking, Arsenic, 

Manganese, Fluoride, Magnesium, Water Contamination. 
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1. Introduction 

Water is life. This vital fluid is the basis of life, health development and well-being. In 

developing countries during the last few decades, with the increase of population and 

industrial activities, on the one hand, the chances of contamination of water resources has 

increased, on the other hand, the demand for good quality water is increasing day by day. 

Among them, underground water resources are considered as a reliable source of natural 

filtration, because underground water plays an important role in the circle of human life. 

[6]  

Water is an irreplaceable substance as a component and vital substance of the living 

environment, which plays an important role in ensuring health and avoiding of producing 

diseases. The importance of water in the lives of humans and other living beings has such 

a clear role that it does not need any reasons. Water is responsible for the transportation 

of substances to the body that form vital parts of the body.  65-75 percent of human body 

weight consists of water. Rapid growth of population, community development, 

agricultural and urban water needs, industrial and electrical needs have led to the scarcity 

of healthy drinking water. [20] 

Groundwater is assessable both in terms of quality and quantity. All the attention in the 

developed and third world is to find suitable underground water reservoirs for irrigation, 

agriculture and industry. Meanwhile, very little attention is paid to underground water 

reservoirs. [4,19] The results of Fao studies have shown that water is unsustainable in 93 

countries of the world, which means that the use of underground water is much higher 

than its renewal. [15] In order to protect public health, water that is available to consumers 

must comply with national and international standards. Studies have shown that dirty 

water causes various diseases, such as nitrite-contaminated water, low hemoglobin, and 

high nitrite water causes cancer in children. Nitrite pollution is considered to be a very 

serious problem at the international level. [26,27] 

Fluoride is very important for humans, the appropriate amount of fluoride is used to 

prevent the attack of microbes on the teeth, especially in children. But long-term excess 

use of fluoride causes chronic fluorosis of the teeth and bones, neurological problems and 

Alzheimer's. [13,18] This problem exists in many parts of the world. While 250 million 

people in 25 countries are at risk from high fluoride concentrations in underground water. 

[1, 14] 

A lot of research has been done around the world, as a result, the amount of water 

compounds has been determined in such a way that there is no harm to humans, animals 

and plants. These fixed amounts of compounds in water are accepted by health institutions 

and the available water around the world is compared to these and then decided about the 

purity and impurity of the water. [17] In this research, four type toxic elements i. e. 

arsenic, manganese, fluoride and magnesium toxic substances are studied, and we will 

discuss about them as below: 

1. Arsenic: Arsenic is an element with the symbol As. This element does not found pure 

in nature, but it founds together with other elements such as gold, copper and zinc. This 

heavy element is very poisonous, it exists in soil and water. Arsenic-containing 

insecticides, when it used for killing insects, so increase the arsenic in the environment, 
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in result, this toxic elements enter the food cycle of humans and endanger human health, 

for example, the liver disease that occurred in fishermen in Japan was caused by fish 

contaminated with arsenic. [24] 

Researches have shown that there is a problem of arsenic in major underground water 

bodies in the world, the concentration of arsenic in this water is more than 50µg/l. 

According to the guidelines of the World Health Organization, the amount of arsenic in 

drinking water should be no more than 0.01mg/l. In the beginning, the amount of arsenic 

was accepted 0.2 mg per liter (200 µg/l). In 1363, there was a revision in the section of 

drinking water, which reduced the amount of arsenic to 0.05 mg per liter (50µg/l). Later, 

in 1993 and 2011, the World Health Organization determined that the amount of arsenic 

in drinking water to be less than 0.01 mg per liter (10µg/l) because mineral arsenic was 

proven to cause cancer. Also, the World Health Organization has set the maximum 

amount of arsenic at 10 µg/l. [30] 

When groundwater passes through rocks that have arsenic, so arsenic mixes with the 

water. Other sources of arsenic include the presence of arsenic in the earth's crust, the 

dissolution of minerals and industrial wastes in water, and the burning of fossil materials. 

[24] Large amount of arsenic is highly poisonous and can cause serious health problems, 

including death in some cases. The effect of arsenic is not immediately apparent in the 

case of small amounts, but continuous entrance of arsenic into the body has various effects 

on health and increases the risk of contracting chronic diseases. These diseases include: 

various types of cancer, narrowing of blood vessels, high blood pressure, heart disease 

and type 2 diabetes. Arsenic is a toxin that affects nerve cells and affects a person's 

actions. [22] 

2. Manganese: Manganese is abundant in the earth's crust. It occurs in various forms 

such as Mn-II in the environments where air does not exist. Another form of manganese 

is Mn-IV which exists in the presence of oxygen. Mn-IV is in the form of an insoluble 

black sedimentary matter, while Mn-II is completely soluble in the form of Mn+2. 

Surface water contains less than 0.1mg/l of manganese, but underground airless or 

vacuum water contains more manganese up to 1mg/l. Soluble manganese often coexists 

together iron, which is also soluble under anaerobic conditions. 

Manganese is very important for humans, but studies have shown that if the amount of 

this element in drinking water increases, it can cause adverse neurological effects. 

Because of the potential health risks, the WHO has set a manganese content of 0.4 mg/l. 

It is not recommended for consumers to use the water containing more than this amount 

of manganese because the taste of the water deteriorates due to the presence of this metal. 

In addition, cases have been recorded in which the people are using water that have more 

amount of Manganese than the WHO amount such as Bangladesh. Manganese levels of 

0.05-0.1 mg/l are acceptable to users, but sometimes lead to the deposition of black 

sediments on pipes. [25] 

3. Fluoride: A concern of the medical community, especially dentists, is the presence of 

fluoride in drinking water. Fluoride is an element that exist in large quantities on the 

surface of the earth. Fluoride form three percent of the Earth's crust. Fluoride is found in 

small quantities in surface water reservoirs and in higher quantities in underground water 

reservoirs. The amount of fluoride in raw water is 0.1 to 1.5 mg/l. But in the composition 
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of underground water, this amount can exist up to 15 mg/l. Fluoride plays an important 

role in dental health. Fluoride prevents tooth enamel from dissolving and tooth decay in 

acidic conditions. Fluoride is an element that is useful in low quantity but harmful in high 

quantity. The main source of fluoride is drinking water, but small amounts are found in 

tea, salmon and sardine types of fish. One milligram of fluoride per day is required for 

adults and children. Fluoride should not exceed 3 mg because it is a toxic element. 

Increasing the amount of fluoride in the body causes dental and bone fluorosis and 

intestine diseases. That is, if the amount of fluoride exceeds 1.5 ppm and reaches 2-2.5 

ppm, fluoresce starts in the teeth, and in this case, the beauty of the teeth is lost and the 

general appearance is affected. And besides, the transparency of the teeth also disappears. 

If the fluoride concentration reaches 4-8 ppm, it causes skeletal fluorosis, and drinking 

such water reduces bone growth in children. [11] 

4. Magnesium: The important mineral cations in drinking water include: calcium, 

magnesium, sodium and potassium. Although iron ions are present in drinking water in 

low quantity, they have a greater impact on the quality of water because it causes 

corrosion of iron pipes and, as a result, spoils the smell and taste of water. Magnesium is 

the fourth most important cation that is essential for human life and is present in all cells 

and living tissues. Magnesium is abundantly found in vegetables. It exists in the porphyrin 

group of vegetable chlorophyll. It is also found in the tissues of many animals. Other 

important sources of magnesium include whole grains, beans, green vegetables, potatoes, 

almonds and dairy products such as cheese. Magnesium plays a significant role in 

activating the activity of many enzymes. Presence in the combination of bones and teeth, 

which contains 70% of magnesium in the enamel of the teeth and bones. Magnesium 

induces temporary and permanent hardness in water. An excess of magnesium in the 

water can be a laxative. Magnesium deficiency causes nervous disorders, chronic fatigue, 

back pain, muscle weakness, loss of appetite, insomnia, and irregular heartbeat. The 

maximum level of magnesium in drinking water is 100mg/l and the desired quantity is 

30mg/l. [5] 

 

2. Literature Review 

A lot of research has been done in this area, some of which are mentioned here. 

According to the report of the World Health Organization, one out of three people in 

developing countries do not have access to clean water. Also, 80 percent of diseases are 

caused by water. 

A study was conducted in Taiwan that found that water contaminated with arsenic caused 

the development of arsenicosis. [28] 

Geen and colleagues in Bangladesh in 2003 investigated 6,000 wells and the depth of 

drilling necessary to reach these low-As arsenic aquifers ranges from 30 to 120 m depth 

within the study area. [8] 

A study conducted by Boyan and colleagues in 2010 near the coal mine in northwest 

Bangladesh revealed that the groundwater was 50% contaminated with heavy metals. [2] 
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In 2010, drinking water was analyzed by Yashbir in Sanganer, India. It was found that 

the water quality is not good and the amount of fluoride and nitrate in this water has 

increased due to artificial and natural sources. [12] 

Hafiza Hamidi, a professor at the University, conducted an investigation on the water of 

Kabul, after which it was found that 56% of samples had less quantity of fluoride than 

the permissible level, 42% of samples had the quantity of fluoride within permissible 

level, and 2% of samples had more quantity of fluoride than the permissible level. 86% 

of samples had very hard water due to magnesium, 4% of samples had hard water and 

there was no sample that did not have hard water. Arsenic quantity in water for all areas 

were below the permissible limit of the international standards. [9] 

Ali Akbar Mohammadi and colleagues conducted a research on the physical and chemical 

analysis of underground water in the Babol region of Iran, in result, it was found that the 

amount of nitrite, sulfate, chloride, sodium, electrical conductivity and pH are in standard 

condition. But the water turbidity, total hardness and iron were more than the permissible 

limit. And it was found that the amount of fluoride in 87.2 percent of the samples was 

less than the permissible level and 12.8 percent of the samples were within the permissible 

level. [16] 

 

3. Research Methodology 

For research, samples were taken from three points of Khost city in accordance with the 

rules, and then these samples were taken to a standard laboratory and analyzed according 

to international standards, in result all compounds have been identified. Those three are: 

1. Near the ring road (University Road) of Khost city, there is an underground water 

source on the left side of Haji Mirnawaz Khan Plaza. This borehole is 80 meters 

deep and 14 inches in diameter. The GPS coordinates of this borehole 

are(33°20′35′′𝑁  69°55′27′′𝐸). 

2. The second sample was taken from an underground water source next to the Khost 

city project bridge near the main road of Khost Kabul. The depth of this borehole 

is 90 meters and its diameter is 14 inches. The GPS coordinates are 

(33°20′8′′𝑁  69°54′28′′𝐸). 

3. The third sample was taken near Mujahid Square in Khost city. The depth of this 

borehole is 85 meters and its diameter is 14 inches. The GPS coordinates 

are(33°20′10′′𝑁  69°55′7′′𝐸 ). 

Due to the non-availability of an equipped laboratory in Khost city, the water samples 

was transferred to Kabul and tests were performed there at the laboratory of Shawal 

Construction and Geotechnical Company. The address of this laboratory is Daburi, 3rd 

zone, 3rd Street, next to Behzad Private School, Kabul-Afghanistan. 

After obtaining the results of the tests, these results are compared with international 

standards and the final results are mentioned. 
 

4. Results and Discussion 

Firstly, as a result of many studies, international standards for water were found and then 

compared with laboratory results. 
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Table 1 Quantities of Toxic Elements in Various International Standard in mg/l [29],[21],[23],[7][10][3] 
BIS 

(2012) 

IBWA 

(2008) 

FDA 

(2008) 

US EPA 

(2018) 

SASO 

(1994) 

WHO 

(2011) 

 

Chemical 

Symbol 

Parameters No 

0.05 0.01 0.05 0.01 0.05 0.01 As Arsenic 1 

0.3 0.05 0.05 0.05 0.05 0.5 Mn Manganese 2 

1.5 0.8-2.4 0.8-2.4 4 0.6-1.0 1.5  F Fluoride 3 

100 - - 30-60 30-150 150 Mg Magnesium 4 

 

 
Fig. 1 Comparing Quantities of Toxic Elements in Underground Water of Khost City with International 

Standard (US EPA-2018) 

 

 

Table 2 Arsenic, lead, fluoride and magnesium quantities (mg/l) for three centers after laboratory tests 

Center 3 Center 2 Center 1 Parameters No 

0 0 0 Arsenic 1 

0.001 0.001 0.001 Manganese 2 

0.79 0.79 0.79 Fluoride 3 

0.28 0.28 0.28 Magnesium 4 

Since Khost city is not very wide, the results of all the centers are the same. 

From the Fig. 1 above, it is observed that the amount of arsenic in the water is zero, so it 

can be said that the water of Khost city is not contaminated with arsenic. The quantity of 

manganese in the water composition is 0.001 mg/l, according to the all standards, this 

quantity is less than the standard amount. So it does not cause the water to taste bad. The 

quantity of fluoride in the composition of this water is within the permissible limits 

according to all standards and does not cause any problems. The amount of magnesium 

in the composition water is very low and it can cause some diseases. 
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5. Conclusion 

In this research, the toxic elements (arsenic, manganese, fluoride and magnesium) in the 

underground water composition at Khost city have been studied, because more or less 

quantity of these elements has a very bad effect on health. The research was carried out 

at three points of underground water in the center of Khost province. The results of the 

research are concluded as following: 

 From this study, it was found that the underground water of Khost city does not 

contain arsenic, and there is no problem for consumers. 

 The quantity of manganese is not too high to cause the taste of water to deteriorate. 

 The quantity of fluoride in this water is within the permissible limit and this water 

does not cause any problem due to fluoride. 

 From the research, it was found that the amount of magnesium in this water is 

very low, which can cause some diseases, and a solution should be found as much 

as possible. 

 In general the quality of underground water is good for drinking propose. 
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Abstract 

The Shaida copper mine is located on the Herat fault to Badakhshan and the old alpine zone of Harirud, 

and in terms of geological age, it belongs to the Mesozoic (Cretaceous) to Cenozoic era. There are many 

copper mines in Afghanistan which are still unknown. The main purpose of this research is to explore and 

predict the nature and type of copper mines in Afghanistan, which uses remote sensing and multispectral 

ASTER and Landsat (OLI) images to explore and investigate the metamorphic rocks of the Shaida Herat 

copper mine in western Afghanistan. Necessary corrections were applied to satellite images. To explore 

and investigate the transformation parameters, different satellite image processing algorithms, including 

principal component analysis (PCA) and inter-band ratios (BR) and spectral angle mapping (SAM), and 

the most spectral similarity (MLC) are used. Principal component analysis in bands PC1, PC2, and PC7 

shows the maximum absorption range for providing copper mineralization. The inter-band ratio was used 

to examine stones and minerals (calcite, alunite, and kaolinite and to examine mafic rocks and carbonates). 

The algorithm of the most spectral similarity is used in the investigation of metamorphic rocks and to 

evaluate the performance of the algorithms, the spectra of the reference library provided by the United 

States Geological Survey (USGS) have been used. The evaluation and validation of alteration zones in the 

Shaida copper mining area provide the most spectral similarity algorithm with an accuracy of 0.61%, and 

the evaluation and validation of exploration in the Shaida copper mining area provide the spectral angle 

mapping algorithm with an accuracy of 0.68%. According to this research, the conditions of the formation 

of copper mines are oxide and sulfide mania. It is predicted that the reserve of the Shaida copper mine will 

increase over time as a result of detailed exploration and more detailed studies, and the increase in oxide 

and sulfide minerals of copper is economically important. 
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1. Introduction

Remote Sensing (RS) is the science of information acquisition, processing, and 

interpretation of data and satellite images obtained from sensors that record the interaction 

between matter and electromagnetic energy [1].  Due to the use of satellite images, remote 

sensing is one of the important sources of information in many "geological" applications, 

such as mining exploration at local, regional, and global scales, monitoring exploration 

operations and mining, use of land cover, and environmental studies [2]. Over the last 

few years remote sensing science has been the best method in terms of time, resource, 

and cost [3]. Use of RS and GIS technology in the exploration of mines and investigation 

of metamorphic rocks and investigating geological structures are the basic goals of this 

technology [4]. 

In terms of geological research of Russian scientist Silavin from the years 1976 to the 

early 1800s the area of Afghanistan is extremely complicated in terms of geology. The 

development of rocks and geological structures in the territory of Afghanistan reaches the 

tectonic stages before Baikal [5]. The geology of Afghanistan's minerals was also 

presented by a team of Russian and Afghan engineers who prepared the geological map 

of Afghanistan in Moscow in 1980. Only in Afghanistan, the amount of copper reserves 

is estimated more than 68,500 million tons (Figure 1) [6]. This research and subsequent 

research aim to explore and predict the nature of copper mines in Afghanistan. In this 

research, the exploration of copper minerals and the investigation of metamorphic rocks 

in the Shaida copper mine of Herat, which is one of the platform areas in Afghanistan, 

have been discussed. Aerial photos and satellite images can be used to analyze the 

changes in the extent of sight according to the period [7]. Based on the studies conducted 

by many researchers, it is possible to detect metamorphic minerals and rocks using optical 

satellite image information [8] which in this research - multi-spectral satellite Landsat 

(OLI) is used.  

ASTER sensor has 14 bands, three of which are in the visible and near-infrared VNIR 

with a resolution of 15 meters and six bands in the short infrared SWIR which has a spatial 

resolution of 30 meters. It has five TIR thermal bands with a resolution of 90 meters. 

(OLI) Landsat sensor has 11 bands, 8 spectral bands, one panchromatic band with a 

spatial resolution of 15 meters, and 2 thermal bands with a spatial resolution of 90 meters 

[9]. 

Principal component analysis (PCA), Spectral angle mapping (SAM), and Interbrand 

ratio (BR) were used to explore copper minerals and to check the metamorphic rocks in 
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the period from 2013 to 2021, the algorithm of the most spectral similarity (MLC) was 

used. The result of this research shows that the evaluation and validation of changes in 

the Shaida copper mining area show the most spectral similarity algorithm, with 0.61% 

accuracy. The evaluation and validation of the spectral angle mapping algorithm in the 

Shaida copper mining area provide an accuracy of 0.68%. 

In this research, based on the studies of Russian and Afghan engineers in 1980, the Shaida 

copper mine has conditions for oxide and sulfide formation. It is predicted that copper 

minerals will increase over time based on tectonic developments and movements (Herat 

fracture to Badakhshan) [10] and that these movements cause an increase in copper 

minerals in the Shaida copper mine. From an economic point of view, copper oxide and 

sulfide minerals are very important. 

 

Figure 1: Location map of Afghanistan's copper mines. Red borders for Prospective limits, orange 

borders for Favorable limits, yellow color Permissive, and green color State center 

(www.USGS.Gov2004). 

 

 

 

 

 

 

 

http://www.usgs.gov2004/
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Study area 

The Shaida copper mine in Herat is located in the common area between Pashtun 

Zarghoon and Adraskan at 33°47′24″N and 61°49′30″E (figure 2). The Shaida copper 

mine with 1.1% of pure material, 4 meters wide and 150 meters long, 2.4–8 meters thick, 

2400 meters area is situated 65 km from Herat province. The copper reserves of this mine 

are 5 million tons, which were specified in the joint survey of Russia and Afghanistan in 

2018. The Shaida copper mine is related to the tectonic zone of Farah and Qala-e-Naw, 

which is in the Turkmen segment of Iran and Harirud fault, and the subsidence of Herat 

as a position (Figure 3) [11]. In this region, the rocks are young, and in terms of geological 

age, they reach the Mesozoic (Perm, Cretaceous) to Cenozoic eras (Figure 4). In terms of 

folding, it is related to the old Alp and Harirud zone [12].   

 

 

 

 

 

Figure 2: A) DEM map of Afghanistan, B) Map of Landsat ETM+ satellite zone, C) Location map of 

Shaida copper mine (Jorris et al. 2002). 

 

Figure 3: Map of Harirud fracture (Desi, A., 1975) 

 



 

45 
 

 

Figure 4: Geological map of Shaida copper mine in Herat (Afghan Geological Map 2005) 

 

2. Data preprocessing 

Materials and Methods 

In this research, to explore and investigate the metamorphic rocks multi-spectral 

ASTER and Landsat (OLI) satellite images were used which includes data preparation, 

processing of satellite images, and preparation of a mineralogical map and preparation 

of metamorphic rock map of the Shaida copper mine. For atmospheric correction of 

Shaida, VNIR, and SWIR bands of ASTER and R, G, and B bands of Landsat (OLI) 

(Quick Atmospheric correction) algorithm and for correction of TIR band ASTER will 

use (Thermal atmospheric correction). Image geometric correction operations of 

ASTER and ground referencing them using crosstalk correction (Crosstalk) on the 

ASTER images were done. The general research processes are shown in (Figure 5). 
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Figure 5: The general research process

Satellite data processing 

Principal component analysis (PCA) 

PCA is used to reduce the interference effect of materials, especially vegetation, and also 

extensively for metamorphic mapping [13]. This vector algorithm of a matrix and 

variance-covariance or one correlation matrix can be computed [14]. This method is into 

two modes of standard (use of all bands) and suitable bands (here bands containing 

absorption and reflection characteristics of the desired minerals) is used with the lowest 

correlation (Figure 5).
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Figure 6: The structure of the principal component analysis algorithm in two general modes of standard 

component analysis and appropriate component analysis.

In the method of principal component analysis or reduction of input bands, while avoiding 

the interference effect of certain spectra (such as plants), the discussion of highlighting 

the desired minerals should be increased [15]. 

The principal component analysis distinguishes copper minerals from other phenomena 

where characteristic values are shown. In the bands PC1-PC2-PC7 which has suitable 

values for highlighting, characteristics of copper minerals have been provided based on 

the RGB. The red colors inside the ellipses show the copper minerals in this area, and the 

green color shows the areas where other minerals such as quartz or minerals that are in 

the composition of copper sulfide and minerals with prominent oxide exist. Blue and 

purple colors show areas where non-mineral materials are highlighted (Figure 7). 
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Figure 7: RGB map from the method of principal component analysis with R:7, B:2, and G:1 copper 

mineral using ASTER satellite images. Elliptical shapes with red pixels show copper minerals. The green 

pixels show other minerals in the copper mineral limit, and the blue and pink pixels indicate soil and other 

natural materials around the mine environment. 

 

Spectral angle mapping (SAM) 

This type of mapping (has been widely used by researchers in recent years to identify 

minerals. This algorithm was presented by a researcher named Boardman as part of a 

spectral angel mapping image processing system [16]. SAM is used as part of a diagram 

in the scattered space drawn by the values of the pixels in the bands of an image. In this 

diagram, pixel spectra are presented against target spectra which calculate each of the 

sampled points. A smaller angle between the pixel spectrum and the reference spectrum 

indicates a higher similarity (Figure 8). The spectral angle is relatively insensitive to 

changes in pixel brightness, as the direction of the vector remains constant, and only the 

size changes [17]. 

 

 

 

 

 

Figure 8: The structure of the implementation of the spectral angle mapping algorithm. 
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- Here nb indicates Band numbers, bi laboratory spectrum, and ri reference spectrum 

[18]. 

In this research, for copper minerals classification Spectral angle mapping algorithm was 

used based on the standard of the ASTER spectrometer library and the USGS website. 

To identify copper minerals, using SAM classification systems and spectral libraries of 

the USGS geological site and based on spectral behaviors, copper minerals have been 

identified (Figure 9). 

In this research, copper minerals including Chalcopyrite, Malachite, Azurite, Quartz, 

Bornite, and chalcocite are classified (Figure 9). The SAM method displays the areas 

related to copper minerals. Here the yellow pixels show chalcopyrite minerals, the green 

pixels show Bornite minerals, the orange pixels show quartz minerals, the pink pixels 

show malachite minerals, the red pixels show azurite minerals and the blue pixels show 

chalcocite minerals. The spectral behavior of copper minerals extracted from ASTER 

sensor images is presented in (Figure 10). 

 

Figure 9: Output map of copper mineral identification by SAM spectral angle analysis method. Here it 

shows A- chalcopyrite, B- bornite, C- quartz mineral, D- malachite, E- azurite mineral, and chalcocite 

mineral. 

. 

 

 

 

https://www.google.com/search?sxsrf=APwXEdceaWMMbwUMTq0-P-kR0lvnR2SqNg:1683352186098&q=Bornite+and+chalcocite&spell=1&sa=X&ved=2ahUKEwj09tXI_9_-AhWJHHcKHUyXBLUQkeECKAB6BAgJEAE
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Figure 10: Spectral behavior of copper minerals extracted from ASTER sensor images 

 

Algorithm of band ratio (BR) 

This is the algorithm that by knowing the characteristics of maximum absorption and 

maximum reflection of different minerals, can highlight different phenomena [19]. The 

result of dividing the pixel identification degree values in one spectral band by another 

spectral band is called band ratio [20]. This method makes the difference between 

brightness levels more obvious and makes the border between effects clearer. 

Technically, band ratio is a certain number of band values divided by the DN number of 

another band value [21]. 

The band ratio (BR) for the absorption feature is the sum of the number of bands that 

represent the values and the band denominator. which is located in the closest absorption 

feature (Figure 14) [22]. The basis of this algorithm is based on the band ratios of four 

mathematical operations. In this research, the band ratios method is used to check mafic 

rocks (Figures 11 and 12). 

 

𝑂𝐻 𝑏𝑒𝑎𝑟𝑖𝑛𝑔 𝑎𝑙𝑡𝑒𝑟𝑒𝑑 𝑚𝑖𝑛𝑒𝑟𝑎𝑙𝑠 𝐼𝑛𝑑𝑒𝑥(𝑂𝐻𝐼) = [
𝑏𝑎𝑛𝑑7

𝑏𝑎𝑛𝑑6
] [

band4

band6
]                                         2  

Kaolinite Index(KLI) = [
band4

band5
] [

band8

band6
]                                                                                     3  

Alunite Index (ALI) = [
band7

band5
] [

band7

band8
]                                                                                       4  
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Calcite Index(CLI) = [
𝑏𝑎𝑛𝑑6

𝑏𝑎𝑛𝑑8
] [

𝑏𝑎𝑛𝑑9

𝑏𝑎𝑛𝑑8
]                                                                                        5  

𝐶𝑎𝑟𝑏𝑜𝑛𝑎𝑡𝑒 𝐼𝑛𝑑𝑒𝑥(𝐶𝑙) = [
𝑏𝑎𝑛𝑑13

𝑏𝑎𝑛𝑑14
]                                                                                             6  

𝑀𝑎𝑓𝑖𝑐 𝐼𝑛𝑑𝑒𝑥(𝑀𝐼) = [
𝑏𝑎𝑛𝑑12

𝑏𝑎𝑛𝑑13
]                                                                                                    7  

 

 

 

 

 

 

 

Figure 11: Output map of the band ratio algorithm A - band ratio (b6/b8+b8/6) of bright pixels 

representing minerals (calcite) B-band ratio (b4/b5+b8/b6) of bright pixels representing minerals 

(kaolinite) - ratio C Band (b7/b5+b7/b8) bright pixels of minerals (alunite) D-band ratio (b13/b14) of 

bright pixels of minerals (carbonates) E- band ratio (b12/b13) of bright pixels of mafic stones G- The 

band ratio (b7/b6+b6/b4) of the bright pixels of the alteration rocks. 

 

 

 

 

 

 

 

 

Figure 12: A) RGB image of band ratio R:7/6+4/6, G:4/5+8/6, B:12/13; B) RGB image of band ratio 

R:7/5+7/8, G:6 /8+9/8, B:13/14. 
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In the output of image, A, green and light yellow pixels represent rocks (alteration) and 

minerals (kaolinite), and pink to red pixels represent rocks (mafic). 

In the output of image B, green and turquoise pixels represent mineral (carbonate) and 

mineral (calcite), and red to reddish pixels represent mineral (alunite). 

 

 

 

 

 

 

Figure 13: Spectral behaviors of minerals and carbonate rocks, mafic, calcite, Alunite, and Kaolinite 

using the spectral behavior of the ASTER sensor library. 

 

 

 

 

 

 

 

 

Figure 14: Spectral behavior of copper minerals extracted from ASTER sensor images of inter-band ratio 

algorithm. 

 

The most spectral similarity algorithm MLC 

This algorithm is one of the most famous statistical algorithms for classification, which 

is among pixel-based methods [23]. In the classification of the most similarity, the class 

is assigned to the pixel that has the highest probability of belonging to that class [24]. 
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In this research, Landsat satellite images (OLI) have been presented in the Shaida copper 

mine to investigate the changes in metamorphic rocks in the period from 2013 to 2021 

(Figures 15 and 16). 

 

Figure 15: Classification map of alteration stones with MLC algorithm in 2013. Red colors show the 

rocks that contain copper minerals. Yellow colors are areas where there is a possibility of copper minerals 

among mafic rocks. The blue colors are the amount of water in the Shaida region. The green colors are 

the amount of soil, sand, etc. available in the area. 

 

Figure 16: The classification map of alteration rocks with the MLC algorithm for 2021. Red colors show 

rocks that contain copper minerals, the yellow colors are the areas where there is a possibility of the 

presence of copper minerals among the mafic rocks. Blue colors are the amount of water that exists in the 

Shaida region. The green colors are the amount of soil, sand, etc. available in the area. 
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Figure 17: The map of the number of changes from the first time to the second time based on the 

classification of the most spectral similarity. The yellow rectangles show the areas where copper minerals 

have changed from the first period to the second period. Red colors show the number of rock changes in 

which copper mineral compounds are more. The green colors show the minerals and materials including 

soil and rocks, in which the changes have occurred from the first time to the second time, and the blue 

colors show the amount of water changes. 

 

Investigating the formation conditions of copper minerals and predicting the nature 

of copper in the Shaida copper mine 

Copper is a periodic table element with the chemical symbol of Cu. Copper is a metallic 

element with high electrical and thermal conductivity whose main feature is malleability. 

Copper minerals are classified into different types in terms of formation conditions [25] 

which include all kinds of oxides, sulfides, silicates, chlorides, and hydroxides. The types 

of copper deposits include porphyry copper deposits along with skarn and vein deposits 

and magmatic copper deposits. Volcanogenic massive sulfide-type copper deposits [26].  

The results of this research are obtained in the prediction section of this result which the 

copper minerals exist in the Shaida mineral deposit. In this area, minerals are oxide and 

sulfide types. The amount of copper minerals in oxide minerals is more in the earth's 

crust. Natural interactions cause the transformation of sulfide rocks into oxide rocks. 

Copper oxide rocks are mostly formed from sulfates, carbonates, and sometimes silicates. 

Sulfide rocks, unlike oxidized rocks, are located lower and deeper than the earth's crust. 

Most of the copper ores are sulfur rocks. Sometimes in nature, copper is found in free 

form. This copper is found in the form of small grains inside the conglomerate, although 
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larger pieces have also been found [27]. In terms of studies and research conducted from 

1976 to the early 18th century by V. A. Slavin and Wolfat Witkin in 1980 on the tectonics 

and geology of Afghanistan Shaida copper mine has oxide and sulfide formation 

conditions and in terms of stratigraphy and paleontology, Herat province and Shaida 

copper mine includes the Mesozoic era (Cretaceous) to the Cenozoic era [28].  

Based on the founding of this research most of the copper minerals in the Shaida copper 

mine are azurite, chalcopyrite, malachite, chalcocite, and bornite.

3. Discussion 

Considering that in this study two goals such as the preparation of an exploratory map 

and examination of alteration rocks exist, therefore these two issues are discussed 

separately. 

A- Preparation of exploratory map: - In this study, to better determine the exploratory 

map and mineralogy of the Shaida copper mine, principal component analysis and inter-

band ratio and spectral angle classification methods have been used. According to the fact 

that each method has advantages and disadvantages, there are three maps such as PCA, 

BR, and SAM to check how well each method works in characterizing copper minerals. 

B- Preparing a map of alteration rocks: -Maximum spectral similarity maps are the 

most rejection-tolerant category of methods and in the method of maximum spectral 

similarity, it is assumed that the distribution of educational data of each class is normal. 

In the method of maximum spectral similarity after data collection, n is the total number 

of reference points, ni is the number of pixels that are actually in the category of points, 

ni+ is the number of reference pixels in the class and n+i is the number of pixels placed 

in the class according to the detection method. The overall accuracy is also obtained by 

dividing the sum of correctly segmented pixels by the total number of reference data. The 

accuracy and detection of each image are done by the parameters of the overall accuracy 

of the Kappa coefficient of the calculated confusion matrix and the confusion matrix 

resulting from two classification methods, MLC is shown in Table 1, and the Kappa 

coefficient and overall accuracy are calculated using the equations 8 and 9 respectively. 

𝑘 =
𝑛 ∑ 𝑛𝑖𝑖

𝑘
𝑖=1 −∑ 𝑛𝑖+𝑛+𝑖𝑘

𝑖=1

𝑛2−∑ 𝑛𝑖+𝑘
𝑖=1 𝑛+𝑖

                                                                                                              8 

Accuracy (70+39+60+80)/346= (249/346) = 0.71% 0.71*100=71% MLC 

 Kappa Coefficient = 0.61% = 0.61*100 = 61%  

𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑦 𝑐𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑒𝑑 𝑡𝑜𝑡𝑎𝑙𝑠

𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑑𝑎𝑡𝑎 𝑡𝑜𝑡𝑎𝑙𝑠
                                                                      9  
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Accuracy = 173/282 = 0.61% SAM  

Kappa coefficient = 0.47% 

 

 Table 1: Maximum likelihood ambiguity matrix classification

 

4. Conclusion 

Preparation of an exploratory map and alteration map of the studied area using satellite 

images is a fast and reliable method. ASTER, Landsat (OLI) satellite data of the 

exploratory region is used to investigate the metamorphism of the Shaida copper mine 

and processing methods such as principal component analysis (PCA), inter-band ratio 

(IBR), spectral angle mapping (SAM) and maximum spectral similarity (MLC) were also 

used. In this research, by applying the mentioned processing methods, the minerals 

azurite, malachite, quartz, chalcopyrite, chalcocite, bornite, calcite, alunite, and kaolinite 

were identified in the exploration area of the Shaida copper mine. According to the 

geological studies of the Shaida copper mining area, most of the copper alteration rocks 

are present, which are related to the conditions of oxide and sulfide formation. However, 

in the Shaida area, porphyry copper rocks are less available, and if they are available, they 

are in the depths of the deposit layers. The obtained results and images show that these 

methods have acceptable results in determining and separating the copper and 

metamorphic extents in the exploration area of the Shaida copper mine. Also, the optimal 

method for determining regional alterations is the MLC spectral similarity method and 

the effective method for mineral exploration is the SAM (spectral angle mapping) 

method. From the results of this research on the formation of copper minerals and the 

prediction of copper-rich areas, it can be seen that in addition to the Shaida copper mine, 

there are copper oxide and sulfide mines in other parts of the country, which can be 

Collection Water Soil Possible copper mineral copper mineral Class 

94 16 8 0 70 copper mineral 

40 1 0 39 0 Possible copper mineral 

100 13 60 2 25 Soil 

112 80 10 10 12 Water 

346 107 78 51 110 Collection 
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investigated and explored in the future using remote sensing methods which are used in 

this research. 
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Abstract 
This study investigates the impact of coal reserves in Afghanistan on the country’s electricity generation. 

To conduct this study, the secondary data collected by reliable sources was used. For the analysis of data, 

a quantitative approach with descriptive methods is used. The analysis showed a massive impact of 

electricity-from-coal with a 4.94 times increase in generation making 93% of the overall energy 

consumption of the country. It has been concluded that sustainable usage of coal in electricity production 

could reduce the annual imports to zero making the country self-sufficient. However, there are several 

limitations in the data collected including fewer data for the types and quality of the coal in the country 

and no previous research in the field. 
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1. Introduction 

Afghanistan, is a country rich in mineral mines and energy resources especially fossil 

fuels like coal, natural gas, and oil.  Afghanistan’s minerals mines are estimated to be 

worth over $1 trillion. Due to everlasting political and economic crisis, not enough 

research have been conducted in the area of energy resources to find the potential capacity 

of each source for electricity production. [1] 

A large percentage of electricity production in Afghanistan is of non-renewable energy 

resources, renewable resources makes small percentages. [2] [3] While the country has 

total electricity production capacity of 5.55 billion kWh, yet consumes most of its 

electricity from imported power mainly from Tajikistan and Uzbekistan. [4] 

With high capacity of electrical energy production from fossil fuels in Afghanistan, 

unfortunately it has only oil power plants currently active in several locations of the 

country and zero coal and gas power plants. [5] 

Coal plays a significant role in energy production in most countries and is the largest 

single resource for electricity production making 36% of total electrical energy produced 

as of 2019 in the world. It may be an efficient energy source in Afghanistan due to the 

large reservoirs that the country possesses. [6] 

Initial researches estimated the total amount of coal to be 100-400 million tons. However, 

recent studies by the United States Geological Survey showed that the amount of proven 

and economic available coal reservoirs in Afghanistan seems to be less than that is mainly 

located in the north and south areas of the country. [7] 

Annual coal production and consumption in the country is equal. Making Afghanistan 

45th for production in world rankings and 61st for consumption in rankings. Either all the 

coal, which is being produced annually, is consumed for domestic use or as a thermal 

energy source in factories and a portion of it is being exported to foreign countries. [8] [2] 

In this study, with the data collected about the coal status in Afghanistan and using 

Quantitative approach and data analysis methods, this study aims to estimate the 

contribution of coal resources in electrical power generation in the country.  

2. Literature review 

Afghanistan is one of the countries that uses non-refined materials such as wood, animal 

excrement and waste materials in the winter season for heating homes.  This causes 

various diseases mainly due to the lack of electricity and its high prices.  In general, in 

the winter season, the household energy consumption in this country is 40% from wood, 

40% from coal, 10% from natural gas and 10% from electricity. [9] 

Energy is an important necessity for humankind. Hence, the level of progress and 

development of a country is directly related to its energy consumption.  Coal, which is 

the primary cause of the industrial revolution in the world, with the reduction of oil and 

gas reserves, it is one of the main alternatives to meet the world's energy needs. [10] 
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Global coal production in 2018 showed an increase of 4.3%, which was much higher than 

the 10-year average of 1.3%.  China accounted for half of this global growth and 

Indonesia had an increase of 51 million tons.  Coal consumption in 2018 shows an 

increase of 1.4%, which is the fastest growth since 2013.  Globally, coal still accounts for 

38.0% of electricity production, which is the continuation of the trend of the past two 

decades.  Coal is still mainly used for 66.5% of commercial electricity and heat generation.  

The above statistics show the value of coal in electricity production. [11] 

Despite the advances in renewable energy, the role of fossil resources in electricity 

production is still unshakable.  Coal makes up about 40% of electricity production in the 

world and the reason is its cheapness and availability. [11] 

The distribution of coal is much fairer than other fossil energy sources such as oil and 

natural gas, which is concentrated in the Middle East, for example, Turkey, which does 

not have much capacity in terms of other fossil energy sources, but in terms of coal, it has 

2% of all coal in the world.  After 1973 with the energy crisis in the world, it turned to 

using coal resources inside the country for electricity production. [10] 

In order to achieve the purpose of the research, the data were collected and filtered outliers 

out according to our needs. The results of this study are presented below. 

2.1. Electricity production, consumption, and import 

Table below shows the data provided by the US Energy Information Administration about 

the energy generation, consumption and import in 2019. [4] [12] 

 

Table 1 Total amount of electrical energy consumption, production and import of Afghanistan in 2019 

Electricity Total per capita 

Own consumption 5.9 bn kWh 138.72 kWh 

Production 1.1 bn kWh 30.40 kWh 

Import 4.9 bn kWh 110.45 kWh 
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Figure 1 Electricity generation, consumption and import level of Afghanistan between the years 1980-

2019(Source: US Energy Information Administration) 

According to the United Nations Statistical Division total household electrical 

consumption in the year of 2020 is estimated to be 3.4 GWh. [13]  

 

2.2. Potential electricity generation capacity by source 

Table below shows the potential capacity of electricity generation by source. The 

theoretical value of the production capacities for electric energy is only possible under 

ideal conditions. They are measuring the amount of energy that would be generated if 

permanent and full use of all capacities of all power plants. In practice, this is not possible, 

because e.g. solar collectors are less efficient under clouds. In addition, wind- and water-

power plants are not always operating under full load. All these values are only useful in 

relation to other energy sources or countries. [4] according to McGinely of UK, From 

each tone of coal in average 0.00246 GWh (that is equal to 2.46 MWh) electrical energy 

could be generated. [14] 
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Table 2 Source based electricity generation potential of Afghanistan 

Energy source Total Percentage per capita 

Fossil fuels 2.50 bn kWh 45.0 % 62.75 kWh 

Nuclear power 0.00 kWh 0.0 % 0.00 kWh 

Water power 2.89 bn kWh 52.0 % 72.51 kWh 

Renewable energy 222.19 m kWh 4.0 % 5.58 kWh 

Total production 

capacity 

5.55 bn kWh - 139.44 kWh 

Actual total production 1.21 bn kWh 21.8 % 30.40 kWh 

2.3. Share of renewable and non-renewable sources in electricity generation 

Table below shows data of renewable and non-renewable share of electricity generation 

in Afghanistan according to a research conducted by International Renewable Energy 

Agency (IRENA) in 2020. [15] 

 

Table 3 Current domestic electricity generation by source in Afghanistan 2020 

2.4. Coal reserves and annual production  

According to a report from ministry of mines and industry of Afghanistan in 2002, 

coalmines estimated to be 440 million tons with annual production rate of 150000 ton in 

which only 40000 tons of it was from governmental controlled mines. [8]  

Recent studies with developed mechanism showed the proven coal reserves in 

Afghanistan to be about 73 million tones. Bituminous and Anthracite are the two types 

making the majority of reserves in the country. [16] Figure below shows the production 

rate of coal from the year 1980 to 2021 in Afghanistan:  

Generation in 2020 GWh % 

Non-renewable 135 12 

Renewable 995 88 

Hydro and marine 933 83 

Solar 63 6 

Wind 0 0 

Bioenergy 0 0 

Geothermal 0 0 

Total 1128 100 
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Figure 2 Annual Coal production in Afghanistan from years 1980 to 2021(Source: US EIA) 

Coal plants require enormous amounts of coal. Shockingly: a 1000 MWe coal plant uses 

9000 tons of coal per day, equivalent to an entire trainload (90 cars with 100 tons in each!). 

[17] 

3. Methodology 

Through this study, the electricity generation capacity of coal in kWh was analyzed and 

compared with other sources currently used in Afghanistan and the amount of electricity 

imported from foreign countries.  

The data used were primarily collected through laboratory tests, field investigations, 

surveys and interviews conducted by various national and international organizations. 

The data used in this research is secondary data collected and compiled from reliable 

sources.  With deep literature review of other researches, the amount of coal and it’s types 

were determined. Then from laboratory experiments of international energy laboratories, 

the potential electrical capacity of each ton of coal in GWh was found. Furthermore, the 

data for total electricity consumption for that last decade collected and its sources was 

determined to be further compared with coal power.   

To carry out this research, quantitative methods are used to analyze and evaluate the 

collected data and present the results and calculations with the help of formulas and tables. 

To complete this review paper, descriptive analysis is used to organize and categorize 

data collected from sources with the help of Microsoft Excel. In addition, inheritance 

analysis will be used to interpret and analyze the data of the results to achieve the purpose 

of this study. 
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4. Results and analysis 

4.1. Potential electricity generation capacity of coal reserves 

From each tone of coal in average 0.00266 GWh (that is equal to 2.66 MWh) electrical 

energy could be generated. With the amount of coal exist in Afghanistan (73 Million tons), 

about 194,180 GWh electricity could be generated in total. By considering the electricity 

consumption in Afghanistan, which is shown in Figure below, the country could achieve 

it’s electricity demand for 43.7 years with only using electricity generated from coal 

reserves. 

 

Figure 3 Electricity generation, consumption and import level of Afghanistan between the years 1980-

2019 

Calculations: 

Potential Electricity Generation Capacity= (Conversion factor GWh/metric tone)(total 

reserves in tone) 

Potential Electricity Generation Capacity= 0.00226GWh/tone x 73 Mt= 194,180 GWh 

Total Years for a single source to meet the annual electricity demand = (Electrical 

capacity of the source)/(Annual Energy Consumption)= (194,180 GWh/year) /(4442 

GWh)=43.7 years 
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4.2. Contribution of coal generated electricity to electricity consumption and 

generation 

Based on our calculations we found that the average annual production of coal in last 

decade (2011-2021) is 1713.004 Mst (thousand short tons). This is equivalent to 1.5 

Million tones (1,554,011 tones). By considering the assumption of using annual coal 

production to generate electricity, there will be 4133.669 GWh electrical energy 

generation per year.   

Using descriptive analysis, we can find that the average electricity production in the past 

decade (2010-2020) is 1.047 bn kWh that is equivalent to 1047 GWh. With addition of 

the amount energy generated from coal, annual electricity generation of the country will 

become 5180.669 GWh, which shows 4.94 times increase in total electrical energy 

generation from interior sources.  

Analysis shows that with annual production rate and annual potential electricity 

generation capacity of coal, it secures 93% of total electricity consumption per year. Since 

with the help of descriptive analysis, the average electricity consumption of the country 

is 4442 GWh from 2009 to 2019.  

 

Figure 4 The contribution of coal reservoirs to Electrical energy production in Afghanistan 
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5. Conclusion 

Because electricity is such an essential part of everyone's life, especially in the age of 

technology and computers, it is important to understand the potential of every available 

resource. Coal, the world's main source of energy, is plentiful in Afghanistan with vast 

amounts. The country is still not using its coal reserves for electricity generation and there 

is no coal-fired power plant. It is crucial to understand the overall electrical energy 

potential capacity of these reserves and its impact on all aspects of energy production, 

consumption and imports. With the results presented, the use of coal as an energy source 

could be very effective in reducing imports and saving the country’s financial resources.  

A total of 194,180 GWh electricity could be produced in coal-burning power plants. This 

amount of electricity will increase Afghanistan's energy production by 4.94 times, making 

the country self-sufficient in the energy sector and reducing foreign energy imports to 

zero. Annual electricity produced from coal accounts for 93 percent of the country's total 

electricity consumption, leaving little room for the use of other sources. The total 

generated electrical power could meet the electricity demand of country for up to 43 years. 

However, calculating how a hybrid system can improve its life cycle is a remarkable feat. 

In the future, studies can be conducted on financial difficulties and technical obstacles 

that may prevent the realization of the results of this study. It is also the duty of researchers 

to investigate methods aiming to establish a national sustainable energy production plan 

for sustainable utilization and life cycle extension of energy resources. 

6. Discussion 

The study demonstrates a correlation between the electrical energy that could be 

generated from coal reserves in Afghanistan and its impact on total electricity generation 

and import. However, due to the lack of data on types of reserves in Afghanistan with 

their respective percentages, the results may not fit well with implications in practice. 

Investment costs of building power plants, Carbon Dioxide emissions and relevant 

limitations in conversion processes should be also taken into consideration. Avenues for 

future research include accurate investigations to find percentage and qualitative values 

for each type of coal available and its impact on sustainable energy and economic 

development. 
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Abstract 

Avalanche is one of the most dangerous natural disaster phenomena, which causes heavy damage to 

properties and fatalities in most mountainous and inaccessible regions across the globe. In the present 

study, avalanche susceptibility map of the Shighnan district is prepared by applying GIS-based multi-

criteria decision analysis-analytic hierarchy process method. The prominent avalanche occurrence terrain 

factors such as slope, elevation, aspect, curvature, and land cover are used in this method. Shuttle Radar 

Topography Mission (SRTM) digital elevation model (DEM) and Corine Land Cover data are used to 

generate considered terrain factors. The pairwise comparison matrix is used to calculate the weight values 

of terrain factors. Then, the weight values of each avalanche occurrence terrain factor are utilized in the 

AHP model to produce the avalanche susceptibility map. The results are classified into five zones of very 

high, high, moderate, low, and very low, which covers 13%, 35%, 28%, 23%, and 1% of the total area 

respectively. This avalanche susceptibility map will assist decision-makers in better planning and taking 

precaution while moving across the region. 
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1. Introduction 

Avalanches are one of the most hazardous natural disaster incidents in Afghanistan, which 

are very destructive and unpreventable. Avalanche is a rapid, downward movement of a 

large mass of snow, ice, and rocks. An avalanche occurs when accumulated snowpack 

moves downside of a mountain under the influence of gravity. The flow speed of an 

avalanche may accelerate up to 200 km/h and put pressure up to 50 T/m2 [1]. Due to high 

flow speed and pressure, the avalanches tend to destroy forests, human, property, road 

networks, and communication lines [1]. An avalanche is highly uncertain and hard to 

predict. Hence, it threatens the life of those who live in mountainous regions [2].  

Normally, there are two main types of avalanches: loose avalanches and slab avalanches 

[1]. Loose avalanches initiate from a point or a single area and tend to collect masses of 

snow as it continues downside. Typically, this avalanche occurs due to poor connection 

between snow crystals and flow down a sloping surface in a triangular pattern [3]. In 

contrast, slab avalanches occurs due to failure in snow depth which take off from a large 

surface and hold more layers of organized snow [3]. This type of avalanche is more 

dangerous and cause most casualties and property damage [1]. In slab avalanches, the 

shear displacement depends on the slope angle and snow type. When the slope angel 

ranges between 25-90 degree, almost 90% of the total deformation is in shear 

displacement [3]. In slab avalanches the shear deformation will become more dominant 

when the density of snow increases. The chances of slab avalanches become rare when 

the slope angel reaches lower than 25 degrees. By increasing the slope angel, the 

frequency of slab avalanches also increase due to the higher shear stresses and 

deformation [3]. 

The occurrence of avalanches are affected by several factors such as topographical, 

metrological, snowpack structure, natural triggers, social activities, land cover, etc. [4], 

[5]. For avalanche susceptibility mapping of a region, it’s difficult to consider all effective 

factors because, there are many contributing factors, and they are not homogenous. 

Indeed, there are two main types of factors, static terrain factors and dynamic metrological 

factors [6]. 

Prediction of avalanches are very difficult and challenging tasks as it involves dynamic 

meteorological factors i.e., snowfall, temperature, water content, wind speed, 

precipitation, rain fall and static terrain factors such as slope, aspect, elevation, curvature, 

and ground cover [6], [7]. Thus, an avalanche susceptibility map is an essential step for 

the evaluation of high-risk areas and very helpful to plan, manage and travel safely across 

the snow covered regions [6].  

Various studies have been conducted to generate avalanche susceptibility maps using 

GIS, Remote Sensing, and multi-criteria decision analysis (MCDA) approaches. Several 

studies applied GIS-based AHP methods [5]–[8], Kumar et al. (2019), while producing 

avalanche susceptibility map, used probabilistic occurrence ratio (PRO). Many studies 

applied static factors such as slope, elevation, curvature, aspect, land cover, vegetation 

cover, and terrain roughness to generate susceptibility maps, since static factors are 

constant and can be used effectively for avalanche susceptibility mapping for long 

duration [1], [4], [5], [7]. Singh et al. (2019) integrated the static and dynamic factors to 
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produce avalanche susceptibility map. Dynamic factors like meteorological parameters 

and snowpack structures are changing in different times related to the weather conditions 

[7].   

The present study attempted to produce an avalanche susceptibility map considering 

terrain and land cover parameters in Shignan district of Badakhshan province of 

Afghanistan by using GIS-based multi-criteria decision analysis Analytic Hierarchy 

Process (AHP) model that suggested by Saaty [10]. The key advantage of GIS in the 

assessment of natural hazard is its ability to integrate large heterogenous datasets, their 

management and analysis [6]. An important reason while using the AHP model is that it’s 

easy to understand and has the strong capability in solving the complex decision problems 

[11] and this model can be implemented in GIS effortlessly. 

 

2. Study area and dataset used 

2.1  Study area  

The study area is Shignan district of Badakhshan province, which is located in the 

mountainous northeast region of Afghanistan. It is bordered by Tajikistan in the east and 

northeast (Figure 1). Geographically, the study area lies between latitudes 37°15′22′′ to 

38°03′49″ N and longitude 70°44′41′′ to 71°35′54′′ E. The altitude of the study area 

extends from 1720 to 5150 m. The study area covers the area of 4486 km2. Shighnan 

district has a relatively hot, dry, and short summers and cold and long winters. The region 

has a humid continental climate which is cold and temperate. The winters are rainier than 

the summers with an average annual precipitation of about 867mm. January is the coldest 

month with the average daily temperature of -3.3°C, and -17.5°C is the recorded lowest 

temperature. At the end of June, summer starts and ends in September. The average high 

temperature is 11.8 °C, and the highest recorded temperature is 16.6 °C has ever measured 

(Climate-data.org). Due to the high mountains, this district is very difficult to navigate, 

especially during the snowy winter where almost all the roads in this district are blocked, 

causing mobility difficulties for the inhabitants. The study area is characterized by cold 

temperatures, slight precipitation, and heavy snowfall that has led to an escalation of 

incidents including floods, avalanches, and landslides. 
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2.2 Dataset used  

In the present study, the avalanche occurrence related factors are obtained from SRTM 

DEM and Copernicus. The avalanche occurrence terrain related factors, including slope, 

elevation, aspect, curvature, and land cover are considered as significant factors for 

generating avalanche susceptibility mapping [12]. The slope, elevation, aspect, and 

curvature are generated from SRTM DEM which was downloaded with a spatial 

resolution of 30m from USGS Earth Explored website (https://earthexplorer.usgs.gov/). 

The land cover data downloaded from Copernicus Global Land Service Portal 

(https://land.copernicus.eu/global/index.html). Each of them was considered a prominent 

avalanche occurrence factor and utilized for avalanche susceptibility mapping. 

 

3. Methodology 

The methodology adopted to generate the avalanche susceptibility map is illustrated in 

Fig. 2. and explained in the subsequent sections. The first part of the methodology was to 

collect the datasets used and proceeded to generate, analyze, rank, and reclassify the most 

significant avalanche occurrence terrain factors to acquire thematic layers. The next part 

was to generate pairwise comparison matrix between all terrain factors and calculate the 

weight values of thematic layers by applying analytic hierarchy process (AHP) method. 

Fig. 1: Geographical position of the study area. 

https://earthexplorer.usgs.gov/
https://land.copernicus.eu/global/index.html
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The final part was to integrate these thematic layers using a GIS-based AHP model to 

generate an avalanche susceptibility map. The methodology workflow is as follows:  

 

3.1 Analysis of the factors and generation of thematic layers 

The assessment of avalanche susceptibility mapping is a difficult and challenging task 

because there are several factors influencing an avalanche. Some factors that contribute 

to an avalanche susceptibility mapping are meteorological, snowpack structure, 

topographic characteristics, social activities, and natural triggers. The meteorological 

parameters incorporated in mapping avalanches are snowfall, wind speed, wind direction, 

precipitation, temperature, etc. Under meteorological conditions the snowpack structure 

rely upon successive snowfalls. The avalanches happen when the snowpack loses its 

Fig. 2:  Flowchart of the avalanche susceptibility mapping methodology. 
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stability and becomes so weak or dislocated by natural triggers or social activities. The 

meteorological parameters and snowpack structure change continuously because they 

depend on weather conditions. Nevertheless, the topographical or terrain factors such as 

slope, elevation, aspect, curvature, and land cover are the constant factors for avalanche 

susceptibility mapping. Due to inadequate information about meteorological factors and 

short-term validity, the present study only considered the terrain factors. The details of 

each factor are summarized in the following subsections. 

3.1.1 Slope 

The slope is considered as a significant terrain factor for avalanche susceptibility mapping 

[7]. According to statistics, it is reported that most avalanche accidents occur where the 

slope angle is greater than 30° and less avalanches start on slope angle less than 25° [7], 

[12]. Though, the avalanches release from slope angle less than 25° when the snow has 

higher water content. Generally on such slopes, the shear stress is not large enough to 

initiate an avalanche [13]. Majority of avalanches release from slope angles between 28° 

and 45° [4], [6], [7], [14]. On steep slopes between 45°–55° very small avalanches can 

occur because the amount of snow deposition is limited. In the present study, the slope 

values were obtained from SRTM DEM and categorized into five classes (Figure 3). 

3.1.2 Elevation 

Elevation does not directly impact the initiation of avalanches. Nevertheless, 

meteorological factors such as snowfall, temperature, wind speed, and snow depth are 

directly connected to elevation, which in turn directly influence the occurrence of 

avalanches [7], [12]. Generally, at low elevations the chance of an avalanche occurring is 

low due to warm air. Likewise, snow that falls on lower elevation regions often melt and 

may change to rain when it reaches the ground. In the higher elevation regions, the snow 

can remain available for avalanche for a longer duration due to low temperatures [4], [6] 

. The present study area has the lowest elevation of 1719m and the highest elevation of 

5148m, and most of the avalanches occur near regions with the highest elevations. The 

elevation ranges of the study area were categorized into six classes (Figure 3). 

3.1.3 Aspect 

Aspect is considered as a significant factor in evaluation of avalanche high risk zones 

[12]. Aspect does not directly influence the risk of avalanches; it is directly influenced by 

the sun radiation. The sun facing aspects receive more radiation from the sun with the 

snowpack structures becoming more stable than the shaded slopes. In addition, the 

windward slopes get stabilized due to less amount of snow while the leeward slopes 

increase the risk of avalanches because of extra snow loads [7]. According to Austrian 

and Swiss statistics report, 50% of all avalanches happen in the northern part (NW-N-

NE) of the aspect [15]. Aspect map produced from SRTM DEM and categorized into 9 

classes as illustrated in (Figure 3). 

3.1.4 Curvature 

Curvature is one of the significant parameter influencing avalanche susceptibility 

mapping [16]. Generally, avalanches happen on convex surfaces because of snowpack 
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instability compared to concave and flat surfaces that support stabilization [17]. Curvature 

map generated from SRTM DEM is categorized into 3 classes such as convex, concave, 

and flat, which are illustrated in (Figure 3). 

3.1.5 Land cover 

Land cover is also considered as a significant avalanche contributory factor. The land 

cover map provides information about the snow/ice, vegetation, build area, bare ground, 

and water body classes. Generally, dense vegetation cover such as forest has significant 

influence on avalanche activities. Dense vegetation cover is a greater shield against the 

avalanches which holds and reduces the amount of snow available for avalanche initiation 

[8], [18]. Snowpack structures are more stable in the forestry areas than the snow/ice and 

bare ground areas. Therefore, snow/ice cover and bare ground slopes are considered more 

susceptible to avalanches [16]. The land cover map of the study area is shown in Fig. 3. 
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Fig. 3: GIS layers generated for avalanche susceptibility mapping. 
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3.2 Avalanche Susceptibility Mapping Using AHP Model 

3.2.1 MCDA-AHP model 

AHP is one of the Multi-Criteria-Decision-Making models that is broadly used in GIS-

based decision-making problems. The concept of AHP was first proposed by Saaty [19]. 

AHP’s wide use is because of its simplicity and does not need complex mathematics. In 

addition, it’s possible to formulate the problems and consider qualitative and quantitative 

data simultaneously [19]. AHP model is widely and successfully used in various natural 

hazard studies such as avalanches [5], [7], [12], [18]. This technique is based on three 

main principles: decomposition of the problem, pair to pair comparison, and obtaining 

hierarchy of the priorities [19]. The principle of AHP is based on pairwise comparisons, 

which makes judgment easy and solve complex problems accurately. In the AHP 

technique, the problem is broken down into a hierarchical structure which makes the 

decision-makers to take the best decision. The judgment of this model is based on expert 

knowledge and the key concern is to create a hierarchy structure which splitting down the 

problem into a hierarchy of goal, criteria, and sub-criteria. In this study, the avalanche 

susceptibility mapping is the goal and the terrain factors which are described in section 

3.1 are used as criteria.  

The procedure for calculating the weights of parameters using AHP model can be 

summarized in the following steps [20]:  

I. Generating pair to pair comparison matrix 

In this step, we perform pair to pair comparison for each occurrence parameter. Each 

parameter must be at the same level, Saaty’s importance value scale from 1 to 9 based on 

their relative importance (Table 1) were assigned and generated the pairwise comparison 

matrix for occurrence parameters which can be presented in Table 2. 

 
Table 1: The importance value scale [19]. 

Importance Defining the relative importance 

1 Equally important 

3 Moderately important 

5 Strongly important 

7 Very strongly important 

9 Extremely important 

2,4,6,8 Intermediate judgement 
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Table 2: Pairwise comparison matrix and weight values of parameters. 

Criteria 

Criteria 

Slop

e 

Elevatio

n 

Aspec

t 

Curvatur

e 

Lan

d Cover 

Weigh

t Value 

Slope 1 2 4 5 7 0.45 

Elevatio

n 

1/2 1 3 4 5 0.29 

Aspect 1/5 1/3 1 2 3 0.12 

Curvatur

e 

1/5 1/4 1/2 1 3 0.09 

Land 

cover 

1/7 1/5 1/3 1/3 1 0.05 

 

II. Calculation of weights 

In this phase, at first the sum of each column is calculated in the pairwise comparison 

matrix. Afterward, each sum is divided into the matrix by summation of its column and 

the result demonstrates the normalized pairwise comparison matrix. The average of 

weights is estimated in each row of the normalized matrix and the results provide weight 

of each criterion (Table 2) [10]. 

III. Evaluation of consistency ratio 

In this step, the consistency ratio (CR) of the nth element is calculated. The CR calculation 

is used to check whether the pairwise comparison matrix is consistent or not. The 

following formula calculates CR:  

𝐶𝑅 =
𝐶𝐼

𝑅𝐼
                      (1)  

In the above formula, CI is a consistency index and RI represent the random index which 

is acquired from Table 3 based on the number of variables (n). 

 

Table 3: Values of Random Index proposed by saaty [10]. 

n 1 2 3 4 5 6 7 8 9 10 

RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 
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The consistency index is derived using the following formula:  

𝐶𝐼 =
𝜆𝑚𝑎𝑥−𝑛

𝑛−1
                                            (2)                   

In the equation (2), 𝜆𝑚𝑎𝑥 is the maximum eigenvalue of the pairwise comparison matrix, 

and n is the number of criteria. The concept of the CR is designed in such a way that if 

the CR is less than 0.1 or 10% the matrix expresses inconsistency and requires 

reconsideration of pairwise comparison. If the CR is more than 0.1 or 10% the matrix 

expresses a validation of consistency [10]. The computed CI, λ max, RI, and CR of the 

matrix are illustrated in Table 4. 

 

Table 4: Estimated consistency ratio and its variables. 

CI λ max RI CR 

0.04 5.14 1.12 0.03 

 

The weights of parameters have been computed based on their relative importance. The 

relative importance values were chosen based on avalanche-related published studies [5]–

[9], [12], [18], [21], [22]. According to these studies, the relative importance of each 

criterion is carefully evaluated, and suitable relative importance values were assigned.  

 

3.2.2 Avalanche Susceptibility Mapping 

Th MCDA-AHP model is applied in GIS to produce an avalanche susceptibility map of 

the Shignan district. The avalanche occurrence terrain factors are reclassified as shown in 

Figure 3 and the ratings are assigned to each class using a scale range from 1 to 5 (Table 

5). The reclassified avalanche terrain factors and the calculated weight values of 

corresponding terrain factors are used in equation 3 to produce an avalanche susceptibility 

map. 

𝐴𝑆𝐼 = ∑ (𝑅𝑖  ×  𝑊𝑖)
𝑛
𝑖=1           (3) 

In the equation, ASI is avalanche susceptibility index, Ri is the rating value of reclassified 

class of the factors and Wi is the weight values for each avalanche terrain factor obtained 

from AHP technique. 

The ASI map of the study area was then subdivided into the following five susceptible 

areas: very low, low, moderate, high, and very high susceptibility as illustrated in Fig. 4. 
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Table 5: Rating assignment to each factor. 

Factors Categories (classes) Ratings 

Slope < 12° 0 

 12° – 28° 1 

 28° – 45° 5 

 45° – 55° 3 

 > 55° 1 

Elevation < 2000 1 

 2000 – 2600 2 

 2600 – 3200 3 

 3200 – 3800 4 

 3800 – 4400 4 

 > 4400 5 

Aspect Flat 0 

 North 5 

 North-East 5 

 East 2 

 South-East 1 

 South 1 

 South-West 1 

 West 2 

 North-West 4 

Curvature Concave 1 

 Flat 0 

 Convex 5 

Land cover Vegetation 2 

 Build Area 0 

 Bare ground 4 

 Snow/Ice 5 

 Water 1 
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4. Results and discussion 

Avalanches are one of the natural disaster incidents occurring due to terrain and 

meteorological factors. In this study, only terrain factors were applied to produce an 

avalanche susceptibility mapping due to their reliability, easy availability, and high 

dependency with avalanches. Avalanche occurrences are influenced by several factors 

such as slope, elevation, aspect, curvature, and land cover. For avalanche susceptibility 

mapping of Shighnan district, these factors were derived from the SRTM DEM and 

Copernicus portal. The slope was considered the most significant avalanche occurrence 

terrain factor. The slope layer was classified into five classes such as <12°, 12–28°, 28–

45°, 45–55° and >55°. Those slope classes were rated, and maximum rating was assigned 

to the class ranges from 28–45° because this class was found to be the most prominent 

(Table 5).  

The elevation layer was considered the second predominate terrain factor, which was 

classified into six classes such as <2000, 2000–2600, 2600–3200, 3200–3800, 3800–4400 

and >4400. The maximum ratings were given to the elevation class of 3800–4400 and 

>4400 because of snow depth and heavy snowfall in these elevations (Table 5). Aspect 

layer was classified into nine classes; aspect classes of North, Northeast, and Northwest 

were assigned the maximum ratings because the snowpack is unstable in these zones 

(Table 5).  

Fig. 4: Avalanche susceptibility map of the study area. 
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Curvature values were classified into concave, flat, and convex classes. The convex 

curvature values were considered more prone to avalanches than flat and concave. Thus, 

the maximum rating was given to the convex curvature values (Table 5). The land cover 

was generated from Copernicus and classified into five classes such as snow/ice, 

vegetation, bare ground, build area, and water. The maximum rating was assigned to 

snow/ice cover regions due to snowpack instability and susceptible to avalanche 

formation and minimum rating was assigned to water and build areas (Table 5).  

Pairwise comparison matrix was used to calculate the weight values of each avalanche 

occurrence factor. The comparison matrix is given in Table 2. The slope factor was given 

the highest weight value in the pairwise comparison matrix than other factors. The degree 

of importance for each factor was specified based on the 1 to 9 scale (Saaty, 1980) and is 

presented in Table 1. After generating pairwise comparison matrix, the weight values of 

avalanche occurrence factors were computed. The weight values of slope, elevation, 

aspect, curvature, and land cover were assigned as 0.45, 0.29, 0.12, 0.09, and 0.05, 

respectively (Table 2). Therefore, the highest weight value is given to slope and lowest 

for land cover. The consistency ratio is computed as 0.03. The weight values of factor 

and given score to each class of the factors were integrated with GIS using Equation 3 to 

acquire the ASI. 

The resulting avalanche susceptibility map for Shighnan district was divided into five 

zones as: very low, low, moderate, high, and very high (Figure 4). According to the 

results, high and very high susceptible regions cover 35% (1595.19 km2) and 13% (586.25 

km2) of the study area, while moderate, low, and very low susceptible regions contribute 

28% (1249.38 km2), 23% (1018.44 km2), and 1% (22.37 km2) of the study area 

respectively (Table 6). 

 
Table 6: Regional distribution of avalanche susceptibility map. 

Avalanche Susceptibility Area (km2) Percentage % 

Very low 22.37 1 

Low 1018.44 23 

Moderate 1249.38 28 

High 1595.19 35 

Very high 586.25 13 

 

5. Conclusion 

Avalanches are one of the most dangerous natural phenomena occurring every year and 

tend to destroy properties, homes, livestock, and causes loss of lives. Hence, avalanche 

susceptibility mapping is a vital step in identifying the risky zones. The Shighnan district 

is a very complex mountainous area, and harsh climatic conditions. Therefore, avalanche 

susceptibility mapping of such an area is a very challenging task. The GIS and remote 

sensing technology integrated with MCDA-AHP model are applied to generate the 

avalanche susceptibility map of the Shighnas district. AHP model is being applied for 
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solving many problems and widely used for solving natural hazard problems. This model 

can integrate large number of dataset and easily acquire the weight values of various 

numbers of criteria.  

In the present study, five avalanche terrain factors such as slope, elevation, aspect, 

curvature, and land cover were used as an input to produce the avalanche susceptibility 

mapping of the study area. The procedure involved various steps such as creating and 

analyzing the avalanche occurrence terrain factors, generating pairwise comparison 

matrix, calculating weight values of terrain factors, and producing susceptibility mapping. 

The avalanche susceptibility map was divided into five susceptibility regions. The results 

demonstrate that 1% of the area is in very low susceptibility region and 13% of the area 

is in very high susceptibility region. The results show that GIS-based MCDA-AHP 

technique is suitable for detecting and locating the avalanche risky zones. This avalanche 

susceptibility map can help decision-makers and engineers in better planning of 

infrastructure development, taking precaution while moving across the region, and useful 

for authorities in disaster management. Considering the dynamic meteorological factors 

will be beneficial for more accurate and precise avalanche susceptibility mapping of the 

region. 
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Abstract 

The present work studies  and compares the tensile capacity of reinforcement bar, yield stress, ultimate 

stress, and elongation of reinforcement bar from different manufacturing companies (Khan Steel, Esfahan 

and Tashkent). The aims of this investigating is the yield  and  ultimate stress, tensile capacity, and 

elongation of steel bars  under tensile stress used according to the standard in the members of reinforced 

concrete buildings. The laboratory test of yield, ultimate stress, and elongation on of reinforcement bar 

has been performed  according to the (ASTM, A615) standard, the obtained result has been compered 

and the shows the tensile strength does not have a direct effect on the elongation, but in the other hand, 

tensile capacity, tensile strength and elongation of reinforcement bar considering the (ASTM, A615) 

standard is acceptable.  
 

Keywords: Elongation, Reinforcement bar, Tensile capacity, Ultimate Stress, Yield Stress. 
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1. Introduction 

Reinforcement bar (rebar) is a steel product in the form of rod or cable, which is used to 

strengthen tensile strength of concrete members. [7]. 

Steel rebar is a material with high tensile strength, the characteristics of steel rebar make 

it the best option to combine with concrete and strengthen its tensile strength; for this 

reason the use of suitable steel rebar in concrete buildings is very important for the 

stability of the building [7]. 
Tensile capacity and elongation of steel rebar is called the ability to change longitudinal 

shape under tensile axial loads, because if additional loads are applied to the buildings, 

the rebar will significantly change shape, and in this way, they control the way of 

spreading cracks in concrete[9].  
On the other hand, the amount of elongation for the rebar is related to the nominal 

diameter and tensile capacity.  

Investigations about the tensile capacity and elongation which mentioned tool as 

reinforcement bar show that the same grade of rebar, but produced by different 

companies, have different capacity and elongations that should be checked before using 

them in the building structure. 

Since the beginning of using rebar in the structure of buildings, various tests have been 

conducted on reinforcement bar to select the best rebar. 

In this research, in order to support the domestic products of Afghanistan and introduce 

the quality of domestic products to those who use reinforcement bar, a comparison has 

been made between the tensile capacity and elongation of Khan Steel with Esfahan and 

Tashkent rebar’s. 

The results of the tests show that Khan Steel rebar have met the American (ASTM, 

A615) standard and can be a good alternative, for use in the structure of buildings 

instead of the aforementioned imported steel rebar’s.  

 

2. Experimental Work 
 

2.1. Methods 
 

To test steel rebar, there are different methods in different standards, the most important 

standards in the world for testing steel rebar are listed below. 

 American standard (ASTM). 

 German standard (DIN). 

 Russian standard (GOST). 

             In this research, the American standard (ASTM, A615) is used. 

2.2. Materials 
 

The reinforcement bar used in the structure members of reinforcement concrete 

buildings is a steel product that is artificially produced in the factory, the composition of 

steel reinforcement bar according to (ASTM, A33) standard is 95% to 99% iron along 

with other chemical elements mentioned in table (1)[3]. 
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Table 1. Chemical composition of steel reinforcement bar 

Elements Minimum amount % Maximum amount % 

Carbon 0.42 0.50 

Silicon --- 0.40 

Manganese 0.50 0.80 

Phosphorus --- 0.03 

Sulfur --- 0.035 
 

Chemical elements are used in steel with a specific purpose, the quality and grade of 

steel reinforcement bar depends on the composition of these elements. As stated below 

each of the mentioned elements has a specific effect on the formation of steel 

reinforcement bar[3]. 
Manganese (MN): this element reduces hardness and increases strength in steel and 

increases wear resistance[3]. 
Carbon (c): this element is one of the most important constituents of steel and increases 

tensile strength, hardness and wear resistance, but reduces ductility in steel[1]. 
Phosphorus (P): this element increases strength and hardness and improves ductility, yet 

adds a certain brittleness to the steel. 

Silicone (Si): this element increases tensile strength, yield strength of steel[3]. 
Sulfur (S): this element improves ductility, but without sufficient manganese it causes 

brittleness in steel[3]. 
The steel reinforcement bars that have been subjected to this research and their tensile 

capacity and elongation have been tested are grade 60 in different diameters of 25 mm, 

22 mm, 18 mm, 14 mm, 12 mm, and 10 mm, which belong to three production 

companies ( Khan steel, Esfahan and Tashkent). 

2.3. Experimental procedure & Model tests 

 

In order to obtain information about the characteristics of steel reinforcement bar and to 

answer the questions of whether the manufactured steel reinforcement bar meet the 

desired standard specifications or not, it is necessary to test the characteristics of 

reinforcement bar, mentioned below[4]: 
 Tensile test 

 Bending test 

 Fatigue test 

 Testing in terms of geometric characteristics 

 Testing in terms of chemical composition  

All the experimental model tests in this research were done in the Sky Geotechnical 

Material Laboratories. Kabul Afghanistan. 

Testing the tensile capacity and elongation of steel reinforcement bar is one of the most 

important and main tests that must be done for the reinforcement bar [5]. 
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For this purpose, the test of tensile capacity and elongation of steel reinforcement bar 

was carried out according to (ASTM, A615) standard, according to mentioned standard, 

40 cm of steel reinforcement bar were prepared from each sample that was tested and in 

a laboratory experimental device as shown in figure (1). It is shown to be placed, which 

is 10 cm from the reinforcement the top knot and 10 cm in the bottom knot of the device 

and 20 cm in the middle are left free; after that, the device pulls the inserted 

reinforcement bar with a certain force until it breaks. And this force, which causes 

tearing, determines the tensile capacity of the tested steel reinforcement bar section. 

Later, the tensile capacity determined by the machine for the tested samples for grade 

60 reinforcement bar, we compared the results of the tests, with the values mentioned in 

(ASTM, A615) standard, it was found that all the reinforcement bars that were tested 

are acceptable to the standard[1].   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Result and Discussion 
 

3.1. Laboratory modal tests result 
 

The results of the test conducted on the tested reinforcement bar of three manufacturing 

companies are shown in  figures 2, 3 and 4.  

The test result show important things, which include: 

 Effective diameter of the reinforcement bar 

 Yield stress of reinforcement bar 

 Ultimate stress of reinforcement bar 

 Elongations of reinforcement bar under tensile axial stress. 
 

Figure 1. Steel reinforcement bar tensile experimental machine 
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Figure 2. The result of laboratory test (Khan Steel) reinforcement bar 
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Figure 3. The result of laboratory test (Isfahan) reinforcement bar 
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Figure 4. The result of laboratory test (Tashkent) reinforcement bar 

3.2. Effective diameter 

Reinforcement bars are manufactured according to (ASTM, A615) standard in specific 

approximate diameters from 6 mm to 50 mm. but the approximate diameters are 

different from the actual diameter of the reinforcement bar, the diameter that shows the 

size of the reinforcement after the manufacturing is called the effective diameter[5]. 
The effective diameter should be obtained by careful testing. And this effective 

diameter is considered by the designer engineer in the design of building members.  

One of the parts of this research which is effective in the tensile capacity and elongation 

of the reinforcement bar is to get the effective diameter of the rebar. 

This research, whose experimental models are made of the approximate diameters of the 

rebar’s of 25mm, 22mm,18mm, 14mm, 12mm and 10mm, after testing the models, 

obtained the effective diameters of the rebar’s and showed them in the table 2 and figure 

5. 
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Figure 5. Approximate and effective diameters of the tested models reinforcement bars 
 

 

Table 2. Approximate and effective diameters of the tested models reinforcement bars 

Khan 

Steel 

Approximate 

Diameter 
25 22 18 14 12 10 

Effective 

Diameter 
24.80 21.70 17.80 13.97 11.97 9.88 

Isfahan 

Approximate 

Diameter 
25 22 18 14 12 10 

Effective 

Diameter 
24.78 21.26 17.70 13.69 12 9.55 

Tashkent 

Approximate 

Diameter 
25 22 18 14 12 10 

Effective 

Diameter 
24.58 21.50 17.60 13.71 11.61 9.60 

 

Values in figure 5. and table 2, shows the result of laboratory testing of specific models, 

that the reinforcement bars produced by khan steel company have larger effective 

diameters than the reinforcement bars produced by (Isfahan and Tashkent) companies; 

this indicates a better feature of (Khan steel) reinforcement bars. 

3.3. Yield stress of reinforcement bar 
 

The yield stress represents the maximum force that can be applied without causing 

permanent deformation in steel; this properties are one of the good features of steel[11]. 
Point B in figure 6, shows the location of the yield stress.  
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Figure 6. Stress and strain curve 

According to (ASTM, A615) standard, the yield stress of grade 60 reinforcement bars is 

420 Mpa. However, the tested models can be acceptable when they have a minimum 

yield stress of 420 Mpa[1].  
In this research, all the tested, models meet the yield stress required in the (ASTM, 

A615) standard, which is shown in figure 7 and table 3. 
 

 
 

Figure 7. Yield stress of tested models 
 

Table 3. Yield stress of tested models 

Diameter (mm) 25 22 18 14 12 10 

Khan Steel 
Yield Stress 

(Mpa) 
511.16 559.61 454.41 475.78 506.95 674.042 

Isfahan 
Yield Stress 

(Mpa) 
499.59 490.01 508.68 545.41 629.87 743.498 

Tashkent 
Yield Stress 

(Mpa) 
444.617 466.18 480.96 526.80 517.62 526.501 

 

values in figure 7. and table 3, shows the result of laboratory testing of specific models, 

that the reinforcement bars produced by Khan steel company have better yield stress in 

some cases and similar yield stress in some cases compared to the reinforcement bars 
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produced by (Isfahan and Tashkent) companies, and it should be remembered that 

Isfahani 10 mm diameter reinforcement bar shows excellent yield stress among 

reinforcement bar from two other companies. 

3.4. Ultimate stress of reinforcement bar 

The maximum force that steel tolerates before  failure is called ultimate stress. After the 

yield point, with increasing stress, the strain increases and the material exhibits plastic 

behavior, Point D in figure 6. Shows the location of the ultimate stress[8]. 
According to (ASTM, A615) standard, the ultimate stress of grade 60 reinforcement 

bars is 620 Mpa. However, the tested models can be acceptable when they have a 

minimum ultimate stress of 620 Mpa[1].  
In this research, all the tested models meet the ultimate stress required in the (ASTM, 

A615) standard, which is shown in figure 8 and table 4. 
 

 
 

Figure 8. Ultimate stress of tested models 
 

Table 4. Ultimate stress of tested models 

Diameter (mm) 25 22 18 14 12 10 

Khan Steel 
Ultimate Stress 

(Mpa) 
674.18 739.19 691.98 718.27 707.09 762.91 

Isfahan 
Ultimate Stress 

(Mpa) 
667.50 777.91 780.74 809.68 857.04 846.02 

Tashkent 
Ultimate Stress 

(Mpa) 
691.158 732.09 729.31 814.50 749.07 841.378 

 

Values in figure 8. and table 4, shows the result of laboratory testing of specific models, 

that the reinforcement bars produced by khan steel company have better ultimate stress 

in some cases, similar ultimate stress in some cases and lower ultimate stress in some 

cases compared to the reinforcement bars produced by (Isfahan and Tashkent). 
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3.5. Elongation 

Elongation refers to the ability to change longitudinal shape under tensile axial loads[2]. 
The part that can be seen in figure 3, steel after ultimate stress, it has a decrease in width 

and an increase in length; and finally it breaks at a point where the stress is less than the 

ultimate stress; this point is called failure stress, shows in figure 9&10[8]. 
Considering the above, research has shown that steels have different elongation, and 

this elongation changes due to their physical, chemical and mechanicals properties. 

 

 

Research’s show that the greater the longitudinal deformability; in case of applying 

additional loads on reinforcement concrete buildings, the steel reinforcement bars are 

significantly deformed, thus preventing the spread of cracks in concrete [6].   
(ASTM, A615) standard has determined the minimum elongation of grade 60 steel 

reinforcement bar according to the diameter of the reinforcement bar as follows: 

reinforcement bars with a diameter of 10 mm to 19 mm have minimum elongation of 

9%, reinforcement bars with a diameter of 22 mm to 25 mm have minimum elongation 

of 8% and reinforcement bars more than diameter of 25 mm have minimum elongation 

of 7%[1]. 
In this research, all tested models, meet the percentage of minimum elongation required 

in the (ASTM, A615) standard, which is shown in figure 11 and table 5. 

Figure 9. Reinforcement bar in the state of 

stretching under the experimental machine  

 

 

Figure 10. Reinforcement bar is broken due to 

tensile axial load under the experimental 

machine   
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Figure 11. Elongation of tested models 
 

Table 5. Elongation of tested models 

Diameter (mm) 25 22 18 14 12 10 

Khan Steel Elongation (%) 11.25 10.21 9.52 10.03 12.56 19.50 

Isfahan Elongation (%) 22.5 19.3 10.25 15.66 16.29 17.50 

Tashkent Elongation (%) 17.8 11.84 12.25 15.25 12.41 11.68 

 

Values in figure 11. And table 5, which shows the result of laboratory testing of specific 

models, that the reinforcement bars produced by Isfahan Company have better 

elongation compared than the reinforcement bars produced by (Khan Steel and 

Tashkent) companies. But elongation of the reinforcement bars of the other two 

mentioned companies also meet the (ASTM, A615) standard.  

4. Conclusion 

The testing of the tensile capacity and elongation of the reinforcement bar, which was 

performed on the tested models from three reinforcement manufacturing companies 

(Khan Steel, Esfahan and Tashkent), considering the (ASTM) standards, the results of 

the models testing were acceptable, and it can be used in the structure of the buildings. 

Also, considering the results of the research, the following points can be mentioned: 

 The reinforcement bars produced by Khan Steel Company have more effective 

diameter than the reinforcement bars produced by the other two mentioned 

companies. 

 In diameters 25 mm and 22 mm, the yield stress of reinforcement bars 

produced by Khan Steel Company is better, and in diameters 18 mm, 14 mm, 

12 mm and 10 mm the yield stress of reinforcement bars produced by Isfahan 

Company is better. But production reinforcement bars of all three company 

meet the (ASTM, A615) standard requirement in terms of yield stress. 

 The ultimate stress of the reinforcement bars produced by all three companies 

(Khan Steel, Isfahan and Tashkent) is suitable. 
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 The elongation of reinforcement bars to produce by Isfahan Company is better. 

But production reinforcement bars of all three company meet the (ASTM, 

A615) standard requirement in terms of elongation.  

 Khan Steel, as a construction material produced in Afghanistan, can have a 

good competition in terms of quality with imported steel (Esfahan and 

Tashkent). 

5. Suggestion 

After studies and research on the tensile capacity and elongation of the reinforcement 

produced by Afghanistan, (Khan Steel) and the imported reinforcement that are widely 

used in Afghanistan such as (Esfahan and Tashkent) reinforcement, the following 

suggestions can be made: 

 Conducting unbiased research by experts and professionals in the field of 

quality of domestic products. 

 The use of domestic products, especially the production of construction 

materials, because on the one hand it has good quality and on the other hand it 

has direct impact on economical growth of the country.  

 Bringing such research and accurate information to people about better quality 

of building materials in every possible way.  
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Abstract 
 

In this study, impacts of climate change on surface water of the Ghorband Sub-River basin are assessed 

Ghorband River is located in the Ghorband watershed, which is a part of Afghanistan's Kabul River 

basin. Numerous communities live within the Ghorband Sub-River Basin, and its surface water assets 

have been the establishment of their jobs for numerous eras. Climate change impacts, water challenges, 

hydrological assessment purposes, and long-term hydro meteorological information were analyzed. The 

cruel yearly temperature has steadily expanded and conversely precipitation and River flow release have 

slowly diminished. The natural corruption and resultant climatic and characteristic calamities have 

profoundly influenced the vocation and prosperity of the communities inside this River basin with respect 

to water, horticulture, and biological system life. In conclusion, the trends show that the hydrology of the 

basin changed significantly over the last decades. There is not considerable instability due to the data 

scarcity and gaps in the data, but all results indicate a strong tendency towards different conditions. 

 

Keywords: Water accessibility, Climate change impacts, Trend analysis, River discharge, 

Ghorband 
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1. Introduction 

 

Surface water is one of the most important resources of fresh water in every region, and 

it is very important to investigate the effect of climate change on it. This study aimed to 

quantify possible climate change impacts on surface water resources in the Ghorband 

sub-River basin. However, over the last three decades of war and a series of droughts 

have caused many problems [2]. This research has assessed the hydrological regime of 

the Ghorband River as well as the quantity of Ghorband River water based on physical 

parameters, based on which was understood by us. The changes in the River flow of the 

Ghorband River and also compare the physical parameters of the Ghorband River with 

international standards, two issues that are closely linked to the impacts of climate 

change on surface water [2]. The quantity of the Ghorband River is important for the 

agriculture of Parwan province, the livelihoods of Parwan and Kabul residents, as well 

as the River flow of the Kabul River basin. After the information gathering on the 

theoretical basis of the subject and the research, the required data on the water discharge 

of the Ghorband River sub-basin was acquired [2]. The impacts of climate change on 

surface water are based on the premise that each landowner has equal rights to the 

surface water resource below his or her property. There will be cases where one person 

or entity owns multiple parcels and requests that the total water allotment below all of 

his or her parcels be considered in the Phase I climate change impacts on surface water 

[3]. Determining the total threshold based on multiple parcels is acceptable; however, to 

protect future property owners, certain safeguards must be in place to ensure that the 

water allotment and transfer between parcels are clearly documented and recorded, 

especially in cases where the water from more than one parcel will ultimately serve a 

single parcel [3]. After the analysis, it is inferred that the hydrological regime of the 

Ghorband River is at an alarming level because there is a huge decline in the annual 

water discharge, surface run-off, and precipitation [4]. The decline in water discharge 

due to climate change and the increasing population of Ghorband is an issue of great 

concern because it will affect every aspect of Ghorband citizens’ lives in this research 

the main objective is the investigation of climate change impacts on the temporal and 

spatial distribution of precipitation, temperature, and surface runoff in the ghorband 

Sub-River basin [5].  

2. Study Area 

2. 1. Ghorband Sub-River Basin                

The Ghorband River may be a River in Afghanistan, flowing through the 

Parwan Territory. It could be a tributary of the Panjshir River, at that point, a sub-

tributary of the Indus River, at that point, the Kabul River. Appropriately, 

Ghorband River joins Panjshir River in the Bagrami locale. The Ghorband 

runs completely in Parwan province, where it gave its title to the Ghorband Locale. It is 

born within the eastern Shibar Pass (which interfaces the territories of Parwan and 
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Bamyan, or watersheds of the Ghorband and Kunduz Rivers) and passes on 

an eastward course, which it keeps up all the way through most of its course[6]. It runs 

along the south and the forced central extent of the Hindu 

Kush, accepting meltwater within the Shibar Pass area of Salang [7]. It Rivers from this 

in a long valley between the tall peaks of the Hindu Kush (north) and Koh-i-Baba in 

the south. At that point, it focalizes on the Panjshir, on its right bank, 10 kilometers east 

of Charikar. It flows through the areas of Sheik Ali, Chinwari, Ghorband, and Surkh 

Parsa[8].The Ghorband gets numerous tributaries from both left and right, 

all bolstered basically by snowmelt in spring and summer. Its primary tributary is the 

Turkman, but the Salang River meets on the cleared out bank, and its valley is 

a critical get to course to the pass and towards the northern half of the nation. The 

Salang merges with the Ghorband in the region of Jabal Saraj [9]. 

2.1.1. Provincial Profile of Ghorband Sub-River Basin 

The territory is situated 64 km to the north of Kabul. Charikar, 

Parwan’s common capital, is one of the finest places in 

the nation for exchange. Inundated farmland of high quality and a distinctive 

horticulture with noteworthy cultivation and animal generation supplement 

conventional field crops. The topography of Parwan is composed of the Ghorband River 

and the Panjshir River. It is a mountainous province with the Kott-I-Baba Range in the 

southwest, the Panjshir Range in the north, and the Paghman Range in the southeast 

[10]. 
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Figure 1: Study area map of Ghorband River Basin 

 

River valleys are prominent and crops are rain fed around the Charikar district, which 

includes many vineyards and gardens. The majority of the territory is usable as 

rangeland, with some areas of intense irrigation [9]. In Ghorband and Shinwari districts, 

there is snow all year round. There are controversial views regarding the exact number 

of residents and total area of the province, but local sources are of the opinion that 

Parwan has a total area of 5,715 square kilometers with a total population of 600,000 

individuals. Tajik, Pashtun, Hazara, Turkman, and Pashai tribes reside in the province in 

as many as 1,322 villages. The residents of Kohi Safi are Pashtun, Tajik in Salangare, 

Turkman, Tajik, Sadaat, and Hazara in Surkh Parsa, Shikh Ali Hazara. The rest of the 

districts have a mixed population of the tribes [11]. 

3. Climate 

Precipitation and temperature are very heterogeneous in the Ghorband Sub-River Basin 

due to its large range in elevation. Based on the Köppen–Geiger climate classification 

scheme, the Kabul River Basin is mainly characterized by a mid-latitude steppe climate 

(Bsk, cold semi-arid climate), with some areas experiencing a Mediterranean-influenced 

subarctic climate [12].The Figure2 presents the mean monthly weather average for the 
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recent decade (2008–2022) mean monthly weather average, recorded at Ghorband Sub-

River stations. The data was provided from the Afghanistan Meteorological Department 

[12]. 

Between 2008 and 2022, the annual minimum, maximum, and average temperatures 

have had a gradual decline. The maximum air temperature had its highest value of 

36.4°C in 2008 and its lowest value of 31.8°C in 2013, whereas its value in 2022 stood 

at 38.1°C. 

 

Figure 2: Max Annual Air Temperature (Pul-i-Ashawa station), (2008-2022) 

 

In addition, the minimum air temperature had its highest value of 0.3 in 2008 and its 

lowest value of -9.3 in 2012. 

 

Figure 3: Min, Annual Air Temperature (Pul-i-Ashawa station), (2008-2022) 

 

Besides, the average air temperature had its highest value of 19.5 °C in 2008 and its 

lowest value of 13.4°C in 2012, whereas its value in 2022 stood at 16.6°C, which 

indicates a gradual decline in the air temperature [13]. 
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Figure4: Average annual air temperature (Pul-i-Ashawa station), (2008-2022) 

 

4. Hydrology 

The Ghorband and Panjshir Sub-River Basin and their tributaries are located in the 

north of the Kabul basin in Afghanistan. The upper part of the Ghorband River is 

characterized by high mountains and steep valleys. In the upper part, the Ghorband 

River is fed by rainfall, snow, and small glaciers. The output of this part of the Parvan 

plain catchment area is the branches of Golbahar, Shtel, Salang, Ghorband, and other 

The narrow strip of land covers the water. There are water measuring stations in this 

area: Shatel, Baghlallah, Pol-e Ashavah, and Shokhi. This sub-area's hydrological 

stations' average annual flow is presented [14]. Hydrological station Shokhi It is located 

almost at the exit of this part of the catchment. Most of the water required for 

consumption, irrigation, drinking and industry in the Parwan plain is from surface water 

sources of groundwater (deep wells, semi-deep, karezes and springs) provided. Up 

River, channels are generally narrow and deep and flow throughout the whole year. The 

runoff regimes are largely controlled by snow-melt, with high discharge from April to 

June and only close to glaciers in the upRiver parts of the catchment. The small 

glaciered area has significant influence on the flow regime [15]. 
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Figure 5: Hydrological map of Ghorband Sub-River Basin 

5. Martials and Methods 

Based on the data of Pul-i-Ashawa station of the Ghorband River acquired from the 

Ministry of Energy and Water (MEW), the hydrological regime of the Ghorband River 

can be assessed in two different time periods. This data is the Annual Mean Water 

Discharge (m3/sec) of Pul-i-Ashawa Station between 1960-1980 and 2009-2022. In 

addition, the physical parameters of Ghorband River water were assessed using the 

available devices. The Ghorband and Panjshir sub-River basins include the northern 

heights of the Kabul basin, which has a discharge It is suitable and a large part of the 

current is required by the downRiver parts, including the flow. It provides access to 

Naghlo and Sorobi dams. Eastern parts of Panjshir in the range of Pamir Heights have 

permanent refrigerators and generally a wetter and colder diet. Compared to the western 

parts of Panjshir, The area of the Ghorband and Panjshir sub-basins is 12963.7 square 

kilometers, which becomes 1296370 hectares. The Ghorband and Panjshir sub-basins 

and their tributaries are located in the north of the Kabul basin. The output of this part 

of the Parvan plain catchment area is the branches of Golbahar, Shtel, Salang, 

Ghorband, and other The narrow strip of land covers the water [18]. 
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Figure 6: Location map of Pul-i-Ashawa station 

5.2. Trend Analysis for Temperature, Precipitation and River Discharge 

Linear trends in the time series were analyzed using Excel for trend analysis. It was 

chosen because it has higher power for non-normally distributed data, which is common 

in hydrological and meteorological data. Each element is compared with its successors 

and ranked as larger, equal, or smaller [19]. 

6. Results 

6.1. Change in Precipitation and discharge (Figure 7). 

Between 2009 and 2023, the most extreme precipitation had its most elevated esteem of 

13 mm in 2012 and its reduced esteem of 1.86 mm in 2023, which appears to 

be extraordinary variances in one year after another. However, the total precipitation 

had its highest value of 619 mm in 2020 and its lowest value of 81 mm in 2023, 

the yearly add up to precipitation, in spite of the increment in most 

extreme precipitation, has had an incredible continuous decrease.  
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Figure 7: Max and total of precipitation from 2009-2023 

 

As can be seen in the figure, the maximum annual water discharge has had an extremely 

fluctuating status. There has been a great deal of change in the amount of water 

discharge which indeed indicates an unstable status of hydrological regime. 

Specifically, the highest value of maximum annual discharge was 161m3/sec in 1967, 

and the lowest value of maximum annual discharge was 63.2m3/sec in 1974. But if we 

look at its overall trend, the maximum annual water discharge has declined considerably 

(Figure 7). In addition, the minimum annual water discharge value has also had a 

declining trend. Specifically, the highest value of minimum annual water discharge was 

10.8m3/sec in 1961 and its lowest value was 1m3/sec in 1979. However, it has suddenly 

soured in 1980 to 11 m3/sec which also shows the extremity and fluctuation. 

 

 
Figure 8: Max annual water discharge from 1960-1979 
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The mean annual water discharge had its highest value of 36.8m3/sec in 1960 and its 

lowest value of 12.5m3/sec in 1971.  

 

 
Figure 9: Mean annual water discharge from 1960-1979 

 

As depicted, the overall trend of minimum annual water discharge also has a declining 

status. Coming to the mean annual water discharge, it also had a similar fluctuating 

status like maximum annual water discharge (Figure9). 

 

 
Figure 10: Min annual water discharge from 1960-1979 

 

As can be seen, the mean annual water discharge also has a declining status in addition 

to the fluctuation (Figure 10). 
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Figure 11: Max annual water Discharge from 2009-2022 

 

As can be seen in figure 10 the maximum annual water discharge had a very dramatic 

and alarming decline between the years 2009 and 2022. 

 

 
Figure 12: Mean annual water discharge from 2009-2022 

 

The highest value of maximum annual water discharge was 210m3/sec in 2019, 

followed by a drastic decline of 45m3/sec in 2020. However, the lowest value of 

maximum annual water discharge stood at67.4 m3/sec in 2022. It can be inferred from 

(Figure 12) that the maximum annual water discharge has declined continually, which is 

really concerning. 
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Figure 13: Min annual water discharge from 2009-2022 

 

In addition, the minimum annual water discharge has also declined, as has the 

maximum annual water discharge (Figure 13). 

 

 

6.2. Change in annual Run-off 

 

 
 

Figure 14: Annual run-off from 1960-1979 

Between 1960 and 1979, the annual run-off had its highest value (Figure 14), 1164 

MCM, in 1960 and its lowest value, 395.6 MCM, in 1971, whereas the mean run-off 

value in these years stood at 730.2 MCM. 
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Figure 15: Annual run-off from 2009-2022 

Between 2009 and 2022, the annual run-off had its highest value, 860 MCM, in 2012 

and its lowest value, 380 MCM, in 2018, whereas the mean run-off value in these years 

stood at 440 MCM (Figure 15). 

7. Discussion 

In addition, the study explains that the yearly discharge of the Ghorband Sub-River 

basin is sufficient for developing the watershed if the water resources are managed in an 

integrated and sustainable way. The down part of the Ghorband Sub-River basin covers 

a wide area with large agriculture potential, for example through multiple cropping 

through irrigation. At the same time, the down River part of the Ghorband Sub-River 

basin is very vulnerable to flash floods and droughts, which affect the livelihood and 

socio-economic well-being of the community living within the watershed deeply. 

Therefore, integrated water resources management is key for agricultural development, 

livelihoods, and the local economy. Measures like reforestation could reduce the risk of 

flash floods and droughts. Other measures, which have proven their effectiveness for 

many catchments in a developing context, could include guidelines on best practices, 

the establishment of a River basin council, and adapted community-based participation 

approaches. Using approaches that involve communities directly in management and 

decision-making processes, we can collectively improve the socioeconomic and 

livelihoods of the people living in the Ghorband Sub-River basin. However, a 

comprehensive IWRM strategy is still missing for Afghanistan, and particularly for the 

Ghorband Sub-River basin. Therefore, it’s hoped that the results of this study will 

contribute to informing sustainable water resource development and watershed 

management. In conclusion, this study argues for the establishment of an Integrated 

Water Resources Management Plan for the Ghorband Sub-River basin to trigger as for 

the mean annual water discharge, it also had a similar fluctuating status to the maximum 

annual water discharge. The mean annual water discharge had its highest value of 
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36.8m3/sec in 1960 and its lowest value of 12.5m3/sec in 1971. As can be seen, the 

mean annual water discharge also has a declining status in addition to the fluctuation. In 

addition, the data from the recent years (2009–2022) of the Pul-i-Ashawa station 

indicated that the maximum annual water discharge had a very dramatic and alarming 

decline between the years 2009–2022. The highest value of maximum annual water 

discharge was 210m3/sec in 2019, followed by a drastic decline of 43.2m3/sec in 2021.  

However, the lowest value of maximum annual water discharge stood at 67.4m3/sec in 

2022. It can be inferred that the maximum annual water discharge has declined 

continually, which is really concerning. In addition, the minimum annual water 

discharge has also declined, as has the maximum annual water discharge. The minimum 

annual water discharge had its highest value of 5.56 m3/sec in 2017 and its lowest value 

of 2.18 m3/sec in 2011, whereas its value in 2022 stood at 2.34 m3/sec. 

However, the overall trend of the minimum annual water discharge depicts a fluctuating 

status between 2009 and 2022. Pertinently, if we look at the mean annual water 

discharge, it has a declining status as well. It had its highest value of 27.2m3/sec in 2012 

and its lowest value of 12m3/sec in 2018, whereas its value in 2022 stood at 13.9. As 

can be seen, it has continually declined in the years mentioned. Pertinently, the data 

analyzed regarding the Pul-i-Ashawa station of the Ghorband River showed that the 

annual run-off of the Ghorband River has declined alarmingly. As the annual run-off 

had its highest value of 1164 MCM in 1960-1980, and based on the recent years’ data, 

2009–2022, it had its highest value of 860 MCM. It can easily be seen that there is a 

decline of 309 MCM in the highest value of the run-off, which is a really alarming 

reduction. And if we consider the mean run-off, there has been a decline of 73.8 MCM. 

The data analyzed regarding Pul-i-Ashawa station on the Ghorband River in recent 

years (2008–2022) showed that the annual minimum, maximum, and average 

temperatures have also had a gradual increase. The maximum air temperature had its 

highest value of 36.4°C in 2008 and its lowest value of 31.8°C in 2013, whereas its 

value in 2022 stood at 38.1°C. In addition, the minimum air temperature had its highest 

value of 0.3 in 2008 and its lowest value of -9.3 in 2012. Besides, the average air 

temperature had its highest value of 19.5°C in 2008 and its lowest value of 13.4°C in 

2012, whereas its value in 2022 stood at 16.6°C, which indicates a gradual decline in 

the air temperature, which indicates a gradual decline in the air temperature, but this 

decline is not as alarming as it is a small value of decline.  

Moreover, the maximum precipitation had its highest value of 14.16 mm in 2021 and its 

lowest value of 1.7 mm in 2013, which shows extreme fluctuations in one year after 

another. However, the total precipitation had its highest value of 619 mm in 2020 and 

its lowest value of 285 mm in 2022, whereas the mean annual total precipitation stood 

at 285 mm. As can be seen, the annual total precipitation, despite the increase in 
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maximum precipitation, has had a great gradual decline, which is indeed really 

concerning.  

 

8. Conclusions 
 

The data analyzed regarding Pul-i-Ashawa station of the Ghorband River showed that 

the maximum annual water discharge has had an extremely fluctuating status between 

1960 and 1980. There has been a great deal of change in the amount of water 

discharged, which indeed indicates an unstable status of the hydrological regime. 

Specifically, the highest value of maximum annual discharge was 161m3/sec in 1967 

and the lowest value of maximum annual discharge was 63.2m3/sec in 1974. But if the 

overall trend looked by us, the maximum annual water discharge has declined 

considerably. In addition, the minimum annual water discharge value has also had a 

declining trend. Specifically, the highest value of minimum annual water discharge was 

10.8m3/sec in 1961 and its lowest value was 1 m3/sec in 1979. However, it suddenly 

soured in 1980 to 11 m3/sec, which also shows the extremity and fluctuation. As 

depicted, the overall trend of minimum annual water discharge also has a declining 

status. Despite the potential limitations of this type of approach, this is a first step 

towards the assessment of future projected changes in surface water resources in 

ghorband Sub-River basin, which needs to be complemented by other studies 

comparing different hydrological and climate models. 
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Abstract 

Reclaimed asphalt pavement (RAP), which is produced from the milling of old asphalt pavement, is one of 

the most widely recycled materials in the world. The use of reclaimed asphalt pavement (RAP) in freshly 

hot mixed asphalt (HMA) can save on material costs, preserve energy, and protect the environment. Asphalt 

mixtures that contain a lower amount of RAP can result in a similar performance to conventional mixtures. 

However, the use of a high percentage of RAP in hot mix asphalt (HMA) mixtures is limited due to the effect 

that it has on fatigue and low temperature properties of the mixture. To overcome the adverse effect of the 

RAP, it is sometimes necessary to rejuvenate the aged binder. This study has the objective of exploring the 

effect of two commercially available asphalt rejuvenators on the mechanical properties of RAP modified 

HMA mixture. Six different types of asphalt mixtures, including control mixture, RAP-modified mixture, 

and rejuvenated RAP mixtures were prepared. The mechanical properties of the mixtures were determined 

by the Marshall tests. The results of the study indicated that the properties of RAP mixtures were mainly 

affected by the rejuvenator percentage while the type of rejuvenator statistically has no significant effect. 

The Marshall test results also indicated that, the addition of 6% soybean and 3% sunflower to the 40% 

RAP mixture has similar properties values as the control mixture. According to the results of the indirect 

tensile strength test, it was found that the RAP mixtures with 3% rejuvenator has higher moisture resistance 

as compared to the 6% rejuvenator. In addition, the sunflower rejuvenator had more pronounced effect on 

the asphalt mixture properties than that of soybean rejuvenator. 

 
Keywords: Reclaimed Asphalt Pavement, Asphalt binder rejuvenator, Vegetable-oils, Marshall 

tests. 
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1. Introduction 

1.1 Study Background  

Over the past few decades, asphalt pavement has been widely used around the world due 

to its better performance, and comfortable driving conditions. As asphalt pavement is 

subjected to loads and environmental conditions, it loses its strength and deteriorates. It 

is common practice in asphalt pavement maintenance to mill part of the top layer and 

replace it with new one. Once these deteriorated parts of the pavements are milled, 

crushed and removed, they are called reclaimed asphalt pavement (RAP). It is reported 

that each year, millions of tons of asphalt pavement are milled globally from the road 

surfaces after being exposed to the long-term effects of climate change and increased 

traffic loads [1 – 4]. In Europe alone, more than 50 million tons of old asphalt pavement 

are milled annually [5]. In the USA, the Federal Highway Administration (FHWA) 

reported that 45 million tons of RAP are produced annually, most of which are dumped 

in landfills [6]. As a result of the excessive amount of old asphalt pavement being 

disposed in landfills, the need to increase the use of RAP in the hot mix asphalt (HMA) 

mixture has continued [7-8]. Besides diverting tons of waste asphalt pavement from 

landfills, it has been proven that the use of RAP saves on construction materials, and 

provides significant environmental benefits. Because of these substantial economic and 

environmental benefits, many countries started the use of RAP in the production of new 

asphalt mixtures [9-13]. In the United States, it was reported that 66.7 million tons of 

RAP were used in pavement construction in 2011[14]. Furthermore, according to the 

European Asphalt Pavement Association (EAPA), 47% of the produced RAP is used in 

asphalt applications in Europe each year [15]. 
 

1.2 The Use of RAP in Afghanistan 

RAP is now recycled to a great extent in many countries as a component of HMA asphalt 

mixtures, however, it is still not frequently used in Afghanistan. After two decades of war 

when the Islamic Emirate of Afghanistan retook control of Afghanistan in 2021, the 

government focus more on the rebuilding the existing highways in this country. It is 

reported that millions of tons of old asphalt pavement are milled annually from the road 

surfaces in Afghanistan, most of which ends up in landfills.  As a result, efforts have been 

made in this study to assess the feasibility of utilizing a high percentage of old asphalt 

materials in the production of new hot mix asphalt (HMA). This may result in increased 

raw material conservation as well as reduction of overburden pressure on landfills and 

aggregate quarries.  
 

1.3 Problem Statement     

It has been demonstrated from the previous researches that RAP collected from old road 

surfaces still contain valuable materials, including recycled aggregates and a recycled 

binder, which are materials that can be utilized to create fresh HMA mixtures. However, 

due to the significant impact that RAP material has on the stiffness of the mixture as a 

whole, the use of a high percentage of RAP in the production of fresh HMA is restricted 
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because of the increased stiffness, it is sometimes necessary to modify or rejuvenate the 

aged asphalt binder. Using a modifier to rejuvenate aged asphalt binder may be an option 

for incorporating high RAP into the fresh HMA mixture [16]. An aged binder 

rejuvenation is designed to provide a mix capable of resisting fatigue cracking while 

maintaining permanent deformation resistance [17-21]. Various manufacturers propose 

different types of rejuvenating agents to rejuvenate aged binder in asphalt mixtures. 

Among the many rejuvenators available, waste engines and cooking oils are the most 

commonly used rejuvenators. In contrast, waste oils have been reported with high 

viscosity and high moisture content, leading to decreased asphalt mixture moisture 

resistance [22-23]. On the other hand, bio-based vegetable oil is another potential source 

for rejuvenating aged binders [24]. According to [25-26] the use of a vegetable oil to 

rejuvenate RAP aged binders can reduce fatigue cracking susceptibilities. Rejuvenators 

can improve aged binder properties such as binder’s brittleness; however, if not used in a 

proper amount, it can have an adverse effect on the mixture performance. Thus, it is 

important to emphasize that for a given amount of RAP, the rejuvenator rate should be 

selected in the optimum percentages to create a mix that is highly resistant to fatigue 

cracking while maintaining an adequate level of permanent deformation. 
 

1.4 Study Objectives  

In order to achieve a mixture with properties similar to those of new paving materials, the 

RAP recovered binder should be rejuvenated [10]. There have been several types of 

rejuvenators developed for the asphalt recycling industry so far, most of which have an 

oily base due to the issue that the RAP recovered binder lacks the oily components of the 

old asphalt pavement binder over the service life [27]. Rejuvenators can improve RAP 

recovered binder properties such as binder’s binding and adhesion properties. However, 

if these rejuvenators are not used in a proper amount, they can have an adverse effect on 

the mixture properties. Thus, the primary objective of the study was to determine and 

compare the effect of two vegetable-based rejuvenators on the properties of HMA using 

the Marshall practice in asphalt pavement maintenance and rehabilitation. 

 

2. Experimental Program  
 

2.1 Materials 
 

A brief overview of the materials used in this study is given in the following subsections. 
 

2.1.1 Neat Binder 
 

The 60/70 penetration graded asphalt cement was selected because it is the asphalt grade 

that is used in most temperature zoning of the country. The neat asphalt binder properties 

tests included specific gravity test as per [28], binder penetration test as per [29], softening 

point temperature test as per [30], and rotational viscosity test as per [31]. A summary of 

the neat asphalt binder physical properties that have been determined from laboratory 

testing is provided in Table1. 
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Table 1. Neat asphalt binder physical properties 

Test Testing methods Test results 

Specific gravity @ 25ºC ASTM D70 1.030 

Penetration value (0.1mm) @ 25ºC ASTM D5 64 

Softening point (ºC) ASTM D36 45 

Rotational viscosity unaged binder at (135ºC) mPa.s AASHTO T316 494 

Rotational viscosity unaged binder at (165ºC) mPa.s AASHTO T316 123 

 

2.1.2 Reclaimed Asphalt Pavement 
 

Reclaimed asphalt pavement (RAP) was extracted by the recovering method using 

trichloroethylene following [32]. During the extraction process, a centrifuge extractor 

machine with a capacity of 1500 g was used on each representative RAP sample, and the 

recovered binder for each binder sample was separately stored. Then the recovered binder 

was subjected to typical standard laboratory tests to determine its physical properties. A 

summary of the recovered asphalt binder physical properties is shown in Table 2. 

 

Table 2. Recovered RAP binder properties test results and the associated test methods 

Test Testing method Test results 

Specific gravity @ 25ºC ASTM D70 1.054 

Penetration value (0.1mm) @ 25ºC ASTM D5 40.5 

Softening point (ºC) ASTM D36 58 

Rotational viscosity of aged binder at (135ºC) mPa-s AASHTO T316 1265 

Rotational viscosity of aged binder at (165ºC) mPa-s AASHTO T316 342 

 

2.1.3 Rejuvenated Binders 
 

Rejuvenating the recovered RAP binder is intended to restore its physical properties to 

those of an unaged binder. Two types of rejuvenator agents, namely soybean oil (SOY) 

and sunflower oil (SnF), were mixed with the RAP recovered binder. Table 3 presents the 

physical properties of the rejuvenators that are determined after conducting the laboratory 

tests. The percentage of rejuvenator that are used depends on the desired properties of the 

binder mix. The rejuvenators were then mixed with the recovered binder at proportions 

of 3 and 6% (by weight of recovered RAP binder) using a shear force mixer. 
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Table 3. SOY and SnF rejuvenator physical properties 

Properties 
Rejuvenators 

SOY SnF 

Rotational viscosity @ 25ºC (Pa.S), AASHTO T-316 0.063 0.0608 

Specific gravity @ 25ºC, ASTM D70 0.9798 0.9171 

Flash point (ºC) ASTM D93 255 275 

 

2.1.4 RAP Binder Content and Aggregate Gradation 
 

First the binder content was determined from the RAP materials. Second aggregate 

gradation was determined. The residual aggregates were then washed, dried for sieve 

analysis. Sieve analysis following the [33] was conducted on the residual aggregates as 

shown in Table 4. The findings after the sieve analysis were tabulated and presented in 

Table 5. 
 

Table 4. Extraction test results of RAP materials 

Wt. of mix                                        gm 1862.0 

Wt. Of filter before test                    gm 20 

Wt. Of filter after test                       gm 21.3 

Wt. Of aggregate after test               gm 1764.3 

Total Wt. of aggregate                     gm 1765.6 

Loss of Wt.                                       gm 96.4 

Asphalt % by Wt. of aggregate         % 5.46 

Asphalt % by Wt. of mix                  % 5.17 

 

Table 5. Aggregate gradation for the collected RAP 

Sieve No Retained (%) Passing (%) 

3/4" 0.0 100.0 

1/2" 12.2 87.8 

3/8" 20.7 79.3 

# 4 42.8 57.2 

# 10 57.8 42.2 

# 40 78.8 21.2 

# 80 87.2 12.8 
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# 200 88.6 11.4 

 

 

 

2.1.5 Virgin Aggregate Gradation 
 

In this study, a typical aggregate gradation that is commonly used in producing HMA for 

the primary highways for asphaltic concrete wearing coarse is selected. To ensure that the 

aggregate gradation was the same for each mixture, the aggregate was separated into 

various sized fractions. Table 6 presents the aggregate gradation with the specification 

limits designated by Marshall method. The selected aggregate properties were then 

determined in the laboratory in accordance with the application of ASTM standards as 

shown in Table 7. These properties are used for calculating the mixture volumetric 

properties. 

 
Table 6. Typical aggregate gradation for asphaltic concrete wearing course 

Sieve size Retained (%) Passing (%) 
Specification Limits  

(Marshall) 

3/4" 0.0 100 100 

1/2" 10.3 89.7 75-90 

3/8" 22.9 77.1 64-79 

# 4 45.2 54.8 41-56 

# 10 67.1 32.9 23-37 

# 40 81.67 18.33 7-20 

# 80 88.2 11.8 5-13 

# 200 94.8 5.2 3-8 

 

Table 7. Physical properties of virgin aggregates for asphaltic concrete wearing course 

 

Test 

 

Specification 

Coarse 

Aggregate 

Results 

Fine 

aggregate 

Results 

Specifications 

Limits 

 

Los Angeles abrasion test (%) ASTM C131 29.5%  40%. Max 

Angularity (%) ASTM D5821 96%  90%.Min 

Flat and elongated particles 

ratio (%) 
ASTM D4791 2.4%  

(5:1 ratio) 10%. 

Max 

Bulk specific gravity ASTM C127 2.540  - 

Apparent specific gravity  2.653  - 
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Sand equivalent (%) ASTM D2419  62% 40%.Min 

Bulk specific gravity ASTM C128  2.52 - 

Apparent specific gravity   2.61 - 

As shown in Table 8, the combined gradations of asphalt mixture aggregates are 

presented. Since RAP aggregates are somewhat finer than the virgin aggregates, it is 

required to determine the proportion of each aggregate percentage to satisfy the desired 

aggregate gradation. Percentage of both virgin and RAP aggregate must be determined to 

meet the final gradation of the mixture and satisfy the specified volumetric properties. 

The combined aggregate gradation is shown in Figure 1. 

 

 
Table 8. The combined aggregate gradation for asphaltic concrete wearing course 

Sieve 

size 

RAP Aggregate 

Passing (40%) 

Virgin Aggregate 

Passing (60%) 

Combined 

Grading (%) 

Specification Limits 

(Marshall) (%) 

3/4" 100.0 100 100.0 100 

1/2" 87.8 89.7 88.9 75-90 

3/8" 79.3 77.1 77.9 64-79 

# 4 57.2 54.8 55.7 41-56 

# 10 42.2 32.9 36.6 23-37 

# 40 21.2 18.3 19.4 7-20 

# 80 12.8 11.8 12.1 5-13 

# 200 11.4 5.2 7.6 3-8 
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Figure 1. Aggregate gradation blending curves 

2.2 Test Methods 
 

In this study, the Marshall method of asphalt mix design accordance with the [34] was 

used to produce mixture specimens containing control, RAP and rejuvenated RAP 

mixtures. For the production of specimen, aggregates are heated for 16 hours at 170ºC 

and binder was heated for 1 hour at 150ºC. The heated aggregate was placed in a mixing 

bowl preheated to the same temperature as the aggregate; then the bowl was placed on a 

balance where the appropriate amount of binder was added. The binder was spread into 

the aggregate with a preheated spoon and then mixed with an electrical mixer. The binder 

and the aggregate were mixed for about three minutes to produce a mixture with a 

consistent binder distribution throughout. The mixtures were compacted using 75 impacts 

of the Marshall compactors, which is designed to handle heavy traffic. 
 

2.2.1 Volumetric Properties 

 

Measuring the volumetric properties of HMA mixture specimen is essential to make sure 

that the required criteria can be meet. Following [35 - 36], maximum and bulk theoretical 

densities of the HMA mixture specimens were determined. The air void content, the 

mineral aggregate voids, and voids in fine aggregates were calculated using the following 

equations.  
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𝑉𝑎 = {
𝐺𝑚𝑚−𝐺𝑚𝑏

𝐺𝑚𝑚
} ∗ 100 ……………………………………....................………… (Eq. 1)                                                                                                          

𝑉𝑀𝐴 = 100 − {
𝐺𝑚𝑏∗𝑃𝑠

𝐺𝑠𝑏
}……………………….…………………...…...…...……. (Eq. 2) 

𝑉𝐹𝐴 =
100 (𝑉𝑀𝐴−𝑉𝑎)

𝑉𝑀𝐴
……………………...…….………………………….………………. (Eq. 3)                                                                                                                       

Where, Va is the percentage of air voids (%), VMA is the void percentage in mineral 

aggregates (%) VFA is the void percentage in fine aggregates (%), Ps is the percentage of 

aggregates in the mixtures, Gmm is the maximum theoretical density, Gmb is the bulk 

density of the mixture, Gsb is the bulk density of the aggregates.   

2.2.2 Marshall Stability and Flow 
 

The Marshall testing apparatus was used to conduct the Marshall stability and flow tests, 

which were used as parameters for designing the asphalt mixture. As part of the Marshall 

stability test, the specimen is loaded to failure with a 50 mm/min speed. The required load 

to produce failure is defined as Marshall stability, while the specimen vertical 

deformation throughout the test till failure is defined as the Marshall flow. Besides the 

Marshall test, the asphalt mixture specimens were tested for Indirect Tensile Strength 

(ITS). 

2.2.3 Indirect Tensile Strength (ITS) 
 

The tensile strength test of HMA mixtures plays an important role in identifying the 

asphalt pavement cracking behavior. ITS is undertaken as a potential testing technique 

when evaluating the fatigue cracking resistance of asphalt mixtures [12]. The ITS test in 

this study was conducted at 25ºC as per [37]. Following the fabrication of the mixtures, 

cylindrical specimens were made with both rejuvenated RAP and non-rejuvenated RAP 

binder contents. Then, using the Marshall set up, the HMA mixture specimens were 

loaded along their diameter at a constant rate of deformation of 50 mm/min until they 

break. Using equation 4, the data achieved from the test can be used to determine the 

indirect tensile stresses. 

𝑆𝑡 =
2000𝑃

𝜋𝑡𝐷
……………………….………………………….…….………………. (Eq. 4) 

where, St = Indirect tensile strength (ITS), (kPa), P = The load required for breaking the 

specimen (in Newton), t = Thickness of the specimen (mm) and D = Diameter of 

specimen (mm)  

 

2.2.4 Moisture Resistance 

Moisture resistance to asphalt pavements is considered to be one of the most significant 

environmental factors influencing pavement failure [38]. Additionally, earlier researches 

have shown that adding RAP in the production of HMA mixture causes the mixture 
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specimen to become more susceptible to moisture resistance, whereas the addition of a 

small amount of a rejuvenator can enhance moisture resistance [39].  

As part of this study, moisture susceptibility was assessed using the [40] method. The test 

as shown in Figure 2 was carried out on six cylindrical specimens having a diameter of 

100 ± 2 mm with a thickness of 65 ± 1.5 mm. These specimens were split into dry and 

wet subsets. During the saturating process, it is necessary for the dry subsets to be 

saturated at 25°C in the oven for two hours. Subset of wet specimens are first vacuum 

saturated to 70-80% saturation, and then conditioned in a water bath for 24 hours. Once 

the specimens have been removed from the water bath, they are saturated at 25˚C for two 

hours before being tested for ITS. Finally, the ITS test was conducted  at a temperature 

of 25ºC and a displacement rate that was kept as 50 mm per min.  

 

 
Figure 2. Indirect tensile strength test 

 

Tensile strength ratio (TSR) of saturated (wet) and unsaturated (dry) specimens were then 

determined using Equation 5. 

 

𝑇𝑆𝑅 =
𝐼𝑇𝑆𝑤𝑒𝑡

𝐼𝑇𝑆𝐷𝑟𝑦
  ………………..……………………...……………………………. (Eq. 5) 

Where: TSR = Tensile strength ratio (%), ITSdry = Indirect tensile strength of dry 

(unsaturated) samples, ITSwet = Indirect tensile strength of wet (saturated) samples.  

 

In general, it is recommended that the ratio of ITSwet/ITSdry must not fall below 80% [41]. 
 

2.2.5 Statistical Analysis 

The statistical analysis consists of the effect rejuvenators on the properties of the RAP 

modified HMA mixture. In interpreting the data, it was assumed that the effect of the 

rejuvenators on the properties of rejuvenated RAP mixture would depend primarily on 

two variables namely rejuvenator type and rejuvenator percentage. It was also expected 

that in some cases these variables would strongly interact. For this reason, the experiment 

was statistically designed so that the data would be interpreted through analysis of the 

variance (ANOVA).  

In ANOVA statistical terms, the null hypothesis (also known as H0) is a statement that a 

population parameter’s value is equal to a certain claim. A direct test is conducted on the 

null hypothesis. The hypothesis H0 must either be rejected or not rejected. Contrary to the 
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null hypothesis, the alternative hypothesis indicates that a parameter differs in some way 

from that hypothesis. The null hypothesis is considered rejected if the P-value is very 

small and the alpha level is less than or equal to 0.05.  

Independent Variables (Factors): In this analysis, the independent variables are 

rejuvenator type and rejuvenator percentage are considered. 

Dependent Variables (Response Variables): The response variables evaluated were the 

Marshall stability, Marshall flow and indirect tensile strength. 

 

3. Results and Discussion 

The effect of rejuvenated RAP recovered binder was evaluated by examining the 

properties of HMA mixtures with rejuvenated RAP recovered binder. In order to 

determine the properties of HMA mixtures, Marshall mix design and Indirect Tensile 

Strength (ITS) tests were used. Asphaltic mixtures were tested to determine the optimum 

binder content that would achieve the required stability, density, and air voids. 
 

3.1 Volumetric Properties 
 

In asphalt mixtures, Va, VMA, VFA, and OBC are the significant factors affecting the 

performance of asphalt mixtures. Where, Va is the percentage of air voids, VMA is the 

void percentage in mineral aggregates, VFA is the void percentage in fine aggregates, and 

OBC is the optimum binder content. In order to meet these requirements, optimal binder 

content (OBC) is important. As can be shown in Table 9, adding RAP recovered binder 

increased the optimum binder level for the non-rejuvenated RAP mixture specimens. 

Possibly, this is due to the increase in the percentage of air voids that resulted from the 

decrease in workability caused by adding the RAP recovered binder, which has been 

resulted in the need for more binder to fill the air voids and meet the maximum air void 

content limit. 
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Table 9. Asphalt Mixture Properties 

Samples  
Stability 

(kg) 

flow 

(mm) 

air 

void% 
VMA % VFA% 

Optimum 

binder 

content 

% 

Max. 

Unit 

weight 

(gm/cc) 

Specification Limits 

 

 

    Mixture Samples 

750 (min) 

 

3.0 – 5.0 

 

14 (min) 

 

2.0 – 4.0 

 

70 – 80 

 

- - 

Control Mix 1108 4.1 3.90 14.9 71 5.6 2.287 

100RAP 1677 3.73 4.20 16.8 78 6.5 2.276 

40RAP 1632 3.81 4.15 15.5 74 6 2.271 

40RAP3SOY 1644 3.43 3.88 14.88 73.6 5.6 2.276 

40RAP6SOY 1596 3.75 3.00 13.86 74.1 5.2 2.273 

40RAP3SnF 1527 3.97 3.92 14.22 73.8 5.4 2.269 

40RAP6SnF 1488 4.25 3.53 13.12 74.1 5 2.279 

 

                                                Note: 

 

 

 

 

 

 

 

 

 

3.2 Marshall Test Results 
 

The Marshall stability test results as shown in Figure 3 indicated that the asphalt mixture 

specimens comprising RAP asphalt materials have recorded higher stability values than 

the neat asphalt mixtures. For instance, the asphalt mixture with 40% RAP has a 32% 

higher Marshall stability rating than the control mixture. The findings given in Figure 3 

also shown that the rejuvenated RAP mixtures achieve lesser stability values compared 

to the non-rejuvenated RAP asphalt mixtures. This is a sign that lubricant level is higher 

than what is necessary to counteract the hardening brought on by the RAP recovered 

binder, and as increasing the amount of rejuvenator caused the binder to soften 

excessively, which decrease its stability. In addition, the asphalt mixture having the SnF 

rejuvenator resulted in lower Marshall stability as compare to the asphalt mixtures 

rejuvenated with SOY, which indicating that the SnF rejuvenator has a more softening 

effect than the SOY rejuvenator.  

Sample Name Mixture type 

Control Mix Standard Asphalt Mix 

100RAP Mix with 100% RAP materials 

40RAP Mix with 40% RAP materials 

40RAP3SOY Mix with 40% RAP+3% Soybean oil 

40RAP6SOY Mix with 40% RAP+6% Soybean oil 

40RAP3SnF Mix with 40% RAP+3% sunflower oil 

40RAP6SnF Mix with 40% RAP+6% sunflower oil 
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Figure 3. Marshall stability test results of the asphalt mixtures 

 

As presented in Figure 4, the flow value of non-rejuvenated RAP asphalt mixtures 

increased more as compared to the control asphalt mixture. The increase flow rates were 

not expected. The reason for this result was that the RAP mixture contained more fines, 

which followed to the coarse particles. The increase in fines results in more softening and 

an increase in the flow value.  

In addition, rejuvenated RAP mixtures exhibited flow rates within the limits specified by 

the specification standard. Furthermore, adding the SnF rejuvenator to RAP mixture has 

resulted in a slight decrease in the flow rate, and this improvement in the flow rate was 

because of the improved coating of recycled aggregates and the increased workability of 

the asphalt mixture. 

 
Figure 4. Marshall flow test results of the asphalt mixtures. 
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3.3 Indirect Tensile Strength Test Results 
 

The observed values of indirect tensile strength (ITS) for control, RAP and rejuvenated 

RAP mixtures can be found in Figure 5. As shown, the control asphalt mixture exhibited 

higher ITS values that the RAP asphalt mixtures. For instance, the ITS value of the control 

mixture was 732 kPa, whereas, it was 535 kPa for 100RAP mixture and 641 for 40RAP 

mixture. 

Furthermore, the rejuvenated RAP asphalt mixtures with 3% rejuvenator shown higher 

ITS values than the RAP asphalt mixtures, however, for higher rejuvenating content (i.e., 

6%), the ITS value was somewhat lower than the asphalt mixture with 3% rejuvenator. 

This is because of the ITS values dropped as the rejuvenator content increased. 

 
Figure 5. Indirect tensile strength test results of asphalt mixtures 

 

3.4 Moisture Resistance Test Results 
 

The moisture resistance test is performed using the tensile strength ratio (TSR) which is 

applied to evaluate the effect of rejuvenated RAP on the asphalt mixtures. It should be 

noted that the increased TSR values leads to better asphalt mixture moisture resistance. 

The result values of indirect tensile strength test for rejuvenated and non-rejuvenated RAP 

asphalt mixtures are presented in Figure 6. The indirect tensile strength values of both 

saturated and unsaturated mixtures increased with rejuvenated RAP asphalt mixtures as 

compared with non-rejuvenated RAP asphalt mixtures.  
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Figure 6. Indirect tensile strength test result of saturated and unsaturated asphalt mixtures 

 

Furthermore, the observed TSR values of RAP mixtures significantly increased when the 

rejuvenator were added into the mixtures as shown in Figure 7. This indicated that the 

rejuvenators, improving the adhesion and cohesion bond and had a beneficial effect on 

tensile strength of asphalt mixtures. Among the different mixtures, highest TSR values 

were 84% and 83% for asphalt mix having 3% SOY and 3%SnF rejuvenators, 

respectively. In addition, with increasing rejuvenator percentages the TSR values of 

asphalt mixtures were reduced indicating lower moisture resistance of the mix with high 

percentage of rejuvenator.  

  
Figure 7. Tensile strength ratio (TSR) result for saturated and unsaturated asphalt mixtures 

 

3.5 Statistical Analysis Results 
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0.05 are significant. Based on the stated hypothesis, different observed properties of 

rejuvenated mixtures were evaluated, including the types and percentages of rejuvenating 

agents, and their interaction. ANOVA summary as shown in Tables 10, 11 and 12 

illustrated that the rejuvenated percentage has statistically significant effect on the given 

asphalt mixture properties.  

Based on the results given in Table 10, it was found that the rejuvenator percentage 

statistically have significant effect on the Marshall stability values of asphalt mixtures. 

Whereas, the rejuvenated type and the interaction of rejuvenator type with rejuvenator 

percentage statistically has no significant effects on the mixture stability value. 

 

Table 10. Statistical analysis (ANOVA) on Marshall stability values of asphalt mixtures 

Element P-value Status Decision Effect 

Rejuvenator percentage 0.050 P < 0.05 Reject H01 Significant 

Rejuvenator type 0.14 P > 0.05 Do not Reject H02 Insignificant 

Percentage of rejuvenator with 

the type of rejuvenator 
0.7 P > 0.05 Do not Reject H03 Insignificant 

 

Table 11 provides a summary of the statistical analysis of the asphalt mixtures Marshall 

flow values. It is shown that the rejuvenator percentage statistically has significant effect 

on the mixture Marshall flow, while, the rejuvenated type and the interaction of type and 

percentage of rejuvenator statistically have no significant effect on the mix Marshall flow 

values.  

 

Table 11. Statistical analysis (ANOVA) on Marshall flow values of asphalt mixtures 

Element P-value Status Decision Effect 

Rejuvenator percentage 0.030 P < 0.05 Reject H01 Significant 

Rejuvenator type 0.06 P > 0.05 Do not Reject H02 Insignificant 

Percentage of rejuvenator with the 

type of rejuvenator 
0.9 P > 0.05 Do not Reject H03 Insignificant 

 

The summary of the statistical analysis (ANOVA) of indirect tensile strength (ITS) values 

is shown in Table 12. The asphalt mixtures ITS values are statistically significantly 
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influenced by the percentage of rejuvenating agents, whereas, the type of rejuvenating 

agents and its interaction with the percentage of rejuvenating agents have statistically no 

significant effect on the ITS value. 

 
Table 12. Statistical analysis (ANOVA) for the ITS values of asphalt mixtures 

Element P-value Status Decision Effect 

Rejuvenator percentage 0.030 P < 0.05 Reject H01 Significant 

Rejuvenator type 0.150 P > 0.05 
Do not Reject 

H02 
Insignificant 

Percentage of rejuvenator with the type of 

rejuvenator 
0.4 P > 0.05 

Do not Reject 

H03 
Insignificant 

 

4. Conclusions 

The main purpose of the study was to investigate the effects of rejuvenators on the 

properties of asphalt mixture containing high percentages of RAP, by using both binder 

conventional and Marshall mixture methods. Based on laboratory test results and 

statistical analysis conducted during this study, the general conclusions were reached that 

the properties of rejuvenated RAP mixtures vary and are mainly depended by the type 

and percentage of rejuvenators added. 

As determined by the Marshall mixture test, it was found that by adding sufficient 

amounts of rejuvenator, the volumetric properties of RAP mixtures reached the desired 

level. In addition, the rejuvenator, due to its softening properties, has decreased RAP aged 

binder’s stability. In general, Marshall mix test results shown that the rejuvenated RAP 

samples met the specification limits provided by the specification for the wearing and 

binder coarse mixtures.  

Indirect tensile strength test showed that the TSR ratio (as indicate moisture 

susceptibility) increased with the addition of rejuvenator, while, with high percentage of 

rejuvenator it is reduced. It was also found that the 3% SnF and 6% SOY rejuvenated 

RAP mixture has nearly similar indirect tensile strength values to the control mixture. 

Furthermore. The SnF rejuvenator more effectively reduced the stability of the 

rejuvenated RAP mixture than SOY did.  

 

5. Recommendations for future research 
 

During this study, rejuvenators were tested on the properties of the rejuvenated RAP 

asphalt mixtures using the local paving mixture method. For further research, the author 

recommends the following:  

 The asphalt mixture properties in this study were limited to the Marshall mix 

practice. Thus, further studies needed to investigate the effect of rejuvenator on 

using Superpave requirements for mixtures. 
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 Field testing should be used to validate the test results of this study. 
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