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Abstract- Turkey is not possible in the existing forest roads with very little of the superstructure and the 

remaining majority uncoated and transport of wood raw material in an expeditious manner in all seasons 

due to the unfounded nature of the soil in the road. For this reason, the application of forest roads in all 

forest areas rapidly and to the construction technique The necessity of choosing the materials and 

thickness of the three layers mentioned above on the forest roads, in other words, the most important issue 

of the superstructure.Forest roads show some differences compared to other engineering structures. Due 

to the length of the roads, the floor of the superstructure can vary from point to point. The superstructure 

is made of different materials. For this reason, superstructure design is one of the most complex subjects 

of engineering. Computer programs play an important role in speed, precision and time in engineering 

calculations. AASHTO 1986 flexible superstructure can be obtained by SN trial-error due to the excess of 

parameters in the calculation formula and the mathematical complexity of the formula. 

The aim of this study is to develop a fuzzy logic model related to AASHTO 1986 flexible pavement 

calculation method which is one of the methods used in designing flexible pavements.  With this model, 

the formula results can be highly predicted. Fuzzy logic method can be used as an important tool for 

researchers and practitioners working in forest road engineering. 
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I. INTRODUCTION 

Turkey in recent years in the face of increased 

demand for wood raw material needed to cut and 

transport of this material to the series or a way to be 

transported to the factory store sales. 

 In order to fulfill this requirement, new and powerful 

means of transport and ways of transporting with these 

means are needed. Turkey is not possible in the existing 

forest roads with very little of the superstructure and the 

remaining majority uncoated and transport of wood raw 

material in an expeditious manner in all seasons due to 

the unfounded nature of the soil in the road. For this 

reason, forest roads in all forest areas should be rapidly 

and in accordance with the construction technique and 

carrying capacity should be high. 

The General Directorate of Forestry allocates 

appropriations for the construction, repair and 

superstructure of forest roads every year within the 

framework of five-year development plans throughout 

the country and these allowances are used at certain 

rates. However, traffic density on forest roads varies 

between 1,000-20,000 vehicles / year on average [1]. 

Roads differ from other engineering structures. Due to 

the length of the roads, the floor of the superstructure 

can vary from point to point. The superstructure is 

made of different materials. For this reason, 

superstructure design is one of the most complex 

subjects of engineering. 

In forest roads, comparison, number of pavements, 

soil carrying ability (CBR) and group index methods 

are used for dimensioning the superstructure. Group 

index method is applied in the construction of village 

and provincial roads due to its simplicity and ease of 

application. Due to its proximity to each other in terms 

of technical characteristics, it is possible to benefit from 

this method for determining the thickness of the 

superstructure in the construction of forest roads [2]. 

Carnahan et al. developed a method for obtaining 
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optimal maintenance decisions for superstructure 

deterioration. They have designed this method to meet 

the superstructure performance requirements while 

minimizing the expected maintenance cost. For 

optimization, they used the Markov model. Using the 

sample data, they demonstrated the usability of the 

model[3]. 

Juang and Amirkhanian developed a performance 

prediction indicator using data obtained from 

superstructure management system studies in the USA. 

They named this indicator as the combined 

superstructure disorder index[4]. 

The type of pavement  varies according to traffic 

conditions and soil characteristics. Local materials 

obtained from excavations and rock breaks or stream 

beds can be used in superstructure constructions. The 

superstructure consists of 2-3 rock or gravel layers. The 

gravel is used for the formation of a base layer of 

minimum 10 cm and maximum 40 cm thickness. If it is 

not possible to shred rocks, gravel can also be used as a 

superstructure. In places where the traffic load is high, 

the crushed stone, which consists of crushing rocks 

instead of gravel, gives better results [5]. 

The surface of the forest roads should be leveled 

during construction due to technical ecological and 

economic reasons. In order to ensure the transverse 

design of the roads and especially the flow of surface 

waters in the horizontal direction, it is important to 

form the road superstructure and to smooth the surface 

so that it is not flat. Ecological effects can be minimized 

if foreign materials are used in small amounts. If 

possible, natural materials brought from short distances 

in road constructions or materials obtained by 

subjecting the soil to some processes should be used 

[6]. 

Cheng et al., using a fuzzy logic method has 

developed a model that makes superstructure crack 

research. This model examines the images of the 

superstructure according to their colors and predicts the 

presence of cracks. For this, he developed an imaging 

algorithm that uses the fuzzy logic method[7]. 

Saitoh and Fukuda have developed a fuzzy logic 

model that can be applied to the network level asphalt 

pavement system. The purpose of this method is to 

perform the bodywork repair program optimization 

with the prediction of the disturbances[8]. 

Kulkarni et al. developed a requirement-based 

methodology for selecting and prioritizing 

superstructure projects. This approach is based on the 

development of a highly qualified requirement function, 

which is an effective alternative to traditional benefit / 

cost analysis[9]. 

Terzi has developed a fuzzy logic model in 

determining the optimum bitumen rate to be used in 

asphalt concrete mixtures[10]. 

Karacasu and Yayla aimed to provide a decision 

support model for the privatization of public 

transportation services. They used fuzzy logic, 

statistical method and electre methods[11]. 

The aim of this study is to develop a fuzzy logic 

model related to AASHTO 1986 flexible pavement 

calculation method which is one of the methods 

used in designing flexible pavements 

II. MATERIALS AND METHOD 

In this study, flexible pavement design methods were 

used as materials. In this section, comparison, CBR 

method, Group index method and AASHTO 1986 

calculation methods are explained in general. 

2.1. Forest Road Pavement Design Methods 

2.1.1.Comparison method 

Forestry facilities that do not have laboratory 

facilities can determine the thickness of the 

superstructure on the basis of those applied on almost 

completely finished roads. Specifically, sizing based on 

incorrect estimation comparisons results in either an 

excess thickness being selected and a costly 

superstructure thickness. Since it is not a scientific 

method, its use is not recommended. 

2.1.2. The ground carrying ability method (C.B.R 

method) 

In the 1930s, O.T. Developed by Porter. In the first 

years, it was used in airport thickness design and later it 

was used for road pavements. The pavement thickness 

is calculated by considering the CBR value of the soil 

and granular material [12]. 

It is an experimental method. The CBR method 

generally yields superstructure thicknesses less than 

that of the group index method. One of the most 

important points to be considered in the application of 

this method is that the CBR values, which are essential 

for thickness determination, are always provided by the 

processes to be taken during construction (compression 

etc.) for each layer. 

CBR method is still used in some countries, it is 

abandoned in Turkey. 

2.1.3. Group index method 
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The group index is essentially an empirical constant 

and is a measure of the degree of availability as a base 

material within a group of soil. Therefore, group index 

alone does not predict which group a ground belongs to 

[1]. 

The group index (GI) is found by the following 

formula. If it is assumed that the foundation and the 

sub-foundation are sufficiently compacted, the most 

important factor determining the thickness of the 

superstructure is the floor resistance. 

GI = 0.2 x a + 0.005 (a x c) +0.01 x (bxd) 

Here; 

a: The amount of the ground passing through the 

sieve 200 which is greater than 35% but less than 75%, 

b: The amount of the ground passing through the 

sieve 200 is greater than 15% but less than 55%, 

c: The part of the numerical liquidity limit of the 

ground that is greater than 40 but less than 60, 

d: The numerical plasticity index of the soil is greater 

than 10 but less than 30. 

The GI takes a value between 0 and 20. GI = 0 

represents a very good material (high transport 

capacity) and GI = 20 represents a very poor material 

(low transport capacity). 

2.1.4. AASHTO Method 

AASHTO (American Association of State Highway 

Officers) is one of the most widely used design 

methods. The design method was proposed using the 

AASHTO road test in Illinois, 1958-1960. 

 In our country, the design procedure in 1986 guide is 

being used. In the AASHTO-1986 method, structural 

design (layer thickness and type) loading (axle load and 

number of repetitions) and drainage, analysis of the 

effects of the conditions on the coating and load 

replications of the coating performance, swelling and 

freezing properties of the ground is taken as basis. The 

coating thickness formula is based on observations and 

measurements in AASHTO road tests. In 1986 design 

method, environmental impacts based on rational values 

are used instead of soil elasticity module Mr, soil factor 

R instead of ground bearing strength Si. In addition, in 

order to reduce the risk of errors due to traffic 

estimation, there is a reliability coefficient and a 

gradual construction concept[13]. 

The results of AASHTO road tests were examined by 

regression analysis of the effects of traffic loads, 

material properties, layer thicknesses, climatic 

conditions and soil conditions. For the design of 

flexible coatings, formula 6 was used in the 1986 

design guideline. 
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 Here, 

W8,2t: 8.2 tonnes of single axle load required for the 

superstructure to fall to the final service capability 

total number of repetitions, 

ZR: The standard normal deviation value determined 

based on the percentage of reliability, 

S0: Standard deviation, 

MR: The bearing capacity of the base floor on which 

the superstructure rests. 

Pt: Last Service Capability Index 

PO: First Service Capability Index 

SN: Number of superstructures 

2.2. Fuzzy Logic 

Fuzzy logic is a method used to express uncertainties 

in a system. Fuzzy functions, these uncertainties adjusts 

the data at hand. Also, a system to make decisions 

easier to control logic is used. Difference between fuzzy 

systems and classical systems, system behavior unit is 

divided into two and inputs are not numerical blurry 

unit and clarifier unit for digitizing blurred printouts it 

consists of units [14]. 

A general fuzzy conclusion system has 4 

components: blur, fuzzy rule base, fuzzy inference 

engine and rinsing [15]. Blurring converts the 

membership functions of each piece of input data into 

one or more membership functions. The fuzzy rule base 

contains rules that cover all the possibilities of fuzzy 

relationships between inputs and outputs. These rules 

are expressed in the If-If format It is. Fuzzy inference 

engine in the transferred cluster fuzzy rule base to 

extract the correct result from the entries and it takes 

into account all fuzzy rules in learning [16]. 

 

 III.CONCLUSION 

In this study, a fuzzy logic model related to 

AASHTO 1986 flexible pavement calculation method 

will be developed. With this model, the formula results 

can be highly predicted. Fuzzy logic method can be 

used as an important tool for researchers and 

practitioners working in forest road engineering. 

The most important parameter required in a 

superstructure management system is the database. An 

accurate database can only provide a realistic system. It 
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can in no way be developed in a good superstructure 

management system using an unsafe database. 

Planning the pavement on forest roads requires good 

engineering data and analyzes should be carried out 

with care to ensure the most economical material 

selection. The most important issues for forest road 

construction are to make ground tests and try to 

introduce new construction techniques that will reduce 

the cost. 

In our country, only 10% of the existing forest roads 

have pavement. The remaining majority are uncoated 

and groundless. This situation of forest roads is not 

conducive to the rapid transport of wood raw material 

in all seasons. Therefore, in all forest areas, forest roads 

should be rapidly and in accordance with the 

construction technique and also an economic pavement 

should be achieved. 

Fuzzy logic has been addressing various problems of 

forestry for about 15 years. In this context, USA, 

Canada and Sweden are among the countries that use 

fuzzy logic most in forestry. Forestry practices based on 

fuzzy logic it has been realized in Turkey in the last 

decade. 
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