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Abstract:  This thesis implements the empirical pavement design procedures 

for flexible as well as rigid pavement by American Association of State 

Highways and Transportation Officials (AASHTO) into two MATLAB modules 

of MULTI-PAVE. MULTI-PAVE was developed as a teaching tool that 

performs pavement thickness design for multiple design procedures using a 

common input file and a common output format. The AASHTO components 

were developed in accordance with the 1993 AASHTO Pavement Design 

Guide, and verified against the original design method. The thicknesses of the 

Asphalt Concrete, Base Course and Sub-base Course are the design outputs 

for flexible pavement. For rigid pavement, the thickness of slab is determined 

for various types of concrete pavements. The modules will be included in a 

MULTI-PAVE framework to compare the design outputs with other design 

methods. 

 

KEY WORDS:  AASHTO Flexible Pavement Design, AASHTO Rigid Pavement 
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1. Introduction 

 

Pavement design is the process of developing the most economical combination of pavement 

layers with respect to both material type and thickness to suit the soil foundation and the traffic load 

during the design period. There are different methods for the design of pavement structures. AASHTO 

design procedure is one of the approved design methods recognized globally. In this work the design 

procedure by AASHTO is implemented by MATLAB.  

AASHTO design procedure is a result of empirical equations which were developed as a result of 

AASHO Road Test which was performed from 1956 to 1960 in Ottawa, IL. An empirical approach is 

dependent on experiments and experience. This means that the relationship between the input variables 

and the design thicknesses are arrived at through experiment, experience or a combination of the two. 

Therefore the AASHTO design procedure is limited to the set of conditions and material types which 

were implemented during the AASHO Road Test. 

The objective of this work is to develop two MATLAB modules (i.e. one for AASHTO flexible 

pavement and one for AASHTO rigid pavement) which perform the design procedure of AASHTO. The 

thicknesses of the different layers are calculated for each set of design requirements. In the flexible 

pavement design, the three layers (i.e.AC, BC and SBC) are calculated as an output. In the rigid pavement 

design, thickness of the concrete slab is calculated for the various types of rigid pavements. The 1993 

version of AASHTO Guide for Design of Pavement Structures is the basis for developing the modules. 

  The modules are included in a MULTI-PAVE framework which is developed in a separate 

project. The framework also incorporates other design procedures which have common input file and 

output file with the AASHTO modules. It will be possible to compare design thicknesses of the different 

layers by the different design procedures.  The MULTI-PAVE framework is intended to be used as a 

teaching tool for students in future. 

 Chapter 2 discusses and summarizes the AASHO Road Test which is presented in a series of 

reports. The third and fourth chapters discuss in detail the design requirements and the implementation in 

MATLAB of the design procedure for flexible and rigid pavements respectively. In Chapter 5 the output 

and design validation are presented with a conclusion. Appendices A and B are the MATLAB codes for 

the AASHTO flexible and AASHTO rigid pavement design procedures. 
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2. AASHO Road Test 

 

 

2.1 Introduction  

 

2.1.1 Historic background of the AASHO Road Test project 

 

The American Association of State Highway Officials and its member states had for many years 

been facing the two problems of constructing pavements to carry a growing traffic load and establishing 

an equitable policy for vehicle sizes and weights. Therefore, it set up a procedure for initiating and 

administering research projects to be jointly financed by two or more states in September, 1948. 

Before the AASHO road test, two major test projects had been conducted due to the need for 

factual data concerning the effect of axle loads of various magnitudes on pavements. The first was the 

Maryland Road Test in 1950 which was published as Highway Research Board (HRB) Special Report 4 

(HRB, 1962). The second was the WASHO (Western Association of State Highway Officials) which was 

conducted in 1953-1954. The results of this test were published as Special Reports 18 and 22 (HRB, 

1954, HRB, 1955). 

In March 1951, the Mississippi Valley Conference of State Highway Engineers had started 

planning a third regional project, which was not accepted as it would not be worth spending time and 

money on another test of limited extent. Therefore, there was a need to arrange a more comprehensive test 

project. In February, 1955 the Highway Research Board with the approval of its parent organization, the 

National Academy of Sciences-National Research Council, accepted from the Association the 

responsibility of administering and directing the new project. 

After a step by step revision of the proposals submitted by the research board, the American 

Association of State Highways Officials notified the Illinois Division of Highways in March 1955 that the 

road test project would be undertaken. The field office was opened at Ottawa, IL, in July, 1955. In August 

1956, the construction of the test facilities began. The test continued until November 30, 1960 at which 

time up to 1,114,000 axle loads had been applied to the pavements and bridges. 

During 1961, the research staff had been analyzing the data and preparing reports. All reports 

were completed by the project staff and submitted to the executive committee of the board. The field 

office was then closed in January, 1962. 

 

2.1.2 Scope of AASHO Road Test project 

 Intent of the project 

Part of the formal statement of the intent of the AASHO Road Test project as it was approved by 

the executive committee of the HRB (HRB, 1962D) is as follows: 
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‘‘The AASHO road rest plays a role in engineering and economic process of providing 

highways for the nation. It is important to understand this role.’’  

 

The road test is composed of separate major experiments, one relating to AC pavement, one 

relating Portland cement concrete pavement and, and one to short span bridges. The project also includes 

numerous secondary experiments. In each of the major projects, the objective was to relate design and 

performance under controlled loading condition. 

In the AC and Portland cement concrete experiments some of the pavement test sections were 

under designed and others were over designed. Each experiment required separate analysis. Eventually 

the collection and analysis of additional engineering and economic data for a local environment were 

necessary in order to develop final and meaningful relation between pavement types. Establishing failure 

and distress of the pavement test sections are important to the success of each experiment. 

As the total engineering and economic process of providing highways for the nation is developed, 

engineering data from the AASHO road test, and engineering as well as economic data from many other 

sources will flow to the sponsor and its member departments. It is here that studies will be made and final 

conclusion drawn that will be helpful to the executive and legislative branches of the different levels of 

our government and to the highway administrator and engineer. 

 

Objectives of AASHO Road Test 

The objectives of the AASHO road test as stated by the National Advisory Committee, were as follows: 

(HRB, 1962D) 

1. To determine the significant relationships between the number of repetitions of 

specified axle loads of different magnitude and arrangement and the performance of 

different thicknesses of uniformly designed and constructed asphaltic concrete, plain 

Portland cement concrete, and reinforced Portland cement concrete surfaces on different 

thicknesses of bases and sub bases on a basement soil of known characteristics. 

2.  To determine the significant effects of specified axle loads and gross vehicle loads, 

when applied at known frequency on bridges of known design and characteristics. 

3.  To make special studies dealing with such subjects as paved shoulders, base types, 

pavement fatigue, tire size and pressure, and military vehicles, and to correlate the 

findings of these special studies with the findings of the major research results. 

4.  To provide a record of the type and extent of effort and materials required to keep 

each of the test sections or portions and thereof in a satisfactory condition until 

discontinued for test purposes. 
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5.  To develop instrumentations, test procedures, data, charts, graphs, and formulas, this 

will reflect the capabilities of the various test sections; and which will be helpful in future 

highway design, in the evaluation of the load carrying capacities of existing highways 

and in determining the most promising areas for further highway research.     

  

Applicability and limitations  

The results of the test were generally limited to specific relationships derived from those specific 

data of the research. Within the space, time and fund available, only a few variables could be studied 

thoroughly. The experiment was designed and the test facilities built specifically for the study of these 

variables. The designs and procedures did not, therefore, make it possible to obtain effects of other factors 

that were either kept constant or varied in an uncontrolled fashion, for example environment condition 

and the sub grade soil. 

The findings of the AASHO road test, as stated in the relationships shown by formulas, graphs 

and tables throughout the reports, relate specifically to the physical environment of the project, to the 

materials used in the pavements, to the range of thickness and loads and load applications included in the 

experiments, to the construction techniques employed, to the specific times and rates of application of test 

traffic, and to the climatic cycles experienced during construction and testing of the experimental 

pavements. 

 

2.2 Review of the project 

2.2.1 Test facilities 

The test facilities were located near Ottawa, Illinois in LaSalle country about 80 miles southwest 

of Chicago. The site was chosen because the soil within the area was uniform and a type representative of 

that found in large areas of the country (A-6 according to AASHO soil classification) and because the 

climate is typical of that found in much of the northern United States. 

The test facilities consisted of four large loops, numbered 3 through 6 and two smaller loops 1 

and 2. Each loop was a segment of a four lane divided highway whose parallel roadways or tangents were 

connected by a turnaround at each end. Tangent lengths were 6,800 ft in Loops 3 through 6, 4,400 ft in 

loop 2 and 2,000 ft in Loop 1. Turnarounds in the major loops had 200 ft radii and were super elevated so 

that the traffic could operate over them at 25 mph with little or no side thrust. The typical test loop is 

shown in Figure 2.1. 
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Figure 2.1 Typical test loop for AASHTO Road Test 

 

All vehicles assigned to any one traffic lane of loops 2 through 6 had the same axle arrangement 

axle load combinations. No traffic operated over Loop 1.In all the loops, the north tangents were surfaced 

with asphalt concrete and south tangents were surfaced with Portland cement concrete. All variables for 

pavement studies were concerned with pavement design and load within each of the twelve tangents. 

Each tangent was constructed as a succession of pavement section called structural sections. Pavement 

designs, as a rule, varied from section to section. Sections were separated by short transition pavements. 

 

2.2.2 Construction 

Specifications for density of compacted embankment soil, sub base and base materials included 

specification of the maximum and minimum densities. The construction was carried out with the same 

procedures as in usual practice. 

Materials and materials control 

The Portland cement concrete on rigid tangents was air entrained and contained 6 sacks of cement 

per cubic yard, uncrushed gravel, and natural sand. The concrete was designed for minimum flexural and 

compressive strengths at 14 days of 550 and 3500 psi, respectively. The sub base material for both the 

rigid and flexible pavements was a uniformly graded sand-gravel mixture with 100 percent passing the 1 

in. sieve. The sub grade was made of an A-6 soil from a selected borrow areas, spread in 6 in. loose layers 

and compacted to 4 in. lifts. The specifications required that the density of this material be held within 95 

to 100 percent of maximum density. Table 2.1 is a summary of the component material properties. 

 Inspection of all materials was made at the source or point of manufacture, and certain Tests were 

repeated on the job site before use of the material. All conventional material control tests were made in 

accordance with standard AASHO and ASTM test procedures. 

 

Flexible pavement test tangent

Rigid pavement test tangent

Test Bridges
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Table 2.1 Materials used in the flexible pavement test sections      

Course Aggregate type % Binder Penetration Grade 
CBR 
value 

Surface course Dense graded 

limestone, 3/4 in. 

max size 
5.4 85-100 - 

Binder course Dense graded 

limestone,1in. max 

size 
4.5 85-100 - 

Base course Well graded 

limestone - - 80 

 

 Construction control tests of the sub grade, sub base, and base materials included moisture and 

density determinations in sufficient number to insure that compaction complied with the specifications. 

The physical tests of the bituminous surfacing during placement included density determination, 

extraction, and Marshal Stability tests of the asphalt mix. For the determination of strength of the concrete 

used in the rigid pavement, a serious of concrete cylinders and test beams were made for each structural 

section during the construction.  

 

2.2.3 Test Traffic Loading 

A total of 10 different axle and load combinations were used for the test. Single axle loads ranged 

from 2,000 to 30,000 lb; tandem axle loads ranged from 24,000 to 48,000 lb. All of the test vehicles were 

trucks. Tire pressure and steering axle loads were selected to be representatives of normal practice. 

Traffic operated on the test tangents at 35 mph. Operation of traffic on the pavement was scheduled to 

simulate as nearly as possible the normal transverse placement pattern of heavy vehicles on main 

highways throughout the country as determined by the Bureau of public roads. A summary of the truck 

configuration and the test section data is given in Table 2.2. 

 

2.2.4 Measurement programs 

Each measurement program was designed to accomplish one or more of the following purposes: 

(1) to furnish information at regular and frequent intervals concerning the roughness and visible 

deterioration of the surfacing of each section; (2) to record early in the life of each section traffic load 

effects that might be directly correlated with the ultimate performance of the section; and (3) to furnish to 

the extent possible, additional information that might contribute to a better understanding of pavement 

mechanics. 
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2.2.5 Pavement maintenance 

The objectives of the road test were concerned with the performance of the test sections as 

constructed. Consequently, maintenance operations were held to a minimum to any section that was still 

considered to be under study. Since the primary objective of the maintenance work was to keep the traffic 

operating as much as possible, minor repairs were made when required regardless of weather or time of 

the day. All repairs were made with flexible pavement material. Deep patches and reconstruction 

consisted of compacted crushed stone base material surface with hot mixed asphalt concrete. 

 

2.3 Research Methodology and Experiment 

As the first objective of the test was to obtain a relationship between the performance of a 

pavement and its design variables for different design loads, the definition of pavement performance was 

a vital matter. A pavement that maintained a high level of ability to serve traffic over a period of time is 

superior in performance to one whose riding qualities and general condition deteriorated in a rapid rate 

under the same traffic. The term ‘Present Serviceability’ was adopted to indicate the momentary ability of 

a pavement to serve traffic, and the performance of the pavement was represented by its serviceability 

history in conjunction with its load application history. The serviceability of each test section was 

determined every two weeks during the traffic testing phase, and performance analysis was based on the 

trend of serviceability with increasing number of load applications. 

Serviceability was influenced by longitudinal and transverse roughness as well as the extent of 

cracking and patching. To obtain a good estimate of these subjective matters, a Pavement Serviceability 

Rating Panel, which consists of highway designers, highway maintenance engineers, highway 

administrators, men with material interests, trucking interests, automobile manufacturing interests, and 

others, was appointed. At the same time that the panel rated 138 sections of pavement, Road Test field 

crews measured variations in longitudinal and transverse profiles, as well as the amount of cracking and 

patching of each section. 

By multiple regression analysis it was possible to correlate the present serviceability rating with 

the objective measurements of longitudinal profile variations, the amount of cracking and patching and, in 

the case of flexible pavement, transverse profile variations (rutting). For both types of pavement this 

analysis resulted in a formula by which pavement measurements would be used to compute a ‘‘Present 

Serviceability Index’’ which closely approximated the mean rating of the panel. This equation was as 

follows for flexible pavement 

                                                                        (2.1)                                   
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and it is given for rigid pavement as: 

                                                                                      (2.2) 

 

In the above equations, SV is the mean slope variance, RD represents the mean rut depth and the 

C+P term is a parameter of cracking and patching. 

 

2.3.1 Pavement Serviceability Index (PSI) 

Pavement performance analyses were based on the trend of the serviceability index, which was 

determined at intervals of two weeks, with increasing axle applications. The serviceability history of each 

section was converted to a ‘‘smoothed serviceability history’’. Changes in the effect of load with seasons 

suggested the use of a ‘‘seasonal weighting function,’’ designed to reflect the general variation above and 

below a normal value in the strength of the test sections. The actual axle load applications in one index 

period could thus be modified by the seasonal weighting function to produce a ‘‘weighted’’ number of 

applications. 

 

General Framework 

In order to associate the performance of pavement sections with the design loads and design 

variables, a mathematical model, that includes constants, was used. These constants were included to 

indicate the effects of design and load variables up on performance. Included in this were methods for 

estimating the precision with which the data fit the assumed models. The mathematical model chosen was 

of the for 

             
 

 
                                           (2.3) 

in which                  

P = the serviceability trend value 

co = the initial serviceability trend value (for the Road Test     4.5 for rigid Pavements 

    and 4.2for flexible pavements);                                                  

c1 = the serviceability level at which a test section was considered out of test and no longer 

                 observed (for the Road Test        );       

W = the accumulated axle load applications at the time when   is to be observed and may  

               represent the weighted or unweighted applications.                                                                     

 ρ and β are functions of design and load.   
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2.3.2 Flexible Pavement Research 

  The test facilities for the flexible pavement research comprised of 468 test sections which were 

12 ft wide (one traffic lane) and typically between 100 and 160 ft long. More than half of these test 

sections were included in the experiment to study the effect on pavement performance of varying 

thicknesses of the structural layers of the pavement system and varying the test loading. Each loop was 

tested under traffic, included with three different thicknesses of AC surfacing, three different thicknesses 

of crushed limestone base, and three different thicknesses of sand-gravel sub base. Table 2.2 shows the 

pavement component thicknesses provided in all loops. Considerable overlap in pavement design across 

loops was provided so that many designs were common to two up to four loops. The reason to do so was 

to make it possible to study the effect of different loads on identical designs of pavements.  

 The bi-weekly measurement of roughness in the wheel paths and cracking of the surface in each 

pavement section was done in order to compute their serviceability indices. This was done by means of an 

equation developed as a result of the work of the pavement Rating panel. The equation is a modification 

of the general form given in equation 2.3 with the input parameters as for flexible pavement. 

                        
 

 
  

             (2.4) 

The functions β and ρ are described as follows for weighted load applications: 

                    
                 

           
                                                                             (2.5) 

                
                 

    

       
    

                     (2.6) 

                                                                          

             D                                         (2.7) 

The above equations will be as follows for unweighted load applications: 

                    
                 

           
                         (2.8) 

                
                 

    

       
    

                                                                                                      (2.9) 

 

                                                                                                                   (2.10) 

 

 

 Where in the above equations the function β determines the general shape of the serviceability 

trend with increasing axle load applications (i.e. if β >1), the serviceability loss rate increases with  
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Table 2.2  Pavement Thickness components for flexible test tangents 

Item 
Loop 

3 6 5 2 1 4 

Test axle loadings(lb) 12,000S 30,000S 22,400S 2,000S No Traffic 18,000S 

 

24,000T 48,000T 40,000T 6,000S 

 

32,000T 

Main test sections 60 60 60 44 48 60 

special test sections 24 24 24 24 16 24 

AC 

      Surfacing thicknesses (in.) 2,3,4 4,5,6 3,4,5 0,1,2,3 1,3,5 3,4,5 

Base thicknesses (in.) 0,3,6 3,6,9 3,6,9 0,3,6 0,6 0,3,6 

Sub base thicknesses(in.) 0,4,8 8,12,16 4,8,12 0,4 0,8,16 4,8,12 

Note: S = single, T = tandem axle. Special study sections are not included here. 

 

applications and vice versa. The function ρ is equal to the number of load applications at which p=1.5 and 

assumed to increase as design increases and to decrease as load increases. 

 D represents the thickness index and the components     ,     and    are the thicknesses of the 

pavement layers from the top down.    is the nominal axle load in kips while    is 1 for single axle and 2 

for tandem axles. The other constants in the equations are constants determined by the analysis 

procedures presented in the Special Report 61E (HRB, 1962D). 

 These equations were not intended to serve as design equations. However, they can serve as a 

basis for design procedures in which variables not included in the Road Test, such as soil type, are 

considered. Figure 2.2 and 2.3 show the fitted curves of these equations in different forms showing the  

relationships among the different variables before the serviceability index value fell to p=2.5. The 

equations and curves represent serviceability trend data observed in the large number of test pavements. It 

is now possible to estimate how much difference there can be in the requirements for pavement structures 

if axle loads or frequency of loading are changed or if additional service life is desired. For a given 

pavement structure, engineers can estimate how much difference in life can be expected if axle loads or 

frequency are changed. In addition, for a given axle load and for an estimated number of axle load 

applications, the pavement structure needed to prevent deterioration to any specified level of 

serviceability can be determined. Figure 2.3 can also be used to determine the relationship between single 

and tandem axle configurations. 

 

Additional Observations 

  

Special Base type experiments: This special study involved the effectiveness of certain treated and 

untreated bases. Four base types were studied: crushed stone, uncrushed gravel and cement-treated  
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Figure 2.2  Relationship between design and axle application at P=2.5 (HRB, 1962) 

 

                      

Figure 2.3  Relationship between axle load and design at P=2.5 (HRB, 1962) 
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and bituminous-treated sand gravel. A graphical analysis was made that permits comparison of the 

performance of the stone, cement-treated and bituminous-treated bases. Examination of the results 

indicated that the treated bases performed better than the untreated in resisting serviceability loss and the 

bituminous treated ones had some what a greater performance than the cement treated. This was the basis 

for the determination of layer coefficients. 

 

Deflection as Related to Design, Load, Speed and temperature: The AC surfacing was much more 

effective in reducing pavement deflection (particularly in spring) than was the base or sub base. The sub 

base was relatively better in resisting deflection than the base in all the seasons. The level of deflection 

was considerably greater in the sections with gravel and stone base than in sections with bituminous and 

cement treated base of the same thickness. Deflection of pavement sections with gravel base was also 

lower than sections with stone base although the performance of stone base was considerably better than 

that of gravel base sections. 

 The deflection within the pavement structure, as well as that at the top of sub grade, was greater 

in the spring than during the succeeding summer months. The reason for this was the higher moisture 

content of the base and sub base that existed in the spring.  

 A 38% reduction in total deflection was observed as the speed of the vehicles was increased from 

2 to 35 mph. This increase in speed also resulted in a 35% and 67% reduction in the sub grade deflection 

and partial deflection respectively. Today we understand this to be a viscoelasic effect. 

 It was found out that between 80 and 120
o
F the deflection of the AC surfacing was essentially 

constant. At about 80 
o
F, it began to decrease as the temperature decreased. The extent of this decrease in 

deflection varies of course with such factors as the age and traffic history of the pavement, the speed of 

the vehicles and the design of the pavement. 

 

Cracking 

 One of the areas of study was the development of cracks in pavements. The pavements tended to 

crack more during cold temperature. Cracking was more prevalent in sections having deeper ruts than in 

sections with shallow ruts. For purpose of classification, cracking was divided in to three classes: Class 1, 

Class 2 and Class 3. Class 1 was the earliest observed and consisted of fine disconnected hairline cracks. 

As distress increased the cracks in the Class 1 lengthened and widened until cells were formed in to what 

is commonly called alligator cracking. This cracking was called Class 2. A small amount of spalling was 

evident at these cracks. When the segments of the Class 2 cracks spalled more severely at the edges and 

loosened until the cells rocked under traffic, the situation was Class 3 cracking. Only Class 2 and Class 3 

cracking were considered for Serviceability Index. 
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  Equation 2.11 was developed from which the number of axle loads sustained by the pavement 

before Class 2 cracking of the surface occurred could be computed for any design and load. Equations 

2.12 and 2.13 also show the effect of the as constructed fall deflection (  ) and spring deflection (  ) on 

cracking for determining a better load application estimates. 

                                                                

                                                                                                                 (2.11)                                  

 

The effect of the as constructed fall deflection (  ) can be included with the following equation 

 

                                                               

                                                                                              (2.12)                                                  

 

The effect of spring deflection (  ) can be included in the following equation                                                             

 

                                                    

                                                                                    (2.13)                                  

  

 In the above equations    is the number of weighted axle applications sustained by the pavement 

before appearance of Class 2 cracking and all the other variables as defined previously. 

  

2.3.3. Rigid Pavement Research 

 A total of 368 rigid pavement test sections were tested. Each section was 12 feet wide and about 

half of them were 120 ft long and the rest half 240 ft. Most of these sections were included in the 

experiment to study the effect of varying thickness of the concrete slab and sub base, the effect of varying 

the reinforcement of the concrete and the effect of varying the test load. In each loop there were four 

different thicknesses of Portland cement concrete surfacing and three different thicknesses of sand- gravel 

sub base. Half of the pavement sections contained mesh reinforcement and transverse joints with dowels 

for load transfer. The other half of the sections were not reinforced, but the transverse joints were also 

doweled. The loads operated on these sections were same as those applied over flexible pavement 

sections. 

 As with flexible pavement experiment, many designs were common among the loops. This made 

it possible to study the effects of different loads on same design. In each of the loops 3, 4, 5 and 6, twelve 
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additional test sections were provided in order to compare the performance of slabs on sub base with 

performance of slabs resting immediately on sub grade. Table 2.3 shows the thicknesses of the concrete 

slab and sub base for the experiment.   

 The performance of Rigid Pavement was also defined as the trend of the history of serviceability 

with increasing load application. As with the flexible pavement experiment, a bi-weekly survey of 

serviceability and cracking was carried out. Data taken from these records were analyzed to find the 

relationship among performance, design and load. 

For rigid pavement test sections the general equation relating serviceability with traffic load are given by  

                           
 

 
  

                                                                                                         (2.14)                                                                                

                      
                 

            
                                                                                                   (2.15) 

                    
                  

    

       
    

                                                                                              (2.16)                                          

 

 In the above equations all the variables are as previously defined for equations (2.5) up to (2.10). 

D2 represents the thickness of the concrete slab. In the case of Rigid Pavement performance equations, the 

weighting factor was not taken in to consideration as the effect of seasonal variation was insignificant. 

For a given axle load and an estimated number of axle load applications the pavement structure needed to 

prevent deterioration to a specified level of serviceability can be determined. 

 As in the case of flexible pavement, the curves and equations represent serviceability trend data 

from a large number of test pavements. These equations are used to estimate the slab thickness to within 

about ±12%. 

Table 2.3 pavement thickness components for Rigid Pavement   

Item 
Loop 

3 6 5 2 1 4 

Test axle loadings (lb) 12,000 S 30,000 S 22,400 S 2,000 S No traffic 18,000 S 

 
24,000 T 48,000 T 40,000 T 6,000 S 

 
32,000 T 

Main Test sections 56 56 56 40 48 56 

Special study sections 12 12 12 
 

8 12 

Concrete Slab thickness (in.) 3.5, 6.5, 
5.0, 8.0 

8.0, 11.0, 
9.5, 12.5 

6.5, 9.5, 
8.0, 11.0 

2.5, 3.5, 
5.0 

2.5, 9.5, 
5.0, 12.5 

5.0, 8.0, 
6.5, 9.5 

Sub base thickness (in.) 0, 3,6, 9 0, 3, 6, 9 0, 3, 6, 9 0, 3, 6, 9 0, 6 0, 3, 6, 9 
Note: S = single, T = tandem axle 
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Figure 2.4 Rigid pavement performance curves form Road Test equation, for P=2.5 (HRD, 1962) 

 

 

Figure 2.5 Single-double axel load relationship from Road Test equation, for P=2.5. All the curves 

extrapolated except 1,000,000 applications. (HRB, 1962) 
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As for flexible pavements, the performance of actual rigid pavements in service may well vary from that 

predicted by the Road Test performance equations. The reason for this is similar to that of the case in 

flexible pavement. 

       Figures 2.4 and 2.5 are graphical representations of rigid pavement performance developed from rigid 

pavement data and equations. In Figure 2.5 the required slab thickness is plotted against axle load for 

three different numbers of load applications sustained before the serviceability fell to 2.5. These curves  

provide a convenient means for the conversion of the tandem axle load with performance equivalence to 

single axle load and vice versa.  

 

Cracking 

 From cracking data equations were developed from which the number of axle load applications 

associated and given level of cracking can be computed for a given pavement design. The equations for 

the different cases are:- 

 

For single axle load on no reinforced pavement: 

                                                                                    (2.17)                                          

For single axle load on reinforced pavement: 

                                                                                    (2.18)                               

 

For tandem axle load on no reinforced pavement: 

                                                                                    (2.19)                    

 

For tandem axle load on reinforced pavement: 

                                                                                    (2.20)                    

 

 In the above equations    represents the crack index which means the total projected length of all 

crack, in feet per 1,000 sq ft of pavement area. All the other variables as defined in the previous equations 

(equations 2.5 up to 2.10). 
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3. AASHTO Flexible Pavement Design 

 

3.1 Overview 

 

In this chapter, the method implemented in the design manual, AASHTO, 1993, for the design of 

flexible pavement structures is described as it is used to develop the MATLAB code. The design 

procedure was developed from the AASHTO Road Test as described in the previous chapter. The goal of 

the structural design is to determine the layer thicknesses of a new pavement given all the design 

requirements.  

A flexible pavement generally consists of a prepared sub-grade layer, which is the roadbed soil or 

borrow material, compacted to a specified density. A sub base course is constructed on top of the 

prepared roadbed.  The base course is constructed on top of the sub base course, or if no sub base is used, 

directly on the roadbed soil. It usually consists of aggregates such as crushed stone, or crushed gravel and 

sand. On top of the base course is the surface course that typically consists of a mixture of asphalt 

concrete binder. The design of this structure is performed step wise by a method called Layered Design 

Analysis, as a flexible pavement structure is a layered system. 

The AASHTO flexible design procedure solely depends on the design equations developed after 

the road test, and a series of nomographs. However, some of the input parameters for the design equations 

are either difficult to obtain or difficult to select definitively. The assumptions and correlations considered 

will be presented in the following sub sections. The purpose of this work is to develop a MATLAB based 

module that performs the AASHTO flexible pavement design method within the MULTI-PAVE 

framework. Instead of going through all those series of nomographs and iterating the design equation, the 

user needs to figure out all the design requirements and input it to the computer program. The program 

gives all the layer thicknesses rounded to the nearest ½ inch as per the AASHTO design 

recommendations. 

 

3.2 The AASHTO Design Procedure 

The AASHTO design procedure for the flexible pavement design is based on an 

empirical equation developed as a result of AASHTO Road Test. This equation incorporates a 

term called Structural Number (SN). It can be defined as ‘’an abstract number expressing the 

structural strength of a pavement structure required for a given combination of soil support (MR), 

traffic expressed in equivalent single 18 kips axle (ESAL), final serviceability and environment’’              

(AASHTO, 1993).  
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The AASHTO design equation for flexible pavement is presented as follows: 

                                      
      

    
       

 

    
    

          

  

                                                                                                                     (3.1) 

                               

 

Where the variables are defined as  

W18 = predicted number of 18 kip traffic load application (ESAL) 

ZR = standard normal deviate  

So = combined standard error of traffic prediction  

SN = structural number 

ΔPSI = serviceability change during the design period 

MR = resilient modulus (psi) 

 

Once all the input parameters for a specific pavement design are determined, one can compute the 

corresponding thickness of the structure for a design value of traffic load by iteration of the empirical 

equation. The thicknesses of each layer is computed by Layered Design Analysis in which the structural 

number for each layer is first computed and then the corresponding thicknesses. 

 

 Layered Design Analysis 

The AASHTO method utilizes a step by step method of analyzing the layer thicknesses by first 

iterating the structural number. The structural number for each layer is converted into the corresponding 

thicknesses by means of appropriate layer coefficients and drainage coefficients. The following equation 

provides the basis for converting structural number in to layer thicknesses. 

                                                         (3.2)                         

 Where  

 a1, a2, a3 = layer coefficients representative of surface, base and sub base           

       layers, respectively 

 D1, D2, D3   = actual thicknesses (in inches) of surface, base and sub base  

       courses respectively 

  m2, m3  = drainage coefficients of base and sub base courses respectively 
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 It is important to recognize that this equation does not have a single unique solution. There are 

many combinations of values of thicknesses that comply with this equation. Therefore designers will have 

to take other considerations, such as minimum practical requirements and economic analysis, in to 

account. The procedure is calibrated for sub base and base materials with a modulus of up to 40,000 PSI.  

 The basic principle of the Layered Design Analysis can be shown in Figure 3.1. First the 

structural number required for the AC layer should be determined from equation 3.1. Using equation (3.3) 

the corresponding thickness is calculated. The value of the thickness should be rounded to the nearest ½ 

inch. This rounded number is the one to be used for calculating the thickness of the BC by equation (3.5) 

after its corresponding SN is calculated as it was done for the AC. In the same manner the thickness of the 

SB is computed using equation (3.7).  

 
D1

D3

D3

D1

D2

D3

Surface Course

Base Course

Subbase Course

SN1

SN2

SN3

 Figure 3.1  Procedure of determining thicknesses of layers using a Layered Analysis approach 

 

 

           
  

   

  
                                   (3.3)                    

                
 
     

 
                (3.4)  

            
  

       
 

    
                                                                                                          (3.5) 

             
     

                 (3.6) 

            
  

        
     

  

    
             (3.7) 
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In the above equations a and SN are as described above and the asterisk on D and SN shows that 

those values are the ones that are actually used which must be greater than or equal to the required values. 

 

3.3 Implementation of the AASHTO Design Procedure of Flexible Pavement in to MATLAB 

 The procedure of design by AASHTO for flexible pavement is incorporated in the MULTI-PAVE 

framework as one design method. The program is developed in such a way that it accepts design inputs 

and calculates layer thicknesses in accordance with AASHTO (1993).The input parameters for AASHTO 

flexible are saved in a common input file that also has the input parameters for the other methods within 

the MULTI-PAVE framework. Some of these parameters are difficult to determine easily. One of these 

parameters which are dealt within this program is the effective road bed resilient modulus. The 

parameters that are used in the program are in US units, while the outputs and inputs are all in metric 

units. The MATLAB code for the AASHTO flexible pavement design is shown in Appendix A.  

 

3.3.1 Flow chart of the AASHTO Flexible MATLAB code  

 Before the main design equations can be used, all the design input parameters should be 

manipulated to fit in the equations. Some of the parameters are chosen by the designer and inputted and 

utilized in the code as they are. These parameters include the Drainage coefficient (m), Reliability (R), 

Design ESAL, and Resilient Moduli (MR) for each layer for a particular season with the number of days 

that the season lasts and Change in serviceability (ΔPSI). The other types of the parameters are those 

which need to be calculated within the program itself. 

 The first analysis in the program deals with the seasonal variation of road bed resilient modulus. 

Equation (3.10) is used to calculate the relative damage of the road bed for each of the seasons. The 

average of this value is calculated by taking consideration of the number of days of each season. The 

effective resilient modulus is then back calculated from the average relative damage. 

 The effective resilient modulus of the road bed and the given resilient moduli of the other layers 

are used to calculate the layer coefficients. All the correlation equations for the layer coefficients with 

their respective resilient moduli are shown in equations (3.11) up to (3.15). In AASHTO (1993) layer 

coefficient equations for the granular base and sub base layer coefficients have been presented. For the 

rest of the materials, a logarithmic regression was used to correlate their moduli with layer coefficients. 

Values from the charts given in the design guide were taken and Microsoft excel was used for the 

regression.  

 The next body of the flow chart becomes the main AASHTO empirical equation for determining 

SN of each layer. Equation (3.1) is iterated with a loop on a two significant digit precision which will 

make it more precise than the manual design procedure. 



 

23 

 

 The thicknesses of each layer are finally calculated by the Layered Design Analysis. All values of 

the thicknesses are rounded to the nearest ½ inch. Minimum requirement for construction according to 

AASHTO recommendation have also been incorporated in design thickness calculation. The three layer 

thicknesses of AC, BC and SBC are taken as an output data and saved in output file. Figure 3.2 shows the 

flow chart of the MATLAB program. 

 

3.3.2 Design Input Parameters 

The input parameters for the design of flexible pavement by AASHTO can be grouped in to two 

categories: Overall design criteria and layer material properties. These parameters will be described in the 

subsequent sections with all the considerations taken in the MATLAB code for developing the design 

program. 

 

Overall Design Criteria 

Traffic Load 

In AASHTO design procedure traffic is characterized by the number of single axle 18-kip 

expected during the design period. This is also referred to as Equivalent Single Axle Load or ESAL. It is 

denoted as W18 in the basic design equation. The designer should first convert all the mix of traffic on the 

pavement to be designed in to an equivalent single axle load of 18-kip (ESALs).  

AASHTO offers a method by which different axle loads and axle configurations can be converted 

in to the ESAL. An equivalent axle load factor (EALF) defines the damage per pass to a pavement by the 

axle in question relative to the damage per pass of a standard axle load, in this case 18-kip (80-KN) single 

axle load. ESAL is therefore computed by  

 

           
 
                                                                               (3.8) 

in which k is the number of axle load groups, Fi is the EALF for the ith-axle load group, and ni is the 

number of passes of the ith-axle load group during the design period. 

 EALF depends on the type of pavements, thickness or structural capacity and the terminal 

conditions at which the pavement is considered failed. Typical values of EALF are presented in AASHTO 

Guide for Design of Pavement Structures, 1993 Appendix D for different combinations of SN, final 

serviceability values and axle load configuration (Single, Tandem or Tridem axles). 
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Figure 3.2 Flow chart of the MATLAB code for AASHTO Flexible Pavement design 
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Reliability (R)   

 Since 1993 the AASHTO procedure incorporates a reliability coefficient to address the different 

levels of importance of a road way. The more important its design is, the higher the reliability should be. 

It also depends on the traffic volume. As the traffic volume gets larger, the reliability should be increased. 

This allows the designer to set the level of certainty in the design. 

 In this work only reliability values recommended by the AASHTO (1993), are included as the 

purpose of the work is to give the user a guide of how the design procedure works. These values have 

corresponding standard normal deviates (ZR). Therefore, in the design program when the user chooses a 

certain degree of reliability, the corresponding ZR will automatically be incorporated in the design 

equation. Table 3.1 shows the recommended values reliability level for different types of road as 

originally presented in the manual (AASHTO, 1993). Table 3.2 shows the corresponding ZR values for 

the different reliability levels that are included in this work. 

 

Table 3.1 Suggested level of Reliabilities for various functional classifications (AASHTO, 1993) 

Functional 

Classification 

Recommended Level of Reliability 

Urban Rural 

Interstate and Other 

Freeways 85 - 99.9 80 - 99.9 

Principal Arterials 80 - 99 75 - 95 

Collectors 80 - 95 75 - 95 

Local 50 - 80 50 - 80 

 

Table 3.2 Standard Normal Deviates for various levels of reliability (AASHTO, 1993) 

Reliability 

(%) 

Standard Normal 

Deviate (ZR) 

Reliability 

(%) 

Standard Normal 

Deviate (ZR) 

50 0 93 -1.476 

60 -0.253 94 -1.555 

70 -0.524 95 -1.645 

75 -0.674 96 -1.751 

80 -0.841 97 -1.881 

85 -1.037 98 -2.054 

90 -1.282 99 -2.327 

91 -1.340 99.9 -3.090 

92 -1.405 99.99 -3.750 

 

 

 



 

26 

 

The Standard Normal Deviate and Overall Standard Deviation 

 The design procedure has a probabilistic approach and assumes all the input parameters to be 

their corresponding mean values. The fact that there could be uncertainties in the local traffic prediction 

makes it important that the overall Standard Deviation (So) to be included in the design. Together with the 

standard deviation is the Standard Normal Deviate (ZR). 

 For a given reliability level (R), the reliability factor (FR) is defined as follows: 

 

                                                        (3.9) 

  

 Where ZR is the standard normal deviate, and So is the overall standard deviation. So should be selected to 

represent the local conditions. The value of So developed at AASHO road was 0.45 for flexible 

pavements. The (W18) for the design equation is determined  

 

                                                                                           (3.10) 

                                                     

 

If the designer substitutes the traffic (w18) directly into the design equation for W18, then FR = 1 and R 

will then be 50 percent. The designer is thereby taking a 50-50 chance that the designed sections will not 

survive the analysis period traffic with a serviceability change ΔPSI. 

 

 Performance Criteria 

The evaluation reports from AASHO Road Test introduce the concept of present serviceability 

index (PSI) to quantify the condition of Pavement (HRB, 1962). Serviceability change is denoted by  PSI 

in the design equation as basic design criteria. It represents the difference in the initial serviceability (Po) 

and terminal serviceability (Pt), which is based on the lowest index that can be tolerated before 

rehabilitation. A value of 4.2 was observed during the road test for the Po. For major highways and high 

traffic volumes a Pt value of 2.5 or higher is recommended and 2 for minor road ways. 

 

Layer Material Properties 

Resilient Modulus (MR) 

The resilient moduli for AC, BC and SBC are taken as an input in to the program .However, there 

is a large variation of resilient modulus of the sub-grade as a result of seasonal variation. This variation 

must be taken in to account in the design procedure. In this work, the method presented in the AASHTO 
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1993, has been used to calculate effective resilient modulus. A year is divided in to four seasons for 

estimating the effective resilient moduli. First the relative damage in each season is calculated by the 

following equation 

 

               
     

                                                                              (3.11) 

 

Where Uf is the relative damage and MR is the resilient modulus of a specific season. Depending on the 

number of days for each season, the weighted damage ratio is computed and the effective resilient 

modulus is then back calculated. 

 

Layer Coefficients 

A layer coefficient ai of a unit thickness of material is a measure of its relative ability to function 

as a structural component of the pavement. Layer coefficients can also be determined from test roads or 

from correlation with resilient modulus of the material. Research and field studies indicate that layer 

coefficients depend on different factors such as pavement thickness, underlying support and position in 

the whole pavement structure. 

The values of the layer coefficients are determined from the charts presented in AASHTO 

(Design of Pavement Structures Manual, 1993). In the guide equations relating resilient moduli and 

corresponding values of layer coefficients are given only for granular base and sub base materials. For 

AC course, cement-treated and bituminous-treated bases, values from the corresponding charts were taken 

and linear logarithmic regression is used to determine the correlation. 

 

The equations used for each type of layer are as follow: 

                                                                                        (3.12)                                                                                                                           

                                                                                                     (3.13)                                                         

                                                                   (3.14)                                                                     

                                                            (3.15)                                                    

                                                                                                         (3.16)                             
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Where  

                            = layer coefficient for the AC layer 

                       = layer coefficient for a granular base layer 

                        = layer coefficient for cement treated base layer 

                     = layer coefficient for bituminous treated base layer 

                              = layer coefficient for granular sub base layer 

                         Ei = resilient modulus of the corresponding layer  

 

The values presented in the design guide are based on the AASHO road test. It is important to 

note that whenever a more precise value for a specific layer is available, one should use that information. 

The user is required to determine a reasonable value for the layer coefficients and input them as input 

variables. 

Drainage Coefficient 

 Drainage is an important factor in the structural design of pavements. The factor used for 

modifying the layer coefficients for drainage is called drainage coefficient, m. 

 It is up to the design engineer to identify what level of drainage is achieved under a certain set of 

drainage conditions. Table 3.2 shows recommended values of m provided in the design guide (AASHTO, 

1993) for different drainage levels. One general rule can be to choose a higher value of drainage 

coefficient for an improved drainage condition. It is also important to note that the values of drainage 

coefficients provided in the table are applicable only to untreated base and sub base materials. Drainage 

coefficient value for AC layer is considered in the design manual to be 1. 

 

Table3.2. Recommended values for Modifying Layer Coefficients of Untreated Base and Sub base 

Materials in Flexible Pavement 

  

Percent of Time Pavement Structure is Exposed to Moisture levels 
Approaching Saturation 

Quality of 
Drainage 

Less than 1 
% 1-5 % 5-25 % Greater than 25 % 

Excellent 1.40-1.35 1.35-1.30 1.30-1.20 1.20 

Good 1.35-1.25 1.25-1.15 1.15-1.00 1.00 

Fair 1.25-1.15 1.15-1.05 1.00-0.80 0.80 

Poor 1.15-1.05 1.05-0.80 0.80-0.60 0.60 

Very Poor 1.05-0.95 0.95-0.75 0.75-0.40 0.40 
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3.4 Validation of the design tool for AASHTO Flexible Pavement 

 

 The outputs of the design tool have been validated against manual calculation based on the 

original AASHTO design procedure. By varying one parameter at a time, different combinations of input 

parameters were considered. In fact the first combination is the example out of the design manual. Table 

3.3 shows the different combinations and results from both MULTI-PAVE and the manual calculation. 

  Figures 3.2, 3.3 and 3.4 show plots of the MULTI-PAVE results Vs the manual calculations for 

the AC thickness, BC thickness and SBC thicknesses, respectively. The figures show that both methods 

predict the exact same values, thus validating the MULTI-PAVE code. 

 

Table 3.3  The combinations of input parameters and results for validation of AASHTO Flexible 

Pavement  

ESAL-18(million) 18.6 5 18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.6 50 

Reliability (% ) 95 95 99 95 95 95 95 95 95 95 95 99.9 

Modulus AC (psi)x 103 400 400 400 300 400 400 400 400 400 400 400 350 

Modulus BC (psi)x103 30 30 30 30 20 30 30 30 30 30 30 25 

Modulus SB (psi)x103 11 11 11 11 11 8 11 11 11 11 11 10 

Modulus SG (psi) 5700 5700 5700 5700 5700 5700 4000 5700 5700 5700 5700 5000 

Standard Deviation (So) 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.45 0.35 0.35 0.35 0.3 

Change in PSI (ΔPSI) 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 1.5 2.1 2.1 2 

Layer coefficient AC (a1) 0.42 0.42 0.42 0.38 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.44 

Layer coefficient BC (a2) 0.14 0.14 0.14 0.14 0.1 0.14 0.14 0.14 0.14 0.14 0.14 0.12 

Layer coefficient SB (a3) 0.08 0.08 0.08 0.08 0.08 0.05 0.08 0.08 0.08 0.08 0.08 0.06 
Drainage coefficient Base 

(m2) 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.00 1.20 1.20 
Drainage Coefficient SB 

(m3) 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.00 1.20 

SN1-MULTI-PAVE 3.20 2.62 3.48 3.20 3.69 3.20 3.20 3.39 3.39 3.20 3.20 4.50 

SN1-Manual calculation 3.20 2.61 3.48 3.20 3.69 3.20 3.20 3.39 3.39 3.20 3.20 4.50 

SN2-MULTI-PAVE 4.51 3.73 4.87 4.51 4.51 5.00 4.51 4.76 4.95 4.51 4.51 6.00 

SN2-Manual calculation 4.51 3.73 4.87 4.51 4.51 5.00 4.51 4.75 4.94 4.50 4.50 6.00 

SN3-MULTI-PAVE 5.55 4.65 5.96 5.55 5.55 5.55 6.17 5.83 6.13 5.55 5.55 7.35 

SN3-Manual calculation 5.55 4.65 5.96 5.55 5.55 5.55 6.17 5.83 6.13 5.55 5.55 7.35 

(D1,in)-MULTI-PAVE 8.00 6.50 8.50 8.50 9.00 8.00 8.00 8.50 8.50 8.00 8.00 10.50 
(D1,in)-Manual 

calculation 8.00 6.50 8.50 8.50 9.00 8.00 8.00 8.50 8.50 8.00 8.00 10.50 

(D2,in)-MULTI-PAVE 7.00 6.00 8.00 8.00 6.50 10.00 7.00 7.50 8.50 8.50 7.00 10.00 
(D2,in)-Manual 

calculation 7.00 6.00 8.00 8.00 6.50 10.00 7.00 7.50 8.50 8.50 7.00 10.00 

(D3,in)-MULTI-PAVE 11.00 10.00 11.00 10.50 10.50 8.50 17.50 10.50 12.00 10.50 13.00 18.00 
(D3,in)-Manual 

calculation 11.00 10.00 11.00 10.50 10.50 8.50 17.50 10.50 12.00 10.50 13.00 18.00 
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Figure 3.2  Graph showing the validation of MULTI-PAVE results for AC layer thickness for Flexible 

Pavement design 

 

 
Figure 3.3  Graph showing the validation of MULTI-PAVE results for BC layer thickness for Flexible 

Pavement design 
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Figure 3.3  Graph showing the validation of MULTI-PAVE results for SBC layer thickness for Flexible 

Pavement design 
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4. AASHTO Rigid Pavement Design 

 

4.1. Overview 

 

  As for the flexible pavement, the design of rigid pavement by AASTHO is based on the empirical 

design equation developed as a result of the AASHO Road Test. The equation developed was further 

modified based on theory and experience in order to account for conditions other than the test location.  

 Portland cement concrete (PCC) pavements are commonly referred to as rigid pavements. Rigid 

pavements behave as stiff material (concrete) on softer material sub grade or sub base. There are two 

types of rigid pavements that are commonly used. Reinforced and Non-Reinforced (Jointed plain concrete 

pavements). In this work only the design of the Non-Reinforced rigid pavement is dealt with. 

 Jointed plain concrete pavement does not have reinforcing steel and has transverse joints placed 

at regular intervals. The transverse joints are used to resist temperature induced stress in the concrete and 

the longitudinal joints are used to facilitate construction and control cracking. In this type of pavements 

smooth dowels are put at the joints for load transfer. 

 The objective of this work with respect to the design of AASHTO rigid pavement is only to 

compute the thickness of the concrete slab for various types of rigid pavements. The design input 

parameters that are particular only to rigid pavement design are as discussed in the following sub sections. 

The rest of the variables will be the same as those in flexible pavement. 

 The program will take all the input parameters and iterate the empirical equation to determine the 

thickness of the concrete slab required to resist the traffic for the required design period. The iteration is 

set to ½ inch precision as in the case of the flexible pavement design. As in the flexible pavement design 

procedures the rigid pavement design procedures are also manually performed with a series of 

nomographs. So the basic structure of the program is the empirical equation to make a better precision of 

the manual method.   

 In the design of rigid pavement the slab thickness is the only parameter to be computed. Sub base 

layer thickness is taken to be a fixed value if there is a need to include it in the design. In the design guide 

it is recommended to use a layer of compacted granular material in order to make a more stable support 

for the concrete slab. 

 

4.2. Design procedure 

 The design procedure for rigid pavement by AASHTO involves solving an empirical equation of 

similar behavior with that of the one used for flexible pavement. Here the thickness of the concrete slab is 

the only value that is obtained at the end of the iteration. The empirical equation has the following form: 
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                                                                                                                                                    (4.1) 

Where the variables are as follow 

W18 = predicted number of 18 kip traffic load application (ESAL) 

            So = combined standard error of traffic prediction  

        ΔPSI = serviceability change during the design period 

  pt = final serviceability of pavement 

 Sc = modulus of rupture of PCC 

Cd = drainage coefficient 

   J = load transfer coefficient 

 Ec = elastic modulus of PCC 

 K = modulus of sub grade reaction  

 D = slab thickness 

 

Some of the variables in the equation were the ones that were discussed in the previous chapter 

for flexible pavement design. Those that are particular to rigid pavement will be discussed in the 

following sections.  

 

Final Serviceability Index (pt) 

 It refers to the final serviceability index when the pavement is thought to have finished its service 

period. Typical values range from 1.5 to 3 depending on the use of the road. 

 

Modulus of Rupture of PCC (Sc) 

 Modulus of Rupture of concrete is a measure of the flexural strength of the concrete as 

determined by breaking concrete beam specimens. The value of Modulus of Rupture is obtained from 

flexural test results. 
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Drainage Coefficient (Cd) 

 Drainage coefficient characterizes the quality of drainage of sub base layers under the concrete 

slab. With a good drainage provision water cannot saturate in the under lying layers; thus pumping is not 

likely to occur. Generally quick-draining layers that almost never become saturated have a drainage 

coefficient as high as 1.2 while slow-draining layers that become saturated quite often are given a 

drainage coefficient as low as 0.8. Table 4.2 shows the recommended values of drainage coefficient 

according to AASHTO, 1993. The percentage of time the pavement structure is exposed to moisture 

depends on the average yearly rainfall and the prevailing drainage conditions. 

 In this work the value of the drainage coefficient is only taken as an input from the user. The 

recommended values are displayed in a window which has a copy of the table from the design guide. 

Therefore the user can choose a reasonable value from the displayed table. 

 

Load Transfer Coefficient (J) 

 The load transfer coefficient is used to indicate the effect of dowels, tied shoulders, tied curbs and 

reinforcing steel in reducing the stress on the pavement structure. The use of load transfer devices and tied 

shoulders increase the amount of load transferred and decrease the load transfer coefficient. The lower 

this value is the better the load transfer. Table 4.1 shows the recommended load transfer coefficients for 

various pavement types and design conditions.  

 

Table 4.1 Recommended load transfer coefficients for various pavement types and design conditions. 

Type of Shoulder Asphalt Tied PCC 

Load transfer 
devices 

Yes No Yes No 

JPCP and JRCP 3.2 3.8-4.4 2.5-3.1 3.6-4.2 

CRCP   2.9-3.2 N/A 2.3-2.9 N/A 

 

Table 4.2.Recommended Values of Drainage Coefficients Cd for Rigid Pavements      

Quality of drainage  Percentage of time pavement structure is exposed to moisture 
levels approaching saturation 

Rating 
Water removed 

within 
Less than 1 % 1-5 % 5-25 % Greater than 25 % 

Excellent 2 hours 1.25-1.20 1.20-1.15 1.15-1.10 1.10 

Good 1 day 1.20-1.15 1.15-1.10 1.10-1.00 1.00 

Fair 1 week 1.15-1.10 1.10-1.00 1.00-0.90 0.90 

Poor 1 month 1.10-1.00 1.00-0.90 0.90-0.80 0.80 

Very poor Never drain 1.00-0.90 0.90-0.80 0.80-0.70 0.70 
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 Elastic Modulus of PCC 

Modulus of elasticity is a measure of how well a material returns to its original shape and size.  

It is defined as the ratio of stress to strain when it is loaded by a certain load. In other words it can also be 

expressed as the slop of stress-strain curve within the elastic range of a material under a constant loading. 

For such high stiffness materials such as PCC, AASHTO recommends that elastic modulus should be 

measured according to the procedure described in ASTM C 469 (AASHTO, 1993). 

The elastic modulus of PCC may also be determined using correlation developed by the state’s 

department of transportation or by some other reputable agency. The following is a correlation 

recommended by the American Concrete Institute for normal weight Portland cement concrete. 

             
                (4.2) 

Where 

 Ec = PCC elastic modulus (in psi)  

 fc
’ 
= PCC compressive strength (in psi) 

 

Effective modulus of Sub-grade Reaction 

 The AASHTO guide allows the designer to take in to account all the layers to be placed under the 

concrete slab in the rigid pavement design. It also allows designers to consider the effect of loss of 

support of the underlying materials due to erosion or deterioration. This is done by determining effective 

modulus of sub-grade reaction (Keff). 

 Like the effective roadbed soil resilient modulus for flexible pavement design, an effective 

modulus of sub-grade reaction (Keff) is developed for rigid pavement design. The method presented in 

AASHTO (1993), takes in to consideration several factors besides the road bed soil resilient modulus. 

These include the type of sub base, the thickness of the sub base, loss of support and the depth to rigid 

foundation. 

 The first step is to identify the combination of the above factors to be considered. Once all factors 

are identified the next step will be identifying the seasonal roadbed soil resilient modulus values. The 

second step is assigning elastic modulus for the sub base. The thickness for the sub base is a pre 

determined value. By using a chart presented in AASHTO (1993), it is then the final step which is 

determining the composite modulus of sub-grade reaction (Keff). This process assumes a semi-infinite 

sub-grade depth (i.e. depth to bed rock greater than 10 feet). If the depth to a rigid foundation is less than 

10 feet, again the Keff value is should be modified. This is done by using a chart presented in AASHTO 

(1993), for correction by loss of support. 

 In case the design is to be performed without the presence of sub base, the composite modulus of 

sub grade reaction is defined the following theoretical relationship. 
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                                  (4.3) 

Where MR is the elastic modulus of the roadbed soil and Keff is the effective modulus of sub grade 

reaction. 

 After all these adjustments are done, the Keff value is used in the main design equation to 

determine the required slab thickness. Finally the Keff value should be adjusted to account for the potential 

loss of support arising from sub base erosion. A chart presented in the AASHTO (1993), is used for this 

adjustment. It is beyond the scope of this work to deal with the above process of computing the Keff. 

Therefore, the user of this program is required to determine the final value of Keff and input it in the 

program. 

 

4.3 Flowchart of the AASHTO Rigid MATLAB Code 

 The procedure of the pavement design for rigid pavement by AASHTO mainly revolves around 

the main empirical design equation. As in the case of flexible pavement, the different input parameters 

should be determined. The design equation takes all these inputs and is iterated to determine the design 

slab thickness. The iteration is set to start from the minimum requirement with a ½ inch interval. Figure 

4.1 shows the flowchart of the MATLAB code. The MATLAB code is shown in Appendix B. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1   Flowchart of the MATLAB code for AASHTO Rigid Pavement design. 

 

 

Input parameters converted from metric 

units in to US units 

Iteration of AASHTO design 

equation for determining the 

slab thickness rounded to ½ inch 

Output saved into a common file 

together with other design 

methods 
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4.4 Validation of the design tool for AASHTO Rigid Pavement 

 

 The validation for the rigid pavement was done in the same way as it was done for the flexible 

pavement. Table 4.3 shows the different combinations of input parameters and the corresponding results 

from both the manual calculation and MULTI-PAVE. Figure 4.2 shows a complete agreement of MULTI-

PAVE with the manual calculation for AASHTO rigid pavement design, therefore validating the tool. 

 

Table 4.3  The combinations of input parameters and results for validation of AASHTO Rigid Pavement 

ESAL-18(million) 5.1 10 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 50 

Keff (pci) 72 72 60 72 72 72 72 72 72 72 72 90 

Ec(psi)x10
6 

5 5 5 4 5 5 5 5 5 5 5 6 

Sc(psi) 650 650 650 650 550 650 650 650 650 650 650 700 
Load Transfer 

Coefficient(J) 3.2 3.2 3.2 3.2 3.2 3.5 3.2 3.2 3.2 3.2 3.2 3.0 
Drainage 

Coefficient (Cd) 1.0 1.0 1.0 1.0 1.0 1.0 0.9 1.0 1.0 1.0 1.0 1.2 

Change PSI(ΔPSI) 1.7 1.7 1.7 1.7 1.7 1.7 1.7 2 1.7 1.7 1.7 1.5 
Terminal 

serviceability (Pt) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.0 2.5 2.5 2.5 

Reliability (%) 95 95 95 95 95 95 95 95 95 90 95 99 
Standard 

Deviation(So) 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.35 0.20 
Slab Thickness 

(D,in)-MULTI-

PAVE 10.0 11.0 10.0 10.0 11.0 10.5 10.5 9.5 10.0 9.5 10.5 12.0 
Slab Thickness (D-

in)-Manual 

calculation 10.0 11.0 10.0 10.0 11.0 10.5 10.5 9.5 10.0 9.5 10.5 12.0 
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Fig. 4.2   Graph showing the validation of MULTI-PAVE results for slab thickness for Rigid Pavement 

design 
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5. Concluding Remarks and Observations 
   

  In this work first the original AASHO Road Test which is the basis of the development AASHO 

Interim Design Guide (1961) is reviewed. The research methodologies and the findings of the road test 

have been reviewed in brief. 

 The second major body of this work is the development of MATLAB modules for the AASHTO 

pavement design procedures for both flexible and rigid pavement. In this part of the work, all the input 

parameters are discussed in detail according to AASHTO (1993). The two modules calculate the design 

thicknesses required for the given set of input parameters. 

 Finally the out puts are validated against manual calculation based on the original AASHTO 

design equations. The validation revealed that the modules give exactly the same result as the original 

design equations performed manually  

 The pavement design procedure by AASHTO using nomographs could be inconsistent as 

different results could be obtained by different users for the same input parameters. So the application of 

this tool will be of great help by avoiding the precision errors that could result in a conservative design or 

an under design. 
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Appendix A-AASHTO Flexible Design Module  

%input data based on example 11.12 in Yang Huang 

  

%Axle load 

  

ESAL_18=18.6*10^6; 

 % Reliability most common values used 

R=[50 55 60 65 70 75 80 85 90 91 92 93 94 95 96 97 98 99 99.9 

99.99]; 

% Standard normal deviate(ZR) 

Zr=[0 -0.126 -0.253 -0.386 -0.524 -0.674 -0.841 -1.037 -1.282 -

1.34 -1.405 -1.476 -1.555 -1.645 -1.751 -1.881 -2.054 -2.327 -

3.09 -3.75]; 

Reliability=95; 

for i=1:1:20 

 ind=find(Reliability-R(:)>=0,1,'last'); 

    St_Norm_Deviate=Zr(ind); 

    sprintf('Standard Normal Deviate(Z) is 

%0.3f',St_Norm_Deviate); 

    break 

end 

St_Norm_Deviate=Zr(ind) 

  

% seasonal variation 

no_D_S=60;% number of days of summer 

no_D_W=150;% number of days of winter 

no_D_F=100;% number of days of Fall 

no_D_T=55;% number of days of thaw 

  

AAF_Modulus_AC=400000; 

  

AAF_Modulus_Base=30000; 

  

AAF_Modulus_S_Base=11000; 

AAF_Modulus_SG_S=5700;%sub grade modulus in summer 

AAF_Modulus_SG_W=5700;%sub grade modulus in winter 

AAF_Modulus_SG_F=5700;%sub grade modulus in fall 

AAF_Modulus_SG_T=5700;%sub grade modulus in thaw 

 u_f_Modulus_SG=1.18*10^8*(no_D_S*AAF_Modulus_SG_S^-

2.32+no_D_W*AAF_Modulus_SG_W^-2.32+no_D_F*AAF_Modulus_SG_F^-

2.32+no_D_T*AAF_Modulus_SG_T^-2.32)/365 

 AAF_Modulus_SG=((u_f_Modulus_SG/1.18)*10^-8)^(-1/2.32) 

  

%other input parameters 

St_Deviation=0.35; 

AAF_Change_PSI=2.1; 
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AAF_a1=0.42 

%0.169*(log(AAF_Modulus_AC ))-1.76 

  

% AAF_a2_G=0.249*log10(AAF_Modulus_Base)-0.977; 

% AAF_a2_C=0.2139*log(AAF_Modulus_Base)-2.6921; 

% AAF_a2_B=0.1317*log(AAF_Modulus_Base)-1.3877; 

  

AAF_a2=0.14 

AAF_a3=0.08 

%0.227*log10(AAF_Modulus_S_Base)-0.839 

  

AAF_m2=1.2; 

AAF_m3=1.2; 

k=1:0.01:10; 

  

% Structural number definition for AC 

for i=1:length(k) 

    if(St_Norm_Deviate*St_Deviation+9.36*log10(k(i)+1)-

0.2+(log10(AAF_Change_PSI/2.7))/(0.4+(1094)/((k(i)+1)^5.19))+2.3

2*log10(AAF_Modulus_Base)-8.07)>=(log10(ESAL_18)) 

    k(i); 

break 

end 

    end 

sn1=k(i) 

  

%thickness for AC layer 

con=(1:0.5:30); 

AAF_H1=sn1/AAF_a1 

ind1=find(con(:)-AAF_H1>=0,1,'first'); 

AAFR_H1=con(ind1); 

%requirement for minimum thickness 

if ((ESAL_18<=50000)&& (AAFR_H1<=1)) 

    AAF_D1=1 

elseif ((ESAL_18<=150000)&&(ESAL_18>=50001)&&(AAFR_H1<=2)) 

        AAF_D1=2 

elseif((ESAL_18<=500000)&&(ESAL_18>=150001)&&(AAFR_H1<=2.5)) 

            AAF_D1=2.5 

elseif ((ESAL_18<=2000000)&&(ESAL_18>=500001)&&(AAFR_H1<=3)) 

                AAF_D1=3 

elseif ((ESAL_18<=7000000)&&(ESAL_18>=2000001)&&(AAFR_H1<=3.5)) 

                    AAF_D1=3.5 

elseif ((ESAL_18>=7000001)&&(AAFR_H1<=4)) 

                        AAF_D1=4 

                    else AAF_D1=AAFR_H1 
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                    end 

  

%structural number for the base 

for i=1:length(k) 

    if(St_Norm_Deviate*St_Deviation+9.36*log10(k(i)+1)-

0.2+(log10(AAF_Change_PSI/2.7))/(0.4+(1094)/((k(i)+1)^5.19))+2.3

2*log10(AAF_Modulus_S_Base)-8.07)>=(log10(ESAL_18)) 

     k(i); 

break 

end 

    end 

sn2=k(i) 

AAF_H2=(sn2-AAF_a1*AAF_D1)/(AAF_a2*AAF_m2) 

ind2=find(con(:)-AAF_H2>=0,1,'first');                                                                                                                                                                                                                                                                 

AAFR_H2=con(ind2)%thickness of base 

 % Aggregate base, requirement for minimum thickness  

if ((ESAL_18<=50000)&& (AAFR_H2<=4)) 

    AAF_D2=4 

elseif ((ESAL_18<=150000)&&(ESAL_18>=50001)&&(AAFR_H2<=4)) 

        AAF_D2=4 

elseif((ESAL_18<=500000)&&(ESAL_18>=150001)&&(AAFR_H2<=4)) 

            AAF_D2=4 

elseif ((ESAL_18<=2000000)&&(ESAL_18>=500001)&&(AAFR_H2<=6)) 

                AAF_D2=6 

elseif ((ESAL_18<=7000000)&&(ESAL_18>=2000001)&&(AAFR_H2<=6)) 

                    AAF_D2=6 

elseif ((ESAL_18>=7000001)&&(AAFR_H2<=6)) 

                        AAF_D2=6 

                    else AAF_D2=AAFR_H2 

end 

  

%structural number for sub base 

for i=1:length(k) 

    if(St_Norm_Deviate*St_Deviation+9.36*log10(k(i)+1)-

0.2+(log10(AAF_Change_PSI/2.7))/(0.4+(1094)/((k(i)+1)^5.19))+2.3

2*log10(AAF_Modulus_SG)-8.07)>=(log10(ESAL_18)) 

      

     k(i); 

break 

end 

end 

sn3=k(i) 

AAF_H3=(sn3-AAF_a1*AAF_D1-AAF_a2*AAF_D2*AAF_m2)/(AAF_a3*AAF_m3) 

ind3=find(con(:)-AAF_H3>=0,1,'first'); 

AAF_D3=con(ind3) 

%sub base thickness 
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Appendix B-AASHTO Rigid Pavement Design Module 

%Rigid pavement design 

%As per example 12.6 in Yang H.Huang 

AAR_k_eff=72;%effective modulus of subgrade reaction in pci 

AAR_Ec=5*10^6;%modulus of elasticity of concrete 

AAR_Sc=650;%modulus of rupture of concrete 

AAR_J=3.2;%load transfer coefficient 

AAR_C_d=1;%drainage coefficient 

Change_PSI=1.7 

AAR_p_t=2.5; 

Reliability=95 

St_Deviation=0.29; 

ESAL_18=5.1*10^6 

% Reliability most common values used 

R=[50 55 60 65 70 75 80 85 90 91 92 93 94 95 96 97 98 99 99.9 

99.99]; 

% Standard normal deviate(ZR) 

Zr=[0 -0.126 -0.253 -0.386 -0.524 -0.674 -0.841 -1.037 -1.282 -

1.34 -1.405 -1.476 -1.555 -1.645 -1.751 -1.881 -2.054 -2.327 -

3.09 -3.75]; 

for i=1:1:18 

if Reliability==R(i) 

    St_Norm_Deviate=Zr(i); 

    sprintf('Standard Normal Deviate(Z) is 

%0.3f',St_Norm_Deviate); 

    break 

end 

end 

St_Norm_Deviate=Zr(i) 

%thickness design for concrete 

d=5:0.5:20; 

for i=1:length(d) 

    if (St_Norm_Deviate*St_Deviation+7.35*log10(d(i)+1)-

0.06+(log10(Change_PSI/3))/(1+(1.624*10^7)/((d(i)+1)^8.46))+(4.2

2-0.32*AAR_p_t)*log10((AAR_Sc*AAR_C_d*(d(i)^0.75-

1.132))/(215.63*AAR_J*((d(i))^0.75-

(18.42)/(AAR_Ec/AAR_k_eff)^0.25))))>=log10(ESAL_18) 

  

break 

    end 

end 

AAR_H1=d(i) 

AAR_D1=AAR_H1*25.4 

 

 


