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he AASHO Road Test was probably the most significant pavement research performed in 
the 20th century. The results of the AASHO Road Test served as the basis for nearly all the 

pavement designs used in the original construction of the Interstate Highway System (IHS) after 
1961. When we look back on the overall performance of the pavements on the Interstate system, 
we find that most of the pavements have lasted the expected 20 years while carrying traffic 
volumes far in excess of those predicted at the time of design. 

T 

This paper outlines the application of the road test results and its impact on pavement 
design in the United States. Efforts under way to develop mechanistic–empirical (M-E) design 
procedures to replace AASHO Road Test Procedure are also provided, including the difficulties 
encountered in the development and implementation of M-E procedures and recommended 
future actions to insure the success of M-E design. 
 
 
THE BEGINNING 
 
The AASHO Road Test was the last of a series of road tests conducted by state highway 
agencies and the Bureau of Public Road starting in the 1920s (1). The primary purpose of the 
road tests was to determine the relationship between axle loading and pavement structure on 
pavement performance. This knowledge was needed to assist in the design of pavements, to 
provide an engineering basis for establishing maximum axle load limits, and to provide a basis 
for the allocation of highway user taxation 

The AASHO Operating Committee on Design was assigned the responsibility of 
developing pavement design procedures based on the findings of the AASHO Road Test. During 
the early stages of the road test, a subcommittee on pavement design practices was formed to 
accomplish this task. This subcommittee, working with the AASHO Road Test research team, 
developed the AASHO Interim Guide for the Design of Flexible Pavement Structures (2) and the 
AASHO Interim Guide for the Design of Rigid Pavement Structures (3). The Interim Guides for 
flexible and rigid pavements were completed in October 1961 and April 1962, respectively, and 
were issued as separate documents. Originally the Interim Guides were to be tested during a 1-
year trial period in parallel with existing state procedures. Therefore the guides were not 
formally published. Rather the original typed manuscripts were copied using the relatively crude 

1 
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techniques available in 1962. Many of the original copies of the guides were mimeographed 
copies and have faded to the point that they can no longer be read. 

At the end of the 1-year evaluation period it was determined that revisions were not 
required at that time (4). However, the Interim Guide was not formally published until its first 
revision in 1972. In retrospect, the implementation of the road test findings was an outstanding 
achievement for two primary reasons: (1) the Interim Design Guides were issued less than 2 
years after the last traffic loadings were applied to the test section on November 30, 1960, and 
(2) the fundamental relationships included in the original Interim Guides have endured to the 
present time. The performance relationships contained in the Interim Guide along with the design 
nomographs are described in a paper presented at the May 1962 Conference on the AASHO 
Road Test in St. Louis, Missouri (5).  

The design procedures presented in the guides are based on the general AASHO Road 
Test equations that relate the loss in pavement serviceability to the pavement structural section 
and load applications. The pavement serviceability concept developed at the road test is a 
measure of the ability at the time of observation of a pavement to serve the traffic that uses the 
facility. At the road test, the concept of serviceability evolved from the concept that the prime 
function of a pavement was to serve the traveling public (6). Since serviceability is a subjective 
rating, as part of the Road Test, a panel of raters consisting of both truck and automobile drivers 
were used to rate 138 sections of pavement in three different states (7). They rated each section 
on the following scale: (0–1) very poor, (1–2) poor, (2–3) fair, (3–4) good, and (4–5) very good. 
These numerical ratings were referred to as the present serviceability rating (PSR). At the same 
time the pavements were being rated by the panels, road test crews were making physical 
measurements of the pavement condition. These measurements included longitudinal roughness 
(profile) of all pavements and cracking, patching, and rutting of flexible pavements, and 
cracking, spalling, and patching of rigid pavements. With regression analysis, a relationship was 
developed to predict a present serviceability index (PSI) based on the physical measurements of 
the pavement. At the road test physical measurements were made on the test sections, and the 
present service index was predicted for each section at 2-week intervals (6). 

Pavement performance is the overall appraisal of the serviceability history of a pavement. 
Thus the performance of a pavement may be described by observations of its serviceability at the 
completion of construction and at the end of selected time periods subsequent to completion. 

The overall concept of the AASHO pavement design procedure is to provide a pavement 
structure that is adequate in thickness, composition, and quality to ensure the pavement section 
does not reach a terminal serviceability level during its design life. Terminal serviceability 
defines a pavement that is considered unacceptable by the highway user. The value for terminal 
serviceability used in the design procedure was also based on user input. At the road test, in 
addition to providing a rating of 0 to 5, each panel member was to indicate whether the pavement 
was acceptable. In the design procedure a terminal serviceability index value of 2.5 was selected 
for Interstates and 2.0 for all other roads. The selection of these terminal index values was 
validated by a study conducted in the late fall and early winter of 1961 to 1962. Three teams 
inspected 134 pavements in 35 states that were scheduled for resurfacing in the summer of 1962. 
For each pavement section, the PSI was predicted. Since all of the pavements were scheduled for 
rehabilitation this was considered their terminal serviceability. The average terminal 
serviceability was 2.2 for rigid pavements on the primary highway system and 2.1 for flexible 
pavements on the primary system, and 1.9 for pavements on the secondary system (8). 



Hallin, Teng, Scofield, and von Quintus 3 
 
 

Traffic is input into the design procedure as the average daily 18-kip equivalent single-axle 
loads (ESALs) that will occur over a 20-year design period. This is accomplished by converting 
each axle load in mixed traffic to an equivalent number of ESALs. The factors developed to 
convert an axle to its ESAL are based on relationships of pavement performance to application of 
axle loads of fixed magnitude which were developed at the road test. 

At the time of the introduction of the AASHO design procedure, calculators and personal 
computers (PCs) had not been introduced. Pavement thickness design calculations were generally 
performed using design charts. The AASHO procedure was implemented through the use of 
nomographs. Figure 1 illustrates the nomograph used for the thickness design of flexible 
pavements to be constructed on the Interstate system. 

Since the road test was conducted on one subgrade type and in a single climate, provisions 
were included for accommodating different subgrades and climates. The total structural section of 
a flexible pavement section may consist of a subbase, base, and the asphalt surface. This was 
represented by the structural number (SN) in the following relationship: 
 
SN = a1D1 + a2D2 + a3D3 
 
where 
 
 a1, a2, and a3 = coefficients determined at the road test and  
 D1, D2, and D3 = thickness of the bituminous surface coarse, base layer, and subbase layer, 
  respectively, in inches. 

 
The values of the coefficients for the Road Test materials were a1 (plant mix, high stability 

= 0.44), a2 (crushed stone = 0.14), and a3 (sandy gravel = 0.11). 
The point where a line drawn from the SN and traffic repetitions intersected the soil 

support line was given a value of 3. Loop 4 at the Road Test had a heavy crushed-stone base and it 
was determined that the subgrade soils had negligible impact on the performance of the loop. The 
point where a line for the Loop 4 performance intersected the soil support line was assigned a 
value of 10. A linear scale was assumed between 10 and 3 and extended to 0. Correlation charts 
were then developed between soil support value and R-value and California bearing ratio (CBR) 
tests and the group index. The regional factor was included the design procedure to permit an 
adjustment in design because of changes in the climatic and environmental conditions. The 1961 
Interim Guide states that “at present, there is no way to determine the regional factor directly. It 
must be estimated by analyzing the duration of certain typical conditions during an annual period.” 

The Interim Guide presented a method for developing an average regional factor at a 
project site on the basis of the time period during the year that the roadbed soil was frozen, dry, or 
saturated. The Interim Guide recommended that in general the regional factor be between 3.0 and 
0.5 for conditions in the United States 

The development of all of the design factors are more fully described in the reports on the 
Road Test (5, 6). 

Figure 2 presents the nomograph developed for the design of rigid pavements to be 
constructed on the Interstate system. 

At the AASHO Road Test, the modulus of elasticity of the concrete, Ec; the modulus of 
rupture of the concrete, Sc; the modulus of subgrade reaction K; environmental conditions; life both  
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FIGURE 1  Design chart for flexible pavements on the Interstate system. 
 

 
 

FIGURE 2  Design chart for design of rigid pavements on the Interstate system. 
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equations did an excellent job of linearizing the Road Test measurements. The Spangler equation for 
corner stresses was selected for use because of its simplicity (3, 5, 9). The Spangler equation 
provides a relationship between maximum tensile stress and load transfer at the joint, wheel load, 
slab thickness, Young’s modulus of elasticity for concrete, modulus of subgrade reaction, and 
Poisson’s ratio for concrete. The resulting procedure for the design of rigid pavements uses the 
AASHO Road Test equation with necessary modifications based on Spangler’s theory added to it. 

The Interim Guide was subsequently revised in 1972 (4). The basic design methods and 
procedures contained in the 1962 version of the guide were not changed in the 1972 revisions. 
Rather, explanatory material was added to facilitate implementation of the guide and overlay design 
procedures commonly in use were presented. In addition, both the rigid- and flexible-design 
procedures were incorporated into one published document. 

In 1981, a revised Chapter III: Guide for the Design of Rigid Pavement was incorporated into 
the AASHTO Interim Guide for Design of Pavement Structures 1972 (10). In the original Guide, the 
working stress for concrete was 0.75 times the expected 28-day modulus of rupture. In the 1981 
revision, a safety factor of safety “C” was added to the procedure, where the working stress was 
equal to the expected 28-day modulus of rupture divided by C. For most conditions 1.33 was the 
recommended value for C. However, a C factor of up to 2.0 was recommended for freeways and 
other high-volume facilities where closing of a lane for possible rehabilitation would cause capacity 
problems. The use of a safety factor of 2.0 was expected to add 1 or 2 in. of pavement thickness. 

In 1986 a significant revision was made to the guide, however, the procedure was still based 
on the performance equations developed at the AASHO Road Test (11). The revision to the guide 
included consideration of the following 14 items: 
 

1. Reliability. 
2. AASHTO Test T-274, resilient modulus for roadbed soils, was recommended as the 

definitive test for characterizing soil support. 
3. The resilient modulus test was recommended as a procedure for determining layer 

coefficients in flexible pavement design. 
4. Provisions were included for considering subsurface drainage. 
5. Environmental factors such as frost heave, swelling soils, and thaw weakening were 

considered. 
6. Provided procedures for the design of rigid pavements with tied shoulders or widened 

outside lanes. 
7. Provided a method for considering the effects of subbase erosion under rigid pavements. 
8. Information was provided on life-cycle cost analysis (LCCA). 
9. A major section on rehabilitation was added. 
10. Background information was provided on pavement management. 
11. Load equivalency values were extended to heavier loads and terminal serviceability 

levels up to 3.0. 
12. Extensive information for calculating ESALs was provided. 
13. A design catalogue for design of low-volume roads was included. 
14. A chapter discussing the state of knowledge of M-E design was included. 

 
The adoption of the 1986 Guide for Design of Pavement Structures was the first version of 

the guide not to be labeled as interim. While the 1986 guide still contained nomographs, issuance of 
the 1986 guide coincided with the widespread introduction of PCs into the workplace. In June of 
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1987 AASHTO announced the availability of DNPS86/PCTM, A Personal Computer Program for 
New Pavement Design. DNPS86/PC was a software program developed for AASHTO that 
incorporated many of the pavement design concepts and procedures presented in the 1986 guide. In 
1991, AASHTO issued improved and updated software for pavement design called DARWin. Since 
its initial release in 1991, DARWin has undergone three major upgrades. The latest version, 
DARWin 3.1, is designed for the Windows 95, 98, 2000, and NT operating systems. Some features 
included in the current version of DARWin are on-the-fly unit conversion, enhanced project file 
management, combined material and pay-item libraries, enhanced pavement deflection data 
processing and analysis, enhanced graphical outputs, including pavement cross section, project cash 
flow diagrams, and pavement deflection profiles. DARWin 3.1 is divided into four modules, each of 
which addresses a specific item in the overall pavement design process. Collectively, these modules 
can be used to design and compare alternative pavement designs: flexible structural design, rigid 
structural design, overlay design, and life-cycle cost. The introduction of pavement design software 
has made the use of design nomographs obsolete. 

In 1993 a revision to the 1986 guide was issued, containing modifications to the overlay 
design procedure (12). 

In 1998 a Supplement to the AASHTO Guide for Design of Pavement Structures, Part II, 
Rigid Pavement Design and Rigid Joint Design was issued (13). This supplement was developed 
with data from the long-term pavement performance (LTPP) program to incorporate loss of support, 
improved selection of the modulus of subgrade reaction (k), and the effects of joint spacing on mid-
panel cracking. 
 
 
SIMPLICITY: THE KEY TO FULL-SCALE IMPLEMENTATION  
IN A SHORT PERIOD 
 
While the AASHO guide was a very simple procedure to apply, it was a giant step forward in 
pavement design. The guide filled an important need at a critical time in United States history: the 
design of economical and structurally adequate pavements for the IHS. The AASHO Design 
Committee issued the Guide 1962 for a 1-year trial period to be used in parallel with their existing 
procedures. After the trial period, no reason was found to revise the guides and they were retained 
without modification (4). Further, the pavement procedure used in the United States through 2006 
was based on the AASHO Road Test equations. 

During the time period following the AASHO Road Test, the most pressing issue facing 
highway agency managers was the completion of the IHS. Staffing and resources for activities not in 
direct support completing the Interstate system were greatly reduced in many agencies. This, coupled 
with the early success of the AASHO guide, led to a reduction in highway agency research in the 
area of pavement design. A major loss caused by the movement of the states away from pavement 
research was not completing the satellite road studies. One of the key recommendations made at the 
completion of the AASHO Road Test was to perform a series of satellite road studies. The purpose 
of these studies was to provide guidance on determining appropriate corrections to designs based on 
climate and foundation differences between the various states and the AASHO Road Test site. These 
studies were described as relatively small road tests in different parts of the country. These studies 
were to consider variables not included in the AASHO Road Test (base type, subgrade types) (6).  

The simplicity of the AASHO pavement design procedure may also have given agency 
managers the false impression that pavement design was not as technically challenging as other civil 
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engineering specialty areas. As a result, during the 1960s and 1970s many agencies reduced the 
resources devoted to the development or employment of pavement engineering professionals. Many 
civil engineers with pavement-related advanced degrees (MS and PhD) tended to be employed either 
by a limited number of private consultants specializing in pavement engineering or university 
research centers. Also, during that time period, most pavement design research was performed by 
private consultants and universities. 

This does not mean that pavement design research was not being undertaken in the United 
States. As discussed by Monismith et.al. (14), there was a considerable amount of research underway 
in the area of M-E analysis procedures at the academic level. This work is well documented in the 
Proceedings of the International Conferences—Design of Asphalt Pavements and the Proceedings of 
the International Conferences on Concrete Pavement Design, held on a 5-year cycle since 1967 and 
1977, respectively. Research on asphalt pavement design is also published in the annual proceeding 
of the Association of Asphalt Paving Technologists. 

 
 

DISPARITY BETWEEN DAY-TO-DAY DESIGNS AND  
THE NEED FOR PERFORMANCE PREDICTION MODELS 
 
While many advances were being made in gaining an understanding of pavement performance, 
particularly at the university research level, little new design technology was being implemented at 
the operational level. During the 1960s and 1970s a communications gulf developed between the 
pavement designers in the states and the pavement researchers. One example of this gulf is the 
VESYS program, which was developed in the late 1970s under sponsorship of FHWA and 
continually updated through the 1980s (15). This pavement evaluation and design program for 
flexible pavements was never implemented at the practicing design level. 

More important, little to no materials characterization testing was required to support 
pavement design using the AASHTO Design Guide procedure, while fundamental tests are required 
to use the mechanistic-based procedures. This disparity in materials testing between purely empirical 
and mechanistic-based methods only increased the gap in use. Thus, use of M-E methods stayed on 
the research sidelines and was not generally implemented. 

An additional barrier to design innovation may have been the decision of the Bureau of 
Public Roads (BPR) to issue a policy requiring all pavement designs on the IHS be designed in 
accordance with the AASHO Interim Guide. This requirement arose from the Federal-Aid Highway 
Act of 1956, which called for uniform geometric and construction standards for the Interstate system. 
The BPR and, subsequently FHWA, zealously guarded this requirement to ensure completion of the 
Interstate system in a timely and uniform manner. 
 
 
THE FUTURE: REPLACING SIMPLE EMPIRICAL DESIGN PROCEDURES WITH 
MORE COMPLEX METHODS  
 
We have again reached an important milestone in the development of pavement design technology in 
the United States: the replacement of the largely empirical AASHO Road Test pavement design 
procedures with M-E analysis and design techniques. The development of M-E procedures has 
followed a difficult path and still faces many hurdles before it is fully adopted by AASHTO. 
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BENEFITS OF THE M-E DESIGN METHOD: IS IT WORTH THE INVESTMENT? 
 
A hypothetical presentation of the observed performance of current pavement designs could be 
expected to follow the solid line shown in Figure 4. One of the prime reasons for the premature 
failures is the inability to incorporate variations in materials and construction into the design 
procedure. In the current flexible design procedure, the only material property incorporated is the 
loosely defined coefficient a. This problem results from the fact that variation in material quality 
was not a primary experimental variable included in the AASHO Road Test. Another observed 
problem with current designs is the large variation in performance life in relation to design life. 
This variation is to be expected because of the large extrapolation of the road test data. 

The M-E design procedures will provide the tools for the designer to evaluate the effect 
of variations in materials on pavement performance. M-E procedures will provide a rational 
relationship between construction and materials specification and the design of the pavement 
structure. It will also provide the tools required to evaluate the effects of changes that occur 
during construction. Since the mechanistic procedure will be able to account better for climate, 
aging, today’s materials, and today’s vehicle loadings, variation in performance in relation to 
design life should be reduced and thus allow the agency manager to make better decisions based 
on life-cycle cost and cash flow.  
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FIGURE 3  Distribution of capital outlays by state highway agencies, 2002. 
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FIGURE 4  Performance of existing pavement designs 

 
 
ORGANIZATIONAL DEVELOPMENT: STRUCTURE TO MEET FUTURE GOALS 
 
To utilize advanced M-E design procedures effectively, highway agencies will need to 
incorporate pavement engineering divisions within the department that are staffed by career 
pavement engineering specialists. These specialists will need to be developed through a 
combination of on-the-job experience and post-graduate education. This will be a long-term 
commitment by the agency, since development of experienced and competent staff will take 
time. Bridge engineering and geotechnical staff development provide good models to follow in 
the development of pavement engineering staff. 

To facilitate the continued development and implementation of improved M-E pavement 
design and analysis tools, it is recommended that the states work with AASHTO on the creation 
of a subcommittee for pavements. Pavements represent the largest single capital expenditure by 
state highway agencies. It is important that all of the states participate in the development and 
implementation of pavement engineering tools. Although the Lead State Program created by 
FHWA is a step toward implementation and adoption, it is only the initial step in the process. 
Further, it is important that each state pavement engineer have the opportunity to meet with peers 
at annual meetings of the subcommittee. The current AASHTO organization using the joint task 
force approach does not allow participation of all states in the process. 
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PERFORMANCE DATA NEEDS: MONITORING AND UNDERSTANDING 
PAVEMENT PERFORMANCE 
 
Historical pavement performance data are a critical need in the development and implementation 
of M-E pavement analysis and design procedures. In the M-E process, modeling is used to 
predict pavement distresses on the basis of climatic, materials, vehicle loading, and pavement 
layer thickness. Therefore, it is essential that the types of distress occurring, where they 
originate, and how the progress is identified. 

Performance data to confirm the accuracy of the design methods can come from three 
data sources: roadway test sections using actual truck traffic (LTPP, MnRoads, etc.), advanced 
passenger train (APT) facilities using full-scale test tracks (WesTrack, NCAT), and APT 
facilities using simulated truck loadings (FHWA, Florida, and Louisana APTs).  

Over the years, much progress has been made in the identification and cataloging of 
visible pavement distress. The LTPP is an excellent example of detailed monitoring of the 
manifestation of pavement distress over time. However, as detailed as the LTPP distress 
identification and monitoring program was, significant problems arose when using the data to 
develop the M-E procedures under NCHRP Project 1-37A. The greatest problems were 
encountered during the development of the flexible pavement analysis and design procedures. 
While the LTPP database provided good data on the extent and severity of pavement cracking, 
there was no indication as to whether observed cracking originated at the top or bottom of the 
pavement layer. At the beginning of the project, the generally accepted assumption in classical 
M-E analysis was that most load-related cracking originated at the bottom of the pavement. 
However, detailed studies where trenching and coring of cracks was performed were beginning 
to show that a significant amount of wheelpath cracking was surface initiated (22). Since the 
LTPP program did not call for or allow any destructive testing within the section, it was 
impossible from the data to determine the origination of the cracks. 

Similarly, it was the desire of the research team to predict permanent deformation 
(rutting) in each of the pavement layers. However, only the surface measurement of pavement 
deformation was available. As a result, many months of trial and error work was required to 
develop a procedure that would predict deformation each layer whose sum equaled the total 
measured on the surface. 

These examples are provided not as a criticism of the LTPP program, but rather to 
highlight the importance of understanding failure mechanisms before embarking on a pavement 
distress measurement program. 

An important aspect of the implementation of an M-E procedure is the calibration to local 
conditions. State highway agencies have been undertaking the development and implementation 
of pavement management systems (PMS) for more than 30 years. These systems generally 
include the gathering of pavement distress data on a routine basis. It was hoped that the PMS 
distress data could be used in the local calibration efforts.  

FHWA undertook a project in 2001 (23) to examine how existing pavement management 
data and materials construction data in various state highway agencies could be used to evaluate 
the performance of new materials and concepts and to validate new design methods. One of the 
most significant findings of the study was “at the present time, most of the states visited don’t 
have an appropriate electronic format for other required materials and construction data needed 
for the evaluation analysis.” 
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It can be expected that significant resources will be required to develop the pavement 
monitoring systems required to calibrate and implement M-E procedures. 
 
 
FUTURE RESEARCH REQUIREMENTS 
 
The implementation of M-E analysis and design procedures will require a continuing long-term 
commitment to research. It would be reasonable to expect a level of effort and time frame 
equivalent to that required to implement the Superpave® asphalt mixture design system will be 
required to implement M-E design. This research can be placed in three categories: improved 
computational procedures, improved materials testing and characterization, and development of 
improved performance models.  
 
Improved Computational Procedures 
 
The rapid evolution of the computation capability of PCs is one of the primary factors that make 
M-E procedures possible today. To illustrate the advances in PC technology, at the first meeting 
of the 1-37A research team and the project panel in February 1998, a principle item of discussion 
was the need for a manual solution of the M-E procedure for those agencies that did not have 
access to a computer. 

We are now reaching another turning point in the application of complex and specialized 
software. With the advent of the connectivity provided by high-speed broadband Internet 
connections, there may not be a need to develop software that will be operated on individual 
PCs. Rather, the software could be installed on a central computer that is specifically configured 
to provide optimum computational speed. Registered users supply the input data and receive the 
output via the Internet. A further advantage of having the software on a central computer is the 
ease of installing updates and corrections to the code. 

An important computational process that must ultimately be addressed is the 
development of a finite element (FE) procedure that can be easily applied to flexible design and 
back-calculation analysis. While there is an FE process included in the 1-37A procedure, the 
power of the PC is not adequate to make the procedure applicable to routine use. The use of FE 
procedures is necessary to evaluate fully stress sensitivity in unbound layers, to evaluate the 
effects of damage on material response, and to couple the different distress mechanisms such as 
fracture and distortion. 

In a November 1997 General Accounting Office (GAO) report (24) to the U.S. Secretary 
of Transportation included the following recommendation: 
 

To better assist states in designing safer, longer lasting, and more cost-effective 
new, reconstructed, and overlay highway pavement structures, we recommend 
that the Secretary of Transportation direct the Administrator, FHWA, to ensure 
that nonlinear 3D-FEM is considered in the current update of the pavement design 
guide. 

 
FHWA made a commitment to pursue 3D FE analysis in the 1-37A project. The research 

team and project panel both agreed that in incorporation of 3D FE analysis was not feasible 
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he AASHO Road Test, possibly the largest and most successful controlled civil engineering 
experiment ever undertaken, was conducted about 50 years ago. The results of the study are 

still widely used across the world. There were several things that made the Road Test successful, 
primarily the vision of Bill Carey, then associate director of the Highway Research Board 
(HRB); Walt McKendrick, chief of the Road Test; and Paul Irick, the project statistician, as well 
as the support of Fred Burgraaf, then director of HRB; Ted Holmes, director of research and 
planning for the Bureau of Public Roads (BPR); Alf Johnson, executive secretary of AASHO; 
and Frank Turner, chief engineer of the BPR. Carey and McKendrick carefully selected a good 
staff and allowed that staff to do good work. 

T 

Significant results from the Road Test still govern pavement design worldwide including 
(a) equivalent single-axle loads (ESALs), (b) the serviceability–performance concept, (c) effects 
of layer thickness and strength, and (d) effectiveness of dowels and joint spacing. The Road Test 
results are the basis for pavement design still widely applicable and currently used. It also 
changed the way that people conduct pavement research by illustrating the power of factorial 
experiments, high-quality data, and statistical analysis.  
 
 
EVALUATION AFTER 50 YEARS 
 
The AASHO Road Test was conducted about 50 years ago (1956–1961) in Ottawa, Illinois. It is 
possibly the largest and most successful controlled civil engineering experiment ever undertaken. 
The results of the study are still widely used across the world.  

Several things made the Road Test successful, and nearly all of them were related to the 
people in charge. The original planning was done by Bill Carey, then associate director of the 
HRB; Fred Burgraaf, then director of the HRB; and Ted Holmes, director of research and 
planning for BPR. They were supported by Alf Johnson, executive secretary of AASHO (later to 
become AASHTO), and Frank Turner, chief engineer of the BPR. This group laid out the 

17 
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questions they needed to answer and then turned the work over to Bill Carey, Walt McKendrick,, 
and a carefully selected Road Test staff. They then allowed that staff to do their work.  

Some 40 years later an attempt was made by pavement researchers to extend the work of 
the AASHO Road Test through the SHRP. The field conditions, data collection methods and 
program goals were not the same. As such, the results from SHRP and the ensuing LTPP cannot 
really be considered an extension of the AASHO Road Test results. A different set of results 
were achieved, including the Superpave design mix. In a sense, this makes the results of the 
AASHO Road Test even more historically relevant. 
 
 
PEOPLE WHO MADE IT HAPPEN 
 
By any standard, the Road Test was a remarkable project and its lasting effect is even more 
remarkable. Most of what has been written about the AASHO Road Test has and continues to 
relate to its contributions to the body of knowledge for design and performance of pavements. 
What was there about the AASHO Road Test that caused it to be of such wide interest, nationally 
and internationally, with results accepted and applied worldwide? In the 1950s, Congress had 
approved funds for a massive construction program referred to as the Interstate Defense 
Highway System. After World War II engineers were looking for better pavement design and 
performance information in the face of ever-increasing size and number of trucks to transport 
freight, and administrators were willing to support research to solve those problems. 

Engineers realized that pavement design needed to be upgraded, time was of the essence, 
and administrators agreed to fund field trials that could produce results rapidly and test roads 
seemed one answer. While a series of test roads were originally planned, and one was completed 
using conventional asphalt concrete (AC) surfacing (WASHO Test Road in Idaho), a decision 
was made to proceed with a single large project including both rigid and flexible surfacing as 
well as bridges. A great deal of the credit for the project rests with the top administrators of 
AASHO, BPR (FHWA), U. S. Department of Defense, and HRB who were responsible for 
organizing and planning the project and with those groups that were represented on the various 
advisory committees and panels, including the American Petroleum Industry, American 
Trucking Industry, Automobile Manufacturers Association, academia, private consultants, and 
the tire industry—virtually the entire transportation industry. A complete list of participants can 
be found in seven Special Reports issued by HRB (Special Report 62). An important group of 
advisors were included in the technical advisory committees and panels created to provide input 
on everything from construction, maintenance, finance, instrumentation, statistics, data analysis, 
and performance ratings. The inclusion of this extremely wide representation helped to give the 
results credibility when they were published in 1962. Added to this credibility factor was the 
AASHO Road Test Conference in May 1962, at which time an additional report was issued by 
the Road Test staff and participating groups to provide potential applications of the results and 
an opportunity for critical comments and discussion of the staff analysis from potential users of 
the Road Test analysis and reports (Special Report 73). 

An extremely important part of the equation leading to the credibility of findings and 
acceptance and application of results was the exceptional staff assembled by the HRB to do the 
hands-on work necessary to achieve assigned goals. The following sections present some 
personal comments and impressions to help readers appreciate “who were those guys that helped 
turn a dream into reality and finish an important job.” 
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Project Staff 
 
Walter “Walt” McKendrick, Jr. 
 
As project director, McKendrick was responsible for the overall operation of the project. 
McKendrick had years of experience with the Delaware State Highway Department rising to the 
position of chief engineer before taking on the lead managerial role on the Road Test. He served 
as the primary representative to the “outside world” during the testing phase. One of the 
stipulations specified by AASHO was not to release data or analysis from the project until the 
traffic testing had been completed and the results analyzed by the project staff. One very 
important goal established by AASHO was to achieve at least 1 million load applications on each 
of the test sections. This goal became so important that the number of test vehicles (trucks) was 
increased in January 1960 and operations were increased from 6 days a week to 7. Traffic 
operated 18 h a day, rotating around the clock; thus pavement maintenance, the huge amount of 
routine measurements and special studies needed to be completed during that 6-h rest period. 
Special studies, in particular, became a problem at times on both the flexible and rigid test 
sections as they involved installing and calibrating various transducers needed for measurements 
or special equipment to make the measurements and the field staff would complain that 6 h was 
not sufficient time. Walt was sympathetic and would simply say, “Take all the time you want but 
in 6 h the trucks will be back on their way.” His effort to make everyone on the project feel 
valuable created an atmosphere of trust and success. Walt loved to hunt and play cards and was 
good at both. Walt went on to work for the Portland Cement Association (PCA) and finished his 
career with FHWA as director of international programs. He died in 2003. 
 
William “Bill” Carey, Jr. 
 
William “Bill” Carey, Jr., as chief engineer for research, was primarily responsible for the 
research effort associated with all phases of the project. Carey was a person with a great 
imagination and willingness to listen to the staff ideas and solutions. He was one of the main 
reasons that there was a spirit of cooperation among the working staff. Bill’s efforts are reflected 
in the seven volumes of a Special Report issued by HRB summarizing findings and possibilities. 
Bill had been the project director on the WASHO Test Road and brought that experience to the 
AASHO Road Test. Well liked and respected by the staff, Bill helped to bring the working staff 
together as a team, sometimes under very difficult working conditions. One legacy he will be 
remembered for was the development of a relatively simple profilometer to measure pavement 
profile; named the CHLOE profilometer after its developers: Carey, Huckins, Leathers, and 
“other engineers.” Bill played bridge and was a better-than-average golfer, but research was his 
hobby. He went on to become the director of HRB later renamed the Transportation Research 
Board (TRB). He died in 1994. 

The next tier of staff was remarkable because individually they were so different in 
personality and backgrounds but worked together as a team, a trademark of the AASHO Road 
Test staff. Yet there was a certain amount of friendly competition between the two groups; e.g., 
the flexible pavement staff complained (jokingly) that all asphalt sections were on the north-side 
tangents where the freeze–thaw conditions were more extreme to the disadvantage of the flexible 
sections. Conversely the rigid pavement staff complained there was more rain on the south 
tangents. The tangents were only 100 ft apart. 
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A. C. “Benk” Benkelman 

 
A. C. “Benk” Benkelman, flexible pavement research engineer, was a former employee of the 
Minnesota Highway Department and BPR. Benk was the senior member of the Senior Staff in 
both age and experience. He had been a member of the research staff on the Hybla Valley Test 
Tract in Virginia (asphalt) and the Road Test 1-MD (concrete) in Maryland in 1950 and a key 
member of the research staff on the WASHO Test Road (asphalt) in Idaho, where he helped 
develop the Benkelman Beam. Benk was of the old school of researchers who relied on empirical 
and anecdotal personal observations. He was a man of the pavement and liked to spend a 
considerable amount of time walking the pavements and mentally analyzing what was going on. 
At meetings he would often introduce himself as the engineer who had previously been on Hybla 
Valley, Maryland, and Idaho Test Roads and if he didn’t get it right “this time,” they were going 
to “fire” him.  

Benk was somewhat overwhelmed by the extensive use of statistics and the huge amount 
of data being generated from the 468 asphalt sections as were some of the staff at all levels. Benk 
could do more with an 8x10 sheet of graph paper and deflection measurements or cracking data 
than most of us could with a computer. He had a “feel” for the pavements. He loved to play 
bridge and play golf, using a 3 wood from tee to green. All the field staff recognized Benk as he 
was rather short and loved to have him on the project. He died in 1980. 
 
Frank Scrivner, Rigid Pavement Engineer 
 
Frank Scrivner, rigid pavement engineer, spent many years in pavement research for the Texas 
Highway Department. In 1954 he went to England to work on pavement evaluation for the U.S. 
Air Force. He was enticed back from that work by Bill Carey to become the research engineer 
for rigid pavements at the Road Test. Frank was a highly respected mathematician with a broad 
knowledge of portland cement concrete (PCC) pavements and was ideal to lead the rigid 
pavement group. Rigid pavements tended to be more amenable to calculations of stress and 
strain; and there were a number of theories available to be tested and Frank knew them all. 
Before going to England, Frank and a group of 10 technicians operating Marchant hand 
calculators had calculated the first comprehensive set of stress coefficients for three layers 
systems to be applied to flexible and rigid pavements. Frank did most of the planning for the 
technical details of the rigid pavement experiments and the design of those experiments with 
Paul Irick. He left most of the field operations to his assistant chief, W. R. Hudson, who is a 
coauthor of this paper. Fred Finn, another coauthor, served as assistant chief to A. C. Benkleman. 
Frank did not have many hobbies. He played a little bridge, but no golf. Mathematics and 
physics were his hobbies, and he indulged them 16 h a day. Following the Road Test, he joined 
the staff at Texas A&M University and continued his research effort there with the Texas DOT. 
He died in 1988. 
 
Paul Irick, Chief, Data Processing and Analysis 
 
Paul Irick, a professor of applied statistics at Purdue University became, in a manner of speaking, 
the heart of the project. After the initial processing, all data collected on the project came to Paul 
and his staff for further processing, storing, and analysis. Actually, along with Bill Carey and the 
Statistical Panel, Paul played a key role in the design of the factorial experiments in such a way 
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as to eliminate any possibility of confounding the interpretation and to allow measurement of the 
degree of experimental error. The members of the staff at all levels soon found that it would be 
essential to become familiar with a new language, the language of the statistician. Terms like 
sums of squares, linear regression, randomization, replication, standard error, variance, 
correlations coefficients, confounding, confidence levels, accept once and rejection criteria, risk, 
and probability were all part of that new language. 

Paul was a great listener and was always willing to take the time to help staff members 
understand analysis of the data. Certainly he was one of the most admired professionals on the 
project as a patient and caring person. Paul, like other members of the Senior Staff, played bridge 
but not always with the same level of passion. His legacy can be found in the fact that pavement 
research had never been the same since the Road Test, on the basis of an expanded use of 
statistics. Paul, like Bill Carey, went on to senior level positions at TRB, where he continued to 
apply his talent for 20 more years. He died in 1996. 

 
Rex Leathers, Engineer of Special Assignments 

 
Rex Leathers, engineer of special assignments, an engineer with the BPR and a carryover from 
the WASHO Road Test, was the perfect person for special assignments. As with any project of 
this size the unexpected was the norm of the day, and Rex was the person to handle the 
unexpected. Intelligent, resourceful and fearless, Rex became one of the gears that kept the 
machines running. Rex moved on through the ranks to become assistant director of engineering 
for FHWA. He was good at everything he did, including bridge (he played with a passion but 
remembered it was only a game), hunting, and golf were other hobbies. He died in 1998. 
 
James F. Shook, Materials Engineer 
 
Jim Shook, materials engineer, came to the project from the National Sand and Gravel 
Association Laboratories. During the major construction and traffic phases, he was responsible 
for the testing and reporting of material properties from the field and in the laboratory, which 
included all testing needed to control the uniformity of construction from the subgrade materials 
to surfacing. Rapid test results were important to accept or reject each construction unit 
according to criteria established by Dr. Irick and his staff and minimize construction delays. Jim 
efficiently managed the materials staff under considerable pressure of time. He lives near 
Washington, D.C. 
 
Ivan Viest, Bridge Enginner 
 
Most people don’t know that the AASHO Road Test also contained a special experiment on the 
fatigue evaluation of 16 short-span bridges. Ivan was bridge research engineer for the study 
supported by John Fisher as his assistant. Ivan came from the University of Illinois and was a 
dynamo in setting up and operating bridge research under the repeated traffic loadings available 
at the AASHO Road Test. Ivan was active in professional affairs, including the American 
Society of Civil Engineers. After the Road Test, he joined Bethlehem Steel Corporation where he 
retired. John Fisher, his assistant, went on to get his PhD and joined the faculty of Lehigh 
University. Both live in Bethlehem, Pennsylvania. 
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The second level of staff at the AASHO Road Test was equally well qualified. In addition 
to John Fisher in Bridges, there were Lloyd Dixon, a staff member of the Illinois DOT, and Fred 
Finn, as previously mentioned. Ronald Hudson was assistant rigid pavement engineer, working 
closely with Frank Scrivner, supported by Bob Little and Bud Wright of the Illinois DOT. 
During the construction phase and early testing phase of the Road Test, there were some 30 
engineers from Illinois DOT supervised by Emmett Chastain and Art Tosetti, who were 
indispensable in getting the roads constructed to the high-quality standards needed for the test. 
Bob Hain served as assistant to Paul Irick in the data-processing and analysis section. Howard 
Boswell served as chief maintenance engineer. Howard was a BPR engineer who had also 
worked on the WASHO Road Test with Rex Leathers. 

During the Road Test the BPR rotated through approximately 50 trainees for a 6-month 
period each. Many of these went on to important jobs in the Federal Highway Administration, 
particularly including Les Lamm, Dick Morgan, and Dean Carlson, all of whom served as chief 
engineer of FHWA before their death or retirement. We apologize to the many other contributors 
to the Road Test whom  we’ve omitted from this report. None of these omissions are intentional; 
all played a very strong role in the study.  

 
 

WHERE WAS PAVEMENT TECHNOLOGY BEFORE THE AASHO ROAD TEST? 
 
It is hard for modern engineers to believe that highly technical pavement design is relatively 
new. At the time of the AASHO Road Test (1958), the California bearing ratio (CBR) was the 
standard method of flexible pavement design. Three main variables were considered: (a) load, 
(b) subgrade strength, and (c) total pavement thickness. The WASHO Road Tests, a $3-million 
study (1954), had suggested that asphalt surface thickness was related to pavement life. A 2-in. 
thick pavement surface in that test carried approximately twice as many heavy load applications 
to failure as a 1-in. pavement surface subjected to the same traffic. The Interstate highway 
program was just beginning and this was a strong emphasis for learning more about pavements. 
We must remember that available computer power at that time did not permit rapid calculation of 
layer stresses. 

At that same time, PCC design methods used primarily the PCA design method based on 
modified Westergaard theory for designing PCC pavements. Subgrade and subbase pumping 
under heavy load was a major problem. Corner cracking was a major failure mode, and 
pavement faulting was a serious problem, since load transfer using steel dowels was not yet an 
accepted practice. Little was known at that time about the value of stronger subgrades and 
subbases and the benefits of stabilized materials. 

 
 

INTERSTATE DEFENSE HIGHWAY SYSTEM IS AUTHORIZED 
 
BPR was charged in the Interstate Highway Act with determining the proper allocation of cost 
that vehicles should pay to use the new Interstate system. This was called the 210 Study. Frank 
Turner, the chief engineer, and Ted Holmes, director of highway research and planning of the 
BPR, went to HRB to seek assistance. They met with William Carey, Jr., and Fred Burgraaf, and 
after several discussions a plan was developed to conduct a major Road Test, which later became 
the AASHO Road Test. Alf Johnson, then the executive secretary of AASHO, was brought into 
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the picture and helped sell the idea to the 48 states to gain funding support. This early planning 
was largely successful because Bill Carey had gained great experience in pavement research at 
the WASHO Road Test and the Maryland Road Test. Ted Holmes was director of both planning 
and research. The planning covered the cost allocation portion, and his research duties covered 
the pavement research portion. Thus, a small group of about five people were able to make the 
AASHO Road Test happen.  

Bill Carey approached the Asphalt Institute and PCA, which both became strong 
supporters and contributors to the study. However, they strongly requested and succeeded in 
ensuring that the study did not compare the two pavements against each other. The experiments 
were totally independent. Unfortunately this did not keep the general public and unscrupulous 
salesmen from comparing the results after the Road Test was over. Thus 20 years of bickering 
between the two pavement types started; this in some ways continues to this day. 

The Truck Manufacturers Association and the American Trucking Association were 
approached, and both made strong contributions, as did many state DOTs, including Illinois, 
where the test was conducted on a portion of the right-of-way on I-80. As history shows, the 
Teamsters Union was strong in the United States during that period. It would have been 
practically impossible to conduct the Road Test, which required around-the-clock operation of 
heavy trucks, if we had been required to deal with union labor truck drivers. This problem was 
solved when the U.S. Army agreed to provide truck drivers, and a company of Transportation 
Corps truck drivers were assigned to live in barracks constructed on the AASHO Road Test site 
and drive in three shifts around the clock. 

 
 
TECHNOLOGY DEVELOPED AND LESSONS LEARNED OR  
DEVELOPED AT THE AASHO ROAD TEST 
 
Many things were developed and learned at the AASHO Road Test. Some for the first time, 
others were reinforcements of existing theories and ideas developed at the WASHO Road Test 
and presented by theory. We do not have time in this paper to cover all these items. Please refer 
to the special reports from the Road Test [Special Report 62 (7 volumes) and Special Report 73] 
for more details. We’ve also included a partial bibliography. We have not had time to codify all 
the details of individual references. But any student or practicing engineer interested can find 
these provided a useful road map to his studies. The results of the AASHO Road Test were 
directly used in 1960 to 1962 to develop the first-ever AASHO Pavement Design Guide. The first 
guide was produced in 1962 in interim form and remained interim for more than 10 years before 
the first version was actually adopted. 
 
 
MAJOR TECHNICAL FINDINGS OF THE AASHO ROAD TEST 
 
Surface Thickness 
 
The AASHO Road Test gave quantitative value to the importance of pavement surface thickness 
in increasing the number of load repetitions that can be carried to pavement failure. It tied 
pavement surface thickness to pavement performance, where “performance” is defined as the 
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service provided by the pavement or the number of load repetitions that can be carried to an 
unserviceable level.  
 
Load Equivalency 
 
Pavement engineers had long had trouble dealing with various axle loads in pavement design. 
Some methods used only the heaviest load (CBR), and others including the Texas Design 
Method used the average of the 10 heaviest loads that were expected to be carried on the 
pavement. The AASHO Road Test provided quantitative information about the relative 
damaging effect of heavy loads, and immediately after the Road Test, Paul Irick and Frank 
Scrivner used the Road Test equations to generate load equivalencies called ESALs. Francis 
Hveem of the California DOT had earlier hypothesized a load equivalency concept tied to 10-kip 
axles. The Road Test equivalencies validated and extended the Hveem hypothesis statistically. 

The load equivalency concept (ESAL) is by far the most widely used pavement concept 
in the world. We as authors have collectively visited more than 50 countries and all 50 states in 
the United States. All of these agencies use the ESAL concept in pavement design. 

 
PSI: Performance Concept 
 
Before the AASHO Road Test there was no good definition of pavement failure. This seems hard 
to believe but please check the literature; you will find it to be true. After the WASHO Road 
Test, Paul Irick and Bill Carey developed the Present Serviceability Index (PSI) concept and 
defined “performance” as “accumulated traffic to a fixed level of PSI.” The selected level of PSI 
was “failure.” While many agencies adopted this concept, some have continued to refer to 
“roughness.” Therefore, a defined level of roughness is sometimes accepted as failure in the form 
of an International Roughness Index (IRI) level. The technical literature shows that IRI and PSI 
are inversely related to each other.  

The present serviceability concept (PSI) relates pavement failure directly to riding quality 
and the acceptance or satisfaction of the riding public. It is indeed more definitive of true 
performance than roughness alone and strong consideration should be given to resurrecting it in 
pavement studies and designs.  

 
Layer Equivalencies: Material Properties 
 
The AASHO Road Test included four types of base under asphalt pavements: (a) river gravel, 
(b) cement stabilized, (c) asphalt stabilized, and (d) crushed stone. These were compared to 
define the levels of performance that resulted from improving the quality of the base layer. 
Francis Hveem had also hypothesized such relative benefit of stronger layers as part of a “gravel 
equivalency concept” and he was instrumental in getting the wedge-shaped base sections added 
to the Road Test to validate that concept. The structural number concept, developed based on 
layer equivalencies, is widely used around the world and is the basis for layer selection in all 
AASHTO Pavement Design Guides up to 2002.  

The Road Test of course was not perfect because it was impossible to make it large 
enough to solve all possible factors. We don’t know if these layer equivalencies would be the 
same with different subgrades and in a different environment. These questions have been the 
subject of considerable research in the past 50 years.  
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Value of Subbase to Reduce Pumping in Rigid Pavements 
 
At the Road Test those PCC pavement sections that had a gravel subbase under the slab 
performed much better than those that were placed directly on the clay subgrade. This occurred 
regardless of the thickness of the gravel subbase layer. However, there were no stabilized 
subbases used on the rigid pavements and we can only hypothesize what improvement would 
have resulted. 
 
Pumping of Subbase and Subgrade Materials 
 
Before the Road Test the PCC paving industry had strongly hypothesized that the problem of 
pumping of subgrade material from beneath pavements could be solved by placing a granular 
subbase beneath the slab. This was proved to be incorrect at the Road Test, where under heavy 
loads and high rainfall, even the gravel subbase layer pumped and caused early slab failure. 
 
Effectiveness of Dowels for Load Transfer 
 
Before 1960 most people were of the opinion that it was necessary to put some form of positive 
load transfer across joints and cracks in PCC pavements. Yet the concrete industry continued to 
claim that thicker pavements would solve the problem. The Road Test used load transfer dowels 
in all pavement sections. There was no faulting at the AASHO Road Test at cracks or joints, thus 
validating the effectiveness of dowels for load transfer under extremely heavy loads up to 30,000 
pounds on a single axle. 
 
Joint Spacing 
 
Two joint spacings were used at the AASHO Road Test: 15-ft joint spacing with no 
reinforcement steel and 40-ft joint spacing with mild reinforcement. Both of these joint spacings 
performed well under heavy loads up to 30-kip single axle and both contained dowels across the 
joints. The 40-ft slabs cracked at approximately 12- to 15-ft spacing, and no faulting occurred at 
those cracks during the test. However, 15 years later, field studies of some of these same sections 
left in service on IH 80 did show faulting as the mild reinforcement steel rusted and lost its 
effectiveness. 
 
Limitations of the AASHO Road Test Findings 
 
Nothing is perfect, and there are several limitations of the AASHO Road Test findings. They are 
as follows: 
 

1. One subgrade only—the Road Test was carried out on a lean clay subgrade and 
therefore no direct inference to other subgrades can be made. 

2. Only 2 years long—the Road Test was conducted during the period October 1958 to 
December 1960 and related primarily to this time period and the climatic conditions existing 
during that period. 

3. One environment only—the Road Test took place in Central Illinois, which is a 
freeze–thaw, wet environment. Information is needed to extend it to other environments. 
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4. One AC mix only—a single high-quality AC was used in the AASHO Road Test. 
Information related to other qualities of asphalt concrete surfacing must be inferred in other 
ways. 

5. One PCC mix only—a single high-quality PCC was used in the AASHO Road Test. 
Information about the performance of other strengths of PCC must be inferred from other 
sources. 
 

It is important to point out however that these factors limit only the “inference space” for 
the results, not the “validity” of the results themselves. The AASHO Road Test results are the 
most complete and valid experiment every conducted on pavements. There are a number of 
theoretical and empirical methods of extending the inference space to other subgrades, other 
environments, other concrete mixes, and other AC mixes. 
 
Extending the AASHO Road Test Results 
 
It was well understood at the Road Test and subsequently that the Road Test applied only to the 
environment and the soil conditions in central Illinois when the test was conducted. The test was 
a $500-million project (in 2005 dollars). It was impossible to extend the study to all regions 
although that would have been a desirable goal for a second phase. To adapt these results, nearly 
every state DOT had a project funded with FHWA research funds, entitled the Application of 
AASHO Road Test Results to XYZ State (fill in the blank with any of the 40 states). These 
results were used in implementing the AASHTO Pavement Design Guides nationwide. 
 
 
GENERAL CONCEPTS IN PAVEMENT ENGINEERING THAT RESULTED OR 
WERE GREATLY IMPROVED BY THE AASHO ROAD TEST 
 
Renewed Interest in Pavement Engineering 
 
The AASHO Road Test sparked a renewed interest in pavement engineering and research 
worldwide. Even though the AASHO Road Test itself was originally done to prove the relative 
damage and cost of various axle loads (the famous 210 Study), it really produced more 
information and more interest in pavement engineering per se than it did in cost allocation. It did, 
however, produce the necessary information needed for cost allocation, and that information was 
subsequently used in setting fuel tax levels in the United States. 
 
Modeling Pavement Performance 
 
The AASHO Road Test sparked interest in the modeling of pavement performance, and the 
AASHO Road Test equations themselves subsequently became the equations for the Pavement 
Design Guides. The Design Guides from 1962 up until the present date were primarily based on 
the performance equations developed originally by Paul Irick and then expanded and continued 
by the Asphalt Institute, by Frank Scrivner at the Texas Transportation Institute, and by many 
others.  
 



Hudson, Monismith, Shook, Finn, and Skok 27 
 
 
The Importance of Quality Data 
 
The AASHO Road Test showed that it was important to have high-quality complete data if 
meaningful answers were to be produced from costly pavement research. The test showed the 
need for well-thought-out experimental designs and the necessity of collecting complete data that 
fulfilled the factorial of those designs for valid analysis. The study also showed the necessity to 
follow through on “all” data collection and the requirement to develop “complete” data sets for 
valid analysis 
 
Factorial Experimental Design and Testing 
 
The AASHO Road Test showed the value of statistically designed experiments that were large 
enough to cover the inference space effectively. This plan has been followed by many pavement 
researchers over the years since the Road Test. 
 
Good Statistical Analysis of Data 
 
This concept goes along with good factorial design, but it should be remembered that good 
statistical analysis can be and is used in other types of research also. More pavement research 
engineers now use statistical analysis in all aspects of their work than would be using it had not 
the AASHO Road Test and Paul Irick pointed the direction. 
 
Pavement Evaluation 
 
The AASHO Road Test sparked renewed interest in evaluating pavements, primarily using 
roughness and the PSI but also expanding the use of distress surveys and deflection 
measurements. The availability of deflection to evaluate pavement behavior, distress 
measurements to evaluate pavement condition and roughness measurements to calculate 
serviceability and evaluate pavement performance has permitted the development of the 
pavement management concept.  
 
Implementation Conferences for the AASHO Road Test 
 
Following the St. Louis Conference, which provided information on early extension and 
implementation of Road Test results, the Asphalt Institute and the University of Michigan 
sponsored significant international asphalt pavement conferences that focused attention not only 
on the results of the AASHO Road Test asphalt pavements but also on mechanistic pavement 
design. These conferences have continued every 4 or 5 years since 1962. Clearly the AASHO 
Road Test was the spur for these conferences and to these improvements in pavement design. 
 
 
SUMMARY 
 
Many engineers who attended this seminar or read this document are aware of many more details 
that could have been added here. Our hope in this paper is to encourage you to read many of the 
documents that relate to the details touched on herein. Start with TRB Special Reports 62 and 73. 
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They will lead you to a far broader understanding of the AASHO Road Test and its impact. 
Follow that by delving into the early AASHO Pavement Design Guides and many of the 
references presented there. 
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he AASHO Road Test provided significant results that led to improved pavement design in the 
near term following the Road Test (1) and to an expanded research effort by the pavement 

engineering community worldwide. In particular, it resulted in the development of what is termed 
today M-E pavement design. Results of the Road Test also contributed to the development of 
nondestructive pavement evaluation, now an important part of pavement M&R considerations, 
including overlay pavement design, and to the development of pavement management concepts 
embodied in PMSs currently in use. These developments are briefly summarized in this paper. 

T 

Many people and organizations have been involved; references are made to the 
contributions of some of the members of the pavement engineering community, both in North 
America and elsewhere, particularly Europe. It is important to state that the engineers involved 
have shared freely their knowledge through the venues of two major international conferences, one 
for flexible (asphalt) pavements and the other for rigid (concrete) pavements. The resulting 
information has contributed significantly to the state of pavement engineering today. Both 
conferences were introduced in response to the renewed interest in pavement engineering sparked 
by the AASHO Road Test.  

Some important pavement related research was not initiated following the Road Test, some 
of which was delayed for almost 40 years. A brief summary and  a few examples of this not-
included research are also included. 
 
 
INITIAL DISSEMINATION OF AASHO ROAD TEST RESULTS 
 
Results of the Road Test were presented at a meeting sponsored by the Highway Research Board 
(HRB) in St. Louis, Missouri, May 16 to 18, 1962. Information from this meeting was 
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subsequently published in Special Report 73 (2). Fred Burggraf was executive director of HRB at 
the time, and A. E. Johnson was director of AASHO. A national advisory committee was 
appointed by HRB. K. B. Woods of Purdue University served as chairman of this committee and 
W. A. Bugge, then director of the Washington Department of Highways, was vice chairman. 
HRB appointed staff to conduct the Road Test, as described in a paper presented at the 85th 
Annual Meeting of the Transportation Research Board in Washington, D.C. (1). Many 
distinguished pavement engineers served on the advisory committee. The 36 members included 
representatives from AASHO, the Bureau of Public Roads, state highway departments, the 
asphalt and concrete industries, academia, the tire industry, and automobile and truck 
associations. Appendix A contains a listing of the complete membership.  

Sessions at the 1962 conference included the following: 
 
1. Background and History, F. Burggraf, A. E. Johnson, K. B. Woods, and W. B. 

McKendrick, Jr.; 
2. Bridge Research, I. Viest; 
3. Selected Special Studies; 
4. Pavement Performance, A. C. Benkelman (Flexible) and F. Scrivener (Rigid); 
5. Pavement Research Forum; and  
6. Use of Road Test Research Findings. 
 
In the paper presented at the 85th Annual Meeting of the Transportation Research Board 

(1), the role of W. N. “Bill” Carey, Jr., as chief engineer for the Road Test was summarized. 
Much of the success of the program must be attributed to him in that he provided an environment 
that allowed for innovation. In his capacity as chief engineer, he carefully weighed the comments 
of the advisory group as well as others. While often accepting their advice, he shielded the 
research staff from costly and nonproductive suggestions, allowing them the freedom to explore 
innovative ideas. Figure 1 contains photos of Burggraf, Carey, and Woods.  

In the period between the completion of traffic applications on November 30, 1960, and 
the preparation of the research reports by the Road Test staff and their presentation at the St. 
Louis Conference in May 1962, pavement groups in both the asphalt and concrete industries 
were evaluating the results as well.  

Significant pavement research and development programs were instituted. Also, planning 
for two pavement conferences was initiated to provide venues for widespread dissemination of 
the information being developed to the world pavement engineering community. These venues 
have become known as the International Conferences on Asphalt and on Concrete Pavement 
Design, respectively. The 10th Conference for Asphalt Pavement was held in Quebec, Canada, in 
August 2006, while the 8th Concrete Pavement Conference was held in Colorado Springs, 
Colorado, in August 2005. Developments in pavement design and rehabilitation resulting from 
these activities will be briefly described in the following sections. 
 
 
FLEXIBLE (ASPHALT CONCRETE) PAVEMENT DESIGN 
 
At the time of the AASHO Road Test, the Asphalt Institute was the primary representative for 
the asphalt pavement industry in the United States. The first International Conference an Asphalt 
Pavement (termed the International Conference on the Structural Design of Asphalt Pavements) 
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(a) (b) (c) 
 

FIGURE 1  Some key engineers associated with the AASHTO Road Test:  
(a) Fred Burggraf, Highway Research Board; (b) K. B. Woods, Purdue  
University; and (c) W. N. “Bill” Carey, Jr., Highway Research Board. 

 
 

was initiated by J. E. Buchanan (institute president) with input from F. N. Finn (the Institute’s 
representative on the Road Test) to provide a technical venue for discussion of the Road Test 
results as well as for worldwide developments in asphalt pavement design at the time. The 
University of Michigan (UM), because of its excellent reputation in the pavements area in the 
United States, was selected as the conference site. W. S. Housel and W. K. Parr of the UM Civil 
Engineering Department, working with Asphalt Institute staff and key U.S. and international 
members of the paving community, developed a most successful conference in August 1962. 
Figure 2 contains photos of Buchanan, Finn, Housel, and Parr. 

These conferences have had extensive international as well as U.S. representation. Some 
of the key participants at the first conference included A. C. Benkelman (AASHO Road Test 
flexible pavement research engineer); D. M. Burmister (Columbia University; developer of the 
first solutions for multilayer elastic systems subjected to surface loads); N. W. McLeod 
(consultant, Imperial Oil Company, Canada); W. H. Goetz and E. J. Yoder (Purdue University, 
professors); and F. N. Hveem (materials and research engineer, California Division of 
Highways). Subsequent conferences included well-known representatives from many countries 
and organizations—a few examples are William Glanville (director, Road Research Laboratory, 
United Kingdom); P. J. Rigden (director, National Institute for Road Research, South Africa); K. 
Wester (manager, Road Research Center, Holland); E. Nakkel (Federal Ministry of Transport, 
West Germany); J. M. Kirk (Danish Asphalt Industries, Road Research Laboratory, Denmark); 
and J. Bonitzer and R. Sauterey (chief engineers, LCPC, France) (Figures 3 and 4). Other 
participants will be referred to in connection with technical developments emerging from the 
conferences and described in the following paragraph.  

While many of the elements of M-E pavement design were being worked on before the 
first conference, the framework for this approach “gelled” there, particularly through the efforts 
of Shell, the Asphalt Institute, and the UK Road Research Laboratory investigators. 
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 (a)  (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (c) (d) 
 

FIGURE 2  Individuals responsible for First International Conference on the Structural 
Design of Asphalt Pavements, University of Michigan, August 1962: (a) J. E. Buchanan and 

(b) F. N. Finn, Asphalt Institute; and (c) W. S. Housel and (d) W. K. Parr, UM Civil 
Engineering Department. 

 
 

Before the conference, the Asphalt Institute had provided funds to support research at the 
University of California at Berkeley (UC Berkeley )for repeated load testing of the AASHO Road 
Test subgrade soil (H. B. Seed, Figure 5), determination of viscoelastic (VE) behavior of asphalt 
concrete (AC) (K. E. Secor and C. L. Monismith), and analysis of VE multilayer systems (R. 
Westmann, and K. S. Pister). The institute also provided support to the University of Idaho to 
evaluate low temperature cracking of AC (R. Lottman). At the conference, on the basis of the 
research on repeated load testing of the AASHO subgrade soils, Seed introduced the measure of 
soil stiffness termed resilient modulus, which is in use today (3). 

During the period following the completion of the Road Test, Shell engineers used the 
results of the Road Test to establish concepts for pavement design that were introduced at the 
conference. These included use of the computed elastic vertical shear strain at the surface of the 
subgrade to mitigate surface rutting contributed by unbound materials in the pavement structure  
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 (a)  (b)  (c) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (d) (e) 

 
FIGURE 3  Some participants in the First International Asphalt Pavement Conference, 
1962:  (a) A. C. Benkelman, Highway Research Board; (b) D. M. Burmister, Columbia 

University; (c) N. W. McLeod, Imperial Oil Company, Canada; (d) F. N. Hveem, California 
Division of Highways; and (e) W. H. Goetz, Purdue University. 

 
 

by Dormon and use of the computed elastic tensile strain at the underside of the AC in contact 
with untreated base as the determinant of fatigue cracking in this layer by Peattie and Dormon. 
Both concepts were later to become key elements of a number of M-E design methodologies.  

The use of tensile strain as the determinant for fatigue cracking was reinforced by 
extensive fatigue test data on both asphalts and mixes presented by Pell, whose research at 
Nottingham University had been supported by Shell. Subsequent to the conference, Peattie 
suggested the use of the linear summation of cycle ratios cumulative damage hypothesis to 
analyze the contributions of traffic loads of different magnitudes to hot-mix asphalt fatigue 
cracking. This concept is now used in many of the M-E design methods. 
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