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Presiding: K. B. WOODS, Chairman 
National Advisory Committee, AASHO Road Test 

Prepared and Spontaneous Discussions 

ROAD TEST STAFF COMMENTS 
During the session certain questions from the floor were discussed by 
former Road Test staff members. These remarks appear in their chrono
logical position within the discussion material that follows. 

The staff replies to other questions and comments on certain points 
raised by participants are included in a summary staff closure. 

RIGID PAVEMENT PERFORMANCE 

Henry Aaron, Wire Reinforcement Institute. 
—With respect to rigid pavements, AASHO 
Road Test Report 5 presents, as the fulfillment 
of its principal objective, equations defining 
the relationship between slab thickness, axle 
load, number of applications of the load, and 
corresponding reduction in pavement service
ability. Also presented are the findings relating 
to the various design details. Among these find
ings, one of the most important, as far as 
structural design is concerned, is quoted as 
follows: 

The effect on performance of the pave
ment design variable, reinforcing (and/ 
or panel length), was not significant; con
sequently, this variable was excluded from 
the performance equations. Table 38 
includes details of differences m design 
between reinforced and nonreinforced 
sections. The transverse joints were 
doweled in the nonreinforced as well as 
in the reinforced slabs. 

The researchers have wisely and prudently 
explained that the nonreinforced slabs were 
strengthened by installing load transfer dowels 
at all transverse joints. However, specific men
tion should be made, also, of the fact that the 
nonreinforced slabs were 15 ft long, as com
pared to 40 ft for the reinforced slabs, and that 
the use of load transfer dowels every 15 ft in 
nonreinforced pavements is a notable deviation 
from normal practice. It is extremely impor
tant that the AASHO Road Test design of the 
nonremforced pavements should not be con
fused with the typical, 15-ft undoweled slabs 
that come to mind when nonreinforced pave

ments are mentioned (Figure 1). Engineers 
must keep this clearly in mind when interpret
ing and applying these findings. 

Another finding in Report 5, important with 
respect to the details of rigid pavement design, 
refers to faulting at joints and cracks. 

. . . Faulting at cracks sometimes occurred 
in the later stages of pavement deteriora
tion, but faulting at joints was notably 
absent throughout the project. One trans
verse joint faulted seriously, but investi
gation showed that the joint had been 
accidentally sawed at some distance be
yond the end of the dowels intended to 
protect it. Over the 2-yr period of the 
test there were no other cases of measur
able faulting at joints, all of which were 
doweled (see Table 38 for details of joint 
construction). 

Report 6 contains findings of additional 
traffic tests conducted with military vehicles 
after the termination of the main Road Test, 
The report states: 

In the main Road Test, no significant 
effect of concrete i-einforcement on the 
performance of the test pavements was 
found. Therefore it is interesting to note 
in Figures 20 and 21 that reinforced pave
ments performed appreciably better than 
nonreinforced pavements of the same slab 
thickness in these special studies. 

With these facts in mind it is clearly eviden 
that the findings of this comprehensive investi 
gation confirm the advantages of providinf 
load transfer at all joints and cracks by means 
of steel dowels and distributed reinforcemen 
rather than relying on aggregate interlocl 
alone. The severe faulting at the one join 
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Figure 1 (Aaron). AASHO Road Test designs com
pared with customary nonreinforced design. 

which was accidentally offset beyond the end 
of the dowels is just a sample of what would 
have occurred in all of the nonreinforced slabs 
had the dowels been omitted from the trans
verse joints. Experience has proved that even 
at such close spacings as 15 ft, aggregate inter
lock alone cannot be expected to provide the 
necessary load transfer. 

Figures 125 and 126 in Report 5 show that 
failure occurs very rapidly once cracks develop 
in nonreinforced slabs. This is to be expected 
because load transfer is not specifically pro
vided at a crack in a nonreinforced pavement 
(Fig. 2). This is undoubtedly the reason, also, 
for the rapid failure of the nonreinforced slabs 
referred to in Figures 20 and 21 in Report 6. 
Although it is true that these pronounced fail
ures were associated with the thin slabs, it can 
be expected that the same relationship between 
the performance of reinforced and nonrein
forced pavements would hold for the thicker 
slabs if the special traffic tests had been con
tinued beyond the 16,500 trip, or had the main 
Road Test been continued over a longer period 
of years. 

Although these remarks may seem conjec
tural, their validity is supported by many years 
of observations of pavement performance as 
reported in Highway Research Board and other 
publications. 

In Public Roads (June 1945), Sutherland and 
Cashell, reporting on the "Structural Efficiency 
of Transverse Weakened-Plane Joints," con
cluded: 

Heavy, high frequency traffic causes a 
severe hammering action in weakened-
plane joints when they are open even small 
amounts and it is only natural to expect 
that, over a period of several yeais, this 
hammering action would break down the 
aggregate interlock sufficiently to permit 
small relative deflection that makes the 
joint ineffective in stress control. 
In pavements where stress control at 
the joints is desirable it, therefore, appears 
necessary to use some more effective de
vice for load transfer. 

Van Breemen, discussing experience with 
seasonal joint openings in "Current Design of 
Concrete Pavements in New Jersey" (HRB 
Proc. 28:77-91, 1948) concluded: 

Therefore, even m a series of closely 
spaced contraction joints, it appears neces
sary to install load-transfer devices at all 
of the joints, if only to avoid the faulting 
of those that open excessive amounts. 

After 23 years of observations, Vogelgesang 
and Teske of the State Highway Department 
of Indiana reported in "Performance of an 
Experimental Project to Determine the Effi
ciency of Several Plain and Reinforced Con
crete Pavements" (HRB Bull. 165, 1-34, 1957) 
concluded: 

All joints must be provided with adequate 
load transfer devices if faulting at the 
joints is to be controlled 
Shoi-t joint spacing (20 
does not eliminate the 
random cracks. 

ft) retards but 
development of 

In general, wire mesh reinforcement was 
found to be more effective in preserving 
the continuity of the pavement than was 
the bar mat type of reinforcement; how
ever, after the development of a significant 
crack, the amount of reinforcement pres
ent is more important than the type of 
reinforcement used, in preventing or 
retarding the development of faulting at 
these cracks. 
Based on the surface roughness indices, 
all reinforced sections withstood the de
teriorating effect of increased traffic much 
better than did any of the plain concrete 
sections, and, in general, the heavier the 
reinforcement the better the sections per
formed. Many of the cracks that developed 
in these heavily reinforced sections were 
held tight by the reinforcement. 

It appears that reinforcement tends to re
tard the development and growth of longi
tudinal cracks at the quarter points of the 
pavement and restraint cracks at the 
joints and transverse cracks. 

With respect to faulting and reinforcement, 
Velz and Carsberg, in "Investigational Con
crete Pavement in Minnesota: 18-Year Re
port" (HRB Bull. 274, 1960) concluded: 

Faulting at joints is effectively reduced by 
means of dowels. Aggregate interlock 
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As wheel load approaches open crack in nonreinforced pavement, 
loaded slab end carries entire load without assistance from 

unloaded slab. 
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As wheel load approaches closed crack in reinforced pavement, 
aggregate interlock renders the crack shear resistant and both 

slab ends, instead of one, carry the load. 
Figure 2 (Aaron). Structural action at cracks in nonreinforced and reinforced 

pavements. 

may also be effective when expansion 
joints are eliminated and short panels are 
used. (Performance of other similar pave
ments has shown that aggregate interlock 
is not sufficient under heavy traffic even 
when granular bases are provided.) 
Reinforcing steel (longitudinal bars or 
mesh) will not eliminate transverse crack
ing, but will prevent the cracks from open
ing Wire mesh is effective in controlling 
longitudinal cracking in 60-ft panels. 

In "Reinforced Concrete Pavement Design 
Practice in Michigan" (American Road Build
ers Assoc. Tech. Bull. 224, 1957) Cash discussed 
the performance as well as economics of long 
and short slabs as follows: 

The purpose of reinforcement and joints 
in pavement is to control cracking and 
preserve structural continuity in the slab. 
In the Michigan Test Road, load transfer 
joints were used to connect all short slabs 
at spacings of 10', 15', 20' and 30' in cases 
where no steel reinforcement was used. 
The lesults of these tests indicate that 
cracking can be controlled by use of short 
slabs. Practically none of the 10' or 15' 
slabs have bi oken into shorter slabs. About 
27% of the 20' slabs, and practically all of 
the 30' slabs have broken. From this, it 
could be concluded that joint spacings of 
15' with load transfer might provide the 
structural continuity for which we are 
striving. 

With this in mind, examination should be 
made from a purely economic standpoint 
to determine if it would be cheaper to 
use longer slabs with reinforcement and 
fewer load transfer joints. 

Cash then presents figures showing the esti
mated costs for a nonreinforced pavement with 
slabs 15 ft long and load transfer dowels at all 
transverse joints as compared to reinforced 
pavements having slab lengths from 30 to 100 
ft. These comparisons are shown in Figure 3. 
In every case 15-ft slabs with dowels were 
more costly than the combined cost of load 
transfer dowels plus the steel reinforcement in 
the longer slabs. As slab length is increased, 
the cost of the reinforcing steel increases and 
the cost of the joints is reduced. Based on the 
economic analysis, he concluded: 

Our experience with nonreinforced slabs 
without load transfer has not been satis
factory fiom the standpoint of long-range 
cost, riding quality or durability. 
The selection of a long or short slab de
sign is a matter of piefei'ence to the de
signer on whether he wishes to spend his 
money on load transfer devices or steel 
reinforcement. The long slab design has a 
lot of advantages in that more steel is ob
tained for the money spent. The cost of 
effective steel i einforcement in a load 
transfer joint is about SOf per pound, 
while that spent for pavement leinforce-
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Figure 3 (Aaron). Variation in combined cost of steel 
reinforcement plus dowels for different slab lengths as 
compared to cost of nonreinforced 15-ft slabs with 

dowels for 24-ft pavement width. 

ment is about 10(J per pound. In other 
words, money spent for reinforcement 
buys material instead of labor and fabrica
tion. The heavier reinforcement serves 
other purposes in addition to counteract
ing subgrade friction. It resists stresses 
due to variations in subgrade supporting 
power and to earth volume changes which 
take place during the winter and spring 
breakup periods. 
The best design is usually the simplest 
design. Long slabs aie simpler, easier to 
construct, and provide better-riding quali
ties. 

These experiences have been repeated 
throughout the United States and Canada and, 
as a result, highway departments have selected 
reinforced concrete pavements, having slab 
lengths from 40 to 100 ft as the standard de
sign. The basic reinforced design provides 
adequate load transfer at all joints and cracks 
in a concrete pavement by means of load trans
fer devices to bridge the joint openings and 
well distributed steel reinforcement to hold 
tightly closed any cracks that may form be
tween the joints. 

ESTABLISHED CONCRETE PAVEMENT DESIGN CON
CEPTS AS RELATED TO ROAD TEST PERFORMANCE 

W. E. Teske, and P. Fordyce, Portland Ce
ment Association.—Everyone has a stake in the 
results of the AASHO Road Test. This is true 

because streets and highways play a crucial 
role in economic and social life, and because the 
Road Test has greatly enriched knowledge of 
pavement performance under cai-efully con
trolled test conditions. 

Highway engineers will use this knowledge 
to give better pavements at lower annual costs. 
To do this, they will need answers to these 
questions: "What do the test results show?" 
and "How can we apply these results to our 
work?" 

The size and complexity of the Road Test 
make it hard to get usable answers to these 
questions. Some 836 individual test sections 
were constructed in 6 loops. Loop 1 was re
served for a multitude of nontraffic tests. Loops 
2 to 6 were subjected to controlled test traffic 
that varied from pickups with 2,000-lb single 
axles, in Loop 2, to 48,000-lb tandem axles in 
Loop 6. Test traffic was continued over the 5 
traffic loops until 1,114,000 axle loads were 
applied. 

During the 2-yr test period, millions of meas
urements were made and recorded. The Road 
Test staff, working under the direction of the 
Highway Research Board, has organized this 
mass of information into data systems on 
specific phases of the project. The staff has 
now summarized these data systems into 7 re
ports. HRB Special Report 61E summarizes 
data systems on pavement research into test 
results, gives analyses of these results, and pre
sents performance equations for the many 
pavement designs subjected to test traffic. 

Study of 61E and the other reports is a 
rewarding, but time-consuming task. Adapting 
the performance equations or other analyses 
to specific local problems will take still more 
time and effort. 

One way to shorten the time lag in using test 
results is to consider how established concepts 
fared under the grueling test conditions at 
Ottawa. Three established concepts for eco
nomical design of concrete pavements are as 
follows: 

1. Thin subbases perform as well as thick 
ones. 

2. Plain pavements perform as well as rein
forced pavements where there is adequate load 
transfer across joints. 

3. Concrete pavements give dependable per
formance where slab thickness is determined 
by a design procedure based on Pickett's equa
tion for corner stresses. 

The method developed to measure perform
ance at the Road Test was called the Present 
Serviceability Index (PSI or p). It is based on 
the fact that pavements do not fail like an 
overloaded column or truss. Instead, pavements 
are retired because they have one or more of 
these defects: (a) Traffic lanes are too narrow; 
(b) there are not enough lanes for present and 
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Figure 1 (Teske and Fordyce). Rating card. 

future traffic; (c) shoulders are narrow and 
unstable; (d) alignment and grades are sub
standard; or (e) riding quality does not afford 
enough safety and comfort for today's traffic. 
Only one of these defects—pavement riding 
quality—was used to measure performance at 
the Road Test. 

To get an objective and reliable performance 
history for each design tested, these steps were 
taken: 

1. Present serviceability was defined as the 
ability of a pavement in its existing condition 
to serve high-speed mixed traffic. 

2. Existing pavements with very poor to 
very good serviceability were rated by a 12-man 
panel chosen to represent all highway users. 
Serviceability ratings were made on cards that 
convert word ratings such as "poor," "fair," 
and "good" to a number scale of 0 to 5, with 5 
representing a near perfect pavement (Fig. 1). 

3. Physical measurements on these rated sec
tions, made by the Road Test staff, were used 
to develop formulas that gave back the ratings 
of the 12-man panel with acceptable accuracy. 
Values computed from the measurements and 
formulas were called present serviceability in
dexes. The term "index" was used to distin
guish between computed values and the original 
panel ratings. 

4. Serviceability indexes were determined on 
each test section in the 5 traffic loops every two 
weeks during the 2-yr test period—or until the 
index dropped to 1.5. This value was used to 
define failure, and where the index of a section 
fell to 1.5 it was taken out of test. Plots of the 
serviceability indexes give performance curves, 
or histories, of each pavement test section. 

Besides knowing how performance was meas
ured, there is a need to consider what pave
ment designs were tested, and how these de
signs are related to the three concepts to be 
checked against Road Test results. These con
cepts can be checked by studying performance 
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Figure 2 (Teske and Fordyce). Loop 3, concrete fac
torial and replicate sections. 

in Loops 3, 4, 5 and 6. These are the truck loops 
where test axles varied from 12,000-lb single 
axles, in Loop 3, to 48,000-lb tandem axles in 
Loop 6. 

Figure 2 is a schematic diagram of concrete 
test sections in Loop 3. Across the top are 
three subbase depths: 3, 6 and 9 in. Under 
each of these are test sections of plain and rein
forced designs. The upper half of each block 
represents the single-axle lane and the lower 
half represents the tandem-axle lane. These 
three subbase depths and the two pavement 
designs are the same in all of four main truck 
loops. This makes a very complete experiment 
for study of the first two design concepts: sub-
base depth, and plain vs reinforced pavement 
designs. 

The left side of Figure 2 shows slab depths of 
31/2, 5, 6 I / 2 , and 8 in. These are the design 
depths selected for testing under 12,000-lb 
single axles and 24,000-lb tandem axles. Slab 
depths increase at the uniform rate of II/2 in. 
to give four levels of thickness. Each thickness 
is repeated with the three subbase depths and 
the two slab designs. This makes a complete 
factorial experiment designed so that how each 
variable influenced pavement performance can 
be found out. (The main factorial experiment 
is called Design 1 in the Road Test reports. 
Loops 3 to 6 also had a limited number of test 
sections for study of other design features: the 
present or absence of subbase and paved 
shoulders.) There are duplicate or replicate 
sections in the 2nd and 3rd thickness levels. 
These replicate sections afford a check on the 
reliability of test results. 

Reliability of test results was also improved 
by "randomizing" the location of the test loops 
at the test site, and the location of test sections 
within the loops. Thus, each loop and each test 
section within the loops had an eaual chance to 
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Figure 3 (Teske and Fordyce). Loop 4, concrete fac
torial and replicate sections. 
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be located at any particular place within the 
test ai*ea. Randomization helped to keep test 
results from being influenced by variations in 
materials and construction, and variations in 
climatic conditions during the test period. 

Figure 3 is the schematic diagram for Loop 
4. Here the test loads are 18,000-lb single and 
32,000-lb tandem axles. Subbase depths, plain 
and reinforced designs and replicate sections 
are the same. The only change is a li/o-in. 
increase in pavement thickness. The 3^2-1". 
thickness has been dropped; 8 in. has been 
moved up to the 3rd thickness; and 91/2 iî - ^̂ ŝ 
been added for the 4th thickness. 

Figure 4 shows the schematic layout for 
Loop 5. Test loads are 22,400-lb single and 
40,000-lb tandem axles. Again, the only change 
is that one slab thickness has been dropped 
and another added. Eight inches is now the 
2nd thickness, and 11 in. is the 4th thickness. 

Figure 5 shows the layout for Loop 6. Test 
loads are 30,000-lb single and 48,000-lb tandem 
axles. Eight inches is now the thinnest first 
level thickness and the 4th thickness has in
creased to 12V2 in. Thus, 8 in. progresses from 
the 4th level l̂ thickest pavement) in Loop 3, 
to the first level (thinnest pavement) in Loop 6. 

How did concrete perform in the 4 loops 
after 1,114,000 load repetitions during the 2-yr 
test period? 

Figure 6 shows performance in Loop 3. Fail
ures are shown by cross-hatching. Open boxes 
represent sections that survived test traffic. 
Numbers in these boxes are the serviceability 
indexes at the end of the test. All the first 
thickness sections (31/0 in.) failed before the 
end of test traffic. At the 2nd thickness (5 in.), 
some sections failed and some did not. At the 
3rd and 4th thicknesses (G'/o and 8 in.), no 
failures occurred. All of these sections survived 
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test traffic in "very good" condition with serv
iceability indexes above 4.0. 

In Loop 4 (Fig. 7) the performance was the 
same. All first thickness pavement failed. At 
the 2nd thickness, some sections failed and 
some did not, and all 3rd and 4th thickness 
slabs survived test traffic with high service
ability indexes. 

In Loop 5 (Fig. 8) the performance pattern 
was again repeated. All first level sections 
failed, some 2nd level sections survived and all 
3rd and 4th thickness slabs survived test traffic 
with high serviceability indexes. 

In Loop 6 (Fig. 9), performance was again 
the same, except that not all the first thickness 
(8 in.) sections failed during the test period. 

The consistent performance in all 4 Loops 
suggests a simple method of relating test re
sults to the 3 design concepts: 
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Figure 9 (Teske and Fordyce). Loop 6, concrete fac
torial and replicate sections. 

1. At the first thickness level in Loops 3, 4 
and 5, average repetitions to failure can be 
computed; first level sections in Loop 6 can not 
be included, because some of these sections sur
vived the test. 

2. At the 2nd thickness level, in all 4 loops, 
the percent of sections that survived test traffic 
and mean serviceability values for the surviv
ing sections can be computed. 

3. At the 3rd and 4th thickness levels, all 
sections survived test traffic in all 4 loops. Here 
mean serviceability indexes can be computed. 

The first design concept is that thin subbases 
perform as well as thick ones. What do the 
Road Test results show? 

Subbase Depth 
Avg. Repetitions 

to Failure 

3 in. 
6 in. 
9 in. 

472,000 
349,000 
459,000 

These results are illustrated in Figure 10. 
They show that 3- and 9-in. subbases performed 
better than 6-in. subbases, with a slight ad
vantage for the 3-in. depth. 

At the 2nd thickness level in all 4 loops, anal
ysis shows: 

Subbase 
Depth 

Surviving 
Sections (%) 

Avg. Semceability 
Sui"viving Sections 

3 in. 
6 in. 
9 in. 

71 
75 
56 

3.7 
3.9 
3.4 

Figure 11 shows 3- and 6-in. subbases per
forming better than 9 in. with a slight advan
tage for 6 in. 
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Figure 10 (Teske and Fordyce). First level. Loops 3, 
4, and 5—average load applications to failure. 

At the 3rd and 4th thickness levels in all 4 
loops analysis shows: 

Subbase Depth 
Avg. 

Serviceability 

Sin. 4.2 
6 in. 4.2 
9 in. 4.3 

Figure 12 shows equal performance on all 
three subbase depths. 

All three methods of analysis show nearly 
equal performance on 3-, 6- and 9-in. subbase 
depths, with a slight superiority for 3- and 
6-in. subbases. This agrees with the design 
concept that thin subbases perform as well as 
thick ones under concrete pavements. 

Concerning design of plain and reinforced 
test sections. Figure 13 shows that reinforced 
sections had a joint spacing of 40 ft, and plain 
round dowels for load transfer. Both dowel 
sizes and mesh weights were designed in ac-
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Figure 11 (Teske and Fordyce). Second level, Loops 
3, 4, 5, and 6—percent of sections surviving. 
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Figure 12 (Teske and Fordyce). Third and fourth 
level. Loops 3, 4, 5, and 6—average psi at end of test. 

cordance with current practice (see HRB Spe
cial Report 61E, Table 45). 

Figure 14 shows that plain concrete test sec
tions had a joint spacing of 15 ft and the same 
dowel sizes as comparable reinforced test sec
tions. With identical load transfer for the two 
pavement designs at the Road Test, test re
sults can be applied to check the second design 
concept that plain pavements perform as well 

4 0 ' ; ; 
1-

**• 

CSI 1 
Smooth dowel b a r s - \ Distributed steel 

Figure 13 (Teske and Fordyce). AASHO Road Test—jointing, sections with dis
tributed steel. 
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1 15' 
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Smooth dowel bar 

Figure 14 (Teske and Fordyce). AASHO Road Test—jointing, sections with plain 
pavements. 

600 
CO 
c o 

I 400 

c 
B 200 
o 
u 

K 3 4 H 2 d 

Plain Reinforced 

Figure 15 (Teske and Fordyce). First level. Loops 3, 
4, and 5—average load applications to failure. 

as reinforced pavements where there is ade
quate load transfer across joints. What do the 
Road Test results show? 

At the first thickness level in Loops 3, 4 and 
5 (Fig. 15) average repetitions to failure are: 
plain design, 434,000; and reinforced design, 
420,000. These results show about equal per
formance. 

At the 2nd thickness level in all 4 loops (Fig. 
16): 

Design 
Surviving 

Section (%) 
Avg. Serviceability 
Surviving Sections 

Plain 
Reinforced 

75 
62 

3.9 
3.2 

These results show somewhat better perform
ance on the plain pavement design. 

At the 3rd and 4th thickness levels in all 4 
loops (Fig. 17) the means serviceability values 
were: plain design, 4.2; and reinforced design, 
4.3. These values show about equal perform
ance on the two designs. 
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Figure 16 (Teske and Fordyce). Second level. Loops 
3, 4, 5, and 6—percent of sections surviving. 
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Figure 17 (Teske and Fordyce). Third and fourth 
level Loops 3, 4, 5, and 6—average psi at end of test. 

The three methods of analysis show about 
equal performance for plain and reinforced test 
sections, with a slight advantage for the plain 
pavement design. It can be concluded that the 
Road Test results agree with the concept that 
plain pavements perform as well as reinforced 
pavements where there is adequate load trans
fer across joints. 
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The 3rd concept is that concrete pavements 
give dependable performance where slab thick
ness is determined by a design procedure based 
on Pickett's equation for corner stresses. 

0.925 - 0.22 a/y 

in which 

S = Maximum tensile stress in psi due to 
a wheel load at the junction of a free 
edge and a transverse joint without 
load transfer. 

P = Wheel load in pounds. Axle loads may 
be used by changing the first part of 
the equation to 

8 = ^-:^... 

d = slab thickness in inches. 
a = radius in inches of a circle with an 

area equal to the tire contact area. 
I = radius of relative stiffness of slab in 

relation to subgrade stiffness as 
shown by 

Ed' 
12 (1 - ix') k 

in which 

E = Concrete modulus of elasticity, in psi. 
fj. = Poisson's ratio for concrete. 
k = modulus of subgrade reaction in psi 

per in. or pci—based on assumption 
that subgrade reaction is vertical and 
proportional to slab deflection. 

This procedure takes account of: 

1. Number and weight of expected wheel 
loads. For design purposes wheel loads are in
creased 20 percent as an allowance for impact. 
Axle loads and maximum wheel loads plus 20 
percent for impact are given in Table 1. 

T A B L E 1 

(Teske and Fordyce) 

C O N C R E T E D E S I G N — A A S H O ROAD T E S T 

Loop -
No. 

Test Axles Wheel Loads 
Design 
Depth 

(in.) 

Loop -
No. Single 

(kips) 
Tandem Maximum 

(kips) (kips) 
Plus 

Impact* 
(kips) 

Design 
Depth 

(in.) 

3 12 0 24 0 6 0 7 2 
4 18 0 32 0 9 0 10 8 
5 22 4 40 0 11 2 13 4 
6 30 0 48 0 15 0 18 0 10 

2. Fatigue of concrete. Results of extensive 
research on concrete fatigue show that where 
the ratio of stress to flexural strength does not 
exceed 0.5, concrete will withstand practically 
an unlimited number of stress repetitions with
out distress or rupture. A stress ratio of 0.5 
was used to compute the design depths given 
in Table 1. 

3. Flexural strength of concrete at 28 days. 
As shown by modulus of rupture tests using 
3rd point loading (AASHO Designation T97— 
ASTM was used at the AASHO Road Test). At 
28 days the mean modulus of rupture for Loops 
3, 4, 5 and 6 was approximately 690 psi, with 
a standard deviation of about 55 psi. Since half 
the concrete had strengths below 690 psi, this 
value was reduced by the standard deviation to 
give a design strength of 635 psi. This value 
was used to compute the design depths given in 
Table 1.* 

4. Modulus of subgrade reaction. For design 
purposes this modulus (Westergaard's k) is 
estimated for normal summer-time conditions, 
rather than the relatively brief periods of 
spring thaw when A;-values are low.** Figure 
164 in HRB Special Report 61E shows elastic 
subgrade moduli (ks) of about 130 psi for 
summer conditions at the Road Test loops. 
Figure 165 in HRB Special Report 61E gives 
the relationship between elastic modulus and 
Westergaard fc-values. Applying this relation
ship, a design A; of 70 pci for the Road Test re
sults. This value was used to compute the design 
depths given in Table 1. 

5. Flexural stresses computed from Pickett's 
equation. This semi-empirical equation was de
veloped from study of relationships between 
measured stresses, a theoretical analysis of 
stresses in the corner region of a concrete slab, 
and the empirical or semi-empirical equations 
of Westergaard, Bradbury, Kelley and 
Spangler. (These relationships and the equa
tions are given in Appendix I I I of Concrete 
Pavement Design Manual—R18, PC A.) Pick
ett's formula agrees with theory for a wide 
range of design conditions; makes allowance 
for lack of subgrade support when slab corners 

'• 20 percent. 

* Concrete at the Road Test was older than 28 days 
when test traffic was started; however, information 
of this kind is not available when pavements are de
signed. Contractors are usually allowed to operate 
constmction traffic on completed sections of concrete 
pavement after about 14 days of curing. This prac
tice suggests that 14-day strengths be used for de
sign. However, concrete strength gain is rapid 
between 14 and 28 days. For this reason, use of 28-
day strengths is a reasonably conservative practice. 

** Normal weather fc-values are used for design be
cause: (a) the design method makes ample allowance 
for concrete fatigue, (b) the design procedure does 
not allow for the greatly increased fe-values that pre
vail when the subgrade is frozen, and (c) concrete 
performance, both of pavements in service, and at 
the Road Test, is relatively unaffected by the rela
tively brief periods of reduced fc-values during spring 
thaws. 
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Test axles- I2,000lb single and 24,0001b tandem 

Mean serviceability index 
of surviving sections-

•FlOOr 

PCA DES GN 

« 4 0 

5 6 
Slab thickness,inches 

Mean design thickness-4 Agencies. 

Figure 18 (Teske and Fordyce). 
of test. 

Loop 3—concrete, end 

Test axles-18,000 lb single and 32,0001b tandem 

Mean serviceability index 
of surviving sections-

ulOOr 

PCA DESIGN 

= 60 

6 7 8 
Slab thickness, inches 

Mean design thickness - 4 agencies-

Figure 19 (Teske and Fordyce). Loop 4—concrete, end 
of test. 

are warped upward; and gives stresses within 
3 percent of values computed by the Kelley and 
Spangler equations for the limited range of de
sign conditions normally encountered. 

Pickett's equation, like the others, is for a 
free corner where none of the load is transfer
red to and carried by an adjacent slab. In 
using Pickett's equation where load transfer is 
provided for across transverse joints, it is 
assumed that at least 20 percent of the load will 
be carried by the adjacent slab. This assump
tion was made in calculating the design depths 
given in Table 1. 

How did these design depths stand up under 
the rigorous test conditions at Ottawa? Figure 
18 shows the relationship of design depth to the 
4 levels of pavement thickness in Loop 3. It has 
already been seen that the three subbase depths 
and two pavement designs did not influence 
Road Test performance. This makes it valid to 
compute percents of surviving sections and 
mean serviceability values for all test sections 
with the same slab depth. In Loop 3, the 61/2-in. 
PCA design depth is the same as the 3rd thick
ness level. All 61/2-in. third level test sections 
survived test traffic with a mean serviceability 
index of 4.2, a loss of only 0.3 during the test 
period. 

Along the slab thickness scale, the mean de
sign depth and the range in design depth com
puted by four agencies during the planning 
stages of the Road Test is shown. The mean 
depth is 7.2 in., and the range is from 6.4 in. 
to 8.4 in. Performance in Loop 3 shows that 
both the PCA design depth and the more con
servative mean depth of the four agencies are 
dependable and reliable. 

Figure 19 shows relationships of design 
depths to performance in Loop 4. Here, the 
PCA depth of 71/2 in. is 1/2 in. below the 3rd 
thickness level of 8 in., and the mean design 
of the four agencies is 0.6 in. above this thick
ness. Again, performance shows that both the 
PCA and four agency designs are dependable. 

Figure 20 shows design-performance rela
tionships for Loop 5. Here the PCA design is 
1 in. below the third level thickness of 91/2 in., 
and the four agency mean is just 0.1 in. above 
this thickness. Here, performance tends to 
favor the more conservative four agency de
sign. However, Loop 5 performance does not 
show that the PCA design depth is defective. 
Over 60 percent of the 2nd level 8-in. test sec
tions survived test traffic and the mean service
ability index of the surviving sections is 4.1, a 
loss of only 0.4. Since there is only a narrow 
margin between performance at the 2nd and 
3rd thicknesses it appears that 8V^-in. test 
sections would have given very good perform
ance. This follows because the y.^ increase in 
slab thickness materially reduces the stress 
ratio and this increases concrete resistance to 
loss in energy due to fatigue. 

Figure 21 shows design-performance rela
tionships in Loop 6. These relationships are 
about the same as in Loop 5, except that there 
is slightly less difference between the PCA and 
four agency design depths. At the 2nd thick
ness of 91/2 in., only one of the 16 test sections 

Test axles-22.400 lb.single and 40.000lb. tandem 

Mean serviceobitlty index 
of surviving sections-

SlOOr 
S PCA DESIGN 

8 9 
Slab thickness, inches 

Mean design thickness-4Agencies-

Figure 20 (Teske and Fordyce). Loop 5—concrete, end 
of test. 
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Test a x l e s - 3 0 , 0 0 0 lb. Single and 48,000 lb.tandem 

Mean serviceability index 
of surviving sections-

PCA DESIGN 

8 9 10 
Slab thicl(ness,inches 

Mean design thicltness-4 Agencies 

Figure 21 (Teske and Fordyce). Loop 6—concrete, end 
of test. 

failed to survive test traffic. And the mean 
serviceability index of 3.8 on the 15 surviving 
sections shows very good performance for a 

depth in this loop. It again appears 
that a 1/2 in. increase to the PCA design depth 
of 10 in. would have resulted in more 
thoroughly dependable performance. Study of 
performance in relation to pavement design 
depths determined by the PCA procedure in all 
four loops shows that this procedure gives 
depths that are close to, or slightly above, the 
minimum required for dependable performance 
at the Road Test. 

The general conclusion of this discussion is 
that the results of the Road Test are in good 
agreement with the three established design 
concepts set forth: 

1. Thin subbases perform as well as thick 
ones. 

2. Plain pavements perform as well as rein
forced pavements where there is adequate load 
transfer across joints. 

3. The PCA design procedure based on 
Pickett's equation is dependable. 

ASPHALT INSTITUTE DISCUSSION 

Fred N. Finn, The Asphalt Institute.—The 
Asphalt Institute is fully aware of the signifi
cant contributions which have been made and, 
just as important, which will be made by this 
Project to the highway engineer. The petro
leum industry has actively supported the Road 
Test, both in terms of money and services. The 
American Petroleum Institute has contributed 
$875,000 cash to support the project; The 
Asphalt Institute has contributed engineering 
and laboratory services during the planning, 
constructing and testing phases. All in all, the 
petroleum industry has expended upwards of 
a million dollars to support this project. With 
that amount invested, it is no wonder that the 
industry plans to continue in following and 

carefully studying the results. Because of the 
Road Test's size and scope, it will be essential 
that all user agencies make use of the best 
engineering talent available in order to apply 
the data and results intelligently. 

The Asphalt Institute recognizes the compe
tency of the analyses which have been made by 
the project staff. It should be made clear that 
the Institute is not challenging the Highway 
Research Board analyses; the Institute simply 
feels that alternate analyses should be made 
available. The final decision can only be made 
after the various alternates have been checked 
against in-service performance. It also recog
nizes, however, that the maximum understand
ing and benefit can only be attained when 
qualified engineering organizations thoroughly 
analyze the data and incorporate AASHO Road 
Test information with local experience and in
formation. It is the sincere hope of the Insti
tute that each state and interested federal and 
private agency will undertake to analyze and 
publish their interpretations. 

For a start the Institute is undertaking four 
studies closely associated with the Road Test: 
(a) an alternate equation for determining the 
present serviceability index, (b) a statistical 
analysis of performance information using the 
PSI concept, (c) an appraisal of the multi-
layered theories using the AASHO Road Test 
as a reference, and (d) incorporation of Road 
Test data with certain existing information 
from WASHO, State highway departments and 
abroad to develop a possible design formula. 

The Institute has developed from Carey and 
Irick's data ("The Pavement Serviceability-
Performance Concept") an alternate equation 
for computing the present serviceability index. 
This new equation is based on the concepts de
scribed by Carey and Irick but has different 
characteristics which the Institute feels are 
desirable and appropriate for consideration by 
highway engineers. The Institute will present 
these equations later this year (1962). 

In making a statistical analysis of the Road 
Tests data, the project staff, with the assistance 
of the statistical consulting panel, had to choose 
one mathematical model over many that were 
tried. In all probability there are several 
models which could have been used which would 
have adequately represented the AASHO Road 
Test data. In this regard, the Institute is at
tempting to investigate at least one alternate 
model, and thinks it will be wise to have several 
alternates available for consideration by high
way engineers. In all probability each mathe
matical model will have different properties 
relative to load equivalencies, extrapolations 
and possibly layer equivalency. 

Most of the asphalt pavement design meth
ods in the United States are now based on 
empirical theory; however, there is now under 
way in this country and abroad a significant 
effort to develop fundamental theories which 
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can be used for designing asphalt pavements. 
The AASHO Road Test should provide an ex
cellent opportunity for testing these theories. 

Finally, the AASHO Road Test provides an 
excellent reference point for developing thick
ness design relationships. To do this, it is im
perative that a realistic strength coefficient be 
established for the subgrade soil as it existed 
on the Road Test. 

On this matter of establishing a proper 
strength value, it is unlikely that in any piece 
of highway construction as large as the 
AASHO Road Test any single field CBR value 
would be obtained over the entire area. Figure 
1 presents the results of three sets of field 
CBR test data obtained during the experiment. 
The first set of data was obtained at the time 
of paving in 1958. The other two sets of data 
were obtained during spring 1959 and spring 
1960. A considerable range in CBR values is 
shown in each of the three distributions. 

The results of the 1958 tests show a distribu
tion of CBR values from about 1.5 to over 7.0. 
About 50 percent of the values were less than 
3.0, and approximately 25 percent were less 
than 2.0. It is felt at the present time that the 
behavior of a pavement subjected to traffic is 
likely to reflect the behavior of portions having 
lower CBR values. It is concluded that field 
CBR values of 2.0 to 3.0 represent values which 
could be assigned to the AASHO Road Test 
soil. A value of 2.0 would not be unreasonable. 

It is evident from Figure 1 that some im
provement in the CBR strength values was 
noted as the experiment progressed. At the 
same time sections were being removed from 
test. Since it is likely that some of the test 
sections removed were affected by being in the 
lower portion of the CBR distribution, as well 

as having thicknesses insuflScient to withstand 
the load, it is felt that it would be difficult to 
assess any possible effect due to the apparent 
increase in CBR without more detailed infor
mation not yet available. 

Results of laboratory CBR tests generally 
confirm the above CBR values. The Asphalt 
Institute feels that the proper use of labora
tory-soaked CBR data will result in the selec
tion of a realistic design value for the condi
tions of the AASHO Road Test. 

In 1956, The Asphalt Institute reported re
sults of CBR tests run on samples obtained 
from the borrow pit area used in the construc
tion of Loops 3 and 6. The results of these tests 
indicated that for 95 percent of maximum 
AASHO T 99 density, the soaked CBR could 
be 1.5. 

Results of subsequent tests made by the In
stitute on samples of soil cored from the con
structed embankment are given in Figure 2. 

It has been observed that tests run on mate
rial cored from the embankment are slightly 
different from test values obtained from origi
nal borrow pit material. Usually the densities 
are greater and moisture contents lower. 

A detailed analysis of these curves is beyond 
the scope of this discussion. However, Insti
tute studies of these results lead to the con
clusion that the design CBR values will fall in 
the area of 16 percent water content and ap
proximately 112 to 113 pcf. In this condition 
the soaked CBR values are of the order of 2.0 
to 2.5 and for design purposes would likely be 
2.0. 

By using a design CBR of 2, it is possible to 
compare the present Asphalt Institute design 
recommendations with performance of test sec
tions on the AASHO Road Test (Table 1). 

•BEGIN TRAFFIC. 1958 

"SPRING, 1959 

ASPRING,B60 

3 4 5 6 7 8 
FIELD CBR 

Figure 1 (Finn). Field CBR results, A A S H O Road Test—embankment. 
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T A B L E 1 

(Finn) 

P A V E M E N T T H I C K N E S S R E Q U I R E D B Y ASPHALT I N S T I T U T E 
D E S I G N S AND SURVIVING T E S T SECTIONS, 

A A S H O ROAD T E S T 

Loop Load 
(kips) 

Required Pvt. Thickness (in.) 

AI* AASHO** 

2 6 SA 13 10 5 
3 12 SA 20 14 

24 T A 20 14 
4 18 SA 25 21 

32 T A 23 21 5 
5 22 4 SA 26 5 24 

40 TA 25 25 5 
6 30 SA 82 29 5 

48 T A 28 5 27 

* Thickness Design—Asphalt Pavement Structures for 
Streets and Highways, Manual Series No. 1, 5th Ed . , 
The Asphalt Institute, September 1960. 

** Mean thickness of asphalt sections above PSI =2.5 after 
1,114,000 axle load applications. 

On the basis of independent studies of in
complete data from the AASHO Road Test that 
have been available, it is the Institute's opinion 
that asphalt pavement design criteria developed 
and published by the Institute can be updated 
with very little change. The more complete 
findings released in the official reports seem to 
verify this preliminary conclusion. 

An examination of Figure 2 rather clearly 

demonstrates the danger of classifying and 
stereotyping the AASHO Road Test soil. 
Changes in either water content or density 
could improve the strength properties. 

E. H. Holmes, Bureau of Public Roads.—I 
did not want to comment on any of the particu
lar reports that have been prepared, but rather 
to comment on the Test itself, and what must 
lie ahead of us. 

There has been a $27 million research project 
which is—we have heard so many times—the 
greatest one ever undertaken. There is some 
danger that we will take such satisfaction in 
the results of this test and the conclusions that 
we find from it, that we might let down a little. 
Actually, this test is opening the door toward 
the most productive areas of research ever— 
areas which certainly are going to have to be 
explored thoroughly if we are going to get full 
advantage out of this Test. You might say that 
the first stage of this research program has 
now been completed. It has been brought out 
repeatedly by the staff that these results must 
be considered as applicable to the conditions on 
the Road Test only and that they are not appli
cable to other conditions unless it is known that 
the conditions are so similar that the results 
can be translated to other States and to other 
areas. 

To get full advantage of this Test we must 
go ahead with what has been called the satellite 
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Figure 2 (Finn) . Laboratory GBR results, AASHO Road Test—embankment. 
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test program. We in the Bureau are certainly 
gratified that that program has been placed 
high on the list of projects to be conducted by 
the Highway Research Board under the pooled 
research fund program that has been inaugu
rated by AASHO and the Board, and which 
will be under way shortly after July 1, 1962. 
This satellite test project was one of those de
veloped by the Special Committee on Research 
Priorities that produced HRB Special Report 
55. It was the project that upon referral to the 
State highway administrators received by far 
the highest number of favorable votes. I want 
to urge those here who have any opportunity to 
participate in or have responsibility for such 
satellite tests to get behind the program and 
push it just as rapidly as possible. In that way 
we can take full advantage of the staff of the 
Test Road who are still available in the High
way Research Board in Washington to help de
sign the experiments and coordinate the work 
that will be done in the various States, as will 
be required under the AASHO project. 

We look with dismay on the bright young 
mathematicians who seemed to be way ahead 
of a lot of the older highway engineers. We 
question, perhaps, the way they handle the 
mathematics involved in strains, and stresses, 
and deflections, and other terms of that sort. 
Yet, the great importance of what they have 
done certainly should not be lost on any of us, 
particularly those papers that develop what 
might be called predictors of performance. The 
use of the serviceability index on the Road Test 
has been properly questioned by Mr. Finn. 
Perhaps there is a better equation that can be 
developed for serviceability index. But what
ever it is, the papers this afternoon showed a 
variety of ways by which we can arrive much 
more rapidly, and perhaps much more easily, at 
the approximate end product that we would get 
from the serviceability index. 

That points up the fact that here are these 
staff members, ex-staff members of the Road 
Test, who have dispersed to Texas, to Washing
ton, to any number of other States, who are 
still using Test Road data in various continua
tions of the Test Road analyses. Because of 
their recent association with the Test Road 
they are able to do this. But this "generation" 
will soon be gone and other "generations" of 
academic people are going to be coming along 
to Purdue and Illinois and Michigan and the 
other universities that helped in this test. 
There is a great volume of data, hundreds of 
data series available in Washington, that are 
just crying for further exploration. To get the 
full value of this Test requires not only its ex
tension to the other areas of the country, but 
it also means digging more deeply into this 
tremendous mass of data that has hardly been 
touched. So, we must also find a way to explore 

more fully the data we already have collected 
and assembled and put away in various forms. 

D. K. Chacey, Office of the Chief of Trans
portation, U.S. Army.—During the last couple 
of days, many people have asked me whether 
or not the Department of the Army and the 
Department of Defense were satisfied with 
what they got out of the AASHO Road Test. 
Some of the questions were not exactly in those 
words but in general this is what was meant. 
So I thought I should take this opportunity to 
make a few informal comments. We are well 
pleased with the progress that has been made 
in highway research. We received the full sup
port and efforts of the staff and we are particu
larly well pleased with the cooperation received 
from everyone on the various committees. The 
team effort has been a wonderful experience. 
We are not satisfied that as a result of this 
research project we have all the answers. And 
we are particularly pleased that on this point 
eveiyone seems to agree. 

To help clarify the Defense interest in such 
a project, I should explain that one of our 
principal interests is efficient and effective 
highway transportation. Movement of military j 
vehicles is, of course, important. These vehicles 
present very serious problems and must be 
considered. However, you must keep in mind 
that a wartime economy is, in many respects, 
simply an expanded peacetime economy, and 
when highways are built to serve this peace
time economy, you are in effect building high
ways to serve the national defense. 

We were particularly pleased with the bridge 
research program. But since it proved that the 
laboratory analysis is correct, I should like to 
caution against concluding that all bridge engi
neers' assumptions and thinking are correct. 
It is hoped that you will continue the analysis 
of the overload data and the dynamic load data 
from the standpoint of the vehicle and bridge, 
to insure that all significant aspects are identi
fied and used. With respect to the paved 
shoulders, in most cases we believe they had 
an unfair trial, and like all defendants when 
they have an unfair trial they do not come out 
very well. 

With respect to the Special Studies, we were 
hopeful that we would get more guidance in 
matters pertaining to the dynamic aspects of 
highway transportation. However, the project 
did accomplish exactly what we asked for, 
specifically, to what extent the instrumentation, | 
the techniques, and the research project avail
able would reflect the dynamic relationships be
tween the many components of highway trans
portation. We learned this and we believe there 
is much value and guidance that can be gotten 
from these special studies. It is believed clear 
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that much work and thought must be directed 
to this aspect of highway transportation. 

In general, from the standpoint of the pave
ment research, I think this research project is 
no exception to the normal, well-operated and 
well-conducted research project. Although 
much was accomplished and much was learned, 
it is clear there are major potentials in future 
and continuing research. In this connection I 
should like to make a few suggestions. 

1. In continuing research, use the committee 
and forum approach to draw out each other, 
but in the final analysis, someone must direct 
the segments of the program to a conclusion. 
Do not overlook the suggestions, the essay, 
and other techniques. This will not only get 
you the young scientists' and engineers' and 
construction workers' ideas, but it will identify 
the mind that you need. We must, of course, 
improve on the conventional. But may I sug
gest that you spend more of your time, money, 
and thought on the unconventional. 

2. The problem and the end product is, of 
course, efficient highway transportation. Some 
way must be found to study all components of 
highway transportation and their relations to 
each other. Briefly, these components include 
such things as the subgrade, base, drainage, 
pavement, shoulders, safety, tires, tire pressure, 
suspension systems, the distribution of the load 
on the pavements and bridges, and last, but 
most important, the load. 

3. In the maintenance of a strong position in 
the world, much will depend on the degree of 
efficiency we develop in all modes of transpor
tation and how efficiently they work together. 
So you must consider not only all the compo
nents of highway transportation, but you must 
consider the relation of highway transportation 
to other modes of transportation. 

As an example, only a few months ago the 
American Standards Association approved as 
standard van containers with 8- X 8-ft cross-
section, in multiples of 10-ft lengths (10, 20, 
30 and 40). I personally believe this is ex
tremely significant. This means that in a few 
years, if it develops as it is believed it will, we 
will load pallets and modules into containers in 
any point in the United States and by any one 
or combination of the modes of transportation, 
highway, rail, water or air, they will be de
livered thousands of miles away without han
dling the pallets and modules. This is an 
example of the increased efficiency that we must 
incorporate in our transportation to stay com
petitive in this world. 

SIGNIFICANCE OF ROAD TEST FINDINGS TO T H E 
DEVELOPMENT PROGRAM OF T H E PORTLAND 

CEMENT ASSOCIATION 

B. E. CoUey, Portland Cement Association.— 
As a result of the findings of the AASHO Road 

Test, the Portland Cement Association has in
cluded in its work program several projects 
designed to extend and supplement this valua
ble research project. The following discussion 
lists a few of these projects and describes 
briefly their objectives. 

Performance Concept 
Perhaps the most significant single item 

developed from the Road Test was the concept 
of pavement performance. It is considered that 
it may be possible to incorporate pavement 
performance into the thickness design equa
tions of Westergaard and Pickett. Therefore 
plans are being made to construct a C H L O E 
profilometer and to begin the accumulation of 
field data to further correlate design with per
formance. 

Cement-Treated Subbase 
The Road Test did not include cement-treated 

subbases in the rigid pavement experiment. 
This is considered an unfortunate omission, as 
the outstanding performance of the first and 
second levels of concrete pavement thickness 
in each loop suggests that relatively thin pave
ments, further strengthened by a cement-
treated subbase, might provide a durable and 
economical pavement for all types of highway 
and airport traffic. 

Laboratory and field tests have been initiated 
to determine the extent to which cement-
treated subbases influence the load-carrying 
capacity of concrete pavements, and to develop 
the optimum thickness relationship between the 
two materials for various classes of traffic. In 
the laboratory study, subbase thicknesses of 3, 
6, 9 and 12 in. will be used with concrete thick
nesses of 3, 5, 7 and 9 in. in all combinations. 
This series of tests will be duplicated to pro
vide data for both a composite pavement, in 
which the slab is bonded to the subbase by a 
cement grout layer at the interface, and for 
the case in which a bond-breaker is used to 
prevent the formation of bond between the slab 
and subbase. The load-carrying capacities of 
these test panels are evaluated by comparing 
strains and deflections obtained from static 
load tests. Preliminary data indicate that a 
cement-treated subbase increases the load-
carrying capacity of the pavement by an amount 
sufficient to make the use of cement stabilized 
subbases desirable from both an engineering 
and economic viewpoint. 

Joint Design 
As all joints on the Road Test were doweled, 

and the same system was used throughout the 
project, one aspect of pavement design not in
vestigated was the evaluation of joints which 
depend entirely on aggregate interlock for the 
transfer of load from one slab to the next. 
Joints of this type have shown good perform-
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ance in many areas of the United States and 
are particularly effective when used with a 
cement-treated subbase. 

A current project of the Paving Develop
ment Section is concerned with an evaluation 
of the relative effectiveness of various jointing 
methods with emphasis on aggregate interlock. 
The effectiveness of a joint of this type is in-
fiuenced by the width of joint opening and the 
magnitude of deflection, which in turn are 
functions of the type and size of aggregate, 
degree of pavement support, magnitude of load, 
joint spacing, and climatic factors. The labora
tory test program includes all of these variables 
with the exception of the climatic factor, which 
to some extent is considered in the width of 
joint opening. To conduct this project, a load
ing apparatus has been developed which simu
lates the action of a load crossing a joint at a 
speed of approximately 35 mph with a fre
quency of 40 applications per min. 

Subbase Performance 
Several items concerning subbase perform

ance on the Road Test may be related to either 
past or future work of the Association. The 
Road Test findings indicated no subgrade pump
ing when a subbase was used, even for the 
underdesigned pavement thicknesses with the 
thin 3-in. subbase. This agrees with findings 
from a PCA laboratory study reported to the 
Highway Research Board \ This same labora
tory report also indicated that granular subbase 
materials compacted to 100 percent of standard 
AASHO density would prevent any further sig
nificant densification due to traffic operations. 
This observation was confirmed by Road Test 
data in that on the Road Test where subbases 
were compacted to about 100 percent of stand
ard density no joint faulting was observed. 

The Road Test data indicated that the effect 
on pavement performance of varying the thick
ness of the subbase between 3 and 9 in. was not 
significant. For several years the Association 
has been conducting load tests to determine the 
influence of various types and thicknesses of 
granular subbase on the load-carrying capacity 
of concrete pavements. These studies, which 
have been reported to the American Society of 
Civil Engineers- concluded that thicknesses of 
granular subbase greater than 3 to 6 in. con
tribute relatively little to the structural char
acteristics of a concrete pavement. It was 
realized that these findings established from 

'Colley, B. E . , and Nowlen, W. J . , "Performance of 
Subbases for Concrete Pavements Under Repetitive 
Loading." H R B Bull. 40, 226-252 (1958). 

= Childs, L . D., Colley, B. E . , and Kapernick, J . W., 
"Tests to Exaluate Conciete Pavement Subbases." 
Proc. A.S.C.E. Journal of the Highway Division 1957, 
Paper No. 1297; and Childs, L D., and Kapemick, 
J . W., "Tests of Conci-ete Pavements on Giavel Sub-
bases." Proc. A.S.C.E. Journal of the Highway Divi
sion 1959, Paper No. 1800. 

static load tests conducted indoors would re
quire verification from field data, and the Road 
Test has provided this verification. 

The Road Test report (HRB Special Report 
61E, p. 171) states, "Severe pumping occurred 
in all loops, but was restricted to the first and 
second levels of slab thickness in each loop." It 
is considered that the subbase pumping was 
due principally to high pore pressures in the 
saturated subbase caused by large pavement 
deflections resulting from heavy loads on the 
underdesigned pavements. The Road Test re
port suggests the lack of adequate subbase 
drainage as a further contributing factor; 
nevertheless, the pumping deserves considera
tion. The Association plans to reactivate a 
former project which will have as an objective 
the accumulation of data better to explain the 
pumping phenomenon and better define the 
gradation requirements for subbase materials. 

Soil-Cement Thickness Design 
Another project that is associated with one 

of the Road Test variables is an investigation 
to develop a thickness design procedure for 
soil-cement. Numerous load tests have been 
conducted on soil-cement panels where the vari
ables were type of soil, cement content, thick
ness of soil-cement, size of loaded area, magni
tude of deflection, strength of subgrade and 
magnitude of load. A preliminary relationship 
has been established between load and deflec
tion which is being checked against data ob
tained in the field. Currently, tests are being 
conducted to study the fatigue characteristics 
and to determine the critical radius of curva
ture for soil-cement. 

Innovations 
The Road Test included no innovations or un

usual features which might be considered in 
highways of the future. The Association is 
supplementing this aspect of design with 
studies which include prestressed pavements, 
continuously-reinforced pavements, and skewed 
joints. Two papers concerned with prestressed 
pavements will be available this year. The first 
presents a theoretical analysis developed for 
computing stresses and deflections in pre
stressed pavements loaded beyond the elastic 
range, and the second presents strain and de
flection data obtained from static load tests on 
three panels 30 ft long by 12 ft wide and 5 in. 
thick. Work will be initiated this year on an 
investigation involving moving loads to study 
the effect of design variables on prestressed 
pavement performance, and to determine the 
criterion for failure. 

The study of continuously-reinforced pave
ments and skewed joints will be conducted 
principally in the field, using equipment con
sisting of a mobile laboratory and a loading 
truck. 
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Maintenance 
Maintenance operations on the Road Test 

were held to a minimum to avoid the possibility 
of increasing the structural capacity of a pave
ment test section and thus improving the per
formance. Many pavement failures are con
fined to small areas, and in such cases remedial 
maintenance operations could extend the life 
and raise the present serviceability index of the 
pavement. The Association is currently inves
tigating techniques for thick and thin resurfac
ing. For thick resurfacing the objective is to 
establish the relationship of thickness to 
strength between monolithic and resurfaced 
pavements for various resurfacing methods, 
and to evaluate the pavements with respect to 
economy and durability. For thin resurfacing 
the objective is to explore methods of restoring 
riding quality to durable concrete base slabs. 

Future plans include studies of undersealing 
techniques and precast prestressed slabs as 
standard units for areas requiring replacement. 

In this discussion it has been stated several 
times that some particular aspect of pavement 
design was not included in the Road Test. I 
would like to make clear that it is realized that 
the inclusion of only one additional variable 
could possibly have made the Road Test so com
plex and costly that it might never have been 
a reality. The Highway Research Board and 
the many others who participated in the proj
ect should be congratulated for selecting a 
limited but very significant group of variables, 
and for the excellent job they have done in 
relating pavement performance to those vari
ables. 

ASPHALT INSTITUTE DISCUSSION 

Louis J. Painter, The Asphalt Institute.— 
This discussion is based primarily on the 
models used to represent the serviceability 
histories of the test sections and the correla

tions of the parameters p and p with thickness 
and load. 

The general model used for both types of 
pavement was: 

\Co - ) = 
c j 

p (log W - log p) 

in which 

Co = initial serviceability for the pavement 
sections; 

Cx = 1.5, the cut-off serviceability level at 
which a section was removed from 
test; 

p = serviceability level; 
W = accumulated load applications; and 

P = load applications to p — 1.5. 

In the Road Test staff's analysis, Co was 
taken as the average value of the initial serv
iceabilities for each pavement type (4,2 for 
asphalt concrete, 4.5 for portland cement con
crete) . For the asphalt sections, at least, this 
use of the average value, rather than section's 
specific initial value, causes bias in the values 
obtained for p and p for any section. 

Figure 1 shows the reason for this: a definite 
correlation which exists between the initial 
serviceabilities and the thickness index D de
veloped in the analysis. 

If the concept of p is retained as the number 
of applications required to change p„ from 4.2 
to 1.5, then to account for differing initial p-
values, the serviceability loss function G should 
be defined as: 

rather than 

G ^ l o g f ) 
\ 4 . 2 - 1.5/ 

G ^ l o g ( ^ - ^ - M 
\ 4 . 2 - 1 . 5 / 

*b 4 4 T • 

0 1 2 3 4 5 6 

THICKNESS INDEX, D s 0.44 D,-l> 0.14 Dg'*' 0.11 D3 

Figure 1 (Painter). Plot of pays D for all sections in main factorial (Design 1). 
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The suggested form can be derived by con
sidering the basic form: 

Po — p = Ap = kWP 

and the special case, defining p: 

Co — Cx = k 

The ratio of these two equations gives: 

Co — Ci \ P / 

The logarithm of this relationship is the de
sired form: 

G = log / P o - P \ _ 

\Co — c j 
- p (log W - log p) 

Figure 2 shows how the two different forms 
of G give different results for the basic param
eters, particularly for /?. The data points are 
for one of the Road Test sections whose actual 
initial serviceability was 3.7. 

Using the Road Test staff's definition of G, 
pAs determined to be 2.00. By taking proper 
account of the actual initial serviceability, /8 
comes out to be 3.82. The amount of change in 
p for any section depends, of course, on how 
different its initial serviceability is from 4.2. 

The correlation between po and D shown in 
Figure 1 is very likely a real one in the sense 
that very thin asphalt pavements possibly can
not be laid as smoothly as thicker, more ade
quate sections. Hence after removing the 
biasing effect of Po from the analysis as sug
gested here, if it is desired to design a very 
thin pavement structure, than a po lower than 
4.2 would be used in solving the design equa
tions. 

The major question I have of the models 
concerns the form of the thickness D effects in 
the asphalt concrete equation for p. 

Tables 9 and 10 of Road Test Report 5 pre
sent the factorial analyses for log p in each 
traffic loop for weighted and unweighted appli
cations, respectively. Both tables show that the 
data definitely follow the form: 

log p = ttiDi + ttzDa + fti-Da + / (load) 

where /(load) is a parameter whose value de
pends on the axle load. This form is demon
strated by the lack of significant nonlinear 
thickness and load-thickness interaction effects. 
These results were rejected (except for the co
efficients, tti, on the thicknesses) for the form: 

logp^^i log {D + 1) +/(load) 

where D = aj)^ + aj)2 + a^D^. 
If the full results of the factorial had been 

followed, the equation would have had the 
form: 

logp = D + / (load) 

This difference of model probably does not 
affect the fit over the range of the Road Test 
data. However, the extrapolation properties of 
the two models are different as shown in Fig
ure 3. The points represent the data for the 
18-kip single-axle load. The upper (curved) 
line is the 18-kip single-axle solution of the 
Road Test equation. The lower (straight) line 
is the line for log p = D -I- / ( L ) , drawn 
tangent to the curved line. (No information is 
given in Report 5 to fix the level of this straight 
line.) 

The same question of equation form arises 
in the analysis of deflections as a function of 
thickness and load. 

0 
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in 
7 - 5 0 
04 

cs 
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Co-4.2 ^^^^ ^ 
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y 
Co=37 
i = 3fl3 

4B 4 9 5 0 5.1 
LOG W [Weighted Applications] 

Figure 2 (Painter). Data for section 605 Design = 
5-0-4, po = 3.7. 

ROAD TEST 
EQUATION 

iNrn /^e=3 i 

LJOGP= D + f ( U 

iO» K? Kf kP icf kJ ^f 

Weiglited Axle Appiications,L=18 KIP, S.A. 

TO P=1.5 

Figure 3 (Painter). Two models used to represent 
AASHO Road Test data. 
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In the /3 and p equations for both asphalt 
concrete and portland cement concrete pave
ments, a 1 (one) is added to D to give log (D 
-1-1). This was done in an attempt to account 
for the effect of subgrade soil strength. How
ever, the value of 1 was chosen arbitrarily. 
How are future tests data, such as from satel
lite tests on different soils, to be analyzed for 
the effect of soil strength? There is no indica
tion of how this can be done, simply because a 
term to indicate the soil strength effect was not 
isolated in the analysis. 

The proper place is very likely where the 1 
appears in the equations, but almost certainly 
the proper value is not 1. 

The Asphalt Institute is actively engaged in 
a major, independent analysis of the AASHO 
Road Test asphalt pavement data. This work 
will involve a model different from that used by 
the Road Test staff. As performance measures, 
we will analyze the serviceability index, crack
ing and patching, rutting, and slope variance, 
separately in each wheelpath. The results of 
this analysis will be published when completed. 

F. H. Gardner, U.S. Army Transportation 
Corps.—I have both a short discussion and a 
question. We have now come down out of the 
high clouds of mathematics and regression 
analysis. First, I want to thank Mr. Chacey 
and the staff of the AASHO Road Project for 
the opportunity of being the engineer observer 
for the Transportation Corps on the project 
and for the opportunity of reviewing the vari
ous drafts of the reports. I consider this the 
pinnacle of my 42 years of highway engineer
ing, and its been a great pleasure to be asso
ciated with these people. I cannot express my 
admiration for this project and what it has 
done for engineers. Most of us have had to 
confess to ourselves, when we felt the burden 
of our responsibility, that we did not know 
what we were doing. It is no light matter, 
when one is responsible for millions of dollars 
worth of pavement designs, to have to confess 
to yourself that you just do not know how. 
This is the first time I have felt that we were 
on the right road, finding out how to do our 
job, and I'm proud of the engineering profes
sion, and I'm proud of the fact that I've been 
allowed to stay in it until this beginning of a 
new day for the engineers. 

The questions that I had are in regard to the 
serviceability index. I consider this one of the 
most important things that has come out of the 
AASHO Project. However I do not think that 
we have quite enough guidance for the prac
tical engineer to enable him to adapt and ex
tend the use of the serviceability index to his 
State problems. In connection with the form
ulas, on page 23 and page 143 of the printed 
report, that show the serviceability as a func
tion of slope variance, cracking, patching, and 

rut depth for the flexible; and slope variance, 
cracking and patching for the rigid pavements 
—what were the average, also maximum and 
minimum, values of these functions at psi of 
1.5 and 2.5? I think that information would 
guide us. And what would be the value of each 
of these functions, assuming a zero value of the 
other functions? 

W. N. Carey, Jr., AASHO Road Test Staff.— 
It is diflScult to conceive a pavement with seri
ous distress in one element of serviceability and 
no distress in another. For example, it is un
likely that a pavement with a lot of cracking 
and patching would be perfectly smooth (zero 
slope variance). Nevertheless, it is possible to 
prepare a table that evaluates the serviceability 
equations for several cases and which may 
furnish the basis for insight that Mr. Gardner 
has requested. In Table 1 the terms used have 
been defined in Report 5 (HRB Special Report 
61E). 

T A B L E 1 
(Carey) 

sv C +P RD P 

(o) F L E X I B L E P A V E M E N T 

0 0 0 5 0* 
0 5 4 7 
1 2 3 0 

400 0 4 8 
0 5 4 5 
1 2 2 8 

9 0 0 3 1 
0 5 2 8 
1 2 1 1 

400 0 2 9 
0 5 2 6 
1 2 0 9 

29 0 0 2 2 
0 5 1 9 
1 2 0 2 

400 0 2 0 
0 5 1 7 
1 2 0 

(b) R I G I D P A V E M E N T 

0 0 5 0* 
200 — 3 7 
400 — 3 2 

9 0 — 3 6 
200 — 2 3 
400 — 1 8 

29 0 — 2 8 
200 — 1 5 
400 — 1 0 

* Maximum admissible value. 

As to Mr. Gardner's question concerning 
actual extreme values of the elements of serv
iceability observed when the serviceability was 
2.5 and 1.5, Table 2 was prepared from a 
sampling of applicable data. 
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T A B L E 2 
(Carey) 

V Section SV C +P RD 

(o) F L E X I B L E P A V E M E N T 

2 5 High 46 0 250 0 76 
Low 2 3 0 0 
Avg. 10 6 35 0 30 

1 5 High 70 3 308 1 05 
Low 10 5 14 0 09 
Avg. 22 2 114 0 55 

(6) R I G I D P A V E M E N T 

2 5 High 31 4 83 — 
Low 3 8 0 — 
Avg. 14 9 23 — 

1.5 High 156 167 — 
Low 7 7 6 — 
Avg. 52 3 64 — 

C. R. Keshava Rao, Banaras Hindu Uni
versity, India.—I feel myseif fortunate to have 
been able to attend and participate in this Con
ference which is unique from more than one 
point of view. Even to sit for these two days 
and to listen to the comments and papers that 
have been presented has been a very stimulat
ing experience. My oniy regret so tar has been 
that I was not present here to see the actual 
tests being conducted. I do not claim to know 
much about highway research; nor do I even 
claim to have read ail the papers that have been 
published on research. But still I have a few 
questions. Probably these questions have al
ready been answered by some people in the past 
or some may have ready answers at the 
moment. 

But as a teacher, I am always prepared to 
admit what I do not know. And for what it is 
worth, I am prepared to pose these questions 
and I hope I shall receive some answers. This 
hope is fostered by the fact that this gathering 
consists of the most eminent engineers and 
authorities of whom I have heard and read so 
much; that is another reason why I want to 
ask these questions. 

The first question relates to the design of 
flexible pavements. There are a number of 
methods that are available and I do not know 
whether any of these methods or all of these 
methods were used to construct the test sec
tions. If these were used, has any effort been 
made to find out whether some of these empiri
cal and semi-empirical methods of design, were 
either overdesigned or underdesigned pave
ments. I think they tend toward overdesign 
rather than underdesign. And also, whether 
any effort is being made to rationalize some of 
the methods of design. As a consequence, has 
any effort been made to modify the CBR 
method of procedure of testing? I know in 
England they have modified this procedure by 

omitting soaking, and provide a different set of 
standards, a different method of sampling soils 
and also they prescribe different seasons for 
sampling soils for different English localities. 
I do not know whether anything of this kind 
has been done in the United States. Sometime 
back the Corps of Engineers of the U.S. Army 
were also thinking whether, at least in some 
areas, the soaking procedure of four days—the 
rigid soaking procedure—may be relaxed in 
arid or semi-arid areas. 

W. N. Carey, Jr.—The first question is not 
as easy as everyone might think. It's a very 
good question. 1 believe I understood the ques
tion—was there effort to check those designs 
which are normally used for flexible pavement 
with the Road Test data? This was not speci
fically our function. I will say that we always 
felt it was an important part of the job; I 
do not think we finished the job. I will say 
others are doing this. This is really the func
tion of others and they are doing it fast. In 
fact you may remember Mr, Finn's discus
sion pointed out that the Asphalt Institute 
system of design worked very well, when cer
tain modifications were made. This sort of 
thing is being done by every agency that has a 
design procedure, as would be expected. We 
will furnish the data in any form that we can. 

As to the second question regarding the 
modification of CBR soaking procedure, we 
made no studies of the effects of such modifica
tions. 

C. R. Keshava Rao.—A third question relates 
directly to the paper read by Mr. Benkelman, 
regarding base thicknesses. According to his 
paper, there is a definite relationship between 
the quality of the material of the base and the 
supporting power of the base. And he stated 
that the gravel base failed atp = 1.5, less than 
1.5 I think he said. But in a published paper, 
Dr. McLeod came to the conclusion that the 
quality of the base material has no direct bear
ing on the thickness. This conclusion was 
based on experiments conducted with granular 
base materials like crushed stone and gravel. 
Let me ask this question in a slightly different 
way. As crushed stone was taken to be one 
type of base, is there no difference between the 
supporting value of the crushed stone base, de
pending on the quality of the stone from which 
the aggregate is made ? For example, there are 
various kinds of geological classifications of 
stones. Would the crushed stone base have the 
same supporting value for granites, limestones, 
sandstones, and laterite stones and has any 
study been made in this direction? 

A. C. Benkelman, AASHO Road Test Staff.— 
We made no studies of the supporting values 
of different types of crushed stone. However, 
the results of the Special Base Studies cer-
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tainlv points to the fact that you can reduce 
the thickness if you increase the quality. There 
is no question about this. There was a big dif
ference in the thickness requirements of the 
crushed stone and the stabilized bases. I have 
thought for years that the quality is, perhaps, 
as important as the thickness. And I believe 
that has been verified by what we have found 
at the Road Test. 

C. R. Keshava Rao.—I have one more ques
tion and that is, sometime back some experi
ments were conducted in England by the Road 
Research Laboratory regarding reinforced con
crete pavements, and unreinforced concrete 
pavements and varied position of reinforce
ment in the reinforced slabs. The conclusions 
to which they came regarding the development 
of cracks were mainly these: that the unrein
forced concrete pavements developed most 
cracks, that reinforced concrete pavements 
with reinforcement in the bottom of the slab, 
came next with cracks, and that pavements 
with top reinforcement developed fewer cracks, 
and doubly reinforced pavements developed the 
least cracking. But a paper read by Mr. 
Scrivner came to the conclusion that more 
cracks developed in the case of reinforced con
crete pavements, than in the case of nonrein-
forced pavements. Further, what is the best 
position for reinforcement in a concrete pave
ment? 

F. H. Scrivner, AASHO Road Test Staff.— 
Answering the last question first, we did not 
study reinforcing position. In the thicker pave
ments, it was closer to the top than it was to 
the bottom. In fact it was closer to the top than 
it was to the middle. In the very thin pave
ments it had to be placed about the middle. So 
we did not study it and I would not presume to 
try to answer the question. As to the develop
ment of cracking, and there was a little more 
in the reinforced than in the nonreinforced, 
I have never in my own mind associated that 
with the presence of steel in pavement. I do 
not think reinforcement had anything to do 
with it. The joint spacing is the only thing left. 
So the slabs with greater joint spacing devel
oped more cracking. Now this is fairly easy to 
explain. The 40-ft slabs tended more to crack 
in the middle. The 15-ft slabs did not. This is 
a common experience and no surprise. Long 
slabs do crack in the middle and this is not 
necessarily anything detrimental to the slab. 
At least, it is a common opinion that if that is 
as far as it goes, it does not do any particular 
harm. 

ASPHALT INSTITUTE DISCUSSION 

James F. Shook, The Asphalt Institute.—In 
HRB Special Report 61E, equations are pre
sented which relate the design of the asphalt 

pavement test sections to the number of appli
cations of loads of various magnitudes experi
enced by these sections. It is conceivable that 
these equations might be used as design equa
tions; that is, to select the thickness of pave
ment necessary to withstand a given number 
of loads of known magnitude. Two characteris
tics of the equations must be considered, how
ever, before they can properly be put to such 
use. Consideration must be given to the scatter 
of the data from which they were derived and 
to the character of the equations in the extra
polated region. 

The AASHO Road Test performance equa
tions were derived from a statistical fit to the 
observed data. As such they are best fit curves 
through the data points. Approximately one-
half the observed data points lie above, and 
one-half below the fitted curves. Thus the 
actual performance of any given test section 
might be more or less than predicted by the 
equation. 

Figure 1 illustrates this point showing the 
thickness index values and applications ob
served for the 28 factorial test sections on the 
18-kip single-axle lane of Loop 4 which reached 
a serviceability index level of 2.5 during the 
life of the test. Also shown is the solution to 
the Road Test equation for this load. (All il
lustrations in this discussion are based on 
analyses using unweighted applications.) The 
scatter of the data points about the line is such 
that lines drawn parallel to the fitted curve 
would have to be displaced to the left 0 4 or to 
the right 2.5 times the estimated applications 
in order to encompass all of the data points. 

Plots and curves for all of the ten lanes of 
the AASHO Road Test show similar pictures. 
If the Road Test equations were used to select 
the design thickness for all 237 test sections 
which reached a serviceability index level of 
2.5, 50 percent would have been underdesigned. 
Approximately 14 percent of the 237 sections 
reached 2.5 in fewer applications than indicated 
by the upper line in Figure 1. 

LOOP 4 

UNWEIGHTED APPUCfinONS 

Figure 1 (Shook). Illustration of scatter in A A S H O 
Road Test data. 
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The Asphalt Institute Road Test Board of 
Study feels that the risk of underdesigning is 
too great to permit the use of the basic fit to 
the data as a design equation without some ad
justment in thickness. A curve similar to the 
upper curve (Fig. 1) would be a more conserv
ative design relationship than the best fit curve 
to the data. However, there is a problem intro
duced by the use of such a curve, and that con
cerns the properties of the relationship in the 
extrapolated region. 

The general shape of the Road Test equation 
is shown in Figure 2. The solid line is the 
AASHO Road Test equation for the 18-kip 
single-axle load. The shaded portion shows the 
area in which the test data lie. The portion to 
the right of this area is the extrapolated por
tion of the Road Test equation. The dashed 
line, designated Equation A, shows a fit to the 
same data made by The Asphalt Institute. This 
line represents one of several which have been 
made. Other curves had steeper slopes than 
Equation A; one closely approximated the Road 
Test equation. Equation A fits the data almost 
as well as the AASHO Road Test equation, but 
has radically different properties in the extra
polated region. 

Use of the curves as design equations is il
lustrated by the three sets of numbered circles. 
Each represents the thickness index value 
which would be predicted by the appropriate 
equation for three different mixed-traffic situa
tions. Three actual traffic loadometer studies 
were converted to equivalent 18-kip single-axle 
applications using the data derived in the fit to 
the Road Test data. The No. 1 points repre
sent what would be considered light traffic; the 
No. 3 points represent what would be con
sidered very heavy traffic. 

For the light traffic problem either equation 
would predict essentia ly the same thickness. 
However, in the extrapolated region, for the 
heavier traffic, the two equations predict radi
cally different thicknesses. The difference in 
actual thickness represented by the two No. 3 

IISHO mt TEST 
EQUITION 

MEAOFnST 
EaUATION It 

I • LIGHT TRAFFIC 
2 - MEDIUM TRAFFIC 
3- HEAVV TRAFFIC 

points is approximately 31/2 in. of surfacing 
or 10 in. of base. 

If a parallel line was to be drawn above 
either equation, to provide some factor of 
safety against underdesign, the relative posi
tions of the two equations would be unchanged. 
However, the thicknesses called for in the 
extrapolated region would become of consider
able concern and, for heavy designs, could be 
critical. 

Since the AASHO Road Test cannot provide 
a means for judging the reasonableness of the 
extrapolations, use must be made of other in
formation to establish which fit to the data 
would produce more reasonable designs. Fig
ure 3 has been prepared to shed some light on 
this. 

Figure 3 is based on a pavement section hav
ing 4 in. of surfacing, 8 in. of untreated base, 
and variable subbase thickness, plotted against 
applications of an 18-kip single-axle load. Two 
"design equations" are included: a solution 
based on the California method of design and 
the basic AASHO Road Test performance equa
tion. Several categories of traffic are indicated. 
The California line was drawn using an R-
value of 10 for the AASHO Road Test soil. 

It is not possible to make valid generaliza
tions from Figure 3 without recognizing the 
influence of differences in procedures for han
dling design and mixed traffic. Involved are 
concepts of layer equivalencies and load equiva
lencies too lengthy for discussion here. It is 
possible, however, to compare the relationships 
for the specific design and number of applica
tions of an 18-kip single-axle load shown in 
Figure 3. 

First, it is clear that the rate of change in 
thickness index associated with changes in ap
plications is different for the two curves, the 
California line being flatter. In the heavy 
traffic area, the Road Test equation calls for 
thicker sections. If the two equations were to 

— DESIGN 4-8 D, 

10 YEAR LIFE 

CALIFORNIA 

> 
- lEAVT -— DESIGN 4-8 D, 

10 YEAR LIFE 

CALIFORNIA =T.I. 

\ 
. . . i ' 

^ ^ AASHO ROA D TEST 

IKIT 

I0« 10' 
EDUWALEIIT 18 KIP SIWLE AIIE APPLICATIONS 

Figure 2 (Shook). Extrapolation properties of differ
ent equations derived from Road Test data. 

lot 
18-KIP SINGLE-AXLE APPLICATIONS 

Figure 3 (Shook). Comparison between two design 
equations. 
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be extrapolated to cover 20 years' traflfic, the 
differences in thickness would increase. The 
opposite is the case for more lightly traveled 
highways. 

An upward adjustment in thickness for the 
Road Test equation, as indicated previously, 
could be made in order to include more of the 
data points. Such an adjustment would cause 
the Road Test equation to approach the Cali
fornia line in the light traffic area, but would 
call for excessively higher thicknesses in the 
heavy traflSc area. 

It is not the purpose of this discussion to say 
which of the several relationships shown more 
closely represents actual requirements. How
ever, since the Road Test equation has already 
been proposed as the basis for a design guide, 
it would be well to consider the above factors. 
It would be possible, for example, to improve 
the properties of the relationship by the as
sumption of another model form. Figure 4 
illustrates this point by referring to some of 
the AASHO Road Test data. 

The solid line is the basic AASHO Road Test 
relationship for an 18-kip single-axle load. By 
using load equivalency ratios, applications for 
all loads may be plotted on the same graph. The 
triangles are averages for all sections which 
reached a serviceability level of 2,5 in each lane 
of the four major loops. The curve does an ex
cellent job of fitting the triangles. 

The dark circles are plotted points obtained 
by extrapolating the serviceability-applications 
trend lines of 32 of the 47 test sections which 
did not drop to a serviceability level of 2 5 dur
ing the test. The basic relationship would pre
dict a shorter life for most of these sections 
than was indicated from their performance at 
the end of the test. Thus the equation 
appears to penalize the more adequate test sec
tions in favor of the sections which did not last 
the entire test period. The addition of a safety 
factor would appear to penalize the more ade
quate designs further. 

AASHO Dl 3IGN CURVE -

EXTRAPOLATED DATA • 
LANE MEANS A 

UNWEIGHTED APPUCATMNS 
P-2« 

EXTRAPOLATED DATA • 
LANE MEANS A 

UNWEIGHTED APPUCATMNS 
P-2« 

lOf lO* Kf 
EQUIVALENT 18 KIP SINGLE-AXLE APPLICATIONS 

Figure 4 (Shook). Comparison between extrapolated 
performance data and AASHO Road Test equation. 

In summary, it is suggested that the basic 
equations given in Special Report 61E relating 
thickness of asphalt pavements and applica
tions of loads of different magnitude be given 
serious study before they are adopted for use 
in any thickness design method. Two potential 
sources of difficulty have been pointed out. In 
the region of data observed on the Road Test, 
the equations make no allowance for scatter 
about the best fit line, therefore potentially 
leading to the underdesign of pavements under
going light traffic. Due to characteristics of the 
model used to fit the data, the equations in the 
extrapolated region could lead to overdesign of 
pavements undergoing heavy traffic, particu
larly if adjustments for scatter of the data are 
made. 

T. L. Speer, American Oil Company.—May 
we add our personal congratulations to those 
already so justly earned by the Staff because 
of the technical caliber of their experimental 
work. As an interested outsider, a non-AASHO 
participant engaged in pavement research for 
a major industrial firm, we have not yet had 
an opportunity to read or study Special Reports 
61B-61F. However, we are concerned with the 
general problem of how well the original, basic 
pavement design thickness selected for each 
level of axle loading has been verified by the 
durability results of the factorial experimenta
tion at Ottawa. Specifically, our three ques
tions relate to whether or not the actual pave
ments were too thick or too thin for actual 
materials employed under the environment and 
traffic stress conditions imposed by AASHO. 

First, to flexible pavement staff, did your de
signs give performance records which were 
on-the-beam, better than expected or poorer 
than anticipated? 

Next, to the rigid pavement staff, did your 
thickness designs yield performance records 
which are on-the-target, poorer than expected 
or better than planned ? 

Finally, with rigid pavements, what effect on 
these performance ratings do you predict inclu
sion of a pumping index concept would have, 
assuming it were to be applied mathematically 
in a way similar to the rut depth function em
ployed in rating flexible pavements? 

A. C. Benkelman.—Well, the first question is 
not simple to answer. I think the over-all re
sults did not check out badly with what we ex
pected. And it is my observation that if you 
look at any of the State design methods previ
ous to the Road Test, they would come out with 
thicknesses about the same that proved ade
quate at the Road Test. 

F. H. Scrivner.—As to the second question, as 
research engineers, we would have been better 
pleased if we had had more failures. I think 
that the idea was that we wanted about two-
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thirds to fail. We had less than one-half. As to 
the inclusion of a pumping index in serviceabil
ity, I think these two things are not compara
ble. We asked the rating panel to look at pave
ments and to ignore areas beyond the pavement 
edge. For example, if they saw a big pile of 
pumped materia beyond the edge they were 
not supposed to let that influence their rating. 
They were supposed to rate the pavement ac
cording to the way it Avould serve traffic. I do 
not think a pile of material on the side would 
have much effect on the traveling public unless 
it were too close to the edge of the pavement or 
had the appearance of a barrier. Fundamen
tally the philosophy of the serviceability per
formance concept would tend to exclude any 
feature that would not influence the ride. So I 
do not think it could be mcluded, unless we 
should change the philosophy of the pavement 
rating system. 

Martin S. Kapp. Port of Neiv York Author
ity.—One of the important results of this test 
is the Present Serviceability Index which is 
made up of many items, one of which is the 
deflection of the pavement. I assume that this 
deflection is supposed to be in the pavement or 
the underlying shallow subgrade. Some of us 
have occasion to work over soft compressible 
soils which, even after preloading, settle to 
some degree. My question refers to the deflec
tion measurement part of the PSI. What effect 
on the PSI will deflections that are caused by 
deep settlement have and can they be mislead
ing since the pavement that is sufficient to sup
port any traffic above might still settle due to 
the underlying compressible soils? Usually it is 
only necessary to fill in low spots so as to level 
the pavement rather than costly, continuous 
overlays which the PSI might indicate as being 
required. 

W. N. Carey, Jr.—Any settlement would 
have effect on the rating or on the serviceabil
ity if it affected the rideability or the ability of 
the pavement to serve traffic. Such an effect 
would be apparent in the surface profile of the 
pavement. I f it is possible to correct the situa
tion by filling in low spots to make the pave
ment smooth again, this would bring the serv
iceability up. 

E. C. Carsburg, Minnesota Department of 
Highways.—Mention has been made that pave
ment thickness design as previously used in 
other design thickness equations came out quite 
well when compared with the AASHO Test 
Road results. In the curves that have been 
shown on pages 152 and 153 and also from 155 
to 159 (Special Report 61E), you extend the 
thicknesses down to 2.5 in. for slab thickness 
for 1,000 axle-load applications of a load of 48 
kips on a tandem. I f you use the various pave
ment thickness design equations, as we have in 

the past, you will come out with a thickness 
somewhere between 6 and 7 in. for 1,000 load 
applications of a load of this magnitude. Now I 
wonder how you can justify extending this 
down to a pavement thickness of 2.5 in. for a 
load of such magnitude. I certainly would not 
recommend a pavement of 2.5 m. in thickness 
to take a thousand repetitions of a 48-kip 
load. 

F. H. Scrivner.—Well, that portion of the 
curve is dashed, nearly all the curves in the 
rigid pavement presentation are dashed. That 
is the reason we wanted a little more failure so 
we could see these things. We had no 48-kip 
tandem-axle load on a 2.5-in. pavement at the 
Test Road. In the figure legend it states that 
dashed lines are extrapolations and in several 
places in the report we tried to point out that 
extrapolations are shown only to demonstrate 
the nature of the relationships. The Board 
does not suggest that extrapolated values be 
used for design without consideration of addi
tional information. 

W. B. Warden, Miller-Warden Associates.— 
The basic point of my question was posed by 
Fred Benson. It has to do with the parameter 
p. In the analysis of performance data wherein 
serviceability index p is plotted against load 
applications W, the slide shown this afternoon 
seemed to indicate that the slope (3, for flexible 
pavements was more often close to or slightly 
less than 1 (that is, concave upward), whereas 
p for graphs shown for the rigid pavements 
was more often greater than 1; indicating 
that once deterioration has started, it pro
gresses at an increasing rate. In fact as I 
recall in one rigid pavement graph having a 
calculated p of -j-2.75, the serviceability index 
dropped slowly to about 3.3, and r then rather 
abruptly changed slope, dropping so rapidly to 
the out-of-test level, that extrapolation of a 
single smooth curve to an extended intercept 
with JO = 1.5 line appears questionable. 

Is (3 for the rigid pavement sections more 
generally greater than p for the flexible sec
tions? 

Does regression analysis support the smooth 
curve assumption for those cases wherein an 
abrupt change in slope for the rigid pavements 
seemed to be indicated by eye-balling the data? 

P. E. Irick, AASHO Road Test Staff.—I 
think you would have to look at the other 283 
sections or so, however many there were, be
fore you would conclude that what you saw in 
that one example was representative either 
way. On the other hand, the formula that we 
got for j8 has a minimum value of 1 for rigid 
pavements and 0.4 for flexible pavements. The 
formula for p, as we modeled, is such that it 
cannot go below 1 for the rigid pavement case. 
There is a leading term of 1.0 and in the flexi-
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ble pavement case there is a leading constant, 
0.4. 

W. B. Warden.—In the examples shown this 
afternoon, the rigid pavement line was ab
ruptly curved downward and the flexible pave
ment curve showed a tendency to level off. Both 
of these directions, it seems to me, might be ex
pected. It seems logical that the rigid pave
ments under these pai'ticular test conditions 
would i-etain good rideability up to some critical 
point or deg)'ee of pumping and then fail 
rather raoidly. On the other hand, at least 
some of the flexible pavements would be ex
pected to gi'adually become more resistant to 
further deformation as post-construction densi-
fication progressively increased with service. 
The question is, was this generally true or wei'e 
these just exceptions? 

P. E. Irick.—The problem of /? was a big one 
for a long while. The flexible pavement for
mula for ^ will show, if you look at it closely, 
that /3 can go from 0.4 up as high as you please. 
So that we not only have serviceability histories 
that come down as the one that was shown in 
the graph, but others that failed veiy early 
were concave downwards with |8 > 1 in the 
flexible case. In the rigid case the minimum 
value we saw was 1.0. 

L. A. Wolfskin, Spencer J. Buchanan and 
Associates, Inc.—Early in Mr. Hudson's pres
entation concerning relationships of perform
ance with stress for rigid pavements, he 
announced the assumption that the bottom 
tensile strains would equal the surface com
pressive strains for purposes of his analysis. 
Later in the presentation the author remarked 
that this topic needed further research and 
clarification. However, the analysis, as re
ported, showed a very high correlation using 
only surface strains. Does this high degree of 
correlation indicate that it is not necessary to 
seek the true relationship between surface and 
bottom strains for purposes of I'igid pavement 
evaluation ? 

W. R. Hudson, AASHO Road Test Staff.— 
My sti'uctural consultants tell me that, in about 
1700, Novea and Bernoulli developed a theory 
which says that when a uniformly or simply 
supported slab is deflected, the neutral axis can 
be considered to remain at the centei' of the 
member and if it does, the calculated stresses 
will be equal at the surfaces but opposite in 
sign. On the basis of this we assume that a 
compj'essive strain on the top of the slab was 
equivalent to an equal tensile strain in the 
bottom. True, this was a surface sti-ain experi
ment, as you stated. However, in our paper we 
state that we made this assumption in order to 
analyze the stresses. We do think because of 
the friction on the bottom of the slab that this 

area needs additional study and experimental 
evidence to validate the theory. This was one 
of our recommendations. 

In addition I would like to correct one other 
point. I stated that Loop 6, lane 1, was not 
capable of receiving any load greater than 30 
kips. That was an unfortunate choice of words, 
I should have said that it was not possible for 
us to put a load greater than the test load on 
any section according to the ground rules of the 
tests. That was the reason we were limited to 
30 kips. 

/ . E. Gray, National Crushed Stone Associa
tion.—There is no doubt as to the excellence of 
this report. Reference has been made by Mr. 
Holmes to the desirability of satellite studies 
which I believe should be emphasized. Mr. 
Benkelman, in reporting on the performance 
of these base courses, gave the comparative 
thicknesses for equal serviceability under an 
18,000-lb axle load of 13 in for crushed stone, 
8 in. for cement treated, and 6 in. for bitu
minous treated. The report shows that the 
stone bases were compacted to 102 percent of 
Standard AASHO Density Test, T-99. Hveem 
has cautioned against accepting 100 percent 
compaction as satisfactory unless the basis of 
the determination is clearly understood. Foster 
and Ahlvin in HRB Bulletin No. 289 state that 
granular material with a CBR of 20 or above 
should be compacted to the maximum that can 
be obtained, generally in excess of 100 percent 
Modified Density, AASHO Designation T-180 
and never less than 100 percent. The two con
trol tests for density are AASHO T-99, which 
requires the use of a 5 5-lb rammer with a 
12-in. drop, and AASHO T-180, which requires 
the use of a 10.0-lb rammer with an 18-in. drop. 
Nichols of Virginia Council of Highway Inves
tigation and Research reported at the last HRB 
Annual Meeting on his studies of density which 
indicated that these Road Test densities should 
have approached 14.5 pcf instead of the 139 pcf 
which was obtained. If CBR value is an indica
tion of performance, by tests in our laboratory 
CBR values have been doubled with less in
crease m density than indicated by Nichols' 
i"eport. It would seem desirable to initiate the 
satellite studies on performance of base courses 
that have been compacted to the highest stand
ards of density control. Perhaps Mr. Benkel
man or others would like to comment on the 
effect of higher compaction or higher density 
on base course performance. 

A. C. Benlcelman.—There is no way of tell
ing to what extent the performance of the 
flexible pavement at the AASHO Road Test 
might have been improved had the materials 
been placed at a higher initial density. The test 
data point to the fact that only a relatively 
small amount of the reduction in thickness 
(rutting) of the granular course was found to 
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be due to consolidation. It may be that higher 
initial density of the material would not only 
have served to reduce the change in thickness 
accredited to lateral displacement but would 
also have reduced the change in thickness, due 
to additional consolidation. I agree with Mr. 
Gray, that this is an area for future research. 

W. S. Housel, University of Michigan.—The 
AASHO Road Test has now been completed, 
the results analyzed, and reported to the high
way engineers of this country. This test in all 
its ramifications represents the most ambitious 
attempt that has ever been made to solve many 
of the perplexing problems that face the de
signers of modern highways or more specifi
cally modern pavements. Everybody involved 
in the highway transportation industry has 
such a vital stake in the great experiment that 
they can do no less than exert every means at 
their disposal to see that the results now avail
able are translated most effectively into pave
ment design in their state. "How" is the ques
tion on everybody's mind that has drawn so 
many deeply interested participants to this 
meeting. 

For most of those attending this meeting, 
the complete results of the AASHO Road Test 
have not been available long enough for the 
careful and considered study which they must 
have before drawing any final conclusions. 
While it may be presumed that such a period 
of deliberate study will precede any widespread 
adoption of techniques and procedures sug
gested, it is not only appropriate, but absolutely 
essential that full discussion get under way at 
once. 

In this connection, the University of Michi
gan is happy that the Road Test results are 
now available for study and discussion. Mem
bers of the staff of the AASHO Road Test have 
been invited to participate in the International 
Conference on the Structural Design of Asphalt 
Pavements to be held in Ann Arbor this coming 
August. Papers from that staff and a number 
of others have already been accepted for pres
entation there. This conference will provide 
further opportunities for a comprehensive re
view of AASHO results based on more de
liberate study outside the Road Test staff itself. 

In searching for the answer to the question 
of how AASHO Road Test results may be most 
effectively used, one must look first at the ob
jectives or intent of the project in order to 
understand the thinking of those engaged in 
carrying the test to its conclusion. This think
ing, as revealed by the statements of objectives 
or intent that have been reported from time to 
time, seems to have gone through a sort of 
evolutionary change. In the early project state
ments, dating back to 1952, concerning applica
tion of results there appeared to be complete 
confidence in the general applicability of re
sults. It was then stated that "the test program 

is designed to the end that the results of this 
work may be applied to the particular condi
tions prevailing in localized regions throughout 
the country as well as those at the site at which 
they are conducted." It was then felt that this 
objective would be accomplished by continued 
testing through several annual climatic cycles 
in a selected representative location. 

This viewpoint was held for several years, 
but after continued deliberation and discussion j 
in the project statement of May 1955 was modi
fied by the introduction of the phrase "so far as 
possible" with reference to the general appli
cability of the results. A paragraph on limita
tions was also introduced in the project state
ment at this time which said in part, "Any 
similarity of the test trafl[ic to present or future 
highway traffic on any road would be purely 
coincidental. Climatic effects between the test 
road section may not be similar. The relation
ship between load-carrying capabilities and re
maining service life will be difficult to evalu
ate." 

Recognition of the limitations in the general 
applicability of test results has carried through 
to the final report in the statement, approved 
in January 1961, clarifying the role of the 
AASHO Road Test. This statement said in 
part, "In each of the major experiments, the 
objective is to relate design to performance 
under controlled load conditions. . . . Eventu
ally the collection and analysis of additional 
engineering and economic data for a local en
vironment are necessary in order to develop 
final and meaningful relations between pave
ment types." 

In interpreting Road Test objectives, two 
principal dependent variables were introduced: 
first, pavement performance from present or 
existing pavement conditions surveys expressed 
in terms of the serviceability index and, second, 
pavement capability judged in terms of riding 
quality or serviceability to be expected in the 
future. 

Procedures were formulated for determining 
the serviceability index from Road Test data 
including measures of pavement roughness and 
cracking and by a rating panel which relied 
mainly upon visual examination and rideability 
experienced in driving on the road. These 
studies indicated that comparable values of a 
serviceability index were obtained by those 
different procedures. Gordon Campbell of the 
Canadian Good Roads Association reported 
similar favorable comparisons between rating 
panel evaluation of the Canadian Pavement 
Evaluation Committee and ratings from the 
Michigan Pavement Performance Study. From 
examination of these observations, it would ap
pear that one is entitled to conclude that the 
rating of pavements in terms of a serviceability 
index based on their present condition may be 
accepted as an accomplished objective. The 
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AASHO Road Test may be recognized as hav
ing established the validity and usefulness of 
serviceability rating of pavements. 

Procedures suggested for determining pave
ment capability are much more vague and in
conclusive and it is in this final step that there 
are questions yet to be resolved. In the final 
report, it is indicated that in order to evaluate 
capability other measurements are necessary. 
Several hypotheses were tested and load-deflec
tion measurements at the time of construction 
were specifically mentioned as related to future 
performance given certain known facts such as 
the traffic it will carry and the environmental 
influences it will experience. 

It may here be pointed out that the pavement 
must be designed before it can be built so that 
the designer must have some other knowledge 
of materials used and conditions to which the 
pavement will be subjected even before he can 
accumulate performance data for predicting 
future behavior. 

With regard to AASHO Road Test data it 
was noted that, "inasmuch as the traffic period 
was of short duration, relationships purporting 
to illustrate capability were limited in that they 
could not be applied to highways in general 
without additional verification covering larger 
periods of traffic." 

In further discussion of applicability and 
limitations of findings the report states that, 
"The findings of the research relate specifically 
to the soils and materials actually used in the 
test pavements, the conditions under which the 
materials were placed, and to the environment 
and climate of the test site." 

Now the million dollar question comes to the 
surface. In the light of these recognized limi
tations, "How" can the tests be used in other 
areas? The final report offers two possible 
methods in the following statement: "However, 
two studies were inaugurated to make it possi
ble for engineers in other areas to use informa
tion from the Road Test effectively." 

In the first study, samples of materials used 
in the construction of the embankment and the 
test pavements were furnished to laboratories 
of the highway departments and other inter
ested agencies. Each laboratory could then 
make standard identification tests, as well as 
any special tests useful to the individual labor
atory in its development of pavement designs. 
The principal purpose of this study was to pro
vide each agency with an intimate knowledge 
of the character of the materials used in the 
Road Test. 

There are two points of interest with respect 
to this first answer to the question of "How" 
the Road Test results can be used. This sug
gestion recognized that in design, which is the 
engineers' attempt to control future pei'form-
ance, one must make use of the properties of 
the materials used in building these pavements. 

These properties, which can be measured by 
test and used to design the pavement have not 
been adonted as controlling variables in the 
serviceability index. This being the case, one 
must conclude that a pavement cannot be de
signed from the serviceability index. 

The second comment to be made with respect 
to the first suggestion for using AASHO re
sults is that this method was tried by the flexi
ble pavement design committee several years 
ago with results that would hardly encourage 
repetition. Soil samples from the WASHO 
Road Test were distributed to most highway 
departments and some other agencies with sug
gestions similar to those under discussion. 
Total pavement thicknesses were published in 
a Highway Research Board Bulletin and it 
would be interesting to compare results from 
the participating agencies making the study 
with AASHO materials. Total pavement thick
nesses from the WASHO study varied from 
some 4 in. to 30 in. with a random distribution 
that indicated no significant design control in 
terms of the soil test data used. The consensus 
of those participating at that time was that 
environmental influences on pavement design 
so far outweighed other factors that there was 
no possibility of arriving at a design procedure 
that could be applied on a country wide basis. 

The second method of translating AASHO 
Road Test results to other areas suggested in 
the final report is the construction of special 
test sections in each of the States. These test 
sections have been popularly referred to as 
satellite tests. It is said "that the behavior of 
these pavements when subjected to normal high
way traffic may be compared to the behavior of 
similar pavements in the AASHO Road Test." 

There are several fundamental questions to 
be raised with respect to this proposal which 
have to do with the basic objectives of research 
and design as related to the AASHO Road Test. 
The prediction of future performance in terms 
of a serviceability index may be possible after 
several years of observation, but this is too 
little and too late to be of real assistance to the 
designer. Furthermore, as a research program 
such test roads do not provide the type of in
formation which the designer must have to 
prescribe in a given environment, the total 
pavement thickness for any given road or the 
thickness of each pavement component. The 
objective of research, if such test roads fall in 
this category, has been defined as an attempt 
to isolate the responsible factors and system
atically determine their relative importance. In 
pavement design, the properties of the mate
rials used in construction, subgrade bearing ca
pacity, drainage and climatic environment are 
generally recognized as responsible factors. It 
is m terms of properties determined by test 
that the designer establishes a pavement struc
ture which from his experience he predicts will 
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provide satisfactory performance and virtually 
stakes his reputation on that prediction. 

None of these factors are included in the 
serviceability index and it is difl^cult to see how 
the results of pavement performance measure
ments on satellite test roads will be any more 
useful in the design of other roads in that State 
than are results from the AASHO Road Test. 
In other words, in order to design a pavement 
the designer must know not only how fast a 
pavement may deteriorate to an established 
minimum limit of serviceability but he must 
know why it reached that limit. Particularly 
vital in this regard are those pavements which 
show abnormal behavior and lose their capa
bility at accelerated rates. These are the data 
that identify design deficiencies which enable a 
designer to improve the capability of other 
roads that are yet to be built. 

It is in this repect that existing roads that 
have been designed in terms of the tested 
strength of the pavement components and the 
physical conditions to which they will be sub
jected would appear to be a logical and promis
ing source of data to improve pavement design. 
The fact that such roads have already been sub
jected in some cases to many years of realistic 
service makes the data more timely as well as 
more directly applicable. 

It is on these precepts that the Michigan 
Pavement Performance Study was inaugurated 
some five years ago. It is believed that the re
sults of this study which have been published 
justify such field surveys of existing roads at 
least as an alternate method of translating 
AASHO Road Test results to other areas. 

F. N. Hveem, California Division of High
ways.—I have been listening and enjoying the 
preceding discussions and have been trying to 
think of what I might say that would justify 
taking up time after all these comments. I think 
that there is one statement which might be 
made. It was very obvious that the gentlemen 
who preceded me are completely objective and 
unbiased in their presentations. As Col. Chacey 
pointed out, the test track contained no inno
vations of any kind, which is a sad thing to 
contemplate in a research project on which $27 
million dollars was spent. There was nothing 
on the test road that has not been built on State 
highways in some form or other for many 
years. This fact rather depresses me as I pre
tend to be a research man. When you are a 
research man, you have to have a high regard 
for innovations. So as a matter of innovation 
then, I will not attempt to be as unbiased and 
broadminded as my predecessors have been. I 
will confess that I am very definitely prejudiced 
and perhaps even narrow-minded. 

It has been 45 years since I drew my first 
paycheck from the California Division of High
ways, and I am a little taken aback to notice 
tonight that of the 20-odd people who have 

spoken I have only one other conferee in the 
highway field—a man from Dakota. I first be
gan to be associated with test roads some 25 
years ago and I was involved with both the 
WASHO test and the one we are just finishing 
up here. So admittedly, being biased and 
prejudiced in favor of the State highway de
partments, I believe that in spite of certain 
rumors from Washington, the States are still 
going to build a major portion of the nation's 
highways. This situation may change next 
year, but up to now we still have an active part. 

I cannot find words to make it sound pleas
ant, so I am just going to say flatly that as far 
as I can see, the data from the rigid pavement 
performance tests on this test track are next to 
useless as far as any State highway department 
is concerned. The only thing we can conclude 
from this project is that there is some relation
ship between the thickness and the amount of 
traffic which combine to cause pumping. If we 
take steps to prevent the foundation from dis
appearing from beneath the pavement, we will 
then have to start all over again to find out 
how thick the pavement has to be to sustain 
the loads. 

I submit that in a modern highway system 
you cannot make any practical use of the data 
from the test road so far as rigid pavement de
sign is concerned, I recall that Mr. Colley said 
they were now going to conduct some experi
ments to see what happens to a concrete pave
ment over bases treated in a fashion to prevent 
erosion. I will invite them to California where 
we can show them a great mileage of such 
pavements that we have constructed since 1946. 
This will give a little background if they Avould 
like to look at some of it. I think that in con
sidering the rigid pavement design in terms of 
what happens when the foundation is washed 
out from underneath is about tantamount to 
contemplating the redesigning of a bridge deck 
because the stream has undermined the founda
tion and washed out the piers. 

Now the next thing to which I want to give 
my somewhat qualified approval is this per
formance index— t̂he serviceability index. We 
need such a tool. We need this badly. But I 
think, in spite of Dr. Irick's very brilliant math
ematical derivation by which he was able to 
transfer the subjective opinion of a lot of 
people to a mathematical formula, that it still 
rests upon data that consist of what people can 
see looking at the top of a road; in other words, 
surface cracking, patching and surface rough
ness. In this equation for serviceability, there 
is nothing whatsoever as to the structural ade
quacy of the pavement. The test track report 
and data indicate that the deflection measure
ments are the single index which enables one 
to predict the performance of a pavement and 
there is nothing in this formula for serviceabil
ity index that has anything to do with deflec-
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tions, so far as I know. So, if we are going to 
rate an existing pavement, the engineer has to 
be concerned with something more than the 
superficial appearance. We all have seen a 
badly shattered pavement that with a brand 
new seal looked like a million dollars until it 
had a few loads over it. 

Well, as long as I am indulging in these 
pleasantries . . . I say again, we definitely need 
a pavement rating scheme. In fact, I have been 
involved with a Subcommittee of the Flexible 
Pavement Committee of the Highway Research 
Board (Maner's Subcommittee) and I see sev
eral members of the Subcommittee here to
night, including Mr. Helmer of Oklahoma. We 
quickly found out what an involved process 
this can be. Touching upon this design for
mula, what we have here is a form of mathe
matical shorthand which expresses rather 
concisely what happend on a special road some
where in the vicinity of Ottawa, Illinois. If you 
have these identical materials such as the sub-
base, base and soils in your particular State, 
you can use this formula with considerable 
confidence. 

We now have a proposal to construct satellite 
test roads. Now I realize that this is a serious 
matter, but I cannot help but feel somewhat 
appalled at this proposal. Suppose that a State 
as large as California were to build a satellite 
road. How are we going to transfer these re
sults to some other part of the State where 
conditions may be entirely different? I doubt 
that there are very many States in the Union 
where the data from any single satellite test 
road with all of its peculiar local conditions can 
be transferred literally for use with the rest of 
the terrain. So it seems to me, we are just 
pushing off the evil day of reckoning for an
other six or seven years if we attempt to build 
satellite test roads as a part of a State highway 
system. 

I believe that the staff here would agree and 
most of us have observed that the care and 
thoroughness with which this project was con
structed were absolutely necessary. I think the 
project staff are to be commended for the uni
formity of their construction work. Is it then 
suggested that we can build sections of a State 
highway in the somewhat off-hand manner with 
which construction work is normally carried 
out and then derive conclusions from that 
which we can match to this test data and apply 
to conditions on any State highway? 

I have two points or reasons why I question 
the practicality of this satellite program: (a) 
they would have to be constructed with greater 
care and uniformity than is characteristic of 
most highway construction; (b) at least a por
tion of these satellite sections must fail because 
the reports from this project stress the point 
that without failure, there is no basis on which 
to form conclusions. Most State Highway Chief 

Engineers, broadminded as they are, take a 
rather dim view about constructing on impor
tant highways such as the Interstate, test sec
tions that are expected to fail in short order. 
It may be that the newer generation will be 
more understanding of these matters, but it 
seems they are going to take a certain amount 
of convincing that planned failures in a satel
lite test road are necessary, especially in these 
days when we hear certain rumors from Wash
ington that Congressional Committees are in
teresting themselves in the failures already re
ported from some of the States. 

As you can see, I have no well-prepared dis
cussion. The question of equivalency is also a 
matter of considerable concern as it is now ex
pressed by the design formula. A rather casual 
examination of the data indicates that these 
"equivalencies" between an asphalt section, for 
example, and an equivalent granular base are 
not uniform for all weights of traffic. It is a 
variable and any relationship between thickness 
of asphalt pavement and stone bases presumes 
that a particular asphalt pavement will have 
the qualities of those on the test road. Most of 
ours do not. 

Commenting on Mr. Teske's remark that 3 
in. of granular base under a concrete pavement 
were as good as 9 in., you could also say that 
9 in. were no better than 3 in., which is the 
way I prefer to look at it. I think it is obvious 
that if you have unsatisfactory material be
neath the pavement, it does not make much 
difference what depth you have, it is still going 
to be unsatisfactory. 

Obviously I have been highly critical of some 
things, but my friends on the staff will be well 
aware that this is not a sudden change of atti
tude. There is, of course, a great deal of valu
able data contained in the reports on this 
project. We, in California, are working on the 
reports and we are doing our best to derive as 
much as we can from them, and we think that 
we can make very good use of some of the data. 
We are pleased with the fact that we have been 
able to make some small modifications to im
prove our California design formula. While it 
might be regarded by some as a sort of illegiti
mate offspring that is lacking in fundamentals 
and other things of this sort, we have tried to 
give it a certain shroud of respectability or 
legitimacy, if you like. We have baptized our 
formula with a statistical analysis and find a 
coefficient of correlation of 0.97 with all the 
data from the test road. I do not know whether 
this makes our formula valid or not, but it does 
look pretty good. 

F. P. Nichols, Jr., Virginia Department of 
Highways.—May I offer a word in defense of 
Mr. Benkelman's flexible sides of the test loops? 

When all the talk has been thoroughly di
gested and when we have had time to study all 
the reports which have been prepared in such 



286 C O N F E R E N C E ON T H E AASHO ROAD T E S T 

a brilliant and scholarly fashion, one thing, it 
seems to me, is bound to hit us between the 
eyes, and that is this: the AASHO Road Test 
produced a lot more failures in the asphalt 
pavements than in the concrete pavements. (In
cidentally, this is essentially what was noted in 
an editorial in today's St. Louis Post-Dispatch.) 

Furthermore, under the intense, channelized 
truck traflic, even those asphalt pavements 
which did survive and maintain reasonably 
high PSI values were still rutted to the extent 
that rainwater was ponded in the wheelpaths. 

It is unfortunate that more emphasis was not 
placed during the design stages of the experi
ment on the use of bituminous, cement, and 
other types of treated bases, or perhaps even 
some stabilization applied to the roadbed soil. 
This, of course, would have increased the num
ber of variables involved, but at least it might 
have introduced a few innovations, as Mr. 
Hveem has suggested. 

But most unfortunate, I think, is the rela
tively poor compaction achieved in the crushed 
limestone base and in the gravel subbase in the 
main factorial sections of the project. The 
casual reader, noting the specification require
ments of 100 to 105 percent of standard 
AASHO density for both these materials, prob
ably gets the impression that a high degree of 
compaction was insisted upon. But the fact is 
that this so-called AASHO density was deter
mined in the laboratory by a newly standard
ized method in which the coarser particles were 
crowded into the same old 4-in. Proctor mold 
formerly used only for material finer than a 
No. 4 sieve; and the resulting density, or even 
105 percent of this laboratory density, is not as 
high as can be achieved in the field on most 
crushed aggregate materials with reasonable 
compactive effort. 

The basis for these statements may be found 
in a paper which I co-authored and presented 
at the most recent Annual Meeting entitled, 
"Suggested Compaction Standards for Crushed 
Aggregate Materials Based on Experimental 
Field Rolling." 

R. G. Ahlvin, U.S. Army Engineer Water
ways Experiment Station.—I would like to 
make one comment and ask a couple of ques
tions. In the first place, in relation to Dr. 
Irick's comments on large numbers of load rep
etitions, I see no reason to go out to 10 million 
repetitions because the 1 million to which you 
went with the heavy loads applied certainly 
will represent 10 percent of any 10 million 
repetitions of traffic ranging in load from light 
to heavy. Our studies indicate that 2 or 3 per
cent of the heavy-load traflflc, at the top of an 
array of traflfic loads, accounts for most of the 
pavement structure requirements. So I do not 
see any need for extrapolation to the 10 million 
repetitions you were mentioning. I'd like to 
ask Mr. Benkelman a question concerning his 

comments on compaction. He had a figure in 
his first presentation today that showed cer
tain rut depth development and he indicated 
the fraction of this rut depth development 
which could be accounted for by densification. 
If I remember the magnitude of the quantities 
properly, he showed perhaps 0.5 in. of rut depth 
due to densification. If this amount of rutting 
is considered to have occurred in only a 6-in. 
layer, it would represent only about 1 percent 
increase in density. It seems to me the densifi
cation must have been significantly greater 
than this. I am only questioning whether there 
might have been an error creep in or something 
of that nature. 

One thing I would like to ask of Dr. Irick. 
I would like to know how, in the statistical ap
plication where it is necessary to control varia
tion, eliminate variation, or have random 
variation, you can reconcile the systematic 
variation that results from frost penetration? 
If, for instance, we consider a section of total 
thickness 30 in. and another of total thickness 
15 in. subject to a frost penetration of 24 in. 
and perhaps a thaw to 20 in., this certainly is 
not random variation in regard to subgrade 
strength, and it worries me. 

P. E. Irick.—In response to the second ques
tion, it seems to me whenever we build a thin 
section and a thick section that other things 
come along for the ride. And it seems that is 
what you are referring to here. I would say, 
the frost depth may be confounded with 
the thickness. If a thin design has a relatively 
deep frost depth, there is nothing we can do 
about it. That is the nature of the animal, as I 
see it. 

R. G. Ahlvin.—Perhaps my question should 
be, "To what extent does other than random 
variation invalidate the application of statistics 
to the factorial analysis?" And certainly we do 
not have random variation when we have a 
thick structure protecting the subgrade and 
frost penetration short of the subgrade in com
parison with other sections in which the frost 
has already penetrated the subgrade 6 in. There 
appears to be some question of applicability. 
Admittedly I am not on safe ground here. 

P. E. Irick.—Well, I'll just say again it 
seems to me that there is often a confounding 
or a change in one variable that is accompanied 
right along with a change in the other. The 
best example I can think of tonight is in the 
Road Test rigid pavements. If you change 
from wire mesh to no wire mesh you also 
change from 40-ft slabs to 15-ft slabs. And so 
when we say reinforcing factor we really mean 
"all the things that were different about those 
reinforced sections and the nonreinforced sec
tions," including even the depth of the saw-
joint. And so if there is a difference in frost 
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depth that comes along for the ride with differ
ent designs, then we might not have named the 
design completely when we named its thickness. 
Maybe we should also include the frost depth 
as part of the name of this design. 

A. C. Benkelman.—The data in the paper 
questioned by Mr. Ahlvin, on the amount of 
rutting due to densification, were presented 
with utmost confidence in their reliability. Only 
average values of 51 sections were shown in 
the figure that he referred to. Values for indi
vidual sections given in Report 5 show the 
scatter of the data which, in some cases, is ap
preciable. However, there is little question but 
that the large part of the reduction in thick
ness of the surfacing and subbase was due to 
something other than an increase in density. 
There was an inconsistency in case of base 
course. In the twelve trenches cut in the spring 
of 1960 the increase in density more than ac
counted for the measured change in thickness 
of the material. In the summer, however, after 
improvement of the technique of making the 
measurements in the trenches, the increase in 
density in the same twelve sections accounted 
for only 30 percent of the change in thickness 
noted. 

AASHO ROAD TEST STAFF CLOSURE 

First, we would like to thank the speakers for 
their kind remarks concerning the project and 
the staff that was associated with it. Among 
the speakers, Messrs. Teske, Finn, Colley, and 
Gardiner, were engineer observers on the proj
ect, representing their employers but reporting 
to and actually working in important positions 
within our project organization chart. Thus we 
are deeply interested in what they have had to 
say since they know the project intimately. 
Many of the other speakers were closely associ
ated with the project through service on com
mittees and advisory panels or through fre
quent visits to the project; they too are highly 
qualified to speak, and their remarks are con
sidered by us to be of great interest and 
importance. 

It is our intention in this closing discussion 
to answer some of the questions that were not 
answered during the discussion period and to 
comment on some of the points raised by the 
speakers. We appreciate the spirit of objectiv
ity that has prevailed throughout this discus
sion period. It is our intention in these remarks 
to maintain the same spirit. 

In Figures 18 through 21 of the Teske-
Fordyce discussion, the ordinate scale chosen 
is "percent surviving sections." These charts 
summarize the findings of the rigid pavement 
factorial experiments very effectively and the 
ordinate scale chosen is perfectly appropriate. 
It is gratifying to note that no attempt was 
made to average the data shown in these charts 

by loops or by loads since such averages would 
depend entirely on the thickness levels that 
happened to be chosen in the original experi
ment design. For example, in Figure 20, if the 
original experiment had included only sections 
of the 6I/2- and 8-in. thickness the average per
cent surviving would be of the order of 35 
percent; whereas, if only the 91/2- and 11-in. 
sections had been included in the test it could 
be said that 100 percent of the sections had 
survived the test. This simply points out that 
percentages of sections surviving the test or 
average losses in serviceability by lanes or by 
loads are rather meaningless and have quite 
properly been avoided by Teske and Fordyce. 

Mr. Holmes, in his remarks, pointed to the 
large volume of accumulated data from the 
Road Test and to the possibility of further 
analyses. We would like to add emphasis to his 
point and call attention to the fact that these 
data systems have been catalogued and listed 
in Special Report 61E. Most of the data sys
tems are in the form of IBM card files and are 
available at cost of reproduction to any agency 
equipped to make further analyses. A plan has 
been initiated by which an ad hoc committee 
of engineering educators will meet in Washing
ton to examine the data systems and recom
mend to the staff those systems that may serve 
as fundamental data for graduate students. 
When this survey has been completed those 
systems chosen will be described in greater de
tail and the descriptions circularized among 
engineering educators who are in position to 
advise graduate students. 

Mr. Painter's discussion included several 
questions, all of which are quite relevant and 
all of which were asked and discussed among 
staff members at several staff meetings as well 
as in meetings of the Road Test Statistical Ad
visory Panel and the Road Test Data Analysis 
Panel and, in some cases, the National Advisory 
Committee. 

In relation to Mr. Painter's comments, it is 
important to note that Co has been called the 
initial serviceability of a test section; whereas 
Pi was the first recorded serviceability index 
value—obtained after an average of 700 axle-
load applications had been applied to the test 
sections. Profilometer data had been obtained 
before any traffic was operated, but the profilo
meter system was still under development and 
it turned out that these initial data had to be 
disregarded. Analysis of the Pv data showed, 
as indicated in Mr. Painter's Figure 1, that pi 
increased on the average by about 0.1 for each 
increment of surfacing, base, and subbase—at 
least for the thinner designs in each lane. It 
can only be opinion as to whether this was the 
original situation as constructed or whether it 
was the result of conditioning traffic and that 
traflSc which operated during the first index 
period. It was observed, in the case of a few 
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very light sections, that only a few hundred 
applications did result in some deformation of 
the pavement. Another point m this connection 
is that the model must either consider Co to be a 
function of design or to be a constant. If the 
Pi data are used to relate initial serviceability 
to design, then the model would, for example, 
have a term such as Co = O.IOD, + O.OSSD^ -I-
0.025Z), + 3.40. 

After much discussion of this problem, it was 
decided to assume that no particular gam in the 
analysis would be made by incorporating such 
a term in the model, and in view of the uncer
tainty of the pretraffic serviceabilities, Co would 
be as defined. 

As Mr. Painter points out, the analysis of 
log p is quite adequately expressed by log 
p = a,Di + a^Do + a^D-^ + /(load). This partic
ular model was, in fact, investigated rather 
completely as were numerous other models. 
There can be no disagreement with the fact 
that both the reported model and this one rep
resent the Road Test data with about the same 
accuracy, nor with the fact that the two models 
differ in their extrapolation properties. The 
final choice of model was a result of staff dis
cussion and preferences whose details are far 
too lengthy to express here. Although not re
ported in Special Report 61E, the Road Test 
data systems contain computations of analyses 
by other models. Among these will be found the 
function of load that locates the straight line 
in Mr. Painter's Figure 3. 

The final question raised is about the one in 
D -f- 1. Since there were no data that would 
lead to an estimate of in the expression 
ttiZ), -I- a.Di + a^Di + a^, it was decided to re
gard all coefficients relative to whatever value 
at should have at the Road Test. Thus it was 
supposed that the expression represented the 
combination: 

ai a* tti 

with a, = 1 at the Road Test. Any other soil 
might have a different value of a, which would 
appear in the denominators of all four terms. 
This reasoning is conjectural, of course, and 
needs to be tested with experimental evidence. 
The main idea is that the per inch effectiveness 
of all component layers may depend upon the 
soil, although not necessarily according to the 
reasoning just stated. 

It was intentional that the models for deflec
tion would have the same form as for perform
ance. 

With regard to the discussion by Mr. Shook, 
scatter bands that include 90 percent of the 
data points were shown m the Carey-Irick 
paper of this conference. Special Report 61E 
contains the necessary information for deter
mining these limiting curves. 

Mr. Shook's Figure 4 indicates a bias that 
was known to exist in the Road Test analysis. 
Although the placement of each dot in the fig
ure is itself an act of extrapolation, it was 
noted that the Road Test performance equa
tions tended to underestimate the serviceability 
held by in-test sections at the end of traffic. It 
is supposed that any such bias will be mini
mized by more direct analytical procedures that 
were unavailable at the Road Test and that are 
now being tried at the Highway Research 
Board. 

In his carefully considered discussion. Pro
fessor Housel raises many pertinent points re
lating to the philosophy of highway pavement 
design and to the need for extension of the 
Road Test findings to other environments and 
to other materials. 

Professor Housel noted that an earlier study 
(of WASHO Road Test materials) by various 
laboratories disclosed variation of from 4 to 30 
in. in recommended design thickness for what 
were presumably identical conditions. We 
would suggest that the variation noted in this 
earlier study was partly due to lack of a specific 
definition of pavement performance. Pavement 
structure design procedures in the past have 
generally failed to specify exactly what it was 
the pavement was being designed for. The new 
dimension added by the AASHO Road Test de
sign concept permits a designer to provide a 
pavement structure that will carry a specified 
number of specified axle loads before its serv
iceability declines to a specified level. 

In his comments on satellite tests. Professor 
Housel states "it is in terms of properties de
termined by test that the designer establishes a 
pavement structure which from his experience 
he predicts will provide satisfactory perform
ance and virtually stakes his reputation on that 
prediction." He also notes that the properties 
of the materials, subgrade bearing capacity, 
drainage, etc., are not included in the Road 
Test equations for performance. It has been 
stated many times that nothing was included 
in the design of the AASHO Road Test experi
ment that would permit establishment of the 
values of coefficients for these terms for a 
design equation. Stated another way, one can
not learn the effect of, say, subgrade bearing 
capacity on performance, unless various differ
ent bearing capacities are included in the ex
periment. It is true, as in the above quotation, 
that the designer generally establishes his de
sign on the basis of his experience. The excel
lent highways over the United States furnish 
evidence that this experience has generally been 
an effective tool for design. However, it is 
partly in the interest of this designer's "repu
tation" that less empirical methods are desired. 
The Road Test equations have been adapted 
by the AASHO Design Committee to include 
other necessary design elements. To the best 
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of our knowledge the correctness of the as
sumptions necessarily made in these procedures 
can be tested only by experimentation in which 
materials with different subgrade bearing ca
pacities and different environments, etc., are 
studied. These things could not have been 
learned at Ottawa, Illinois. 

We heartily endorse Professor Housel's sug
gestion that the existing highway system will 
provide a great deal of information of use in 
extending the Road Test findings. However, a 
study of existing roads can be effective only if 
a rather good estimate of the traffic that has 
been carried by each road is available. Where 
such traffic history is available, the existing 
roads can provide a direct check of the Road 
Test findings and such a study has been sug
gested as one of the first efforts of the National 
Cooperative Highway Research Program that 
is being sponsored by AASHO and adminis
tered by the Highway Research Board. 

Mr. Nichols called attention to the fact that 
there were more failures in the asphalt pave
ments than the concrete pavements. This is 
true, but in itself has no significant meaning. 
Two separate experiments were conducted; one 
on rigid pavements and one on flexible pave
ments. Each was designed independently. In 
1955 had the state of the design art been such 
that the exact number of failures in each type 
of pavement could be predicted, there would 
have been no need for the AASHO Road Test. 
Consequently, the designers of the experiment 
provided a wide range of pavement structure 
thicknesses to insure that some sections would 
fail and that some would survive. We learn 
more from the failures than from the survi
vors ; however, had there been no survivors, it 
would not have been possible to know what 
thickness would be necessary to provide them. 
Had the flexible pavements been constructed to 
thicker and stouter designs on the average and 
had the rigid pavements been originally con
structed to weaker designs, the number of 
failed sections of each type may have been re
versed. But the amount of useful information 
from the Road Test would have been the same. 
This is to emphasize how misleading any refer
ence to number of failures by lanes or by loops 
or loads can be. If pavement types are to he 
compared in considering the design of a new 
highway, the information in the Road Test 
equations combined with unit cost data appli
cable to the area of the new highway plus the 

engineering judgment of men experienced in 
pavement design in that area can form the only 
basis for such a comparison. 

Mr. Nichols also points to the "relatively 
poor compaction achieved in the crushed lime
stone base and in the gravel subbase." In this 
regard it must be remembered that this proj
ect was designed in 1955. There has been con
siderable emphasis in the past seven years on 
increasing compaction in pavement structure 
layers. However, the intent in 1955 was to 
build the Road Test pavements to about the 
same densities as were normally obtained in 
the highway construction that was being done 
in the various States. It was hoped to relate 
performance of pavements as actually built to 
their design and loading. Perhaps today, pave
ments are built to higher standards. If this is 
the case, further experimentation, as suggested 
in the satellite program and in the field tests, 
will indicate how the Road Test relationships 
must be modified to account for the improved 
conditions. 

Finally, the Highway Research Board is 
highly gratified at the acceptance by highway 
engineers and administrators of the service
ability-performance concept developed at the 
Road Test. Some of the discussion tonight and 
remarks heard throughout the conference, how
ever, indicate a slight misunderstanding of this 
concept on the part of some highway engineers. 

We should like at this time, in an attempt to 
clear up such misunderstanding, to emphasize 
that the full title of the "serviceability index" 
is "present serviceability index." This index is 
intended to represent the ability of a particular 
pavement section to serve traffic at the time 
serviceability measurements are taken. A par
ticular present serviceability index value is not 
intended to be useful for predicting perform
ance of the pavement in the future. 

The major Road Test equations are designed 
to reflect what has been termed "performance." 
Performance in this sense is said to be the 
trend of serviceability with increasing load ap
plications and/or time. Thus, not one service
ability index but a history of serviceabilities is 
used to represent pavement performance. With 
performance thus defined, it is now possible to 
forecast the serviceability history of pavements 
whose design and load characteristics are 
known. It is on this foundation that the major 
Road Test analvses and resulting performance 
equations were laid. 




