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This paper reports the results obtained in the construction and evaluation of 
two flexible-type test sections constructed for estimation of the thicknesses 
of subbase and base required to handle 50,000-lb. wheel loads on airport 
runways in two widely separated localities. 

In evaluating the layered system the subgrade, subbase, and base were 
tested successfully, with a plate having an area of 300 sq. in. The data ob­
tained are arranged to show the strength imparting power of the subbase and 
base in pounds per square inch per inch of thickness. 

The authors believe that the paper wil l prove of interest to the designers 
of flexible pavements, because it is shown that the required thicknesses may 
be estimated fairly close before the test sections are constructed, if sub-
grade strength characteristics and quality of superimposed layers are known. 

# ABOUT 3 years ago our laboratory was engaged to design, construct and evaluate two 
flexible-type test sections in connection with the construction of heavy duty runways on 
two widely separated airports. We are presenting a report on the results obtained for 
two principal reasons: f i rs t , because they illustrate how the load carrying capacity of 
layered systems may be estimated by considering the strength of the subgrade, and the 
strength-imparting power of superimposed layers; and, secondly, because they should 
prove to be a small contribution toward the solution of the flexible-pavement-design 
problem. 

Usually test sections are constructed and evaluated prior to the preparation of plans 
and specifications. However, in the two cases under consideration the usual procedure 
was not followed due to lack of time and suitable weather conditions. It became neces­
sary therefore, to estimate mimmum thickness requirements, and to make provisions 
in the plans and specifications for additional thickness, should i t be required. The pro­
visional additional thicknesses were to be dependent on the evaluations of the test sec­
tions which were to be constructed during grading operations. 

The runways on these projects were to be designed to handle 50,000-lb. wheel loads 
on single tires inflated to 150 psi. Our client instructed us to assume that layered sys­
tems capable of supporting 50, 000 lb . , at a deformation of 0. 2 inch, on a circular plate 
having an area of 300 sq. in. would perform satisfactorily. Our assignment, therefore, 
was to estimate the thicknesses of subbase, base and asphalt wearing surface required 
to obtain the specified resistance. In estimating the thicknesses of superimposed layers 
one must know the strength of the subgrade, and the quality of the layers to be super­
imposed. The strength of the subgrade is most important because it controls the rate 
of load carrying capacity increase of the superimposed layers. The quality of the super­
imposed layers is important also because it determines the magnitude of the rate of 
strength increase. 

In the two cases under consideration the subgrade strengths were not known. How­
ever, an adequate soil survey had been made on the runway areas of both projects and 
on borrow pits to be used for embankment. The data obtained enabled us to estimate 
the load carrying capacity of the finished subgrade. 

Project A is located in the plains of the Midwest. Practically all the soils encoun­
tered on the runway areas were gray clays. The moisture content was comparatively 
low on the upper portion but high at 6 to 9 feet below the surface. Based on our general 
knowledge of subgrade soils, we estimated that this subgrade would have a load bearing 
value of 60 psi . , or a load carrying capacity of 18,000 lb. on the testmg plate. Inmak-

21 



22 

TABLE 1 
PROPERTIES OF MIXTURES USED IN COMPONENT PARTS OF TEST SECTIONS 

PARTS OF TEST SECTIONS 

Properties Component Parts 
Project A 

Subgrade Subbase Base 
Project B 

Gradation 
% Passing 
^0 Passing 
^0 Passing 
% Passing 
^0 Passing 
% Passing 
^0 Passing 
^0 Passing 

Sieve l^z" 
Sieve 1" 
Sieve f*" 
Sieve fa" 
Sieve #4 
Sieve #10 
Sieve #40 
Sieve #200 

Atterberg Limits 
Liquid Limit 
Plasticity Index 
Density - pcf. 
^ M . L.D. 
?oM.L.D. in Test Sect. 
Moisture Content -
Optimum 
In Test Section 
C.B.R.b 
^ M . L.D. 

100 
98 

aM. L. D. 
b C.B.R. 

Subgrade Subbase Base 

100 100 
98 98 100 
81 81 98 
66 66 68 
47 47 100 54 
35 35 98 38 

100 16 16 100 49 19 
97 7 7 82 21 9 

56 21 21 49.7 23. 5 22 
38 5 5 31.7 9.1 3.5 

115.0 141.0 141.0 112.7 130 140 
92.7 98.2 100.1 94.8 98.4 99.1 

15.0 6.2 6.2 15. 5 8.0 6.0 
19.8 6.0 6.3 17.7 9. 5 7.8 

100 100 
89 100 

- Maximum Laboratory Density 
- California Bearing Ratio 

ing the estimate, i t was assumed that embankment would be placed at a density of at 
least 90 percent, and that the upper 6 inches of the subgrade would be compacted to a 
density of at least 95 percent of maximum laboratory density obtained by the Standard 
Proctor Method, as modified by the U. S. Engineers. 

Project B is located in the foothills, on the east side of the Rocky Mountains. The 
prevailing soils were clays also, but because of the dryness of the underlying soils, we 
estimated a load-bearing value of 80 psi. which is equivalent to a load carrying capacity 
of 24,000 lb. on the testing plate. 

Before estimating the strength imparting power of the subbase and base layers, i t 
should be pointed out that the subgrades on these projects are classed as strong, and 
consequently, the rates of strength increase would be eacpected to be high. 

Having assigned load carrying capacities to the subgrades we then proceeded to esti­
mate the rate at which this value might be increased by the addition of subbase and base. 
On Project A a well-graded crushed limestone mixture, produced from rock of high 
quality, was to be used both for subbase and base. This mixture showed a CBR of over 
100 when compacted to a density of 98 to 100 percent. We, therefore, assigned to i t a 
strength imparting power of 4. 5 and 5. 0 psi. per inch of thickness, respectively, as 
subbase and base. This is equivalent to an increase of load carrying capacity of 1,350 
and 1, 500 lb. per inch of thickness, respectively, on the 300-sq. -in. testing plate. 
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On Project B a subbase consisting of a 
mixture of sand and soils, and a base con­
sisting of crusher run gravel, also of high 
quality, were to be used for subbase and 
base respectively. Both of these mixtures 

^ ^ ^ ^ » Z ^ i r ^ ? Z r ^ Z ^ ^ ^ ^ ^ ^ " showed high CBR values, but the base mix-
P R O J E C T "B" T E S T SECTION ture was superior. Based on these strength 

tests, we assigned a strength imparting 
power of 4 and 5 psi. per inch of thickness, 
respectively, to the subbase and base mix-

I .|. -Q. .|. -Q. |. ^ I tures. The corresponding increases in 
I load carrying capacity on the 300-sq. -in. 

plate is 1, 200 and 1, 500 lb. per inch of 
thickness. 

After the subgrade strengths and the 

CRUbHCR RUN LS 
«• ™ k 

CRUSHER RUN LIHESTOHfl 

mCm K- r(<. '^R« " Strength imparting power of the subbases 
P R O J E C T "A" T E S T S E C T I O N and bases had been estimated, we pro-

Figure 1. Cross-sections of project test ceeded to estimate the thicknesses required. 
sections. First of all it was decided to use at least 

8 inches of base on both projects. On proj­
ect A the carrying capacity of the subgrade had to be raised from 18,000 to 50,000 lb . , 
or 32, 000 lb. Since the upper 8 inches was assumed to increase the load-carrying ca­
pacity 12,000 lb. (8 x 1, 500) the subbase must increase the load-carrying capacity 
20,000 lb. (32,000 - 12,000). Therefore, 14.8 inches of subbase was required (20, 000/ 
1,350). 

On Project B the subgrade carrying capacity had to be raised from 24, 000 to 50, 000 
lb. or, 26,000 lb. and, since i t was desired to use eight inches of base, this thickness 
would increase the carrying capacity 12,000 lb. (8 x 1, 500). The subbase therefore 
would have to contribute an increase of 14, 000 lb. (26,000-12, 000). The thickness re­
quired would be 11. 7 inches (14,000/1,200). 

Based on the foregoing estimates and calculations, we recommended 23 inches of the 
rock mixture for subbase and base for Project A, and 12 inches of subbase and 8 inches 
of base for Project B. 

It will be noted that in estimating the thickness of superimposed layers the effect of 
asphaltic concrete was not considered, although a 3-inch mat was specified for the 
projects. This procedure is consistent with our usual practice. We prefer to provide 
for the desired load carrying capacity at the top of the base. The asphalt mat is con­
sidered primarily as a wearing surface possessing durable qualities and sufficient sta­
bility to resist shoving and rutting. Whatever strength imparting power i t may possess 
is considered as a safety factor. 

After our client considered our recommendations, the following thicknesses were 
selected by him: for Project A, 18 inches of subbase and base and 3 inches of asphaltic 
concrete; for Project B, 10 inches of subbase, 9 inches of base and 3 inches of asphaltic 
concrete. The test sections were constructed accordingly, except that no asphaltic con­
crete was added. The test sections were compacted with the same equipment which 
was later used to construct the runways. Care was taken to maintain optimum mois­
ture conditions. 

Cross-sections of the two test sections are shown m Figure 1. Test Section A had 
a width of 25 feet and B, 20 feet. The plate tests were made along the longitudinal 
center lines. 

Some properties of the subgrade soils and the subbase and base mixtures are given 
m Table 1. The strength test results are indicated on the load-deformation curves in 
Figure 2. The data on these curves show that at a deformation of 0. 2 inch, the lay­
ered systems supported the following loads: 

Project A Project B 
Top of subgrade 20,400 lb. 26,000 lb. 

subbase 32,100 lb. 38,000 lb. 
base 44, 600 lb. 50, 500 lb. 
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From these values the strength imparting power of the subbases and bases was cal­
culated. On Project A, 10 inches of subbase increased the load-carrying capacity of 
the subgrade 11,700 lb. or 3.9 lb. per sq. in. per inch of thickness. Eight inches of 
base increased the load carrying capacity 12, 500 lb. or 5.2 psi. per inch of thickness. 
On Project B, the .strength imparting power per inch of thickness figures out to be 4, 0 
and 4. 6 psi. , respectively, for the subbase and base. 
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Figure 2. 

Table 2 has been prepared to show a comparison between the estimated load-carry­
ing capacities and those actually measured. The data in Column X show the measured 
and estimated load-carrying capacities of each test section as constructed. The data 
in Column Y show what the load-carrying capacities would have been if the recommended 
thicknesses had been used. In calculating these values, the measured subgrade strength 
was used, and it was assumed that the rates of strength increase determined in the 
sections would apply. 

TABLE 2 
LOAD-CARRYING CAPACITIES OF TEST SECTIONS 

Estimated LCC a - top of subgrade 
Measured LCC - top of subgrade 
Estimated LCC - top of subbase 
Measured LCC - top of subbase 
Estimated LCC - top of base 
Measured LCC - top of base 

Project A 
(30 

18, 000 
20,400 
31, 500 
32,100 
43, 500 
44, 600 

(Y) 

37,900 

50,400 

(X) 

26,000 
36,000 
38, 000 
49, 500 
50, 500 

Project B 
(Y) 

40, 400 

51, 400 
a LCC refers to Load-Carrying Capacity. 
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Table 3 was prepared to show a comparison between the estimated and measured 
rates of strength increase of the subbase and base on both projects. 

TABLE 3 
RATES OF STRENGTH INCREASE 

PROJECT A 
Estimated rate of strength increase ^ subbase 
Measured rate of strength increase, subbase 
Estimated rate of strength increase, base 
Measured rate of strength increase, base 
^PSI per inch of thickness: 

"475" 
3.9 
5.0 
5.2 

PROJECT B 
— o 

4.0 
5.0 
4.6 

The following observations are made from the data in Tables 2 and 3: (1) We under­
estimated the subgrade strength on both projects. (2) The rate of strength increase in 
Project A was estimated too high for the subbase, but too low for the base. However, 
the weighted average estimated rate of 4. 7 psi. for the total superimposed thickness 
compares fairly well with the 4.4 psi. obtained on the test section. In Project B, the 
estimated rate was the same as that obtained on the subbase test section but was lower 
on the base. The weighted average estimated rate was 4.4 psi. and the rate obtained 
on the test section was 4. 25 psi. (3) If the thicknesses recommended had been used, 
the load carrying capacity of the test section on Project A would have come to expec­
tations, but the test section on Project B would have been slightly over designed. 

In connection with the evaluation of the two sections, we wish to compare the ob­
served rates of strength increase with those determined by Palmer and Thompson dur­
ing an extensive survey of airport runways. They reported the findings in 1947 in a 
paper entitled "Pavement Evaluation by Loading Tests at Naval and Marine Corps Air 
Stations." The runway pavements were evaluated with a plate having an area of 707 
square inches and at a deformation of 0.2 inches. Tests were run on top of the pave­
ments and on the subgrades beneath them. They analyzed the data by plotting subgrade 
versus pavement load carrying capacity. 
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Figure 3. Strength-importing power of superimposed layers in f lex­
ib le pavements. 
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In discussing the paper; we pointed out that the increase of load carrying capacity 
contributed by superimposed layers can be expressed in psi. per inch of thickness. Now 
we wish to point out that the rates of strength increase obtained on the test sections are 
somewhat less than those reported by Palmer and Thompson. In order to do so we have 
constructed two curves shown on Figure 3. Curve X is the same as that used in the 
discussion and shows rates of strength increase with a 707 sq. in. plate. Curve Y shows 
what the rates of strength increase would have been if a 300-sq. - in. plate had been used. 
In constructing Curve B, i t was assumed that a layered system shows 40 percent more 
strength with the smaller plate. This relationship is approximately correct as has been 
shown by both Norman W. McCleod and ourselves. 

In order to compare the rates of strength increase, we need to refer to Curve Y. On 
this curve the rates of strength increase are 5. 25 and 5. 30 psi. for subgrade strengths 
of 68 and 87 psi. , respectively. These subgrade strengths were measured for Projects 
A and B, and the rates of strength increase turned out to be 4. 50 and 4.3 psi. , respec­
tively. The comparison indicates that the rate of strength increase obtained in the test 
sections is approximately 83 percent of that reported by Palmer and Thompson. This 
difference may be an indication that the flexible pavements become stronger during the 
application of traffic. 

In concluding this report we wish to add that we realize that the data presented is 
rather meager. However, it should serve its purpose as an example of what can be done 
m a practical way to design flexible pavements. We realize also that our method of 
design is based on a personal knowledge of the following factors: (1) the effect of sub-
grade strength on the strength imparting power of superimposed layers; (2) the effect 
of the quality of superimposed layers on the magnitude of the rate of strength increase; 
and (3) the effect of size of testing plate. 

Discussion 
RAYMOND C. HERNER, Chief, Airport Division, CAA Technical Development and 
Evaluation Center—^We who are limited largely to work in the laboratory are indebted 
to men like Campen and his associates who are willing to take the time to give us infor­
mation on their design and construction activities. This information is helpful in bridg­
ing the gap between the laboratory and the field. 

There is one point in the Campen-Smith paper which seems to deserve special com­
ment. In several instances it refers to the strength-imparting power of the material in 
a manner which might imply that this is a definite value inherent in the material without 
regard to any other factor. Our tests on the load-transmission apparatus have shown 
that two materials may be nearly equal in performance when used m the upper layers of 
a pavement but may vary considerably when used at greater depths where they are con­
fined by superimposed layers. 

In building up a t r ial pavement as described in this paper, we may find a large in­
crease in strength on addition of a layer of material, due not alone to the inherent 
qualities of the added material but due also to the added confinement given a pervious 
layer which is of a nature that i t wil l benefit from such confinement. This point should 
be kept in mind when trying to translate experience from one location to another location 
where the paving materials and subgrade have different characteristics. 

HOWARD NUNEZ and CHARLES W. JOHNSON, Materials and Tests Division New Mexico 
State Highway Department—While, in all probability, the methods employed by Campen 
and Smith in the design of surface thicknesses for the two subject runways are quite 
valid, i t is felt that there has been omitted from the report a great amount of information 
necessary to substantuate the decisions reached. What, for instance, was the nature of 
the knowledge that led to the estimate of 60-psi. bearing value for the subgrade on Proj­
ect A? Why could not this estimate have as easily been 65 psi. —an estimate much near­
er the true value ? 

On studying the report, one cannot help but notice the apparent discrepancies between 
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the estimated and measured load-bearing capacities. While i t may be true that the 
weighted averages of the estimated rate of strength increase for the base and subbase 
materials for both Project A and B agree fairly close with the weighted averages of 
measured strength increase, i t must be borne in mind that the design was not based 
upon average values, but rather upon definite assigned rates of strength increase for 
each material. 

In establishing the values of 4. 5 and 5. 0 psi. per inch of thickness as the strength 
factor for, respectively, the subbase and base on Project A, the authors must have 
relied on some information or knowledge not presented in the paper. Also, if , as the 
authors suggest, an increase in load carrying capacity is caused by superimposed layers 
of material, i t would appear that a different strength factor would be required for each 
l i f t in which material was placed. Either that is indicated or a single strength factor 
could be used for designing a thickness of surfacing to be built entirely of the same ma­
terial, regardless of the layer in which i t was to be placed. 

As a further point of interest, i t is noted that both runways were to be designed to 
handle 50, 000-lb. wheel loads, yet all bearing tests were made on the top of the base 
course and any increase in bearing capacity due to the specified three inches of as­
phaltic concrete was considered to be a factor of safety. Would i t not probably result 
in a more economical design to employ a safety factor in each layer and to Include the 
asphaltic concrete in the design of the layered system. It would be interesting to see 
results of plate-bearing tests conducted on top of the asphaltic pavement of the test 
sections. 


