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frost areas, to retard subgrade thawing). Unless the 
thickness of insulation and overlaying layers is sufficient 
to prevent subgrade freezing, additional layers of gran-
ular materials are placed between the insulation and the 
subgrade to partially contain the portion of the frost 
zone that extends below the insulation. Considering only 
the thermal efficiency of the insulated pavement system, a 
given thickness of granular material placed below the 
insulating layer is much more effective than the same 
thickness of the material placed above the insulation. 
Hence, the thickness of the pavement and base above the 
insulation should be the minimum that meets structural 
requirements, and the thickness of the insulation and ad-
ditional granular material should be based on the place-
ment of the latter beneath the insulation. 

Alternative combinations of thicknesses of insulation 
and underlying granular material required to completely 
contain the zone of freezing can be determined from Fig-
ure 8, which shows the total depth of frost for various 
freezing indexes and thicknesses of insulation; the thick-
ness of granular material needed to contain the zone of 
freezing is the total depth of frost less the total thickness 
of cover material and insulation. For pavements in sea-
sonal frost areas, experience has shown, however, that 
limited subgrade freezing may not have detrimental 
consequences. Accordingly, the total depth of frost 
given by Figure 8 may be taken as the value a in Figure 
3 and a new combined thickness of pavement, base, in-
sulation, and subbase determined. The thickness of the 
granular material needed beneath the insulation is ob-
tained by subtracting the previously established thick-
nesses of upper base and insulation. 
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Abridgment 

Design and Construction of Airport Pavements on Expansive Soils 
R. Gordon McKeen, Civil Engineering Research Facility, University of New Mexico, Albuquerque 

The pavements of airports (e.g., runways, taxiways, 
ramps, parking aprons, and such) are a vital part of the 
overall facility, and therefore pavement construction 
and maintenance costs are important in the planning and 
operation of airports. Premature failure of these pave-
ments (manifested as surface roughness) affects opera-
tional limitations, accelerates aircraft fatigue, and re-
duces safety; on the other hand, initial construction and 
material costs prohibit deliberate overdesign. 

A major cause of premature pavement failure is un-
derlying expansive soils that by shrinking and swelling 
cause surface roughness. Although current Federal 
Aviation Administration (FAA) design procedures (1) do 
not adequately treat the design of pavements over ex-
pansive soils, recognition that these soils are a signifi-
cant engineering problem took place many years ago, 
and a concentrated effort to solve this problem was be-
gun in 1965. 

OBJECTS AND SCOPE 

This investigation reviewed the current engineering lit-
erature and synthesized from it a design procedure for 
stabilizing expansive soils beneath airport pavements. 
To do this, the study was divided into specific areas: 

Methods of identifying and classifying the types of 
soil that are considered expansive and cause early pave-
ment distress; 

Laboratory and field test methods to determine  

the level of expansion and shrinkage, i.e., prediction of 
heave; and 

The design of stabilized soil layers including (a) 
selection of the type and amount of stabilizing agent (such 
as lime, cement, or asphalt), (b) test methods to de-
termine the physical properties of stabilized soil, (c) 
test methbds to determine the durability of stabilized 
soil, and (d) field construction criteria and procedures. 

The conclusions and recommendations are based on the 
current literature, without laboratory verification. Soil-
volume changes caused by factors such as frost heave 
and salt heave were not studied. 

CONCLUSIONS AND RECOMMENDATIONS 

Expansive Soil Design 

Engineering problems associated with expansive soils 
are significant and warrant the implementation of special 
design procedures to supplement those normally used. 
Expansive soils may be detected by observing the per-
formance of structures, but when such observations are 
impossible or inconclusive, other means are needed. An 
economical and fast test is desirable to provide an early 
indication that special testing and design are needed. 
The current identification and classification systems are 
based on correlations of simple index properties—the 
plasticity index and the linear shrinkage—with values of 
swell measured in the laboratory. In the initial investi- 
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gation, the soil should be rated as follows: 

Soil Expansion Potential (%) 

Soil Property 	Low 	Medium 	High 

Plasticity index 	10 	>10, <20 	>20 
Linear shrinkage 	Q 8 	>8, <12 	>12 

Soils in the low-expansion-potential category require no 
special provisions to account for swell in the design of 
airport pavements; soils in the high-expansion-potential 
category require evaluation of potential heave. The 
medium-expansion-potential category serves as an alert 
to the designer, and in this case, similar structures at 
least 5 years of age in the area should be evaluated. The 
designer must determine whether further tests to place 
the soil in the high- or low-expansion-potential category 
are justified. Soils in the high-expansion-potential cate-
gory are studied by the swell test described by Holtz (2). 
The test samples should represent each significant soil 
layer being evaluated. Representative samples of com-
pacted or undisturbed layers to a depth beyond which no 
significant change in the soil condition is anticipated are 
required. In thick clay soil deposits, this depth may be 
15 m (50 ft) or more. The percentage of swell estimated 
by the test and the layer thickness of which the sample 
is representative are used to compute the heave. The 
subgrade surface heave is the sum of the heaves of all 
underlying soil layers. 

The application of laboratory-measured swell values 
such as those based on consolidation tests to prediction 
of field rates of heave is extremely difficult. The ef-
fects of layer thickness, water-table depth, initial load 
and suction, final load and suction, seasonal variations 
in the soil structure, and soil volume change behavior 
must be considered. There are currently no widely ac-
cepted methods for applying these factors to swell data. 
The Holtz procedure is the best that can be implemented 
among those found in the literature for evaluating swell 
and predicting subgrade heave; however, it has limita-
tions: The moisture conditions of the test are signif i-
cantly different from those in situ, and no conclusions 
regarding the rate of swell can be made from the test 
results. Caution must be exercised in preserving the 
in situ moisture condition and structure of the undis-
turbed samples. Because the test assumes that the soil 
under a pavement will gain moisture after construction, 
initial and final estimated moisture conditions should be 
evaluated to determine the validity of the final moisture 
content before using the test data for design. The de-
formation and inconsistencies of the measuring apparatus 
and loading frame must be evaluated, and corrections 
must be made in the data analysis. The time required 
for the test is excessive (up to 6 weeks/test). 

The variation in heave from one area to another is 
called differential heave. The differential heave of sub-
grade soils is the cause of pavement failure. The nor-
mal procedure for designing on expansive soils is to as-
sume that the heave measured in the swell test is the 
differential heave, but this is an assumption, and its 
validity should be evaluated in each case. A study of 
heave values, soil variation, and drainage is needed to 
select a design value for differential heave. 

The design differential heave must be compared to an 
allowable differential heave, but there is no procedure 
available for computing this allowable differential heave. 
A structural analysis of the pavement section to be built 
must be made. The analysis consists of placing a mound 
of soil equal to the height of the predicted swell and com-
puting the effects—stress and strain and surface rough-
ness—on the pavement section. Surface roughness is 
one of the first indications of differential movement in  

the subgrade soil, but adequate procedures for dealing 
with that induced by expansive soil are not reported in 
the technical literature. Thus, at this time, the allow-
able differential heave must be determined by struc-
tural analysis techniques. 

A stabilization objective is established as the differ-
ence between the design heave and the allowable heave. 
When the design differential heave exceeds the allowable, 
some action must be taken to reduce it. This reduction 
may be accomplished in many ways, but every effort to 
reduce the design differential heave must be quantita-
tively evaluated. Additional swell tests are required to 
evaluate the swell of the stabilized soil (e.g., lime 
treated). The addition of lime or cement admixtures 
to a soil reduces, but does not eliminate swell. All 
layers affected by treatment must be tested after treat-
ment to determine the final heave for comparison with 
the allowable heave. A stabilization system must not 
only adequately reduce the heave to below the allowable, 
but must also meet the conventional strength and dura-
bility requirements. The procedures given by FAA (3) 
are satisfactory for designing lime- and cement-
stabilized layers. These procedures have been developed 
from thorough laboratory studies, and they are sound 
ones that can be implemented. 

Research Needs 

The expansive soil design method described above has 
specific limitations. However, the technology required 
to overcome these limitations is available. Research is 
required to transform what are now research tools into 
useful design tools. Simple expansive-soil tests have 
evolved over many years on a piecemeal basis; no com-
prehensive, large-scale research effort has been di-
rected toward improving the procedures for evaluating 
swell potential. In two programs funded by the Federal 
Highway Administration, various simple test procedures 
are being compared in an attempt to develop a procedure 
that will have a better correlation than 0.6 (the best avail-
able today) between predicted and measured swell poten-
tial. A reliable simple test is required to determine the 
need for detalled heave prediction. 

No simple procedure to accurately predict in situ 
heave will be developed. The initial load and soil suction 
and the final load and soil suction are the critical factors 
that determine soil behavior (4, 5). The data needed to 
predict in situ soil behavior are thus the initial and final 
conditions and the response of the soil to the change. 
Structural design of pavements requires consideration 
of loads before and after construction; therefore, the 
load data are routinely available. Soil suction, however, 
is a relatively new concept to engineers. It is a measure 
of the energy balance of the soil water, and until recently, 
measurement of high in situ soil-water suction (i.e., low 
water content) was not practical. However, in the last 
10 years, thermocouple psychrometers for measuring 
suction in the field have been developed and can be used 
together with conventional hydraulic tensiometers to 
cover the full range of soil suction encountered in natural 
soils. The Thornthwaite Index, an indicator of the mois-
ture balance between the atmosphere and the soil, has 
been correlated with equilibrium soil suction (6, 7, 8). 
Drier soils can be tested in the laboratory under con-
trolled conditions by using undisturbed samples, but the 
relation between moisture content and disturbance for 
various soils should also be determined. A test program 
in which currently available equipment could be used is 
needed to develop a procedures manual for the use of 
thermocouple psychrometers and hydraulic tensiometers 
in establishing the initial soil suction in expansive soils. 

The final equilibrium soil suction under pavements has 
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been studied extensively. Recent developments with 
mathematical models for predicting moisture movement 
are promising, but cannot yet be implemented (9, 10). 
However, the suction at a depth below seasonal influ-
ences can be measured, and the values for the remainder 
of the soil can be estimated (ii, 12). It is important to 
recognize that after the initial and final design conditions 
are selected, they must be maintained through proper at-
tention to surface drainage, water-table fluctuations, and 
other sources of change. 

To complete the data required for expansive soil de-
sign, the response of the soil to the change from initial 
to final conditions must be characterized. Data for this 
purpose can be obtained with an oedometer that provides 
for independent load and soil-suction control. From the 
slope of the linear strain versus suction curve, compu-
tations are made to predict swell. Because of its com-
plexity, however, the oedometer is not an instrument 
that can be used for routine design testing. The correla-
tion of the slope of the linear strain versus suction curve 
with simple soil properties promises to be a useful tech-
nique, but a wide range of soils must be tested first. 
The design of stabilized soil layers would be facilitated 
by developing similar data for stabilized materials. The 
present methods, based on strength and durability, pro-
vide nothing for the designer to use in estimating the 
heave reduction attained through stabilization. 

The remaining weakness of the current state of the 
art is in establishing the allowable differential subgrade 
heave below a pavement; structural analysis is cumber-
some for routine design work. It seems reasonable that 
categories for pavement sections could be established in 
terms of allowable heave. Recent studies of pavement-
surface roughness have demonstrated the capability of 
present technology for describing allowable pavement 
roughness (13). It remains to establish the relations 
among pavement characteristics, subgrade properties, 
and roughness that would permit defining acceptable lev-
els of roughness in terms of subgrade differential heave. 

IMPLEMENTATION 

The procedure presented here offers no marked im-
provement over currently used techniques. The swell 
test has been used to predict heave for many years. The 
improvement of this procedure is dependent on further 
research. The method presented here for stabilization 
of expansive soils is derived directly from the U.S. Air 
Force system. Current criteria are based on strength 
and durability, and no provision is made to determine 
the swell reduction associated with the use of stabilizers. 

All the tests recommended by McKeen (3) can be im-
plemented. Their use, however, will not provide a 
marked improvement over the procedures currently used. 
The procedures are not new and have changed little in 
the last 10 years. The sequence of tests for stabilization 
design is new. It was recently developed for the U.S. 
Air Force and provides a well-based system that uses 
the strength and durability of the stabilized materials as 
the design criteria. Implementation of the recommenda-
tions offers little progress in dealing with expansive  

soils, but the procedure for soil stabilization is a sig-
nificant improvement. 
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