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Improved Methods for Selection of k Value 
for Concrete Pavement Design 

KATHLEEN T. HALL, MICHAEL I. DARTER, AND CHEN-MING Kuo 

The results of research conducted to improve guidelines for k-value 
selection for concrete pavement design are summarized in this paper. 
The research included a review of the evolution of k-value concepts and 
methods, a review of k-value results from several field studies, an exam
ination of the AASHTO Guide's k-value methods, and proposed new 
guidelines for selection of design k values by a variety of methods. The 
k value was originally considered a useful and simple parameter for 
characterizing slab support provided by natural soils of fairly low shear 
strength. Recognizing that real soils are not true dense liquids, early 
researchers developed standardized test methods which provided k val
ues in good agreement with full-size slab deflections. Later, substan
tially higher k values were attributed to granular and stabilized base lay
ers, based on plate tests on top of bases, although slab tests had shown 
that such bases did not increase k values. Based on the historical review, 
review of results from several field studies, and a thorough examination 
of the k-value methods introduced in the 1986 AASHTO Guide, it is 
recommended that k values be selected for natural soil materials, and 
that base layers be considered in concrete pavement design in terms of 
their effect on the slab response, rather than their supposed effect on k 
value. Improved guidelines were developed for determining k value 
from a variety of methods, including correlations with soil type, soil 
properties, and other tests; backcalculation methods; and plate-bearing 
test methods. Guidelines for seasonal adjustment to k, and adjustments 
for embankments and shallow rigid layers were also developed. 

In the AASHTO Guide for Design of Pavement Structures, and in 
all other accepted concrete pavement design procedures, the support 
a foundation provides a concrete pavement is characterized by a k 
value, which represents a dense liquid (elastic springs) foundation. 
The AASHTO Guide also has a loss of support input which is 
intended to represent the potential for reduction of support at slab 
corners over the design life of the pavement. However, the 
AASHTO Guide's procedures for selecting these inputs do not pro
duce values which are truly representative of the support the con
crete slab will experience over its design life, and which are truly 
representative of the effect of support on the performance of the 
concrete pavement. 

Conventional plate-bearing tests were often conducted to deter
mine sub grade k values through the 1950s, and even to the 1980s by 
some agencies. These tests are extremely expensive and time
consuming, and thus are rarely conducted today. Other approaches 
exist for estimating k values for design, including correlation with 
soil properties and other soil tests, and backcalculation from deflec
tion testing on concrete pavements. The different approaches to 
selecting k values often give different results. 

Since the 1960s, k values intended to represent plate-bearing test 
values estimated on top of the base have commonly been used in 
concrete pavement design. These top of base or composite k values 
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overestimate the support the slab actually experiences in the field. 
This is particularly true for stabilized base layers or existing con
crete or asphalt pavement structures. The composite k concept also 
does not realistically reflect the effect that a base layer has on stress 
in a concrete slab due to load, temperature, and moisture influences. 
A better approach to characterizing concrete pavement support 
would assign realistic k values to natural subgrades and embank
ments, and account for base effects in slab stressed. 

EVOLUTION OF THE kV ALUE 

A thorough historical review of the k-value concepts and methods 
which have evolved over the last hundred or more years was con
ducted for this study and yielded valuable insights into the meaning 
and practical significance of the k value. This review is documented 
in detail in References 1 and 2, and its main findings are briefly sum
marized below. 

Introduction of Dense Liquid Support Model 

The concept of a foundation which deflects in proportion to an 
applied vertical load, without shear transmission to adjacent areas 
of the foundation, dates back to the nineteenth century. The dense 
liquid model represents one end of the spectrum of elastic soil 
response (the other end of the spectrum is the elastic solid model). 
The elastic response of real soils lies somewhere between these two 
extremes. Furthermore, the behavior of real soils is not purely elas
tic, but plastic, and time-dependent as well. The k value of saturated 
cohesive soils may be substantially higher under rapid-loading than 
under slow-loading, because under slow-loading, primary consoli
dation occurs gradually as pore water pressures dissipate. In most 
cases, the deformation of the soil reaches some stable value, but 
soils may also exhibit secondary (creep) deformation, if the load. 
magnitude exceeds the creep strength of the soil (3,4). Consolida
tion and creep behavior of soils necessitate some standardization of 
load test methods. 

Westergaard's Equations for a Slab on a Dense Liquid 

Westergaard presented the first equations for deflection of a con
crete slab on a dense liquid foundation, and also introduced the 
terms modulus of subgrade reaction for the spring constant of the 
subgrade and radiµs of relative stiffness for the stiffness of a con
crete slab relative to that of the subgrade (5). Westergaard suggested 
that the subgrade k value could be backcalculated from deflections 
of the slab surface rather than from load tests on the subgrade (5,6). 
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Arlington Road Tests 

In the early 1930s, the Bureau of Public Roads conducted extensive 
field tests to investigate concrete pavement behavior. One of the 
objectives of these field tests was to verify Westergaard's equations. 
Among the many valuable findings of the Arlington tests were those 
concerning measurement of subgrade k values, effects of seasonal 
moisture variation on k values, effects of slab-curling on corner k 
values, and effect of subgrade improvement on k values (7). The 
Arlington researchers did extensive experimentation to develop 
methods to determine the subgrade k value from plate load tests and 
from full-size slab testing. The k values determined from repeated 
loads on large plates (e.g., at least 30-in [762-mm] diameter) at a 
deflection at 0.05 in (1.25 mm] yielded k values which agreed well 
with those backcalculated from deflections induced by loads on top 
of concrete slabs. 

Corps of Engineers Field Studies 

In the I 940s, the U.S. Army Corps of Engineers conducted load 
tests on subgrades and concrete slabs at Wright Field in Ohio and 
several other airfields. One of the objectives of the Wright Field slab 
tests was to develop a standard test method for determining sub
grade k values (8). The k values obtained at a deflection of 0.05 in 
(1.25 mm] using a 30-in. (762 mm] diameter plate consistently 
yielded subgrade k values in close agreement with volumetric k val
ues obtained from test on concrete slabs (calculated by dividing the 
load by the volume of the deflection basin) (8,9,10). "The only 
exception to this pattern is the high k value obtained on moderate 
base course thicknesses which generally must be adjusted down
ward to match full:-size slab performance" (8). The Corps of Engi
neers' test method for k became the basis for the ASTM and 
AASHTO standard test methods developed later. 

Correlation of k Value and CBR and Soil Classification 

Jn 1942, Corps of Engineers researchers published perhaps the first 
chart correlating k value to California Bearing Ratio (CBR) and the 
Unified and Public Roads (now AASHTO) soil classification 
groups (JO). This chart became the basis for correlation charts and 
tables later published in concrete pavement design manuals by the 
U.S. Army and the Portland Cement Association. 

Effect of Base Layers on k 

In the 1940s, numerous reports appeared in the literature concern
ing plate load tests on subgrades and on base layers. These studies 
contributed to a trend to quantifying k value increases as a function 
of base thickness and base material. The Corps of Engineers also 
apparently changed its position on the effect of base layers on k 
value, but apparently did not attempt to validate its design curves 
for "base k value" with deflection tests on concrete pavements (J 1). 

ASTM Plate-Bearing Test Methods 

The first American Society for Testing and Materials (ASTM) test 
methods for plate-bearing tests on soils were published in 1952: D 
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1195, Repetitive Static Plate Load Test, and D 1196, Nonrepetitive 
Static Plate Load Test. These were based on the Corps of Engineers 
test methods and have changed very little since they were originally 
published. Neither of the ASTM test methods gives any guidance 
on calculation of the subgrade k value from the test results, unlike 
the Corps of Engineers test method, and the AASHTO test methods 
T22 l and T222, which were not standardized until the 1960s. 

AASHO Road Test 

Plate load, California Bearing Ratio (CBR), moisture content, and 
density tests were made on the subbase and the embankment at the 
AAS HO Road Test. At the time of the Road Test, AASHO did not 
have standard test methods for plate-bearing tests, and the test pro
cedure used did not conform to the then-current ASTM or Corps of 
Engineers standards. The procedure used was similar to that used at 
the Arlington Road Test, and involved cycling loading and unload
in'g at three load levels using a 30-in. (762-mm] diameter plate. An 
average elastic k value was determined by dividing each of the indi
vidual loads by the elastic deformations they produced and a gross 
k value was determined for each load level by dividing the load by 
the total deformation produced, including permanent deformation. 
The elastic k values averaged 77 percent greater than the corre
sponding gross k values (J 2). 

A k value of 60 psi/in. (16 kPa/mm] was used to represent 
AASHO Road Test conditions in the development of the AASHO 
rigid pavement design equation (J 3). This is the mean springtime 
gross k value from tests on top of the subbase. It is almost as con
servative a value as could possibly have been picked to represent 
the Road Test conditions. The only more conservative value would 
have been the slightly lower springtime gross k value of 49 psi/in. 
[ 13 kPa/mm] on top of the sub grade. Why the subbase gross k was 
selected rather than the subgrade k is not documented. 

The Corps of Engineers conducted load tests on top of the exist
ing slabs at the AASHO Road Test site in 1962 and calculated vol
umetric k values between 25 and 92 psi/in. [7 and 26 kPa/mm] from 
the slab deflection basins (14,15). Loop 1 of the AASHO Road Test 
was tested using a Falling Weight Deflectometer for this study in 
May 1992. Care was taken in the analysis to account for the effects 
of temperature, load transfer, slab size, and concrete compressibil
ity. The mean backcalculated dynamic k of 148 psi/in. [40 kPa/mm], 
when divided by 2, yields an estimated static k of 74 psi/in. [20 
kPa/mm], which is within the range obtained from plate load tests 
on the subgrade and also within the range obtained by the Corps of 
Engineers from static tests on top of the slabs. 

Portland Cement Association 

In the 1960s, the Portland Cement Association (PCA) conducted 
plate tests on subgrade soils, untreated gravel and crushed stone 
bases, cement-treated subbases, and soil-cement pavements. The 
tests on the granular bases yielded slightly higher k values than the 
subgrade k values, but the tests on the cement-treated bases yielded 
considerably higher k values. Tests on concrete slabs constructed on 
the cement-treated bases showed decreases in maximum edge and 
interior deflections with increasing base thickness (J 6). The PCA 
used these results to develop curves for top-of-base k values for 
granular and cement-treated bases, which were incorporated in 
PCA's concrete pavement design procedures. 
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In this study, the slab deflection data reported by PCA were used 
to backcalculate k values, and the values obtained were much more 
similar to those reported for the subgrade plate tests than to those 
reported for the plate tests on the cement-treated base. 

1972 AASHO Interim Guide 

The 1972 Interim Guide (17) recommended the use of the sub grade 
gross k value, and provided a nomograph to determine a composite 
k value on top of a subbase. The 1972 Guide also suggested that an 
adjustment to the k value might be warranted to reflect loss of sup
port. Both the subbase adjustment and the loss of support adjust
ment are inconsistent with the derivation of the AASHTO rigid 
pavement model, which was already calibrated to the subbase k 
value of the Road Test, and was also calibrated to the performance 
(including the effect of substantial pumping and loss of support) of 
the AASHO Road Test's granular-base concrete pavement sections. 

Correlation of k to Soil Type and Degree of Saturation 

The 1977 Zero-Maintenance study proposed that the k value in var
ious seasons could be estimated from its AASHTO classification 
and the degree of saturation in the upper 5 ft [ 1.5 m] of soil (18). 
The curves developed for k value were obtained using correlations 
between resilient modulus, static elastic modulus, and degree of sat
uration which were developed from an extensive field and labora
tory study of Illinois soils (19). 

Backcalculation Methods 

In the last 15 years, several methods were developed for efficient 
estimation of k values from deflection test data. These methods used 
finite element programs or Westergaard's equations to determine 
the subgrade k value as a function of the deflection basin measured 
by a Falling Weight Deflectometer or similar device. Nomographs 
and equations for backcalculation of concrete elastic moduli and 
foundation k values and concrete E values for concrete or compos
ite pavements were incorporated in the overlay design procedures 
in Part III of the 1993 AASHTO Guide (20). 

The dynamic k values obtained from FWD data are typically 
about twice as high as the static k values which would be expected 
for the same soils in standard plate bearing tests. The rule of thumb 
gives reasonable results, as numerous field studies reviewed for this 
research have shown. It is very difficult to provide a more sophisti
cated method for converting dynamic k values to static k values, due 
to the complexities of modelling dynamic soil behavior and the 
sparsity of side-by-side comparisons of dynamic and static soil 
response. Nonetheless, it may be true, and future research may 
show, that the relationship between dynamic and static k varies in a 
predictable way as a function of soil properties, loading character
istics, or other factors. 

AASHTO GUIDE kV ALUE METHODS 

The 1986 version of the AASHTO Guide (21) contained five mod
ifications to the k value guidelines of the 1972 Interim Guide: 
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1. An equation was provided fork value for an unprotected sub
grade; 

2. A revised nomograph for composite (top-of-base) k was pro-
vided; 

3. An adjustment for depth to a rigid foundation was introduced; 
4. A seasonal adjustment procedure for k was provided; and 
5. A loss-of-support procedure was provided. 

k Equation for Unprotected Subgrade 

A simple linear relationship described as a "theoretical relationship 
between k values from a plate bearing test and elastic modulus of 
the roadbed soil" was presented in the 1986 AASHTO Guide: 

MR 
k=-

19.4 
(1) 

Part II of the AASHTO Guide makes no distinction between the 
laboratory-measured resilient modulus of a soil sample (MR) and the 
in situ elastic modulus of a subgrade soil mass (E). The relationship 
between k and resilient modulus given in the Guide's Appendix HH 
was derived using an elastic layer computer program to model a cir
cular load on an elastic half-space. Because an elastic layer program 
cannot model rigid plate loading, k was not computed as pressure 
divided by deflection, but rather as load divided by deflection vol
ume. These two definitions fork are equivalent only when the total 
deflected volume is equal to the plate deflection times the contact 
area. However, in the derivation of Equation 1, the k corresponding 
to each input E was computed by dividing the plate load by only the 
portion of the deflected volume within the radius of the load plate. 

In a real plate load test on a natural subgrade material, the shear 
stress at the edge of a flexible load plate is equal to the applied pres
sure. The shear stress at the edge of a rigid load plate is consider
ably higher. If this shear stress exceeds the shear strength of the soil, 
the plate will punch down into the soil and relatively little deflec
tion will occur outside the load plate. To the extent that this hap
pens, the real soil's response approaches that of an ideal Winkler 
foundation. However, an elastic layer program is not capable of 
reproducing the type of discontinuous deflected shape of the sub
grade surface which would really occur in plate tests on most nat
ural soils of relatively low shear strength. 

If an elastic layer program is used to model a concrete slab on sub
grades with the set of E values used to derive Equation 1, the k val
ues which may be backcalculated from the slab deflections are sub
stantially less than those indicated by Equation 1. A real example of 
this is the AASHO Road Test soil itself: the laboratory resilient 
modulus of the Road Test soil was about 3000 psi [20.7 MPa] for 
springtime moisture conditions. Dividing 3000 by 19.4 yields a k 
value of about 155 psi/in. [42 kPa/mm], nearly twice as high as the 
springtime elastic subgrade k value, 86 psi/in. [23 kPa/mm]. 

Composite k Nomograph for Base and Subgrade 

The 1986 AASHTO Guide presented a nomograph for determining 
a composite k as a function of subgrade resilient modulus and the 
thickness and elastic modulus of a base layer. The development of 
this nomograph was documented in the Guide' s Appendix LL. 
Again, the subgrade's laboratory resilient modulus was presumed 
equal to the in situ elastic modulus. The nomograph was developed 
by simulating plate load tests with an elastic layer program. A k 
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value was calculated as the plate pressure divided by the maximum 
deflection under the plate. One anomaly of the AASHTO compos
ite k nomograph is that, although it yields very high k values for base 
layers, in some cases these k values are lower than the k values that 
would be assigned to the subgrade if the base were not present. Fur
thermore, elastic layer analyses conducted in this study showed that 
the Guide's composite k nomograph yielded substantially higher k 
values than those backcalculated from slab deflections. 

Adjustment to k for Shallow Rigid Foundation 

The 1986 Guide introduced a nomograph for adjustment to the com
posite k value when a rigid foundation was present at a depth within 
10 ft [3 m]. The basis for the AASHTO Guide's nomograph is not 
documented, although it is presumed to have been developed using 
elastic layer simulation in a manner similar to the development of 
the composite k nomograph. 

Seasonal Adjustment Procedure for k 

The 1986 Guide provided a method for determining a design k value 
which represents the range of k values expected in various seasons, 
weighted with respect to the relative damage done to the pavement 
in those seasons. The relative damage is calculated using the 
AASHTO rigid pavement design equation. This damage-weighted 
seasonal adjustment is reasonable in concept, although the nomo
graph provided suggests that relative damage is sensitive to slab 
thickness, and close examination of the nomograph and equations 
reveals that slab thickness has little or no effect. Another inconsis
tency of the seasonal adjustment procedure is that the design equa
tion itself is not calibrated to a seasonal average k for the AASHO 
Road Test site, but rather the springtime k value. This inconsistency, 
by the way, is present in the flexible pavement design procedure as 
well, where the impact on required pavement thickness is much 
more dramatic. 

Loss of Support Adjustment to k 

The nomograph introduced in the 1986 Guide for reducing the k 
value for potential loss of support due to base erodibility produces 
dramatic reductions in k values for erodible bases. Little or no 
adjustment is applied when the base is a relatively inerodible stabi
lized material. This loss of support adjustment is a major inconsis
tency in the AASHTO design procedure, because the rigid pave
ment design equation is based on the performance of AASHO Road 
Test pavements which had granular bases and experienced substan
tial loss of support. The loss of support adjustment is also inconsis
tent with the k value of 60 psi/in. [ 16 kPa/mm] embedded in the 
rigid pavement design equation. According to the loss of support 
nomograph, the granular base at the AASHO Road Test site would 
be assigned a loss of support factor from 1.0 to 3.0, which would 
reduce the k value to between 6 and 22 psi/in. [1.6 and 6 kPa/mm]. 

IMPROVED METHODS FOR DETERMINING 
kVALUE 

The elastic k value on top of the subgrade or prepared embankment 
is the recommended design input. Only the elastic component of 
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deformation is considered representative of the response of the sub
grade to traffic loads on the pavement. Three categories of methods 
were compiled in this study for estimating the elastic k value of the 
subgrade for a pavement design project: correlation methods, back
calculation methods, and plate-testing methods. 

Correlation Methods 

Guidelines were developed for selecting an appropriate k value 
based on soil classification, moisture level, density, California Bear
ing Ratio (CBR), Hveem Stabilometer data (R-value), or Dynamic 
Cone Penetrometer (DCP) data. These correlation methods are 
anticipated to be routinely used for design. k values obtained from 
correlation methods may need adjustment for embankment above 
the subgrade or a shallow rigid layer beneath the subgrade. 

k Value Correlations for Cohesionless Soils (A-1 and A-3) 

A cohesionless material may be characterized by its shear modulus, 
which is fairly insensitive to moisture variation and is predomi
nantly a function of void ratio and overall stress state (which in tum 
are functions of dry density and depth). Recommended k value 
ranges for A-1 and A-3 soils are given in Table 1. 

k Value Correlations for A-2 Soils 

Soils in the A-2 class are all granular materials falling between 
A-1 and A-3. Although it is difficult to predict the behavior of such 
a wide variety of materials, the available data indicates that in terms 
of bearing capacity, A-2 materials behave similarly to cohesionless 
materials of comparable density. Recommended k value ranges for 
A-1 and A-3 soils are given in Table 1. 

k Value Correlations for Cohesive Soils (A-4 through A-7) 

Some characteristics of the various classes of cohesive soils are 
summarized in Table 1. The bearing capacity of these cohesive soils 
is strongly influenced by their degree of saturation, which is a func
tion of moisture content, dry density, and specific gravity. Recom
mended k values for each cohesive soil type as a function of degree 
of saturation are shown in Figure 1. Each line represents the 
midrange of reasonable values fork. For any given soil type and 
degree of saturation, the range of reasonable values is about + 40 
psi/in. [ 11 kPa/mm]. So, for example, an A-6 soil might be expected 
to exhibit k values between about 180 and 260 psi/in. [ 49 and 70 
kPa/mm] at 50 percent saturation, and k values between about 5 and 
85 psi/in. [l and 23 kPa/mm] at 100 percent saturation. Note that 
two different types of materials can be classified as A-4. The line 
labeled A-4 in Figure l is representative of predominantly silty 
materials (at most 25 percent retained on the #200 sieve) with 
densities between about 90 and 105 lb/ft3 [ 14300 and 16700 N/m3

] 

and CBRs between about 4 and 8. Mixtures of silt, sand, and gravel 
(up to 64 percent retained on the #200 sieve) can also be classified 
as A-4, but have densities between about 100 and 125 lb/ft3 

[ 15900 
and 19900 N/m3

] and CBRs between about 5 and 15. The line 
labeled A-7-6 is more representative of this latter group. 
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TABLE 1 Recommended k Value Ranges for Various Soil Types 

AASHTO Description Unified Dry Density CBR k value 
Class Class (lb/ft3) (percent) (psi/in) 

Coarse-Grained Soils: 

A-1-a, 125 - 140 60-80 300- 450 
well graded 

A-1-a, 
gravel GW,GP 

120 - 130 35- 60 300- 400 
poorly graded 

A-1-~ coarse sand SW 110 - 130 20- 40 200- 400 

A-3 fine sand SP 105 - 120 15- 25 150 - 300 

A-2 Soils (Granular Materials with High Fines): 

A-2-4, gravelly silty gravel 
GM 130 - 145 40- 80 300 - 500 

A-2-5, gravelly silty sandy gravel 

A-2-4, sandy silty sand 
SM 120- 135 20- 40 300 -400 

A-2-5, sandy silty gravelly sand 

A-2-6, gravelly clayey gravel 
GC 120 - 140 20- 40 200- 450 

A-2-7, gravelly clayey sandy gravel 

A-2-6, sandy clayey sand 
SC 105 - 130 10- 20 150- 350 

A-2-7, sandy clayey gravelly 
sand 

Fine-Grained Soils: 

A-4 silt 90 - 105 4-8 5- 165 .. 

silt/sand/ 
ML,OL 

100 - 125 5 -15 40 - 22D .. 
gravel mixture 

A-5 poorly graded MH 80 - 100 4-8 5-190"' 
silt 

A-6 plastic clay CL 100 - 125 5 -15 5- 255 .. 

A-7-5 moderately plastic CL,OL 90 - 125 4 -15 5- 215 .. 
elastic clay 

A-7-6 highly plastic CH,OH 80 - 110 3-5 40- 22D ... 
elastic clay 

... k value of fine-grained soils is dependent on degree of saturation. See Figure 1. 
llb/ft3=159 N/m3

, 1 psi/in = 0.27 kPa/mm 

Correlation of k Value to Other Tests 

Correlations were also developed in this study to estimate k value 
from California Bearing Ratio (CBR), R-value, and Dynamic Cone 
Penetrometer (DCP) penetration rate and are presented in Refer
ence 2. 

Backcalculation Methods 

Backcalculation methods are suitable for determining k value for 
design of overlays of existing pavements, or for design of recon
structed pavements on existing alignments, or for design of similar 
pavements in the same general location on. the same type of sub
grade. An agency may also use backcalculation methods to develop 

correlations between nondestructive deflection testing results, and 
subgrade types and properties. Cut-and-fill sections are likely to 
yield different k values. No embankment or rigid layer adjustment 
is required for backcalculated k values if these characteristics are 
similar for the pavement being tested and the pavement being 
designed, but backcalculated dynamic k values need to be reduced 
by a factor of approximately two to estimate a static elastic k value 
for use in design. 

AREA Methods 

Equations and nomographs for backcalculation of concrete elastic 
moduli and subgrade k values for concrete and composite pave
ments are provided in Part Ill of the 1993 AASHTO Guide. This 
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Subgrade k value, psi/in 
250.--~~-~~~~~~~~~~~~~~~~~--. 

Line represems middle of range of k 
value for soil class. Range isr.W psi/In 

225 I-············'·············'·············'··············'··············'············· for all c1 ..... and degrees of saturaljon ..... 

200 

175 

150 

125 

For A-4 material! ""° A-4 line if dry 
density 90 lo 105 pcf and CBR 4 lo 8 ""' 
typical of ooil. Uae A-7-6 line if dry 

,.....: .............. : .............. : ............. : ............. : ............ density 100lo125 pd and CBR 5lo15 
.,.. typicalof ooil. 

25~········ , ...... , ............... , ........... , ......... , .............. , ........................... , ........... , ......... 1 

0'----'----L--'-----'----'---L-___JL--_ _._ _ _._ _ _, 

50 55 60 65 70 75 80 85 90 95 100 

Degree of saturation, percent 

FIGURE 1 k Value versus degree of saturation for cohesive soil 
classes. 

solution method is based on deflection of an infinite slab, and pro
duces a dynamic elastic k value, which should be reduced by a fac
tor of two to estimate a static elastic k value for design. This proce
dure is also based on a four-sensor definition of the deflection basin. 
For the SHRP sensor positions of 0,8, 12, 18,24,36, and 60 inches 
[O, 203,305,457,601,914, and 1524 mm] from the load center, 
AREA is calculated from the following equation: 

AREAsHRP 

4do + 6ds + 5 d12 + 6d1s + 9d24 + 18d36 + 12d6o 
do 

(2) 

The radius of relative stiffness is calculated from the following 
equation: 

[ 

l n ( 60 - AREAsHRP ) l 2.566 
289.708 

.e = 
- 0.698 

(3) 

AREAsHRP values between 35 and 50 correspond to typical l val
ues of 25 to 55 for concrete highway pavements. (The correspond
ing range of AREA values according to the four-sensor definition 
would be 27 to 33). In theory the two AREA definitions should yield 
the same .e, but in practice the two may give different .e values, pri
marily because AREAsHRP includes a deflection at a much greater 
distance from the load. 

The subgrade k value and concrete E value may be calculated 
from Westergaard's deflection equation and definition of radius of 
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relative stiffness, or may be calculated from any of the sensor 
deflections, using the following equations: 

k = Pd~ 
d, .e2 

where 

P = load magnitude 
d,. = measured deflection at radial distance r 
h = slab thickness 
µ = slab Poisson's ratio 
D = slab bending stiffness: 

E h3 

D= -----
12 (1 - µ 2

) 

(4) 

(5) 

(6) 

d; = nondimensional deflection coefficient for radial distance r: 

d~ = ae!-be(-cC}l
0 (7) 

The values for the a,b, and c.constants in this equation are given 
in Table 2. Note that k and E values computed from two or more 
sensor deflections should not be considered independent estimates, 
because they are all derived from a common .e value which was 
determined from the AREA computed from all of the deflections. 
Note also that these equations were developed for the FWD load 
plate radius of 5.9 inches [ 150 mm], although they are not very sen
sitive to load size. Similar equations for the large FWD load plate 
have also been developed. 

Solution for Any Arbitrary Sensor Arrangement 

The backcalculation methods based on any given sensor arrange
ment are limited in application to data collected with that sensor 
arrangement. It is also possible to solve for l from any two deflec
tions at any two radial distances greater than 0, because for a given 
load plate size, the nondimensional deflection coefficient is a func
tion of a single parameter, the radial distance normalized to the 
radius of relative stiffness, as shown in Figure 2. The following 
equation was obtained for this curve: 

( ,. )1.55212 
d* = 0.12497e-0.46308 e (8) 

Any two deflections d, and dr measured at radial distances x and y 
(both greater than 0 and x greater than y) may be used to solve for .e: 

1.55212 -0.46308 (xl.55212 _ y1.55212) 
.e = (9) 

In (dx) 
d.,. 

Edge and Corner Solutions and Slab Size Effects 

As Crovetti (22) has shown, Westergaard's equations for maximum 
edge, interior, and corner deflection may be represented as quadratic 
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TABLE 2 Regression Coefficients ford Versus€ Relationships 

Radial distance (in) a b 

0 0.12450 0.14707 

8 0.12323 0.46911 

12 0.12188 0.79432 

18 0.11933 1.38363 

24 0.11634 2.06115 

36 0.10960 3.62187 

60 0.09521 7.41241 

R2 ~ 99.7 percent (predicted versus actual values) for all models. 
Oy $ 0.01 for all models. 
1 in = 25.4mm 

TRANSPORTATION RESEARCH RECORD 1505 

c 

0.07565 

0.07209 

0.07074 

0.06909 

0.06775 

0.06568 

0.06255 

equations of the following form (note that a,b, and care quadratic 
equation constants and a, is the load radius): 

Each of these equations can be rearranged to isolate e on the right 
side an~ solve for€ as a root of the quadratic equation: 

(10) 

The equations for interior, edge, and corner loading become (22): 

Interior: ~ ~ = 0.1253 - 0.008 ( 7) - 0.028 ( 7 r (11) 

b - v'b2 - 4 a c €= -------
2a 

where, for example, for the interior deflection equation: 

a= 0.1253 
b = -0.008a, 
c = -0.028 a; - (do DIP) 

(14) 

Edge: ~€~ = 0.4311 - 0.707 ( 7) - 0.2899 ( 7 r 
Corner: ~g = 1.148 - 1.50 ( 7) - 0.6565 ( 7 r 

(12) 

(13) 

This approach to determining€ permits backcalculation of edge 
and corner k values if the concrete Eis assumed or is backcalculated 
from interior deflection basins (e.g., by the AREA method). Again, 
adjustment may be required for slab size. 

Nondimensional deflection, d* 
0.14 ;--------------------------, 

0.12 -- - - .... 

0.10 -· .. -

0.08 - .. -

0.06---· 

0.04 .___ - -

0.02 -· 

. 
0 .00 .___ __ .___,· ___ ,c_ _ __J1.__ _ __Jlc__ _ __J1 __ __J,_ .. _· ._._._._••:....:•:.....!•!..&-__J 

0.00 0.50 1.00 1.50 2.00 2.50 3.00 

Normalized radial distance, r/l 

FIGURE 2 Nondimensional deflection coefficient versus 
normalized radial distance. 

3.50 4.00 
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Seasonal Variation in Backcalculated k Values 

The k value determined from backcalculation represents the k value 
for the season in which the deflection testing was conducted. An 
agency may wish to conduct deflection testing on selected projects 
in different seasons of the year to assess the seasonal variation in 
backcalculated k values for different types of subgrades. 

Plate-Bearing Test Methods 

The most direct method of determining k is by repetitive or non
repetitive static plate-loading tests (AASHTO T 221 or T 222, 
ASTM D 1195 or D 1196) on a prepared section of the subgrade or 
embankment. Because these tests are costly and time-consuming, it 
is not anticipated that they will be conducted routinely. AASHTO 
T 221 and T 222 specify that if the pavement is to be built on an 
embankment, the plate-bearing tests should be conducted on a test 
embankment. 

In the repetitive test, the elastic k value is determined from the 
ratio of load to elastic deformation (the recoverable portion of the 
total deformation measured). In the nonrepetitive test, the load
deformation ratio at a deformation of 0.05 in [1.25 mm] is consid
ered to represent the elastic k value, according to the research by the 
Corps of Engineers. Note also that a 30-in. [762-mm] diameter plate 
should be used to determine the elastic static k value for use in 
design. Smaller-diameter plates will yield much higher k values 
which are inconsistent with slab behavior under load. 

Assignment of k Values to Seasons 

A season is defined as a period of time within a year which can be 
characterized by some set of climatic parameters. Among the fac
tors which should be considered in selecting seasonal k values are 
the seasonal movement of the water table, seasonal precipitation 

psi/in 

Depth to 
rigid layer 

Thickness of fill (ft) 

400 

psi/in 

135 

levels, winter frost depths, number of freeze-thaw cycles, and the 
extent to which the subgrade will be protected from frost by 
embankment material. A frozen k may not be appropriate for win
ter, even in a cold climate, if the frost will not remain in a substan
tial thickness of the subgrade throughout the winter. If it is antici- . 
pated that a substantial depth (e.g., a few feet) of the subgrade will 
be frozen, a k value of 500 psi/in. [135 kPa/mm] would be a 
reasonable frozen k. 

The seasonal variation in degree of saturation is difficult to pre
dict, but in locations where a water table is constantly present at a 
depth of less than about I 0 ft [3 m], it is reasonable to expect that 
fine-grained subgrades will remain at least 70 and 90 percent satu
rated, and may be completely saturated for substantial periods in the 
spring. The highest position of the water table, but not its annual 
variation, can be determined from county soil reports. 

A seasonally adjusted effective k value may be obtained by com
bining the seasonal k values. The effective k value is essentially a 
weighted average based on some performance measure such as 
fatigue damage. The effective k value results in the same perfor
mance over the entire year that is caused by the seasonally varying 
k value. Determination of a seasonally adjusted effective k value 
within the context of any specific design procedure must be done 
using the performance model intrinsic to that procedure. In this 
study, an improved seasonal adjustment procedure was developed 
for the AASHTO Guide, using a proposed revised performance 
model calibrated to the seasonally adjusted k value of the AASHTO 
Road Test site, as described in Reference 1. 

Adjustment to k for Fill Thickness and Rigid Layer 

The nomograph shown in Figure 3 was developed for adjustment of 
the seasonally adjusted effective subgrade k value if (a) fill mater
ial will be placed above the natural subgrade, and/or (b) a rigid layer 
(e.g., bedrock or hard clay) is present at a depth of IO ft [3 m] or less 
beneath the existing subgrade surface. Note that the rigid layer 

Density of fill (lb/cu ft) 

400- 600 

Adjusted k value 

Enter with k for 
natural subgrade 

1ft=0.305 m, 

psi/in 

1 psi/in = 0.27 kPa/mm, 
1 lb/cu ft= 159 N/cu m 

FIGURE 3. Adjustment to k for fill and/or rigid layer. 
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adjustment should only be applied if the sub grade k was determined 
on the basis of soil type or similar correlations. If the k value was 
determined from nondestructive deflection testing or from plate
bearing tests, the effect of a rigid layer is already represented in the 
k value obtained. 

CONCLUSIONS AND RECOMMENDATIONS 

This paper presents the results of research conducted to develop 
improved guidelines for k value selection for concrete pavement 
design. The research included a review of the evolution of k value 
concepts and methods, a review of k value results from several field 
studies, an examination of the AASHTO Guide's k value methods, 
and proposed new guidelines for selection of design k values by a 
variety of methods. These include correlations with soil type, soil 
properties, and other tests; deflection testing and backcalculation 
methods; and plate-bearing test methods. Guidelines for seasonal 
adjustment to k and adjustments for embankments and shallow, 
rigid layers were also developed. 
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