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S IIMYk•RY 

The studies reported herein concern one of the basic pavement 
design types used by the Virginia Department of Transportation for many 
years. Known as a sandwiched pavement design, the pavement consists of 
a relatively weak aggregate base layer between a strong, asphaltic 
concrete upper layer and a strong cement-treated stone or cement- 
stabilized soil lower layer. 

Include• in the studies were deflection analyses, performance 
evaluations, and the collection of aggregate base mechanical properties. 

The studies show that the sandwiched pavements generally do not 
perform as well as conventional pavements where layers grow successively 
weaker from the top to the bottom of the pavement. The life expectancy 
for sandwiched pavements was on the average two years shorter. Studies 
also showed that the deflection characteristics and therefore the 
performance of the sandwiched pavements is strongly influenced by the 
amount of minus 200 material in the aggregate base layer. 

A recommendation to management that the Department consider greater 
use of a graded aggregate base with no more than 8 percent minus 200 is 
included. 
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by 
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INTRODUCTION 

For a number of years the Virginia Department of Transportation has 
used as one of its basic pavement designs a cross section incorporating 
a 6-in thick soil cement subgrade, a 4- to 8-in thick aggregate base, 
and 4 or more inches of bituminous concrete. Used to provide a stable 
pavement foundation in poor soil areas, the soil cement layer normally 
contains about 10 percent portland cement by volume. The aggregate base 
is a densely graded material designated in Virginia specificat•oms as 
No. 21 or No. 21-A or a similarly graded local sand and gravel. In some 
instances, a layer of cement-treated aggregate is used in lieu of the 
soil cement-stabilized subgrade. Because of the presence of the weaker 
aggregate layer between the strong cement-stabilized layer and the 
bituminous concrete layer, both of the above cross sections have become 
known as "sandwiched" pavements. 

While the widespread use of sandwiched pavements was encouraged, 
and their generally good performance was documented in earlier research 
studies (1), it has been noted in recent years that some such pavements 
have not performed up to original expectations. In the latter cases 
studied, Virginia strength equivalency values for the aggregate bases 
have been found to be significantly lower than given in design tables, 
sometimes to the point of having negative values (2, 3). Several 
studies w•th an apparent bearing on the poor performance of some sand- 
wiched pavements have shown (1) that the weak sandwiched layer should be 
no more than 4-in thick (4); (2) that when the sandwiched ]•yer is weak 
enough, the strength of the lower sandwiching layer is not mobilized 
(5); and (3) that aggregate base courses should have a design minus 200 
fraction of no more than 7 percent if maximum strength and adequate 
drainage are to be achieved (7). 

In none of the above studies were sufficient data collected to 
permit the development of strength equivalency values for the weak 



sandwich layers of various thicknesses and gradations. The present 
study was undertaken in an effort to correct some-of those deficiencies. 

PURPOSE AND SCOPE 

The purpose of the study was to collect performance and deflection 
data from in-service pavements containing sandwich layers and to develop 
appropriate guidelines, for the use of such layers. Data were collected 
from 26 sandwich pavements and 5 non-sandwich (control) pavements over a 

range of pavement ages and traffic exposures. The pavements studied are 

fully described in Appendix 1. Note that four of the non-sandwich 
pavements are constructed of asphaltic concrete on a cement-treated 
aggregate base underlaid by a soil cement foundation. The fifth is 
thick (11.5 in) asphaltic concrete directly on the soil cement. 

METHODOLOGY 

Structural Evaluation 

Dynaflect deflection tests were conducted on each pavement segment 
to determine 5-sensor deflection basin characteristics. Methods devel- 
oped by Vaswani (5) utilizing the Chevron layer analysis program were 

employed to determine the subgrade modulus, to examine layer inter- 
actions, and to determine strength coefficient for the layers. All 
deflection data are tabulated in Appendix 2. 

Performance Evaluation 

At the time deflection tests were conducted, evaluations of the 
condition of the pavement were performed using methods employed by the 
Department in the pavement management process (6). Subsequent eval- 
uations by pavement management personnel and the accumulated 18-kip 
equivalent axle loadings corresponding to each evaluation permitted the 
development of performance characteristics for those pavements for which 
full data were available. Detailed evaluation data are tabulated in 
Appendix 3. 

Aggregate Base Eval.uations 

While it was originally envisioned that aggregate base samples 
would be collected from projects showing exceptionally good or 
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exceptionally poor performance, it soon became evident that such sharp 
delineations of performance were not going to materialize. Since it was 
not within the scope of the study to collect and analyze samples 
from all projects, it was decided that project records and data base 
files for the sources of the materials would be used. While it was 
recognized that such file data would be subject to more uncertainty than 
would samples from the road, it is also clear that statistically it 
would be better to have some data from all projects. Aggregate base 
samples taken from sites 4 and 22, both of which were especially poor 
performers with around 9 percent minus 200, showed that the bases were 
saturated due to poor drainage characteristics and to the "bathtub" 
designs. 

The data of primary interest, gradations and Atterberg limits, are 
tabulated in Appendix 4. The alphabetical source codes in that tabu- 
lation refer to commercial stone producers whose names are available in 
Research Council files. 

The gradation design ranges for the No. 21-A aggregate base 
material used in virtually all sandwiched projects is given in Table i. 
The Department's specifications provide for suitable tolerances (+_ 3%) 
once the producer c•ooses his job mix from the values given in Table i 
(8). These tolerances, then, provide an extremely wide operating range 
that can result in large variations in the end product from different 
producers. For example, the percentage passing the No. 200 sieve can 

range from 5 to 15 percent for individual test results. 

Table i 

Design Ranges for No. 21-A Base Material 

Sieve 

2 I! 

318" 
No. i0 
No. 40 
No. 200 

Percentage Passing (by weight) 

i00 
94-i00 
63-72 
32-41 
16-24 
8-12 
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RESULTS AND DISCUSSION 

Structural Evaluation 

Detailed analysis of deflection data showed that the sandwiched 
pavements do not develop the design structural strength as measured by 
the thickness index (2, 4). The contrast between sandwiched and 
non-sandwiched pavements in their ability to develop the design struc- 
tural strength is shown clearly in Table 2. 

Tab le 2 

Structural Strength Development 

Design Thickness Effective Thickness 
Index Index Design Efficiency 

Sandwich Non-Sandwich Sandwich Non-Sandwich Sandwich Non-Sandwich 

Average 10.7 15.8 6.7 16.6 62.6 105.0 
Std. Dev. 1.4 1.2 1.9 1.9 

Note in Table 2 that, on the average, the sandwiched designs were 

able to develop only 62.6 percent of the design structural strength 
while the non-sandwiched pavements averaged 105 percent. 

While a major purpose of the present study was. to develop strength 
equivalency values for sandwiched pavement systems, attempts to do so on 

the sandwich pavements studied were unsuccessful. If asphaltic concrete 

and cement-treated layers are assumed to have developed their expected 
strengths, then the aggregate base course contribution to overall 
pavement strength was negative in nearly every case; i.e., the pavements 
were better off without the aggregate base layer. The computed average 
equivalency of the aggregate base, based on the data in Table 2 and 
Appendix I, is -0.30 as opposed to a design value of 0.35. Since such a 

conclusion is ridiculous, it is the author's contention that the obser- 
vation made by Vaswani in earlier studies is true: the strength of the 
lower sandwiching layer is not mobilized and does not realize its design 
strength (5). It is clear that no meaningful equivalency values can be 
developed from the data collected in the present study. 

The deflection characteristics from which the effective thickness 
index values were developed are given in detail in Appendix 2 and are 

summarized in Table 3. 
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Table 3 

Average Deflection Characteristics 

Maximum Subgrade Pavement 
Pavement Type Deflection (in) Spreadability Modulus Thickness (in) 

Sandwich .026 55.4 9400 17.5 
Non-Sandwich .012 79.0 12000 19.5 

The data clearly shows the large difference in maximum deflection and in 
the spreadability values between the sandwiched and non-sandwiched 
pavements. The deflection difference is no doubt partially due to small 
differences in subgrade strength, pavement thickness, and layer composi- 
tions. Statistical analysis, however, shows that aggregate base grada- 
tion, particularly the percentage passing the No. 200 sieve, is a major 
contributor to the total deflection. The multiple regression equation 
of best fit is 

-6 DEFL 0.0044 (PP200) 1.8 x I0 (ES) 
where 

D E•-•L deflection 

PP200 percentage of aggregate base passing the No. 200 sieve 

ES subgrade modulus. 

The coefficient of determination (R 2) of equation (i) is 0.879, indicat- 
ing a Significant relationship at a 99 percent confidence level for the 
26 sandwich pavements studied. A similar analysis for the 5 non- 
sandwiched pavements shows that the deflection is a function only of the 
subgrade modulus and the pavement thickness. 

The deflections predicted from equation (i) are plotted in 
Figure i as a function of the measured deflections.•. While the figure 
shows a strong overall relationship between measured and predicted 
deflection, it is also evident that due to variation unexplained by the 
equation, the equation would not be a good deflection predictor for an 
individual project. 
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Performance Evaluation 

Performance equations for both the sandwich and non-sandwich 
pavements were developed through methods described by the author in an 
earlier study (6). In that study, the general form of a pavement 
deterioration equation was" 

B DMR-- i00- A (ESAL) (2) 

DMR is the distress maintenance rating, Virginia's measure of pavement 
surface condition computed through a deduct system comprised principally 
of cracking and rutting distresses. The coefficient (A) and exponent 
(B) are load and design variables for a particular pavement, and ESAL is 
the cumulative 18-kip axle loading sustained by the surface at the time 
the D• is determined. 

A weighted averaging of the detailed performance data given in Ap- 
pendix 3 yielded equations (3) and (4) for the sandwich and non-sandwich 
pavements, respectively. 

i .21 Sandwich pavements: DMR I00- 56.7 (ESAL) (3) 
2.33 Non-sandwich pavements: DMR i00- 3.47 (ESAL) (4) 

Note that these equations reflect average values and do not purport to 
represent particular pavements. They do, however, show significant dif- 
ferences in the. performance behavior of the two pavement types. Their 
difference is shown graphically in Figure 2 in which both deterioration 
curves are plotted using the initial average daily 18,000 ib equivalent 
axle loads (ESAL-18) for each pavement type. These initial values were 
105 and 393 for the sandwich and non-sandwich, respectively. A 5 per- 
cent annual traffic growth rate was used, and the curves depict DMR as a 
function of age to normalize the data and demonstrate the performance 
difference between the two pavement types. According to Virginia's de- 
sign procedure both pavement types should perform similarly with traffic 
differences accommodated by structural differences. However, when 
judged on the basis of time.required to reach the terminal DMR of 78 (9) 
used in Virginia for rehabilitation of primary system flexible .pave- 
ments, it can be seen that there is an average two-year difference in 
performance in favor of the non-sandwich pavements. 

An examination of the age-to-terminal DMR data in Appendix 3 shows 
that the life expectancy of the sandwich pavements is much more variable 
than the non-sandwich, but that the two year average difference is sta- 
tistically significant at over the 90 percent confidence level. Given 
the large differences in pavement response to loads measured by de- 
flection, the differences in performance are not surprising. 
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Relationship Between Pavement Performance and Ag•re..gate Base Properties 

In an effort to identify possible relationships between performance 
of the sandwich pavements and the properties of the aggregate base mate- 
rials, a multiple regression analysis of the data given in Appendices i 
through 4 was performed. Specifically, the analysis was directed at de- 
termining statistically significant relationships between the perfor- 
mance equation parameters A and B in equation (2) and traffic, design, 
and materials variables. The significant relationships identified are 
given in equations (5) and (6) where LNA is the natural logarithm of the 
coefficient (A), ACT is the thickness of the asphaltic concrete portion 
of the pavement, PP200 is the percentage of the aggregate base passing 
the No. 200 sieve, and LNB is the natural logarithm of the exponent (B). 

LNA 0.949 (PP200) 0.839 (ACT) (5) 

LNB 0.208 (LNA) 0.645 (6) 

Equations (5) and (6) have coefficients of determination (R 2) of 0.894. 
and 0.274, respectively. While both are highly significant with 24 de- 
grees of freedom, it is clear that the interaction of variables is much 
better explained by equation (5) than by equation (6). That is, there 
is a strong relationship among the performance curve parameter (A), the 
interaction of asphaltic concrete thickness, and the percentage of the 
aggregate base passing the No. 200 sieve. The relationship between A 
and B, while statistically significant, could not be used with confi- 
dence in predicting pavement performance. 

R 
2 

In addition to the low for equation (6), equations (5) and (6) 
have another serious limitation in that the pavements studied had aggre- 
gate bases with a relatively narrow range (7.2 to 12.2) of values for 
the percentage of aggregate passing the No. 200 sieve. Thus, the 
equations are not representative of the gradation of aggregate bases 
having less than• 7 percent of the aggregate passing the No. 200 sieve, 
where one would expect the best pavement performance (based on other 
studies where both strength and drainage were shown to be much improved) 
(7). Nevertheless, an analysis of equations (5) and (6), which were 
used to develop performance equations for 8 percent and i0 percent pass- 
ing the:.No. 200 sieve with other factors being equal, shows that perfor- 
mance would be much improved if bases with fewer fines were provided. 
This is shown graphically in Figure 3 where the average asphaltic con- 

crete thickness (6 I/4 in) and average prevailing daily ]8-kip equiva- 
lent axle loads (288) for the 26 sandwich projects were used. 

The reader is cautioned that the dramatic difference in projected 
pavement performance indicated in Figure 3 is based on statistically de- 
termined relationships and for that reason is subject to question. How- 
ever, it is clear from that figure and from the strong adverse effect on 
deflections of high percentages of minus 200 base material that better 
pavement performance could be expected if the minus 200 fraction was re- 
stricted to the levels indicated in earlier studies (7). 
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CONCLUSIONS 

Taking account of the limitations of the data available for analy- 
sis in this study, the following conclusions appear to be justified. 

i. The life expectancy of pavements constructed with sandwiched layers 
is significantly less than for those constructed in a more conven- 
tlonal manner where the strength of each layer is no greater than 
that of its overlying layer. 

2. The average difference in life expectancy between sandwich and 
non-sandwich pavements is approximately two years in favor of the 
non-sandwiched. 

3. The performance characteristics of sandwich pavements are signifi- 
cantly influenced by the percentage of aggregate base •aterial 
passing the No. 200 sieve. Indications are that when the sandwich 
bases have no more than about 8 percent minus 200, performance will 
be similar to that for non-sandwich pavements. Higher percentages 
of minus 200 have a dramatic negative impact on pavement perfor- 
manc e. 

RECOMMENDATIONS 

In view of the conclusions enumerated above, it is evident that se- 
rious consideration should be given to more widespread use of aggregate 
bases containing less than 8 perce'nt minus 200. Such an aggregate base 
was developed in earlier studies based on an optimization of drain- 
ability and strength (7). The base material, designated No. 21B, ap- 
pears in the latest specifications of the Department and has a design 
minus 200 range of 6 percent to 8 percent (9). As was noted at the time 
that specification was developed, widespread use of the No. 21B material 
would affect construction because it is slightly more difficult to com- 

pact and it would also affect some producers who already have excessive 
fines. 

Nevertheless, when the sandwich type of design is indicated for 
other reasons, the •uth0r recommends that Department managers and pave- 
ment designers seriously consider the use of the 21B aggregate base as 
the standard. There appears to be no discernable problem with the 21A 
material for other types of design, although better drainage would be 
expected with the 21B in all cases. 

Ii 



GUIDELINES FOR USE OF SANDWICHED PAVEMENT DESIGNS 

Results of the study were such as to severely limit the anticipated 
development of_ guidelines for the use of sandwiched pavements. As a 

consequence, the author offers only the advice that the Department 
should attempt to restrict the minus 200 fraction of aggregate bases 
used as sandwiched layers to no more than 8 percent. 
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APPENDIX 4 

AGGREGATE BASE DATA 

Site No. 

i 
2 
3 
4 
5 
6 
7 
8 
9 

i0 
Ii 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

Base 
De,sisnation 

21A 
21A 
21A 
21A 
21A 
21A 
21A 
21A 
21A- 
21A 
21A 
21A 
21A 
21A 
21A 
21A 
21A 
21A 
21A 
21A 

SM-GRI 
21A 
21A 
21A 
21A 
21A 

Source 
Code 

Percent 
Passin.• #200 

Plasticity 
Index 

9.0 
9.0 
9.0 
9.0 
8.9 
8.9 
8.9 
8.1 
8.1 
8.1 

Ii.i 
ii.I 
ii.I 
II.i 
11.9 
11.9 
7.8 
7.2 
7.8 
9.2 
N/A 
9.3 
9.0 
8.4 

12.2 
12.2 

NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 

N/A 
NP 
NP 
NP 
NP 
NP 


