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INTRODUCTION

A brochuwrse proposing the use of "Contained Rock fBschalt Mat®
(CRAM) provided a comparison of stress distributions throunghout a
CRAM structure (Figure 1) as compared to a conventional pavement

{Figure &). Experience has indicatec that stress distributions
do not always present the wmost sensitive o appropriate analysis
of a pavement structure. Distributicns of strains, and more

particulariy "work'", are better ivdicators of load dishtributions
throughout a pavement structure and subseguent performance.

PRVEMENT ANMPLYEES

Pavement sectionms were analyzed using the Cheveon ~layver
comnputer proagram. Input parameters were given numerical values
typical for Hentucky conditions and bnown to be veasornable  fyom
paszt experience, both empirically and theoretically. The tabkle
below pives the combimations of layer moduouli used in this
CoOMpaET1ISor.

LAYER MODULUE, HEBI

Problem fAsphaltic Dernse-Graded Oper~Graded RAsohaltic

Number Concrete Aoorenate Angrenate Covmcrete  Subprade
o se0 3@ ee  aee 7.5
Z 481 igd 16@ 481 =
3 48 S@ SR 4@ 7.9
£ 4817 i T

Selutiome 1, 2y anmd 3 are for CRAM  pavements: Solution 4
represents a conventiomal flexible pavement design.

Figures 3 throupgh €& illustrate the stress distribotions
throughout the CRAM pavements under the imposition of arn  18-kip
single axlelocad on four tires. Figwres 7 through 18 illustrate
the strain distributiorns throuphout the structuresy siopmificantly
different '"conclusions" are indicated, depending om  whether
stress distributions or strain distributions are being analyzed.

The CRAM brochure {(Fipures 1| and &) include only the radial
and vertical stress components and 1gnore  the shear arc!
tarngential compornents. Inspecticon of Figures I through & reveal
that tarngential stresses are rnearly egual to the radial stresses
and shear stresses are 1n a tensile mode.

Figures 7 through 9 illustrate some startling results.
Shear strains are much too larpe in the dense-praded and open—
praded apgregate lavers. Those materials, in that state of
strair, should be susceptible to particle movement that could
produce yuttimpg in the overlyinp asphaltic comcrete layer and
possibly at the top of the subprade.



Recernt research has shown that "strvain enerpny dernsity"” {or
work) incorporates the effects of ail strain compornents. Figure
ii illustrates the distvibution of strain energy density
throughout  the pavemernt structures for all  four examples.
DBistributions of strain energy dernsity in Figure 11 clearly
indicate the wrbound agoregate layvers between asphaltic concoretie

layers are subjected to excessive magnitudes of "work". It is
doubtful that particles in the unbound layers would remain  in
their "as-constructed” laocations. gEvernn the most reasonable

moduli  combination (Problem 37 produces & magnitude of  work  in
the urnbound layers that is nearly twice that inw  the upper
asphaltic concrete laver and approximately three times that in
the lower asphaltic concrete layer. At the interface with the
subgrade, the magnitude of "work” is wearly three timez gpreater
for the CRAM pavement {(Hroblem 3) tharn the conventioral pavement.

RUTTING ANALYSIS

A rutting amalysis of the CRAM pavement was performed to
determine where and to what extent rutting will coeccur in the

various pavement lavers. The analysis was made using a computer
program entitlied PAVRUT that is capable of providing a rutting
estimate Tor any flexible pavement structure. The prediction

models uwsed in the program were formulated from an extensive
laboratory irnvestigation into the rutting potential of flexible
pavengnt  components (asphalt conerete, dernse—praded anogregate,
ant subgrade scoils). Ivy addition, traffic and environmentsl
models were incorporated into the progran.

The ruabting models take the followinpg form for all three
pavement compornents tested:

lop(Ep) = af{iogiiN)) + b(lag(N))z + c(log(N))s +

in which Ep
N
a,b,c.0

permanent strair,

vnumber of load repetitions, and

experimnertally determined wvariables that are
dependent on stress, temperatuwre; moisture, and
suborade CBR.

o

Fipure 12 shows the rutting strain in the various layers as
a fumction of depth. The solid iivne represents strain for 1xizé
EAL's and the dctted line is for 1x1@7 EALY . Rutting
acoumulates rapidly in the upper porition of the dernse-—-oraded
apgregate layer as ERL's accumulate up o ixi@é repetitions.
However, from 1xi0®  to 1x1@? EBAL's the rate of strainm in  the
dense—-graded aggrepate layver slows appreciably. I addition, the
strain rate irn the subograde increaces dramatically from 1x12 to
ix1d? EAlL's. This indicates the subprade is begivning toe fatigue
arnd deteriorate, losing its load-carrying capabilities.

The total rut depth at 1%18® EAL's is estimated to be @. 857
ivich. Both the subgrade and the dense-praded — apopregate
contribute approximately one-third, each, of the total rut depth.
At ixie? EALYs the subgrade contributes over two-thirds of the
total rut depth of 2.2 inches. Thig is a further iwdication of



the weakened conditiom of the subgrade.

SUMMARY
Whnile at first plarnce CRAM pavement sections appear to be
reasonable, the inclusion inm the analysizs of all strain
components and their combination into strain ernevgy density
clearly show CRAM pavements may wot provide the same  level of

performance expected of conventioral pavements.

The proportions of layer thickessses ogiven inm the brochure
should not be used as the brochure recommends. This amalysis has
rict attemoted to determine what combivations of laver thickreszsses
might produce comparable results with conventional desipns.
Additiormal analyses would be reguived to make those COomparisons.
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FIGURE 4. FOUR STRESS DISTRIBUTIONS IN A CRAM PAVEMENT
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IN TOP AND BOTTOM LAYERS.
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CRAM
Contained Rock Asphalt Mat
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INTRODUCTION

Contained Rock Asphalt Mat (CRAM) is a cost effective pave-
ment system engineered to meet today's demanding need
for high performance surfaces for roadways. ports, airports,
and industrial facilities. By efficiently distributing heavy repet-
tive wheel loads to subgrade soils. while retaining a smooth
riding surface, the CRAM system is demonstrably superior to
conventional pavements.

The CRAM pavement system maximizes the advantages of
conventional and modified conventional construction mate-
rials by arranging them compatibly with the stress, tempera-
ture, and moisture environments unique to every applica-
tion. This is accomplished by utilizing a computer aided de-
sign (CAD) system which produces the optimum structural
section to yield maximum long-term performance with a min-
imum capital investment. '

Since longterm economic considerations are important fac-
tors In selecting a pavement system, the CRAM system has
proven itself to be an outstanding value. The superior struc-
tural strength of the CRAM pavement allows engineers, de-
signers, and developers to provide their clients and the
public with a safe and lasting road surface.
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THEORY

The theory of the CRAM pavement system is founded on the
selection of materials based on their compatibility with the
stress, temperature, and moisture environments. In this way
the individual material properties are utilized to form the op-
timum structural section for the intended use. This is in con~
trast to the concept of conventionally designed asphait pave-
ments where pavement materials are ordered in the struc-
tural section in accordance with their quality, with
progressively “better” quality materials placed nearer the
pavement surface.

As in conventional engineering structures, pavement failures
occur when stresses or strains at critical locations are ex-
ceeded. The maximum tensile strain on the bottom of the
asphalt concrete layer has been found to correlate well with
the number of load repetitions to cause fatigue failure, which
is manifest when cracks initiate at the bottom and propagate
upward through the layer. Also, the maximum compressive
strain on the subgrade has been found to correlate with the
number of load repetitions to cause accumulative plastic de-
formations in the subgrade soil. Failure in an asphalt pave-
ment structure is thus expressed by the fatigue-caused crack-
ing and/or subgrade deformation-caused distortion, either or
both resulting in an unacceptable riding surface. The CRAM
pavement system combines materials in the structural sec-
tion to effidently distribute imposed stresses and strains.
Graphical representations presented in accompanying Fig-
ures 2 and 3 display the stresses developed beneath the cen-
ter of a wheel ipad for CRAM and conventional pavements,
respectively.

The CRAM pavement effectively utilizes the surface course
and aggregate for the imposed radial compressive stresses,
utilizes the lowermost asphalt concrete primarily for the ra-
dial tensile stresses, and produces a reasonably uniform re-
duction of the vertical stresses through the full depth of the
structural section. In contrast, in conventional pavements the
asphalt concrete is utilized for both the compressive and ten-
sile radial stresees and is thereby subjected to a major stress
reversal. The aggregate base below experience only minor
compressive stresses. Also, vertical stresses reduce rapidly
through the asphalt concrete and slowly through the aggre-
gate base.

The comparative analysis presented in Figure | shows that
generally a two-fold increased effidency in the use of pave-
ment materials can be obtained. This efficiency in the CRAM
pavement system Tesults in corresponding minimum initia)
and iong-term costs while providing maximum protection
from adverse environmental effects.
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For More Information Contact
Hannes H. Richter, M.S,, PE.
Director, CRAM Systems Division

2R Engineering, Inc. :
187 West Orangethorpe Avenue '
Sulte B i
Placentia, California 92670 :

(714} 524-3150
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