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 DISCLAIMER

The conténts of this report reflect therviews of the
authors who are responsible for the_facts'énd the accuracy
of the data‘preéented herein. The contents do not necessarily
reflect the official views or policies of tﬁe,Féderal Highway
Administratioﬁ; This report does not constitute a standard,

specification or regulationm,
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PREFACE

This report is one of a series issued under Research Study
1-8-69-123, "A System Analyéisvof Pavement Design and Research
Implementation". Study 123 is being conducted jointly by
principal invéstigators and their staffs in three agencies --
The Texas Highway Department at Austin, The Center for Highway
Research at Austin, and The Texas Transportation Institute at
College Station, as a part of the cooperative research program
with the Department of Transportation, Federal Highway Adminis-

tration.
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ABSTRACT

- Presented in this repoft is a theoretical stﬁdy of the
effects of varying the modulus and thickness of asphalt con-
crete surfacing méterials. Three typical flexible pavement
design problems at two levels of hot mix asphaltic concrete
(HMAC) elastic modulus are analyzed using linear elastic
theory. Specific findings are: (1) the usé of an HMAC modu-
lus which is much higher than the base course,modulus,'is
diséouraged, (2) if a high HMAC - base course'modular ratio
cénnot be avoided, then one should avoid the range from 1 inch
to 6 inches of HMAC thickness, and (3) the softeﬁing of the
base material immediately under ‘the surface.layef results in
higher tensile étresseé éﬁ the bottom of the sﬁrface layer,

and accelerates fatigue deterioration of the pavement.

KEY WORDS: Linear Elasticity, Flexible Pavement Design.
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INTRODUCTION

The purpdse of this study is to investigate the effect of
varying the modulus and thickness of asphaltic_conérete sur-
facing materials. PrinciPal stresses and strainéj as well as
vertical deflections of flexible pavément struétures, under a
standardized dual-wheel load, are analyzed based on linear
elastic theory. Three typical flexible pavemenf design pro-

blems are selected to illustrate the effects. Each problem is

divided into two series: the elastic modulus of the surface

layer is assigned a value of 500,000 psi in series 1 and
100,000 psi in series 2,

The three design problems are briefed below.

Problem 1 invéstigates the variations of major principal
stresses and stréins as well as vertical deflections of a
three-layer design at a surface point between the dual-wheel
loads and a point at the bottom of the top 1ayér.under one
of the loads, versus the thickness of the top layer. Problem 2
investigates the variations of major principal stresses and
strains as well as vertical deflections of a three-layer design
at the top and bottom of the top layer in a vertical plane
through the truck axle. The top layer is assumed to be very
thin (0.5 inches). Problem 3 investigates the variations of
major principal stresses and strains as well as vertical de-
flections at layer interfacial points of a fouf-layer design,

versus the elastic modulus of the second layer. The second




layer is asaumed to be very thin (0.5 inches), and eimulates
that portlon of a base material likely to become saturated
under certain c11mat1c conditions sometimes occurrlng in west
Texas. The surface layer is three inches thlck typical of
many west Texas pavements

It is anticipated that results of this study can be used
to introduce certain restraints in the Texas Flexlble Pavement
Design System (1) to av01d thlckness stlffness comblnatlons in

hot mixed asphaltlc concrete (HMAC) that lead to surface crack-

ing.




PROBLEM 1: CRITICAL HMAC THICKNESS

Problem 1 investigates two series of flexible-pavement
structures. Series 1 simulates existing west Texas surfacing,
base and subgrade materials to show critical HMAC thickness.
Using the séme base and subgrade.material‘characteristics,
series 2 is analyzed to see how lower modﬁluerMAC material
would change the criticalrsurfacing thickness. it must be
noted that the present surface treatment pévements in Texas
are believed to be characterized in series 2, but not the pre-
sent HMAC pavements. |

 The sketch in Figure 1 represents a pavement cross section
composed of three layers. The top layer is thé HMAC surface
and the bottom layer is the subgrade. Materials for each layer
are characterized by the elastic modulus? E,, andfPoisson's
ratio, Vi where the subscript, i, desighates the poéition of
the layer in the structure. Layers are numbered consecutively
from the top layer downward. Table 1 shows the characteristics
assigned to the materials treated in Problem 1. The ratio of
E;/E, is 10 in series 1, and 2 in series 2. The. thickness of
the ith layer is represented by D, . The top layer thickness,
Dl’ varies at four levels: 6.53; 1, 3 and 9 inches. D2 has
two levels: 4 and 12 inches. The subgrade thiékness, D3, is
considered to be infinite.

An 18 kip single axle load is assumed to be applied to:the

pavement surface through four tires. Figure 1 shows the dual-
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FIG. 1 PAVEMENT STRUCTURE AND DUAL-WHEEL LOADS OF PROBLEM 1




TABLE 1
MATERIAL CHARACTERISTICS OF PROBLEM 1

Surface Base _Subgrade
Elastic Modulus (psi) ' El* 50,000 ~ 20,000
Poisson's Ratio 0.5 0.5 0.5

500,000 (series 1)
100,000 (series 2)

|

*F 1

R

wheel load at one end of the design'axle.‘ Two 4,500 lb.vloads
are assumed to be disfributed at a uniform preséufe of 80 psi
over two circular areas, 12 inches center-to-center. |

Two positions within the layered pavement structure are
studied. As indicated in Figure 1, position 1 is a surface
point between the duél-wheel loads; and position 3 is at the
bottom of the top layer under one of the dual-wheel loads.

It is of interest to know, judged by the major principal
stress: (1) when is position 1 critical? (2) when is position
3 critiéal? and (3) what is the effect of loﬁering the ratio
El/E2 from 10 to 27 |

A streamiined BISTRO computer ?fégram (2) is utilized to
solve this problem. The major principal stress, og, and strain,
ey, as well as the vertical deflection, w, versus.surface layer
thickness at the two designated positions, are suﬁmarized in
Tables 2 and 3, at two levels of D, and two levels of E,/E,

ratio. The vertical deflection at position 3 is not included

in this study.




"TABLE 2

ANALYSIS OF LINEAR ELASTICITY OF PROBLEM 1 WHEN E;/E, = 10
D,
P "1 '
o1 N
osition n)l ) 4 i..n. | 20 in,
o1 (psi) €1 w(in.) ol (ps'i,)_b» ey w(in.)
0.33] 0.375E 01 0.991E~04 .0192 | 0.394E 02 0.857E-04 .0117
1 1.00| 0.677E 02 0.227E-03 .0191 | 0.109E 03 0.233E-03 .0120
3.00|- 0.0 0.263E-03 .0159 | 0.0 0.158E-03 .0113
9.00| 0.0 0.1198-03 .0082 | 0.0 0.966E-04  .0069
0.33| ~0.790E 02 0.135E-04 —-=== |=0.360E 02 0.467E~04 ————-
3 1.00| 0.147E 03 0.233E~03 ~——— 0.121E 03 0.209E-03 ———m
3.00| 0.207E 03 0.269E-03 ———o 0.166E 03 0.227E-03  —m—m—m
9.00| 0.755E 02 0.921E-04 —---— | 0.627E 02 0.810E-04 ———--
| TABLE 3
ANALYSIS OF LINEAR ELASTICITY OF PROBLEM 1 WHEN /B, = 2
) %2
Position 1l 4 in. 4 20 in.
oy (psi) €1 w(in.) | o1 (psi) €1 w(in.)
0.33{ 0.0 0.261E-03 .0194 | 0.0 0.435E-04  .0117
1.00| . 0.0 0.155E-03 .0189 | 0.144E 02 0.152E-03 .0117
1 3.00| 0.0 0.302E-03 .0172 | 0.0 0.976E-04  .0116
9.00| 0.0 0.201E-03 .0119 | 0.0 0.121E-03  .0093
0.33| =0.795E 02 0.195E~03 =——=—v -0.689E 02 0.583E-04  ——m—m
1.00| -0.467E 02 0.159E-03 ————— |[=0.368E 02 0.227E~03  ————m
3 3.00| 0.247E 02 0.426E-03 ————— 0.175E 02 0.410E-03 —=———w
9.00| 0.220E 02 0.213E-03 —=mm—m 0.145E 02 0.190E-03  —=mmm




Figure 2 presents plots of the major principal stress versus-

surface layer thickness to show the critical HMAC thickness.

Specific findings are as follows:

1.

When El/Ez,é 10'and‘D2 = 4 in., -
a. If D1< 0.33 in., then there is no tension or

negligible tension at either point;

b. If 0.33 in.<~—D1 <0.5 in., then point 1 is critical; '

c. If D1 > 0.5 in., then point 3 is cfitical.
When El/E27= 10 and'D2 = ZQwig.,,

a. If D; < 0.8 in., then point 1 is critical;

b. If‘D1 > 0.8 in., then point 3 is critical.

When E]_/E2 = 2 and D, = 4 in.,

a. Point 1 is never critical;
b. If D1 < 2 in., then there is no tension;

c. If Dy >2in., point 3 is critical.

When EllE2 = 2 and Dz = 20 in.,

a. If Dl < 0.33 in., then there is no tension;
b. If 0.33 in. < D1 <2.4 in., then point 1 is critical;

c. If D1 > 2.4 in. then point 3 is critical.

When El/E2 = 10, maximum tension is reduced from 207 psi
(where D, = 4 in.) to 166 psi (where Dy = 20 in.).
When El/EZ = 2, maximum tension is reduced from 24.7 psi

(where D2 = 4 in.) to 17.5 psi (where D, = 20 in.).
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FIG. 2 MAJOR PRINCIPAL STRESS OF PROBLEM 1
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FIG. 2 (CONTINUED)
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7. When'D2’= 4 in., maximum tension is redﬁced from 207 psi

(where E;/E, = 10) to 24.7 psi (where E;/E, = 2).

8. When Dz = 20 in., maximum tension is'reduced from

166 psi (where E1/E2 = 10) to 17.5 psi (Where E-1/E2 = 2).

In summafy; for EllE2 = 10, the tension in HMAC less than 0.5
inches thick aﬁpears to be small but increases very rapidly with
thickness to peak Vélues at thicknesses of about 3 inches. The
tension decreases slowly as HMAC thickness is increased beyond
3 inches. Reduéing the Ei/EQ fatio from 10 to 2 achieves a very
important réduqtion in the peak tension, so that the thickness
of HMAC is‘ofvlittle significance in this case.

Figures 3 aﬁd 4 are plots, respectively, of fhe major princi-
pal strain and vertical deflection versus surface layer thick-
ness. Since these blots are self-explanatory, no further dis-
cussion is included herein. The major concern of this study

is the StreSS,_not the strain and deflection.
PROBLEM 2:- CRITICAL STRESS ALONG SURFACE

Problem 2 investigatesrstress, strain and deflection along
the paVementbsurface, The surface is assumed to be very thin.
Figure 5 shows the three-layer pavement cross section to be
considered.:.The top layer is the HMAC surface and the bottom
-layer is the'subgrade.' Three éefies of pavement design problems
are studied. Méterial characteristics and layer thicknesses are

summarized in Table 4. Series 1 and 2 in Problem 2 use the same

10
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TABLE'4
DESIGN PARAMETERS OF PROBLEM 2

Surface - Base  Subgrade
Elastic Modulus (psi) E * 50,000 20,000
Poisson's Ratio 0.5 0.5 0.5
Thickness (in.) 0.5 16 -—-
*E, = 500,000 (series 1)

100,000 (series 2)

50,000 (series 3)

materials as in Problem. 1. Series 3 is essentially a two-layer
design since E1 = E2 = 50,000 psi. Two 4,500 1b 1oads are
applied to the pavement surface at a uniform pressure of 80 psi
over two circular areas, 12 inches center-to-center. Twelve
positions, as shown in Figure 5, along the surface in a vertical
plane through the truck axle, are evaluated, It must be noted
that the X-axis and Z-axis in Figure 5 are not to the same scale.
The previously mentioned streamlined BISTRO program is
utilized to solve Problem 2. Outputs are shown in Tables 5, 6
and 7. X is the horizontal distance in inchesvfrom the central
line (Z - axis) between the dual-wheel loads in the truck axle
direction, and Z is the depth in inches below the pavement sur-
face. All positions are within the surface layer, either at

the top or at the bottom. o1 and €y represent major principal

15




| TABLE 5 |
ANALYSIS OF LINEAR ELASTICITY OF PROBLEM 2 WHEN E,/E, =10

Position x(in.) z(in.) o (psi) .oeg w(in.)
1 0.0 0.0 0.789E 02 0.160E-03 0.0125
2 3.0 - 0.0 -0.800E 02 0.274E-03 0.0156
'3 6.0 0.0 -0.800E 02 0.162E-03 0.0165
4 - 9.0 0.0 -0.800E 02 0.271E-03 0.0143
5 - 12.0 0.0 0.351E 02  0.791E-04 0.0093
6 15.0 0.0 0.0 . 0.270E-04 0.0074
7 0.0 0.5 ~-0.566E 00 0.206E-03 0.0126
8 3.0 0.5 0.546E 02 0.139E-03 0.0157
9 6.0 0.5 ~-0.770E 01 O0.769E-04 0.0165
10 9.0 0.5 0.684E 02 0.163E-03 0.0143
11 . 12.0 0.5 -0.233E 00 0.116E-03 0.0093
12 15.0 0.5 0.122E 00 0.440E-04 0.0074

TABLE 6

ANALYSTIS OF LINEAR ELASTICITY OF PROBLEM 2 WHEN E1/E2 =2

Position  x(in.) z(in.) or (psi) eI w(in.)
1 0.0 0.0 0.153E 00 0.353E-04 0.0125
2 3.0 0.0 -0.800E 02  0.206E-03 0.0159
3 6.0 0.0 -0.800E 02 0.120E-03 0.0166
4 9.0 0.0 --0.300E 02 O0.191E-03 0.0146
5 12.0 0.0 0.0 0.342E-04 0.0093
6 15.0 0.0 0.0 0.511E-04 0.0074
7 0.0 0.5 -0.704E-01 0.262E-03 0.0126
8 3.0 0.5 -0.472E 02 0.178E-03 0.0159
9 6.0 0.5 -0.630E 02 0.882E-04 0.0166

10 - 9.0 0.5 -0.428E 02 0.214E-03 0.0145
11 - 12.0 - 0.5 - 0.868E-01 0.151E-03 0.0093
12 15.0 0.5 0.242E-01 0.677E-04 0.0075
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TABLE 7

ANALYSIS OF LINEAR ELASTICITY OF PROBLEM 2 WHEN'E1/E2==1

Position x(in.) z(in.) o1 (psi) e w(in.)
1 0.0 0.0 0.0 0.108E-03 0.0125
2 - 3.0 0.0 -0.800E 02 0.105E-03 0.0159
3 6.0 0.0 -0.800E 02 0.977E-04 0.0166
4 9.0 0.0 -0.800E 02 0.864E-04 0.0146
5 12.0 0.0 0.0 0.725E-04 0.0093
6 15.0 0.0 0.0 0.576E-04 0.0074
7 0.0 0.5 -0.510E 00 O0.288E-03 0.0126
8 3.0 0.5 -0.613E 02 0.205E-03 0.0159
9 6.0 0.5 -0.706E 02 0.955E-04 0.0166

10 9.0 0.5 -0.589E 02 0.245E-03 0.0146
11 12.0 0.5 -0.435E-01L 0.169E-03 0.0093
12 15.0 0.5 0.102E-01 O 0.0075

.737E-04
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stress and strain, respectively. W is the vertical deflection

in inches. -

Figure 6 shows plots of major principalrstresses along the

pavement surface at three levels of E;. Specific findings are

1.

as follows: 

There is no tension or negligible tensidn (if any) at

eithgfvthe top or the bottom of the HMAC surface layer

- when«the'Ei/Ez ratio equals 2 and i;’

.. For E1/E2 = 10, it appears that the peak tension at the

bottom of the HMAC is ﬁigh (near 70 psi), and is located
not under the center of the tire but between the center
and the outer edge. Another peak tension at the bottom

of the HMAC (near 55 psi) is located between the center

and the inner edge of the tire.

An even higher tension (near 80 psi) exists, for El/E2 =
10, at the top of the HMAC between two tires (where x =

7 = 0); However, the stress at the‘position between

the two tires but at the bottom of the HMAC (where x = 0

and Z = 0.5) is negligible.

For all three levels of the El/EZ ratio, the compression

at the top of the HMAC increases very rapidly with x

(wheieVO,;iX < 1.77) to 80 psi at the inner edge of the
tiré. The compression is 80 psi from the inner edge to
the outer edge (1.77 < X < 10.23), and decreases very

rapidly as X is increased beyond the outer edge (X > 10.23).

18




80

60

y 0 (psi)

N
o

-20

MAJOR PRINCIPAL STRESS

H
e

@

/—-BOTTOM OF LAYER |
(Z=05in.)

TOP OF LAYER |
(Z =0)

FIG.

L I
0
— )

19

& > — e
12 ~==="15

E, = 500,000 psi
E, = 50,000 psi
E,= 20,000 psi

D, = 0.5in.

D, = 16 in.

6 MAJOR PRINCIPAL STRESS OF PROBLEM 2




— TIRE ————— -

H
o
T

SN
(@
1

TOP OF

- BOTTOM LAYER |

' MAJOR PRINCIPAL STRESS, o (psi)

-20 OF | -
LAYER | <_ | - (2+0)
(Z2=0.5 in.)
-40 | E, = 100,000psi
Eo = 50,000psi

Eg= 20,000psi

D| = 0.5 in,
Dz = 16in

FIG. 6 (CONTINUED)
20




'MAJOR PRINGIPAL STRESS, oy (psi)

80

60

5
Q

N
o

e

X.v(in.) |

L

4o
4

WITHIN
LAYER |
(Z2=0.5in)

_~

J

.
~

FIG.

" e

6 (CONTINUED)
21

TOP OF
LAYER |
(2=0)

E;= 50,000 psi
Ey* 50,000 psi
Ez= 20,000 psi
D;=0.5in
Da= 16 in




5. For Ei/E2 = 2 and E]_/E2 =1, there is~no étress or
negligible stress (either»tensidn 6r‘compression) at
positions i, 5, 7 and 11; For EllEé'%_lo, the com-
pression‘at positions 7 and 11 is élso'ﬁegligible.

6. TFor E1/E2 = 2 and El/EZ 1, the compre531on at the
bottom of ‘the HMAC increases w1th X to a peack value
at the center of the tire and then decreases with X
beyond the center.

7. Maximum tension at the top of the HMAC‘is reduced
fromvnear 80 psi to a negligible valugrwhen the El/E2
ratio is reduced from 10 to 2 and 1.

8. Maximum'compression at the top of the HMAC is‘80 psi
for all three series. T |

9, Max1mum ten81on at the bottom of the HMAC is reduced

| from near 70 psi to mo tension when the E1/E2 ratio is
reduced from 10 to 2 and 1.

10. Maximum compression at the bottom of the HMAC is increased

,from about 8 psi to 63 psi and 71 psi when the EllE2 ratio
is reduced from 10 to 2 and 1, respectlvely |
Major principal strain and vertical deflection along the pave-
ment sﬁrface are also plotted, respectively, in Figures 7 and 8.
It has been found that the HMAC modulus has negligible effects
on the pavement deflection since the HMAC surface is very thin,
the deflection basin at the top and the bottom of the surface

layer is almost identical.
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PROBLEM 3: SOFTENING OF BASE MATERiAL'

Problem 3 treats softening of base material'immediately
under the surface layer. The sketch in Figure 9 represents
the pavement cross-section composed of’four»layéts, The top
layer is the HMAC surface and is three inches thiék; The
second layer is aSsumed to be very thin (0.5 inches) and has
five levels of eiastic ﬁodulus value: 50,000, 25,000, 12,500,
6 250 and 3,125 psi. The third layer is 15.5 inches thick
~such thatrtheAcomposite thickness of the:second;and third layer
is equal to the thickness of the second layer (16 incheé) in
Problem 2. Tﬁe fourth layer, the bottoﬁ layer,fis the subgrade

and has infinite thickness. Design parameters. are summarized

in Table 8.
TABLE 8 |
' DESIGN PARAMETERS OF PROBLEM 3
‘Surface Base Subbase : Subgrade
Elasti¢ Modulus (psi) Tdi* Ez**~' 50,000 20,000
Poisson's Ratio 0.5 0.5 0.5 - 0.5
Thickness (in.) 3.0 0.5 15.5 T
*El = 500,000 (series 1)

it

100,000 (series 2)

**E, has five levels for each series: 50,000, 25,000, 12,500,
6,250 and 3,125.
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As shown in»Figure 9, two 4,500 1b loads are assumed to be
distributed at a uniform pressure of 80 psi over two circular
areas, 12 inches center-to-center. Six positions are investi-
gated in this problem. Position 1 is at the top of the HMAC,
between two loads, that is, the intersection of the X-axis and
the Z-axis. The Y-axis, which is not shown in the figure, is
perpendicular to the X-Z plane and pesses through position 1.
Position 2 is onvthe Y-axis, 12 inches from position 1.
Positions 3, 4, 5 and 6 are layer interfacial poiﬁts under one
of the dual—wheeivloads; Position 3 is at the»bettom of the
HMAC. Positions 4 and 5 are at the top and thé bottom of the
base course, respectively. Position 6 is at the top of the
subbase course. The scale of Z-axis in Figure-QVis three times
of the scale ef X-axis such that the positions under investiga-
tion can be seen clearly.

Again, the streamlined BISTRO program is utilized to analyze
Problem 3. Outpute are shown in Tables 9 and 10. |

In Figure 10 are plots of the major principal_stress, op>
versus the elastic modulus of the second layereatafour layer
interfacial positions. Specific findings are as follows:

1. Maximum tension exists at position 3, the bottom of

the HMAC.V Positions 4, 5 and 6 are coﬁﬁressed.
2. Tension-et position 3 and compression at ﬁositions
4, 5 and 6 decreases in convex shape when the elastic

modulus of the second layer increases.
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k. TABLE 9
ANALYSIS OF LINEAR ELASTICITY OF PROBLEM 3 (SERIES 1)

E2 (psi) X(in.) .y(in.) Z(in.) Llayer o1 (psi) N w(in.)

0.0 0.0 0.0 1 — - 0.0119

0.0 12.00 0.0 1 - - 0.0072

50,000 6.00 0.0 3.00 1 '0.168E 03 0.229E-03 0.0120

6.00 0.0 3.00 2 -0.165E 02 0.229E-03 0.0120

6.00 - 0.0 3.50 2 -0.136E 02 0.239E-03 0.0118

6.00 0.0 3.50 3 - -0.136E 02 0.239E-03 0.0118

0.0 - 0.0 0.0 1 -— = 0.0120

_ 0.0 12,00 0.0 1 e T - 0.0072

25,000 6.00 0.0 3.00 1 0.179E 03 0.241E-03 0.0121

, 6.00 0.0 - 3.00 2 ~0.264E 02 - 0.241E-03 0.0121

6.00 0.0 3.50 2 -0.262E 02 0.209E-03 0.0119

6.00 0.0  3.50 3 -0.169E 02 0.209E-03 0.0119

0.0 . 0.0 0.0 1 -— S ) 0.0121

o 0.0 - 12.00 0.0 1 S - 0.0073

’ 12,500 6.00 0.0 3.00 1 0.189E 03 0.252E-03 0.0122

N 6.00 0.0 3.00 2 -0.317E 02 0.252E~-03 0.0122

' 6.00 0.0 3.50 2 -0.321E 02 0.208E-03 0.0120

6. 00 0.0 3.50 3 -0.213E 02 0.168E-03 0.0120

0.0 0.0 0.0 1 — - 0.0123

0.0 12.00 = 0.0 1 -~ - 0.0073

6,250 6.00 0.0 3.00 1 ‘0.198E 03 0.263E-03 0.0124

‘ 6.00 0.0 3.00 2 ~0.345E 02 0.290E-03 0.0124
6.00 0.0  3.50 2 -0.345E 02 0.326E-03 0.0122

6.00 0.0 3.50 3 -0.261E 02 0.121E-03 0.0122

0.0 0.0 0.0 1 _— - 0.0125

0.0  12.00 0.0 1 _ - 0.0074

3,125 6.00 0.0 3.00 1 0.207E 03 0.273E~03 0.0125

6.00- 0.0 3.00 2 -0.359E 02 0.361E-03 0.0125

6.00 0.0 3.50 2 -0.358E 02 0.509E-03 0.0124

6.00 0.0 ' 3.50 3 ~0.303E 02 0.779E-04 0.0124
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~ TABLE 10
ANALYSIS OF LINEAR ELASTICITY OF PROBLEM 3 (SERIES 2)

E2 (psi) X(in.) Y(ip.) Z(in.) Layer o3 (psi) e,I‘, w(in.)

- - 0.0123
L .= 0.0070
0.171E 02 0.407E-03 0.0139
-0.205E 02 - 0.407E-03 0.0139
-0.161E 02 0.410E-03 0.0136
~-0.161E 02 0.410E-03 0.0136

50,000

O\O\?\O\OO
COO0OO OO
CCoC OO

W NN

- - 0.0124

. . —— 0.0070
0.295E 02 0.477E-03 0.0141
-0.370E 02 0.477E-03 0.0141
-0.378E 02 0.384E-03 0.0137

- =0.202E 02 0.384E-03 0.0127

LMoo ooO
COOO

L .
COO0OCO

COoOOoCQ

25,000

crorO0O
WWWWo O

-

WWwwwoO o
L]
Lo OO0

— --  .0.0126
- 0.0070"

0.423E 02 0.551E-03 0.0143 °
-0.474E 02 0.551E-03 0.0143
-0.499E 02 0.327E-03- 0.0139
~0.275E 02 0.327E-03 0.0139

—tma

)

BN el e

0.0
0.0
6.0
12,500 o
6.0
6.0

CO QO

- - - 0.0128
e 0.0070

0.550E 02 0.624E-03 0.0145
-0.540E 02 0.624E-03 0.0145
-0.560E 02 0.338E-03 0.0141
-0.362E 02 0.252E~03 0,0141

6250

W NN

- R - 0.0131

- <= . 0.0070

0.665E 02 0.691E-03 0.0148

-0.579E 02 0.691E-03 .0.0148

-0.590E 02 0.496E-03 0.0143
-0.442E 02 0.180E-03 0.0143

3,125

W NN =
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For E2.= 3,125 psi, tension at position 3 is reduced
from 207 psi to 66.5 psi when E, is reduced from
soo,ooo_p;s‘if tpll-‘oo,ooo psi. For E2v='.5'0,000.psi,
tenéionmat poéitiOn 3 is reduced from 168 psi to

17.1 psi when E;is reduced from 500,000 psi to 100,000
psi. | I

ForrE1 = 500,000 psi, ﬁhe variation of compression at
positions 4, 5 and 6 is within’lb psi. For Eii= 100,000
psi, the méximum'variationris more than 20 psi. |
Excépt at position 5, the variation of stress (eithet
tenéiéh or compression) is smoother when E2 is gfeater
thanVZS,OOO psi. Compression at poéition 5 decreases

linearly when E, increases.

Major prinecipal strain and vertical deflection versus the

elastic modulus of the base course are shown, respectively, in

Figures 11 gnd,lz at two levels of El'
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MAJOR PRINGIPAL STRAIN (1073)
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o

APPLICATION,TO’FLEXIBLE PAVEMENT SYSTEM

In summary, stﬁdy of ériticai HMAC thicknesé (Problém 1)
and éritical stress along HMAC’surféce layer (ProblemZ) con-
cludes that: o »7 - v |

1. A high value of‘th_eﬁEl/E2 ratio is ﬂiséoﬁragéd;

2. If a high value of El/E2 cannot béravoided, thén the
HMAC thickness.of 1 iﬁch tor6 incheé should be avdided;
and;

3. High values of E]_/E2 result in tensioniat'the bottom
of the suffacé layer when the HMAC is very thin, while
low values result in compression.

For applicatioﬁ to FPS-11 (1), which is curfently in use in

Texas, when E]_/E2 is high, there are two design‘aiternatives:

1. Set Dy > 6 inches for initial construction, or

2. Set Dy = 1 inch for initial construction and more than
5 inches for the first overlay construction in addition
to level up.

Study of the softening of base material (Problem 3) shows
that the tensile stress at the bottom of the top layer under
the load increases rapidly when the elastic modﬁlus of the upper
0.5 inches of the base course decfeases below 25,000 psi. As
the upper 0.5 inches of the base course becomesrwetter as a
result of infiltration or vapor condensation, then the elastic
modﬁlus of the base course will decrease and resﬁlt in higher

tensile stresses at the bottom of the top layer. This will
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accelerate fatigue deterioration of the pavement. If this
condition is‘expected to occur during the life of the pave-
ment, then 1t ls suggested that the FPS- stlffness coefficient
for the base course be reduced to take 1nto account the expected
reduction 1n navement service life. More Fleld and 1aboratory
1nformat10n is needed to determlne to what extent the stlffness

coeff1c1ent should be reduced when this condltlon occurs.
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