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SUMMARY

The structural evaluation of flexible pavement is now carried out mostly by
deflection measuring devices such as the dynaflect or Benkelman beam. The object
of this investigation was to determine whethex the properties of the deflected basin
measured by these devices on the pavement surtaces could enable evaluation of the
subgrade and/or its overlying pavement separately,

The properties of the deflected basin are defined by the maximum deflection
and the spreadability, which is the average deflection expressed as a percentage of
the maximum deflection. A thecretical analysis showed that these properties are
a function of the modulus of elasticity of the subgrade, the average modulus of
elasticity of the pavement over the subgrade, and the thickness index of the over-
lying pavement.

A general chart was developed which correlates maximum deflection and
spreadability with (i) the subgrade strength, (ii) the average pavement strength,
and (iii) the thickness index of the pavement., This chart was tested for structural
evaluations of the subgrade and/or its overlying pavement for satellite projects
in Virginia. Ten typical examples of the satellite projects are given in the report
and the change in their structural behavior with time is discussed.
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INTRODUCTION

Following publication of the WASHO Road Test Results, much sophisticated
equipment was developed for evaluating the structural performance or strength of
pavements. In spite of the availability of all this equipment many states, including
Virginia, have been unable to determine whether failures or changes in the struc-
tural behavior of flexible pavements are attributable to (i) the subgrade only, (ii) the
pavement over the subgrade, or (iii} both the subgrade and the pavement.

The surface deflections of a pavement have proved to be a very valuable
indicator of the structural performance of the pavement as a whole, including its
subgrade; and most states, including Virginia, have equipment for measuring
these deflections. The commonly adopted apparatus is the Benkelman beam. The
dynaflect is being used in Virginia. Both measure the maximum and other vertical
displacements within the deflected basin.

SCOPE

In this investigation a theoretical evaluation was conducted in which the
maximum deflection data and other available displacements in the deflected basin
were used to evaluate the strength of the subgrade separately from the strength
of the overlying pavement, and thus determine the amount of change in the strength
of the subgrade separately from the change in the strength of the overlying pave-
ment. The study was divided into three parts as stated below:

(i) A theoretical determination of the thickness equivalency
values of materials having different moduli of elasticity
and Poisson's ratios.

(ii) A correlation of the maximum deflection with the properties
of the deflected basin for varying layered systems.

(iii) The development of a pavement evaluation chart which evaluates
the subgrade strength separately from the pavement strength.
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PURPOSE

The purpose of this study was as follows:

(i} By theoretical analysis, to develop a general chart with which
the vertical displacements obtained from the deflected basin
could be used to separately evaluate the subgrade and the over-
lying pavement,

(ii) To determine whether the theoretical evaluation in (i) above
could be applied to the pavement in practice,

VARIABLES, CONSTANTS AND ASSUMPTIONS

The dependent variables in this investigation were: (i) the maximum deflection
of the deflected basin, (ii) the spreadability of the deflected basin, and (iii) the curvature
of the deflected basin.

The maximum deflection "dmax" is the deflection under the center of the applied
load.

The spreadability is the average deflection expressed as a percentage of the
maximum deflection and in this investigation was taken as follows

dmax+d1+d2+d3+d
5d

max

4

Spreadability - X 100 percent (1)

where dy, dg. dg and dy are the deflections at 1, 2, 3 and 4 ft. from the center of the
applied load. Thus the spreadability shows the degree to which the load spreads over
the pavement surface. The higher the spreadability, the more will be the spread of
the load, and vice versa,

A theoretical correlation was developed between spreadability and the curvature
at4 ft., 2 ft,, and 1 ft. A curvature is considered as the percent ratio of a vertical
displacement in a deflected basin to the maximum displacement as shown in Figure 1.
This correlation was developed for two and three layer systems with moduli of
elasticity Eq of the top layer varying from 30, 000 to 3,000, 000 psi, Ep for the second
layer as 30,000 and 300, 000 psi, and Eg varying, for the subgrade, from 250 to 30, 000
psi. The combinations of the layered systems adopted and the correlation at 4 ft. , 2 ft,,
and 1 ft. are given in Figure 1. As is evident from this figure an excellent correlation
exists between these two variables, The relationship between spreadability and curvature
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at 4 ft. is linear on a semi-log scale. It was therefore thought unnecessary to
consider both spreadability and curvature in the rest of the investigation. It was
felt that any suitable correlation obtained with spreadablity could also be obtained
with curvature. Then for the rest of the investigation the maximum deflection and
spreadability were treated as the dependent variables,

In Virginia, the dynaflect equipment is used for measuring surface deflection,
This equipment is used to measure the deflections at the center of the applied load,
ie.,dy, and those at1 ft., 2 ft,, 3 ft., and 4 ft. from the center of the applied load
along the longitudinal axis of the vehicle. The dynaflect deflections have been correlated
with the Benkelman beam deflections and a modifying factor of 28.6 has been established,
i, ,e,, the dynaflect deflection x 28,6 = Benkelman beam deflection. (1)

In the investigation, to permit use of the data from the dynaflect equipment,
the spreadability was calculated from the deflection data at 0, 1, 2, 3 and 4 ft. from
the applied load. Because of the good relationship between curvature and spread-
ability, it is felt that the procedure described herein could easily be developed
for the Benkelman beam or any other similar device which measures maximum
deflection and at least one additional deflection in the deflection basin,

The maximum deflection and spreadability are a function of the wheel load and
the tire pressure. A maximum wheel load of 9,000 lb, as allowed in Virginia (2) was
chosen for use in the investigation. The tire pressure was taken as 70 psi over a
circular contact area.

In the theoretical evaluation, the materials in the layered system were
assumed to be elastic, isotropic and homogeneous, and it was assumed that there

was a perfect bond between the adjacent layers, A Chevron Computer Program(3)
was used for this evaluation,

Pavement systems with layers of decreasing strength from the top of the
pavement towards the subgrade were taken into consideration. The sandwich
layer system nor the case of weaker layers over stronger layers are included in
the results because of their different behavior. This difference in behavior is
indicated by a few examples in the following pages and also in the report on model
studies(4)conducted prior to this investigation.

Figure 2 shows the deflection basins for a single layer system with varying
moduli of elasticity and Poisson's ratios. The shape of the deflection basin is
similar for all the cases shown. The maximum deflection varies depending on the
modulus of elasticity, the Poisson's ratio, or both., Thus, if the Poisson's ratio
is kept constant, any amount of maximum deflection and a similar basin can be
obtained by varying the modulus of elasticity only, instead of varying both.
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The Poisson's ratio of all materials used in the theoretical evaluation of
flexible pavements was assumed to be 0.47, However cases of subgrades with
values other than 0.47 were also tried but ultimately were not adopted for design.
The 0. 47 value was assumed to facilitate the correlation between the theoretical
and field investigations.

SUBGRADE

A subgrade could be considered as a single layer system of semi-infinite
depth., The maximum deflection and the deflected basins for loads of 9, 000 and
11,000 lb,, with moduli of elasticity varying from 1,000 psi to 3,000,000 psi and
Poisson's ratios of 0.3, 0.4, 0.47 and 0.5, were determined by the elastic
modulus theory. A few examples of the shapes of the deflected basins so obtained
are given in Figure 2. This figure shows that though the maximum deflection
varies inversely to the modulus of elasticity and Poisson's ratio, the shape of the
deflected basins remains the same,

The spreadability as defined above was calculated for the theoretical deflection
basins of a semi-infinite layer and varying moduli of elasticity. The spreadability
value was found to be constant for a given load irrespective of the modulus of elasticity.
The spreadability was not only calculated by means of five ordinates in the deflected
basin but by various numbers of ordinates. It was again found to be constant for the
given number of ordinates. The spreadability as defined above — by five ordinates — was
found to be 31. 35 for a 9,000 lb. wheel load and 32,62 for a 11,000 lb, wheel load as
shown in Table 1. Thus, for a given loading the spreadability is seen to be constant
for uniform subgrades regardless of the strength (modulus of elasticity) or Poisson's
ratio,
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THICKNESS INDEX AND SUBGRADE FACTOR

In the AASHO Road Tests, the resistance to deflection or the structural
behavior of a pavement was defined by the following model equation,

logdmaxz a0+a1hl+a2h2+a3h3+””: a0+D (2)
where

dmax -~ = the deflection under the center of the applied load

ag = a constant

a1,89,23 = the coefficients of relative strength; they are termed

thickness equivalencies in this investigation and could
be defined as equivalent strengths per inch depth of the
material in a given layer

hl, hy,hg = the thicknesses of the layers having thickness equivalency
values of a2y, ao, ag respectively, and

D == thickness index, is equal to ajh; +aghy + a3h3

To theoretically determine the thickness equivalencies of the materials for
given moduli of elasticity, maximum deflections were calculated with the top layer
of a given modulus of elasticity resting over a subgrade with a modulus of elasticity
of 1,000 psi, Figure 3 shows the relationship between the maximum deflection and
thicknesses of the top layers with given moduli of elasticity.

To determine the theoretical thickness equivalency of each of these materials
the thickness equivalency of one material had to be assumed as unity, An example
of evaluating the thickness equivalency of a material is given below,

In Figure 3, for d, =0, 35, the thickness of the layer with E = 30,000 psi is
4': while the thickness of the layer with E = 300,000 psi for the same value of d0
is 0. 8", Thus the thickness equivalency of the material with E = 30,000 psi at
dy = 0. 35 is equal to =5 = 0.2. In a similar manner the thickness equivalency of
the material having E = 30,000 psi is determined for different values of d, from
Figure 3. An average of the thickness equivalency values so obtained is considered
as the thickness equivalency of the material having E = 30,000 psi. It was found
that there was very little difference between the thickness equivalencies obtained
for the same material with varying amounts of deflections. The thickness equiva-
lencies of the materials 'a' so determined are given below and also in Figure 3.

For E equal to 5,000 psi, a = 0,2 For E equalto 340,000 psi, a = 1,16
For E equal to 30,000 psi, a =0, 44 For E equal to 3,000,000 psi (u = 0, 15), a =2, 00
For E equal to 300,000 psi, a = 1,00 For E equal to 4, 000,000 psi (u =0, 15),

a = 2,16 (by extrapolation)

-8 -
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To determine whether the thickness equivalency values would change with the
subgrade, thickness equivalency values for E = 30,000, 300,000 and 3, 000, 000 psi
were determined in the manner explained above but with a subgrade having Eg = 5,000
psi. The values remained almost the same as given above,

An evaluation was carried out to determine whether the thickness equivalency
values determined would satisfy the AASHO model equation No, 2 given above, This
was done by varying the number, thicknesses and strengths of the different layers.
The relationship between the maximum theoretical deflection and the thickness index
is shown in Figure 4, This relationship is given by the equation log dg + 0.92 log D ==
-0, 173, It has a correlation coefficient of 0, 985 and a standard error of estimate of
0.098,

It may be pointed out that in 1968 a similar type of relationship was developed
from satellite projects in Virginia: this relationship was log dg + 0. 068 D =+ 2, 06, (5)
This relationship could be converted in the general equation to the form log dg + a log
D = b as determined by the theoretical evaluation mentioned above, where a and b are
constants of the equation,

The investigations carried out on satellite projects in Virginia also showed
that deflection is a function not only of the sirength of the pavement structure over
the subgrade but also that of the subgrade. A 1969 i.nvestig&uﬂ:i@d6> gave the following
equation: log dp + 0, 043 (D + subgrade factor) «: 0,32, This equation could also be
converted in the general equation to the form log d + a log (D + subgrade factor) = b,
where a and b are constants, Figure § {main curves left to right) shows how the
subgrade strength contributes towards the decreased deflections,

- 10 -



g

135¢

*A100Y}) paxaAe] U0 poseq Xopul SSOUNOIY) PUB UOI}OOJOP UOOM]O(Q UOHIR[OII0) °*F oanJLg

n%& ssowPM, =

v g 2 I
_,:_:_:,._ I N P PN DY NN ER N RN R N B B 3 R AR RO g
] i B I B NN RN R BURB BN RN & i H.W
moehs zoke; | IPFEA=frig = Ty«
90X} up umoys oqerea=%q19 = Ty v
. SEoIt® IO o -4 T :
‘1= = o[qeieA = °g 4,5 = :
it | el | e
: \  tojqEmEA=Cqfz = g ®
{1e481 OM3) 06°¢ =€ 20130 356°000°E = I ©
Iodel oMY ¢ =8 I0d Gonca0g = g @ o
{1sfey om1) 7770 =7 12 184 06O ‘0g = X o -
Jcoaw«oz A
R A I S I S e
SRIREREN SRINEIN IS N N B
T ; 860 °0 = 2IPITST IC IOIIF PIEPUCIS |
- ;_ i L 5950 = JUSIOGS0) TUITRTOLIC) “1
| EERERERE €210 -=a 3160 +pIor | |
NEREREREAE . o
NENERERENE , ~{-s1 worgenby
L (AN S L S O - H T ! n ’ ~‘l
- 184 006 ‘1 = I eprIsqng | i i O
NN NAANNRNND N e
T8 ¥9°0 =2 ‘18d 0000 = & - R
H m # —
L H : i
Sy 0°T =18 "13d 600 ‘00 = A 0 o
i i \
|w weysAs 19ke] 901U, = -
- snpex 59 T T
B *ql 000 ‘6 BERESED
- 1sd 000 ‘T = ¥ opeadqng - B
o . B
Mmﬁaﬂg q 9[qelIBA { IO ® - e
1 CEEE
i we)sAs 19Ke] OM], | SR RNER R
p STIPBL ¥ "9 .\T domtl N NG NG e e
| .nﬁcoo 6 S RERL B B b i N N N R
0 v o T T PSRN ERSSS NNSS BUNN NN RN A i il DN i

ST°

€°0

70

0p

SOUYOUT UT UOTIORJO(] WNUWIIXEI

- 11 -



135%

INTERACTION OF SUBGRADE AND/OR PAVEMENT OVER THE
SUBGRADE WITH MAXIMUM DEFLECTION AND SPREADABILITY

The theoretical evaluation discussed above showed that the spreadability of a
single layer system remains constant for any value of the modulus of elasticity of
the subgrade, while the maximum deflection decreases as the modulus of elasticity
of the subgrade increases.

The relation between Eg and d is given by the general equation

1 1
dg = f (5. p, and a) (3)
Eg
where

d = vertical displacement

Eg = subgrade modulus

u,pand r = DPoisson's ratio, tire pressure, and radius

of contact.

In this investigation the respective values were, u = 0,47, p =70 psi, r =6.4" and
z = 0; hence Egdg = a constant,

Stronger pavement layers over the subgrade increase the spreadability while
reducing the deflection. In some cases it may be possible to determine the amount
of decrease in deflection caused by the overlying pavement layers. If this is
determined then the deflection of the subgrade could be calculated by adding this
decrease in deflection to the total deflection determined on the top of the pavement,
The deflection of the subgrade, along with the spreadability value of the pavement
over the subgrade, will enable the determination of the modulus of elasticity of the
subgrade, the thickness index of the pavment and the average modulus of elasticity
of the pavement layers.

In Figure 5 seven main curves have been drawn., Each of these main curves
is for a different modulus of elasticity of the subgrade. The subgrade modulus of
elasticity for all the main curves is given in Table 2, Each of these main curves
is divided into subcurves. The subcurves — A, B and sometimes C — for each of
the main curves have pavement layer moduli of elasticity of 30,000; 300,000; and

3,000,000 psi, respectively, as shown in Table 2, Each main and subcurve is marked
with a thickness index value, D.

-12 -
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TABLE 2

DETAILS OF MAIN CURVES AND SUBCURVES

Main Curve Eg, psi Subcurve Eq, psi
1 250 1A 30,000
1B 300,000

2 500 2A 30,000
2B 300,000

3 1,000 3A 30,000
3B 300,000

3C 3,000,000

4 2,500 4A 30,000
4B 300,000

5 5,000 5A 30,000
5B 300,000

6 10,000 6A 30,000
6B 300,000

7 30,000 7B 300,000

Thus if maximum deflection and spreadability values are known, the subgrade
modulus of elasticity, the thickness index of the pavement and the average modulus of
elasticity, E,y, of the pavement could be determined. For example, given d0 =0,078
in, and S = 60, from Figure 5 it is found that Eg = 2,500 psi, D =5, 0 and E,y =300, 000
psi.

In Figure 5 all the main curves are almost parallel to each other, The
spacing between them is based on the maximum subgrade deflection, or the modulus
of elasticity of the subgrade, Once the deflection or modulus of elasticity of any
subgrade is known, the main curve for deflection vs. spreadability could be extrapolated.

- 14 -



A theoretical evaluation of a single layer system showed that for Eg =1,000 psi
the maximum deflection is equal to 0. 7. Thus the equation of Eg x dg = 1,000 x
0.7 == 700 b, /in, could be applied for interpolating any main curve for any value
of Eg or dj.

The extrapolation of the subcurves is not based on a simple arithmetic relation-
ship like that shown for the main curves. This is evident from curves 3A, 3B and 3C
for the pavements (over the subgrade) having moduli of elasticity of 30, 000; 300, 000;
and 3,000,000 psi respectively, For the same modulus of elasticity of the subgrade,
the spacing between the subcurves increases with an increase in the modulus of
elasticity of the pavement over the subgrade. This change tends to zero along the
tangent lengths of the curves but becomes more prominent when the curves bend.

It may, therefore, be necessary to calculate and plot more curves between these
bends to facilitate extrapolation,

Each of the subcurves shown in Figure 5 was determined by assuming a
uniform modulus of elasticity of the pavement over the subgrade., In practice the
pavement consists of materials in layers with different moduli of elasticity, In
that case an average modulus of elasticity of the pavement needs to be determined,

As an example, a three layer system is discussed below and its results
are shown in Figure 6. In this example, the modulus of elasticity, E. of the top
layer is taken as 300,000 psi and the modulus of elasticity, Eo, of the secondlayer
from the top is taken as 30,000 psi, The subgrade modulus of elasticity, Eg, is
equal to 1,000 psi, which represents curve no, 3 of the general evaluation chart
given in Figure 5. The thicknesses of the top and the second layers were varied,
Three cases with the top layer thicknesses equal to 2, 4 and 6 inches respectively
were taken, In each case the thickness of the second layer was varied from 0 to 2
inches up to 8 inches, These three cases are shown by curves a, b and c in Figure
6. This figure shows the following:

(i) Any point on any of the curves a, b and ¢ for the three layer
system follows the contours of the thickness index, D, for
subcurves 3A and 3B for the two layer system.

(ii) All three curves, a, b, and ¢, lie within subcurves 3A and
3B, which are for the pavements having the modulus of
elasticity of the pavement over the subgrade equal to 30,000
and 300, 000 psi respectively, These three curves show that
as the average modulus of elasticity of the pavement layers
over the subgrade increases, the curves move from subcurve
3A (E :: 30,000 psi) towards subcurve 3B (E = 300,000 psi).
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The average modulus of elasticity of the pavement over the
subgrade could be calculated from the equation

hlEI -+ h2E2 F e
h
h1 +

2oou

Thus for curves a and b at D = 5 the value of F.. is 69,000 psi
for curve a and170, 000 psi for curve b, Similarly at D = 7

the values of E’avare 126,000 psi for curve b and 178,000 psi for
curve c,

The above discussion and Figure 6 show (i) that the subcurves with more than
two layers could be extrapolated by evaluating the average modulus of elasticity and
(iiy for drawing the general curves in Figure 5 evaluation on the basis of a two layer
system could be carried out,

BEHAVIOR OF SUBGRADES IN PRACTICE AND THEIR EVALUATION

In the theoretical analysis, as explained previously, the spreadability of a
uniform elastic subgrade was found to be constant at 31, 35,

Measurements of the subgrade deflections of satellite projects in Virginia
have shown that the spreadability value of the subgrade varies and is usually greater
than 31, 35; but in very poor soils the value is less than 31, 35, Since the spreadability
values of the subgrade are not constant as defined by a single layer system, it is
necessary that the subgrade be considered a combination of two or more layers with
their combined strengths being defined not only by the maximum deflection but also
by the spreadability value, The need for specifying the spreadability value in addition
to the deflection value is evident from the following discussion.

Evaluation of some of the very poor subgrades in Virginia have shown that when
spreadability is less than 31, 35 the subgrade is of poorquality. When the value is
less than 31. 35, the subgrade could be considered equivalent to a layered system with
a weaker layer lying over a stronger layer, Figure 7 shows three theoretical cases
in two and three layer systems wherein a weaker layer lies over a stronger layer; in
each case the spreadability value is less than 31, 35, The main curves, 1 through 7,
in this figure are replicated from Figure 5 and have spreadability values greater than
31.35. The two layer systems shown by curves (b) and (c) are for layers of E = 1,000
psi and E = 250 psi respectively, both over a stronger layer of Eg= 30,000 psi, Curve
(a) is for a layer similar to that of curve (b} but has in addition a two inch layer of
E = 30,000 psi. This curve (a) is shown as a typical example of a silty clay soil with
the top two inches having dried to form a thick, rigid crust over the weaker moist
subgrade. After the pavement is built this top crust could regain moisture and behave
like the two layer system defined by curve (b).
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Figure 7, in combination with Figure 5, could be used to evaluate the
structural strength of the subgrade from the deflection and spreadability data
obtained from the field. For the purpose of design the data so obtained could
be converted to the base line of spreadability equal to 31. 35.

Numerous cases were theoretically evaluated for spreadability values
above and below 31.35. For spreadability values above 31, 35 there was no
negative (upward) deflection in the deflected basin; for spreadability values
less than 31. 35 a negative deflection as shown in Figure 8 above the horizontal
line of the top of the pavement was found to develop, . Further, as the spread-
ability value decreased, the location of the negative deflection in the deflection
basin tended to approach towards the load center, which provides a higher slope
in the deflected basin, Figure 8 gives four typical examples of such negative
deflections. Figure 7 shows that as the spreadability value continues to decrease
below 31, 35, the subgrade suppert should be considered poorer and poorer,

To evaluate the behavior of subgrades, dynaflect deflections were measured
on a satellite project. Measurements were made (i) on subgrades immediately
before the base course was laid, and (ii) on pavements immediately after the base
course was laid. The base course consisted of 13 inch maximum size asphaltic
concrete, 9 inches thick. In the 39 recordings of the subgrade deflections only
one showed a spreadability of less than 31, 35. In most of the cases the spreadability
was above 40, Four typical cases of subgrade basin deflections, including one with
a spreadability value less than 31, 35, are given in Figure 9. Basin deflections of
the pavement corresponding to the four typical subgrade basin deflections in Figure
9 are given in Figure 10. An example of an evaluation of the subgrade by converting
it to the base line of spreadability - 31, 35 and the effect of the pavement over the
subgrade are given below,

Example 1

a) Subgrade evaluation before pavement is laid:

In Figure 9, basin B gives the following data: The dynaflect deflection, d

is 0. 0044 in. and the spreadability, S, is 40, 7. d

Utilizing the correlation between the maximum deflections for a 9, 000 b,
wheel load, dj =28, 6dg, we have d0 = 28,6 x 0,0044 = 0, 1258 in,

- 19 -
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Two layer system

Three layer system

-0.050. " Toad - 9,000 Ib. '
ing = ; Top of pavement
” l Radius i‘,6.'.‘l in, | p of pavemen \\—
0 — ~a-:_:_‘_ e — S e———,
0 ! /
: 7/ 7
4 /
/ /
0.1 —]
/
’ /
o // / y
E /
|
& o2 /
2 I /
:?: Index:
5
A ’ - =~~~ ~~ Two layer system
0.3 1 —
[ — _ _—_ Three layer system
// Curve (a) — S =20.8
04 / —=———--Curve (b) — S=19.8 __|
’ /
/ —_— Curve (c) — S =20.4
/ - = —— Curve (d) — S =28.8
0.5 |
0 1 2 3 4 5 6
R = Distance from the center of applied load in ft.
Curve No. of Eg 2nd layer from top Top layer
Design Layers (psi) E2(psi) hg (in.) Eq (psi) hi (in.) S dg
(a) Three 30,000 1,000 5 30,000 2 20.8 | 0.147
(b) Two 30,000 - - 1,000 5 19.8 | 0.182
(c) Two 30,000 — — 1,000 15 20.4 | 0.469
(d) Three 30, 000 1,000 60 30,000 2 28.8 | 0.474
9,000 Ib.
(' 6.4 in, radius
9,000 b b
6.4 in. radius 111
ul E = 30, 000 psi
E, = 1,000 psi +— h, variable. E = 1,000 psi
RN NNNNN\N
Es = 30’ 000 psi EB = 30, 000 pSi

Figure 8. Deflection basin for spreadability values less than 31.35.
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Plot this point in the general chart, This is shown by point a in Figure 11, L
Extrapolate by‘drawing a line parallel to the main curves. This line cuts the base 136J
line (of spreadability = 31. 35) at b, where dg = 0. 215 in. Since Egdg = 700 lb. per
in. we have Eg =—3'Q(2)'I5 = 3,250 psi. Thus the subgrade strength is equal to a single -
layer of semi-infinite depth having an Eg = 3, 250 psi plus a pavement layer of thick-

‘ness index, D, =2, 1.

b) Subgrade evaluation after the pavement is laid:

The data for the pavement deflection of basin B are shown by point ¢ in Figure
11. The extrapolated line parallel to the main curves and passing through c cuts the
base line at e where dg = 0. 143 in, This gives the value of Eg = 300 = 5,300 psi,
This shows that in this case the subgrade strength improved by a v'aEue of 5,300 -
3,250 = 2,050 psi. The increase in subgrade strength could be due either to the con-
fining action of the pavement or to the lower level of stress on the subgrade with the
pavement on the subgrade. Seed, Chan, Lee et al, have shown the dependence of the
modulus of soil on stress.

c) Pavement evaluation:

Point ¢ shows that the pavement over the subgrade has a thickness index,
D, =17.3 and an average modulus of elasticity, E,,, approximately equal to 300,000 psi,

The degree of improvement in the subgrade strength after the pavement is
‘laid depends on the deflection and spreadability values of the subgrade. For example,
basin A with a subgrade spreadability value of 26. 6 would show hardly any improve-
ment in subgrade support after the pavement is laid. The data for the four typical
basins shown in Figures 9 and 10 are given in Table 3. These basins are typical
examples of subgrade evaluation.

TABLE 3
TYPICAL EXAMPLES OF DEFLECTIONS

Basin Subgrade Deflections Base Deflections
(8-3=9in,
dd do 8 d 4 do 8
(0.001 in,) (in.) (percent) (0,001 in.) (inch) (percent)
A 5.9 0.1687 26.6 2.2 0. 0629 46
B 4.4 0.1258 40.7 1.14 0. 0325 61
[¢] 4.10 0.1173 33.4 1.17 0. 0335 69.8
D 1.38 0.0395 50.4 0.98 0. 0280 56.5
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PAVEMENT EVALUATION OF SATELLITE PROJ ECTS
BASED ON GENERAL EVALUATION CHART

In order to develop better designs, pavement research and design engineers
regularly evaluate existing pavements. For this investigation a number of satellite
projects were considered to determine how the general evaluation chart given in
Figure 5 could be used as an aid to better evaluation. The details of these projects
are given in Table 4. All data are the average of the actual data recorded in the
field. All of the data were recorded in the springtime. It was found that when plotted
onthe general evaluation chart most of the projects had a positive downward slope, which
. indicated an increase in deflection and decrease in spreadability with time, Details of
four such projects marked A through D in Table 4, are shown graphically in Figure 11,
The coordinates of these performance curves or any other curves would first be taken
parallel to the main curves and then parallel to the horizontal axis as indicated by the
dotted lines PQ and QR on curve C. Thus PQ gives the decrease in the thickness index,
D, of the pavement over the subgrade and QR gives the reduction in the value of the
modulus of elasticity of the subgrade, or the subgrade support value,

In some cases a positive upward slope indicating an increase in deflection
and an increase in spreadability was noted. Four examples of such projects are
given by projects E through H in Table 4 and are shown graphically in Figure 12,
The coordinate parallel to the main curves gives the increase in the thickness index
of the pavement and the coordinate parallel to the horizontal axis gives the reduction
in the subgrade support value.

A few cases of very little variation in the deflection and spreadability have
been noted. One example of this is given by project J in Table 4 and is shown
graphically in Figure 12. This curve shows a slight increase in the thickness index
of the pavement with no change in the subgrade support.

No project with a negative upward or downward slope was found. A negative -
upward or downward would mean an increase in the subgrade support value.

In Virginia thickness equivalencies of the materials used in pavement
construction have been determined,(?) and are given in Table 4. Based on these
values, the thickness indices, Dy, of the projects mentioned above were calculated
and are also given in Table 4, This table also gives the cracking factor on each
project for the year evaluated. The performance of these projects based on the

- general evaluation chart is shown graphically in Figures 11 and 12 and is discussed
below.
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Project A has a design thickness index, Dy = 8 (see Table 4)., This value
exactly corresponds with the theoretical thickness index during the year 1967 as
shown in Figure 11. In one year, from 1967 to 1968, the thickness index of the
project decreased from 8 to 5, with a little deterioration in the subgrade support
value {see Figure 11), Since the subgrade detericration is small, resurfacing — if
needed — might restore the project to its original strength or the strength required
for the present traffic. The Virginia design chart for the thickness index vs, traffic
is given in 2 1969 report,

Project B has a design thickness index of 10.5. This value also corresponds
closely with the theoretical thickness index during the vear 1967 as shown in Figure
11. In one year (1967-1968) the thickness index of the project decreased from about
9.8 to about 5. There has been no deterioration in the average modulus of elasticity
of the pavement over the subgrade nor in the subgrade support (see Figure 11). The
same type of improvement as suggested for prcoject A above would apply to this project,
if need be.

Project C has a design thickness index of 7.8, The theoretical thickness index
during the year 1966 as shown in Figure 11 is a2bout 6,6, In the year 1966-67 the D
value decreased from 6.6 to about 5. 4 with no change in the subgrade support. From
1967 to 1963 the D value decreased further to 4,5 and the subgrade support value also
decreased. It was found that cracking of the pavement increased considerably in the
year 1967-68. The year 1967-68 therefore indicates a periord of high deterioration for
this project built in 1962,

Project D has a design thickness index of 15. 1, which closely corresponds with
the theoretical index of about 14.5 during the year 1966 as shown in Figure 11,
In the three years from 1966 to 1969 the valuve of D decreased from 14.5 to about 8. 5,
and the subgrade support value decreased considerably, It is therefore probable that
the main cause of deterioration is the decrease in subgrade support. In 1966 the pave-
ment had almost no cracks. In 1969 the pavement was mostly cracked.,

Projects E through H are experimental projects built next to each other so the
subgrade modulus of elasticity of these projects should be the same. The curves for
these projects are plottedin Figure 12, The 1967 data for these project lie on the
same exty apolated curve for one subgrade support, which indicates the accuracy of
this chart. These projects built in January 1966, have a positive upward slope with
time as shown in Figure 12, which irdicates a slight deterioration in the subgrade
support value but an increase in the thickness index. The upward slope indicates that
the pavement is performing well, unless the asphaltic concrete is becoming more and
more rigid and hence brittle.,

Project E has a design thickness index of 11, 7 2s shown in Table 4, while its

theoretical thickness index as shown in Figure 12 was about 6 in 1967, Projects F, G
and H have design thickness indices of 13.6, 13.6 and 12. 8 respectively as shown in

w 28 =



1371

Table 4, These values are close to their theoretical index values of 15,0, 14,0, and
12, 5 respectively in 1967,

Project J has a thickness index value lower than the theoretical thickness
index value, but from 1967 to 1969 it showed no change in the subgrade support
value and a slight increase in its theoretical index value, This project was built
in 1962 and in 1969 it was still without cracks.

Project K (in Table 4) is a recently built continuously reinforced concrete
pavement, It is shown by the point marked K in Figure 12. The object of this
point is to show the comparative relationship between flexible and rigid pavements.

The evaluation of the nine projects on the basis of the general evaluation
chart could be summarized as follows:

(i) The design thickness index, Dy, evaluated on the basis of the
thickness equivalency values, ay, for paving materials used
in Virginia usually is close to the theoretical thickness index
value,

(ii) The general evaluation chart shown in Figure 5 gives the
structural performance of a pavement,

CONCLUSIONS

1. For the proper evaluation of pavements by means of deflection data, the
spreadability value of the deflected basin, in addition to the maximum
deflection, must be known.

2, The average modulus of elasticity of the pavement over the subgrade is
an important factor in pavement evaluation.

3. The general evaluation chart based on a theoretical analysis (shown in
Figure 5) could be applied for evaluating the changes in the subgrade and/or
the pavement strength of flexible pavements.

4. As the spreadability value of the subgrade continues to decrease below
31, 35, the subgrade support should be considered poorer and poorer.

5, The thickness index evaluated on the basis of the thickness equivalency

values for paving materials used in Virginia seems to be almost the same
as the theoretical thickness index value,
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NOTATIONS

theoretical thickness equivalency of a material

thickness equivalency for materials used for pavements
in Virginia

curvature in percent

thickness index of the pavement over the subgrade or
theoretical thickness index of the pavement over the
subgrade

design thickness index calculated from the thickness
equivalency values for the materials used for pavements
in Virginia

maximum deflection of basin in inches or 0. 001 inch

deflection in inches

maximum theoretical deflection in inches under 9, 000 Ib,
wheel load and tire pressure of 70 psi

maximum dynaflect deflection in 0, 001 inch
modulus of elasticity in psi

average modulus of elasticity of the pavement over the
subgrade in psi

modulus of elasticity of the subgrade in psi

modulus of elasticity of the top layer of the pavement,
the second layer from the top, the third layer from top. ...
in psi

tire pressure

spreadability value in percent
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