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INTRODUCTION

The purpose of this study was to evaluate the strength and load carry-
ing capacity of stabilized in-place recycled bases as compared with con—
ventional hot plant-mixed basesused for constructing bituminous shoulders
and pavements.

This research project was initiated in January 1981 in response to a
request from the Construction Division for technical assistance in estab-
lishing guidelines for selecting projects for recycling. A technical advisory
committee was formed upon initiation of the study to guide the investigation
and to select appropriate projects where the two types of bases could be
compared.

Many shoulder reconstruction projects seem to be appropriate for
either cold in-place recycling to create a stabilized base or for a hot plant-
mixed base. Some projects may, however, require some form of high
quality base because of heavy traffic, along with the presence of water in
the subbase or subgrade layers. For certain projects where either type of
base may seem adequate, it was felt that the two methods should be allowed
as alternates in the bidding process and further, if the two are approxi-
mately equal in strength, they should be constructed to approximately the
same thickness.

In this study, Benkelman beam deflection measurements were made
on shoulders constructed of the two base types, cold recycled and hot mix
black base, in order to compare their relative strengths. The shape and
magnitude of the deflection basins were used along with a computerized
layer analysis program to determine the strength of the two bases.

Core samples of the bituminous layers (surfacing and base) were ob-
tained for laboratory testing to measure tensile strength of the two ma-
terials.

RESEARCH PROGRAM

Eleven test locations were selected for Benkelman beam deflection
measurements involving shoulders at eight locations and roadways at three
locations (Fig. 1). Black base shoulders were tested on I 275 in Monroe
County and M 14 in Washtenaw County with stabilized shoulders tested on
T 96, US 27, and US 31 in Muskegon, Isabella, and Oftawa Counties, re-
gpectively. Deflections werealso measured in traffic lanes of the selected
roadways as recommended by the project's technical advisory committee.
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Figure 1. Benkelman beam deflection test locations.



Black base deflections were measured on M 66 in Montcalm County and
1 75 in Crawford County as well ag a stabilized base roadway sectionof I 75
in Cheboygan County. Table 1 summarizes the 11 Benkelman beam test
locations and describes the base, subbase, and subgrade layers. Figure 2
shows the layer thicknesses for the different sections including both road
(traffic lane) and shoulder sections.

TABLE 1
DESCRIPTION OF BENKELMAN BEAM TEST SECTIONS
Location Base Type Subbase Subgrade
—
1. I 275 Monroe County black base crushed limestone clay
2. 1275 Monroe County black base crushed limestone clay
“ 3. M 14 Washtenaw County black base sand clay
$ | 4. US 27 Isabelia County  stabilized sand clay
é 5. T 96 Muskegon County stabilized sand - sand
8. I 96 Muskegon County stabilized sand sand
7. US 31 Ottawa County stabilized sand sand
u 8. TS 31 Ottawa County gtabilized sand sand
(TB 9. I75 Cheboygan County stabilized sand sand
E % 10, M 86 Monicalm County  black base sand sand
LE 11, I 75 Crawford County black base sand sand

Deflection Measurements

Benkelman beam rebound deflections were measured using an 18-kip
single-axle load. The Benkelman beam was equipped with a displacement
transducer connected o a strip chart recorder so that the rebound deflec-
tion was continuously recorded as the load truck moved away from the beam
pointer. The truck speed averaged 1/2 mph during the tests. Equipment
and test procedures which were involved are shown in Figure 3 and are
more fully described in Ref. (1).

Deflection basins for eachof the comparative shoulder types are shown
in Figure 4. Fach curve represents the average deflection measured for
the sections tested on the designated highways. Deflections werealso mea-
sured in the traffic lanes of three roadways. Results of these measure-
ments are compared with shoulder deflections in Figure 5.
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Recording the initial deflection
with probe between the dual
wheels of the load truck.

Recording deflections while the
load truckis creeping forward.

Oil-filled hole for pavement
temperature measurements.
Temperature recorder above.

Figure 3. Benkelma.h beam deflection testing.
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Deflection values, as represented by the deflection basin, can be used
in several ways in evaluating the structural capacity of the shoulder sec-
tions. The shape, or curvature, of the deflection basin as well as the
maximum deflection areused inthis comparison of black base and stabilized
base sections and involves the following three factors.

Maximum Deflection, dj — The maximum deflection indicates the
stiffness of the entire layered section, including that of the subgrade, bitu~
minous base and surfacing aswell as the stiffness of the granular materials
in between (2).

Radius of Curvature, R — The radius of curvature (3, 4) of the deflec~
tion basinin the vicinity of the wheel load (i.e., within 24 in.)is a measure
of the stiffness of the surface and base course layers and correlates strong-
ly with the tensile strainat the bottom of the bifuminous base layer (Fig. 6).
Radius of curvature was determined from the Benkelman beam deflection
recordings using the equations and procedures given in Ref. (4).

= 1
Zado

R

where a is related to deflection meagurements by

where: R radius of curvature
a. = radius of wheel load contact area

X = distance from wheel load to deflection pointer
dX) = deflection at distance X from load
dg = maximum deflection.

Spreadability, 8 — Spreadability is a measure of the ability of the sec-
tion to distribute the load over a wide area (5). The concept of spread-
ability considers the shape as well as magnitude of the deflection basin and
is computed as follows:

dg + dy + dg + dg + dy
- 5dg

3 x 100

where: 8 = spreadability in percent and d; through d, are the deflections
at 1-1t intervals from the wheel load beginning with d;, the maxi-
mum deflection.

Maximum deflection (dg), radius of curvature (R), and spreadability (3)
values measured for the comparative sections are summarized in Table 2
and are compared graphically in Figures 7 through 9.



I0,000_
+ L.
V1] -
W =
l'L s
w Y
o
o L
e [ .
[
]
&)
[T [ ]
(@] LOOO: L] L
g o
a - L ]
< -
24 L
[ L]
o L
o L ]
s u °
<«
< ®
100 l 1 L t L
0 2 4 6 8 o]

COMPUTED TENSILE STRAIN,€,, INCHES X 10¢
AT BOTTOM OF BITUMINOUS BASE

Figure 6. Relationship between radius of curvature measured
with the Benkelman beam and tensile strains in the bituminous
base layer.

TABLE 2
DEFLECTION BASIN PARAMETERS FOR
BLACK BASE AND STABILIZED BASE TEST SECTIONS

. Maximum szl'e.ad— Radius of
: Location Base Type {Deflection, ab{lsl;ty, Curvature,
do, in- percént ®), i
[ 1, 1275 Monfoe County black base 0.0365 55.9 978
2, 1275 Monroe County black base  0.0488 54.0 §11
f 3. M 14 Washtenaw County black hase 0. 0447 57.2 1,061
g 4, US 27 Isabella County stabilized 0.0472 47.8 326
é 5. 1 98 Muskegon County stabilized 0.02582 34.9 208
@ 6. I 96 Muskegon County stabilized 0.0193 36.0 257
7. -US 31 Ottawa County stabilized 0.0332 33.4 130
L 8. US 31 Ottawa County stabilized 0.0403 36.9 119
/—o 9. I 75 Cheboygan County stabilized 0. 0109 55.8 2,368
% § 10. M 86 Montcalm County black base 0.0102 60.8 4,149
k; . 1i. 175 Crawford County black base  0.0083 65.6 1,161
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Laboratory Tests

The indirect tensile test method (6) was used to measure the tensile
strength and stiffness modulus of the base materials. The laboratory fest
conditions (temperature, loading time, and confinement) did not duplicate
conditions during deflection testing so the results, shown in Table 3, are
not comparable to those obtained in the field and shown in Table 4. The
values do, however, provide a relative measure hetween hlack base and
stabilized base materials.

RESULTS

A comparison of the deflection basins measured on the shoulders (Fig.
4y show greater deflections for the black base sections than for those with
stabilized bases. Deflections measured for traffic lane sections, however,
are nearly identical for the two types of bases (Fig. 5).

Radius of curvature and spreadability values for each of the sections
are summarized in Table 2 and are compared graphically in Figures 8 and
9, respectively. Radius of curvature values in Figure 8 are greater for
black base sections than for the stabilized base sections. The larger radii
of curvature measured for black base sections would result inlower tensile
strains at the bottom of the bituminous base layer.

The deflection results were also influenced by theunderlying subgrade.
Sections constructed over clay subgrades resulted inlarger deflectionsthan
those built on granular subgrades. The influence of subgrade type on de-
flection and curvature values can be seen in Figures 5, 7, and 8. Figures
5 and 7 show that deflection values are approximately equal for both bases
when the elay subgrades are involved. Spreadability values are also nearly
equal for the two bases in the clay subgrade sections (Fig. 8). Radius of
curvature values (Fig. 9) were not as great, however, for the stabilized
base section as compared with black base sections in the clay subgrade;
this would result in higher tensile strains for the stabilized base section.

The results of this study have thus far been evaluated by directly com-
paring deflection measurement parameters made onlayered pavement sys-
tems. A comparison of the two bases can also be made by computing the
stiffness modulus of the bituminous base layers using deflection basin
analysis methods recently developed (1). Modulus values thus estimated
are presented in Table 4. Departmental procedures for thickness design
of flexible pavements are based on AASHTO procedures (7) involving layer
coefficients; Table 4 also lists layer coefficient values which correspond

- 11 -



to tabulated modulus values. The relationship used {o arrive at the layer
coefficients is shown in Figure 10 and is an approximation based on limited
field correlations (8).

Laboratory tests show that stiffness modulus and tensile strength
values are greater for black base materials than for stabilized materials
(Table 3). Data from section 9 also show, however, that stabilized mate-
rial can be as stiff and strong as black base material. Section 9 is a por-
tion of the first cold recycling project in Michigan involving large portions
of bituminous materials, asphalt cements, and a high level of quality con-
trol in construction.

0.5

a = 0.001548 g°248

o o o
N w N
] { |

AASHTO LAYER COEFFICIENT, a

©
|

0 | 1
102 104 o3 fel
STIFFNESS MODULUS OF
BITUMINOUS LAYER, E, PSI

Figure 10. Relationship between AASHTO
layer coefficient and stiffness of bituminous
mixtures for base and surface courses (af-
ter Takeshita (8)).
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CONCLUSIONS

1) The shape of the deflection basin is a more meaningful measure of
the performance capabilities of the two types of construction than is maxi-
mum deflection alone.

2) The black base sections measured in this study were stiffer on the
average than the comparable stabilized base sections. Average stiffness
moduli for black base and stabilized base layers were 180,000 and 52, 000
psi, respectively. AASHTO layer coefficients were estimated to be 0.40
for the black bases and 0.22 for the stabilized bases investigated.

3) Stabilized bases can be as stiff and have the equivalent structural
capacity of black bases as demonstrated by the modulus and layer coeffi-
cient values obtained for section 9, of 180,000 psi and .40, respectively.

4) Both black base and stabilized base sections constructed on clay
subgrades experienced greater deflections than those constructed on sand.
Greater radii of curvature, i.e., lower tensile strain, were measured for
the black bases than for the stabilized bases on the clay subgrades.

5) The tensile strength and stiffness modulus of stabilized base mate-
rials can be as great as for black bases as shown for section 9 in Table 3,
even though the values measured for the stabilized shoulder bases in this
study were approximately 10 percent of the black base values.

RECOMMENDATIONS

Black bases rather than stabilized bases should be used under shoul-
ders along highways having heavy commercial traffic; and where medium
to heavy volumes of commercial traffic occur along with saturated layers
of subbase or subgrade, e.g., usually over clay subgrades.
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