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The information contained in this report was compiled exclusively for the use
of the Michigan Department of Transportation. Recommendations contained
herein are based upon the research data obteined and the expertise of the re-
searchers, and are not necessarily to be construed ss Department policy. No
material contained herein is to be reproduced—wholly or in part—without the
expressed permission of the Engineer of Materials and Technology. .




ACTION PLAN
Materials and Technology Division
A. The Research Laboratory Section will terminate this research
project (84 D-47)} via a memo to the project file along with distribution
of this report to the Design Division and the districts.

Engineering Operations Committee

A. No action necessary upon approval of this report.




SUMMARY

This project was initiated in 1984 to evaluate the use of bituminous
and aggregate mixtures containing fly ash, when used in the construction
of highway shoulder bases. The fly ash-extended (FAE) bituminous base
course and the lime/fly ash/aggregate (LFA, a pozzolanic, weakly cementi-
tious material) base course mixtures were placed on a shoulder reconstruc-
tiori and resurfacing project on M 29 in St. Clair County in June and July
of 1886,

Based on the results of this evaluation, there were no observed dif-
ferences in the field performance of the bituminous and aggregate mix-
tures containing fly ash, and the conventional bituminous base course
placed as a control section. Michigan's climate makes the construction
scheduling of the LFA base difficult due to the necessity of the material
to cure at summer temperatures prior to the onset of winter. From the
results of laboratory investigation, the fly ash-extended bituminous base
course was found to be more susceptible to moisture damage than the
conventional bituminous base course.

INTRODUCTION

This research was conducted in cooperation with the U. S. Department
of Transportation, Federal Highway Administration and in conjunction
with the Civil Engineering Department at the University of Michigan,
egnd the Michigan Ash Sales Co.

The concept of using an aggregate mixture containing fly ash for high-
way shoulders was evaluated in 1959 (Research Project 59 E-18) by the
Department and the results of the evaluation were not favorable (1, 2,
3, 4). The mixture was placed late in the year, and the final report (4)
recommended that should the material be evaluated again, it should be
placed only during the summer months so it could cure at least one month
at elevated temperatures before being subjected to the effects of winter.

PROCEDURE

Test sections of two different types of fly ash material were placed
as shoulder base on part of the shoulder reconstruction and resurfacing
project (Control Section 77051, Job Number 24173A) on M 29 in St. Clair
County (Fig. 1). The first material placed was a fly ash-extended (FAE)
bituminous base course and the second material placed was a lime/fly
ash/aggregate (LFA) base course. These base courses were placed in June
and July of 1986, respectively. Two shoulder sections using a conventional
bituminous base course (Bituminous Base Mix No. 500, 20C) were placed
as control sections.




's1oprnoys Asmysry JoJ asanoo aseq o93vdoiddr/yse A[j/oWIl 9y} pus ISINOD ISBQ

snouruin}iq jeydse pepusixe yse A[J oY) 10J SUOIIDIS )53} JO UONIBOOT]

*1 2anarg

NEZL

L
anvisi”’ /,
113880,

V&

(21py 60d)

abNQ

YELIPE 'NT 1S0LL °§°D

.

J J/ aNvIsI

uoioag 153] 8sIn0y) eseg
ALVYDIHODVHSY A1/FAN

U,
5

o ~
./:E

nz««m\
g AUH3IgMVULS

(21€)1-62 bd foid "yoy £ E 5 » -
00++E6 I 0°d TRy B vz Py z R Mmu R anod
1 o~ ' W kuo m m ..w Y 9 iw.oaﬂ y
enm s Rl — X ~ T e L
MO v / 5t
peayy 05'09+251 "&IS % E: q nS R_NVW
= oeq £F'1S+¥E6 EIS it PR NGRS = uonoeg 1s2] 8sinoy aseg
NOLLVT-H NOLLYLS G 2 h :
_ I I = 3 SNONINNLIE 1TVHASY GI0ANADE HSV AT
! 110838 + @ ).
ONIGNVT s1y2E0Y 34 EoEc.:de ..umw m\—”m onu e AvVEg .
.om,omm\\_ ~{_8 / m\im: q ER ]
| \ ISP | P i | B _....Bm_ dAIANOY. Ov - 528
i VELIVZ NT 1S0LL 'S : _ b g5
/ \ / .. I AN_.mv 162 44 .._0‘_1 YOI / ANIOd WITHD NYMS AVE
NouyLs! J L T T S1+600 HO'd < / HOHONV
B -
uooz_w\emﬁo% N A W A SNIAVHY V4
38 AMHIHD ,.HH,/.,/ - /_VL FTTAYYYI S <%
\ /A / - -, &l .vw \ at o : / at wun.muhqoxa
» - - o4 AND 1HGHS v LND LHONS
(7 A1 afuT i ko o el :
e || S B e i ton I o1 m
“‘c.w\ f - ..wMEE_ g 5 u - " m..m.. .<. m
4. sle Yoo
FYaonuv = - ] — hid ] PR ay




The test section for the FAE bituminous base course was further sub-
divided into three subsections, each consisting of a different percent by
weight of asphalt in the mix and percent of fly ash added, to reduce the
amount of asphait in the mix (Table 1). The test section layout, including
the two control sections, is shown in Figure 2. The typical design cross-
section for the test and control sections is shown in Figure 3.

TABLE 1
PERCENT BY WEIGHT OF ASPHALT IN, AND
FLY ASH ADDED TO, THE MIX IN EACH
SUBSECTION OF THE FAE TEST SECTION

Subsection Asphalt in Mix Fly Ash Added
Number by Weight, by Weight,
percent percent
1 3.6 2.1
2 3.4 2.6
3 3.1 3.1

Visual inspections were made in 1987 and 1990 to evaluate the perfor-
mance of the FAE bituminous and LFA base courses. The inspections
noted and recorded the following distress features:

1) Amount of cracking present in the shoulder
2) Amount of rutting present in the shoulder
3} Presence of any heaving or shear failures

The construction of the FAE bituminous base course and the LFA base
course is covered in Research Report No. R-1281.

Inspection Results (1987 and 1990)

There were transverse cracks in the shoulder material in the control
and test sections. There were five cracks in both of the control sections;
six cracks in subsections one and three, and nine cracks in subsection
two of the FAE bituminous base course; and nine cracks in the LFA base
course. All of the cracks were open 1/8 to 1/4 inch. The cracking was
sympathy cracking caused by cracks in the adjoining pavement, except
for cracking at Station 707+69 which was caused by a culvert under the
shoulder and pavement. However, not all of the cracks in the adjoining
pavement had caused sympathy cracking in the shoulder.

There was no rutting, no heaving or shear failure noted in the shoulders
in any of the sections.
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Figure 2. Experimental fly ash material test and control sections.




TABLE 2

CHARACTERISTICS OF FLY ASH-EXTENTED AND CONVENTIONAL
BITUMINOUS BASE FOR BITUMINQUS SHOULDERS

Sample
Identification

Date
Tested

Average
Density,
ib/cu ft

Average
Wet or Dry
Indirect
Tensile
Strength

Retained
Strength
Ratio
[INTSwet/
INTSdry]

Control
As Constructed

Control
‘Wet Accelerated
. Conditioned

Control
Uneconditioned

Subsection 1
As Constructed

Subsection 1
Wet Accelerated
Conditioned

Subsection 1
Unconditioned

Subsection 2
As Constructed

Subsection 2
Wet Accelerated .
Conditioned

Subsection 2
Unconditioned

Subsection 3
As Constructed

Subsection 3
Wet Accelerated
Conditioned

Subsection 3
Unconditioned

06/27/86

02/06/87

06/25/86
&
06/26/86

02/11/87

&
02/12/87

06/26/86

02/19/87

06/26/86

02/25/87

146

157

141

142

142

143

142

143

146

165

133

193

113

168

88

162

0,89

0.69

0.67

0.55
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Figure 3. Typical cross-sections.




Two failures, areas where depressions occurred in the shoulder, were
noted in the LFA base course test section. They appear to have been
caused by subgrade soil problems, rather than e failure of the LFA mate-
rial.

Leboratory Testing

At the time of construction, samples for laboratory testing were taken
from the conventional bituminous base course, each of the subsections
of the FAE bituminous base course, and LFA base course. Laboratory
test samples were prepared from each type of material and the density
(unit weight) was determined (Tables 2 and 3).

Unconditioned (dry) and accelerated wet-conditioned samples from
the conventional bituminous base and from all three FAE bituminous base
subsections, were tested for tensile strength. The results are summarized
in Table 2. ‘

The LFA base was tested for compressive strength and the results
are summarized in Table 3.

TABLE 3
CHARACTERISTICS OF AGGREGATE/LIME/FLY ASH {POZZOLONIC)
BASE COURSE FOR BITUMINOUS SHOULDERS

Average
Sample Date Average Average Compressive
Identification Tested Moisture, Density, Strength,
Percent Ib/cu ft - psi
As Constructed 07/15/86 6.9 122 NM
904+00 A
904+00 B 08/06/86 11.9 118
911+00 B 339
806+00 A
306+00 B 09/12/86 12.9 118 555
908+00 A
308+00 B 10/08/86 12.7 118 478
911+00 A 11/19/86 12.7 120 1901

Sample No. 904+00 B broke while handling for compressive strength testing.
*NM - Not Measured '
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Results

Figure 4 shows that for the unconditioned (dry) samples, the indirect
tensile strength is about the same for the conventional bituminous base
and the FAE bituminous base materials. It shows that for the accelerated
wet-conditicned samples, the indirect tensile strength loss is less for the
conventional bituminous base course than for the FAE bituminous base

course.

Figure 5 shows that the retained strength ratic of the accelerated
wet-conditioned indirect tensile strength to the unconditioned (dry) tensile
strength was 0.89 for the conventional bituminous base course and 0.69,
0.67 and 0.55 for subsections 1, 2, and 3 of the FAE bituminous base course,
respectively. Thus, using the criteria established for NCHRP Project
4-8 (3) in NCHRP Reports 192 and 246, the FAE bituminous base course
is more susceptible to moisture damage (i.e., stripping) than the conven-
tional base course. ‘
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Figure 5. Comparison of retained strength ratios.

Figure 6 shows that in general, as the LFA base course increases in
age, the compressive strength of the material also increases.
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CONCLUSIONS AND RECOMMENDATIONS

While there was little difference in the observed performance of the
LFA base course and the conventional bituminous base course, the cost
to place the LFA base course (from Research Report No. R-1281) was .
$1.00/ton more than the cost of the conventional bituminous base course.
Thus, since there is no appreciable difference in performance no conclusion
as to the cost effectiveness of the LFA base course is possible at this
time. However, Michigan's climate makes the construction scheduling
of the LFA base difficult due to the necessity of this material to cure
at summer-like temperatures prior to the onset of the first winter (4).

The field investigation indicated that there was little difference in
the performance of the FAE bituminous base course sections and the
conventional bituminous base course. The cost of placing the FAE
bituminous base (from Research Report No. R-1281) was $4.00/ton more
than the cost to place the conventional bituminous base course. Thus,
the FAE bituminous base course would have to perform significantly better
than the conventional base course to be cost effective. Also, from
laboratory investigations, the retained strength ratio indicates that the
FAE bituminous base course is more susceptible to moisture damage (i.e.,
stripping) than the conventional base course. Therefore, it seems very

-10 -




unlikely that the needed additional life for attaining cost effectiveness
would be achieved.

While additional time will be required to make the final determination,

present results are not encouraging for either experimental treatment,
and they are not recommended for further use.
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