23/3

N\ —
%
N

' #o. 50/»741

Technical Report - EVALUATION OF ASBESTOS

ASPHALT PAVING MIXES

: 29 June 1964

U. S. NAVAL CIVIL ENGINEERING LABORATORY

Port Hueneme, California

DDC

e _'-:.'-' : - -:-. JUL 30 \96‘

DDCIRA C




EVALUATION OF ASBESTOS ASPHALT PAVING MIXES
Y-F015-15-01-122
Type C  Final Report

by

J. A, Bishop

ABSTRACT

An experiment was conducted to determine the effect on strength properties
of adding asbestos fibers to asphalt paving mixtures. Beams, cylinders, and tensile
briquets were molded with various percentages of asbestos (up to 2 percent) in
combination with other fillers and a constant percentage of asphalt. Specimens
were tested at the age of 0 months and at 6 and 18 months (accelerated). Marshall
specimens were made of the same mixes and tested as soon as molded.

On the basis of a statistical analysis of the test results, strength properties
did not improve enough to warrant further study.

Copies aovailable a(OTS
Qualified requesters may obtain copiey of this report from DDC.
The Loboratory invites comment on this report, particularly on the
results obtained by those who hove applied the information.




INTRODUCTION

The term "filler," as used by asphalt technologists, nomally includes, in a
paving mixture, that fraction of the mineral aggregate which passes a number
200 sieve. Generally speaking, the purpose of filler in a bituminous mixture is to
fill the voids in the mineral aggregates and thus create a denser mixture than would
be the case if the minus 200 material were omitted. It is usually assumed that each
particle of filler is coated with a thin film of the asphalt binder, and thus, in addition
to filling the voids, the filler assists in binding the entire mass together.

During the past several years, there has been a substantial amount of study on
the effect of the chemical composition, srigin, shape, and properties of fillers on
the physical properties of the bituminous paving mixtures in which the fillers are
incorporated. Results have been inconclusive. Studies have been made also on
optimum quantities of filler in mixtures, and it has generally been concluded that
the selection of a proper filler content depends on the specific mixture, that is, on
the gradation and shape of the aggregate particles making up the mixture.

The study described in this report is the result of a suggestion that asbestos
fibers used as a filler in a bituminous paving mixture might improve its resistance
to the effects of jet aircraft exhausts. Field tests would be expensive, so it was
decided to conduct laboratory studies on the effect of the asbestos fibers on the
strength and durability characteristics of the paving mixtures. [f the addition of
asbestos fibers substantially improved the strength and durability properties of the
paving mixture, the next logical step would be to install test sections in the field
for exposure to jet exhaust.

The loboratory study was not to include investigation of the effect of the
oddition of the asbestos fibers on the asphalt binder itself. The objective of the
study was to determine if the addition of asbestos fibers to flexible pavement mixes
improves strength and durability properties.

Specimens were made then for flexure tests, tension tests, and cylindrical
compression tests, Various percentages of asbestos were used in combination with
or as a substitute for other fillers. Tests on specimens were made immediately after
the specimens were formed (0 age) and, as a measure of durability, at accelerated




weathering ages cf 6 and 18 months. Stability specimens were also made but were
not subjected to accelerated weathering tests. The test program was statistically
designed, and the test results were analyzed from a statistical point of view,

MATERIALS

The basic aggregate from which the asphaltic concrete specimens were made
was a river-run gravel indigenous to Southern California. It conformed to the fol-
lowing gradation:

Sieve Size Percent Passing
1/2 in, 100.0

3/8 in, 88.0

No. 4 70.0

No. 10 51.0

No. 40 26.0

No. 80 16.0

No. 200 6.0

A substantial quantity of the aggregate was separated, into fractions retained on
each of the sieves indicated above, for recombining when the various percentages
of filler were used for the various specimens.

The asphalt cement used in this study was a paving grade asphalt witn an
85/100 penetration grade. For the Marshall stability specimens, two penetration
grades of asphalt were used, 85/100 and 40 '50.

Short-fiber asbestos (Johns-Manville Corporation 7M06) was used in this
study. Beca' se of the elongated shape of the fibers, this material does not meet
the definition of a filler expressed above (moterial passing a No. 200 sieve). But
it functions as a filler in that it fills the voids between the particles of aggregate,
and the individual fibers do receive a coating with a thin film of asphalt in the
mixing process,




As indicated, the asbestos was used in combination with or as a substitute for
other fillers in the paving mixes examined, These other fillers included a natural
filler, so-called because it was a part of the river run aggregate mentioned above,
and limestone dust; these passed a lo. 200 sieve.

SPECIMENS AND FABRICATION

At the outset of the study, limits were placed on the percentages of the
various ingredients which were to be included in the specimens formed for study.
The maximum filler (total mineral aggregate and asbestos passing No. 200 sieve)
content in any specimen was to be 1C percent by weight of the entire specimen.
A single asphalt content, 6 percent, was to be used throughout the study. The
percentages of asbestos fibers to be included in the mixes were 0, 0.5, 1, and 2
percent by weight,

The cylindrical specimens fabricated for compressive strength determinations
were 2 inches in diameter and 3 inches high. They were formed in steel molds and
compacted under ¢ testing machine load of 25,000 pounds applied for 2 minutes.

The briquets of asphaltic concret> made for determination of the tensile
strength were formed in a standard briquet mold used in the tensile strength test
of hydraulic cement mortars (ASTM Designation C-190-59). A gang mold was not
used; instead, specimens were made one at a time. The briquets were compacted
in the mold under a load of 25,000 pounds for 2 minutes in a compression testing
machine.

The beams of asphaltic concrete fabricated for determination of the tensile
strength properties were 1-1 2 by 1-1 2 by 8 inches long. These were fabricoted
in steel molds and were compacted under a load of 50,000 pounds (applied to a
1-1 2- by 8=-inch side) for 2 minutes.

Marshall stability specimens were compacted in the conventional manner,
that is, 75 blows with a Marshall hammer on each end of the specimen.

It will be noted that compaction was different for the various specimens.
Beams were compacted at a different load than were the cylinders, etc. This was
an effort to obtain reasonably uniform apparent specific gravities or densities among
the various specimens.

Except for the Marshall specimens, a sufficient number of specimens was made
for testing in both weathered and unweathered conditions.




DESIGN OF EXPERIMENT

As suggested by the CEIR Corporation, the design of the investigation of the
effect of asbestos fibers on the strength and durability properties of asphaltic con-
crete was as shown in Table |,

The following illustrates how the Table | experimental design was used.
Consider Mix No. 5 which is seen to contain 2 percent asbestos, 2 percent |imestone
and 0 percent natural filler. Six cylindrical specimens were made using Mix No. 5;
two were tested at 0 age (24 hours after fabrication), two were tested after 6 months
accelerated age, and two were tested after 18 months acceleroted age. Three beams
were made from the same mix; one was tested at 0 age, one at 6 months, and one at
18 months, and three briquets were made, one to be tested at each of the ages.
Duplicate specimens were made for the compressive strength tests, but only single
specimens were made for the tensile and flexural strength tests. This procedure was
followed because it was believed that the effect of asbestos on strength would be
better indicated in a compressive strength test than in the other two, and that a
conclusion based on the statistical analysis of the test results would therefore be
more accurate.

Marshall stability specimens were fabricated for testing at O age only. Since
the Marshall test is normally used for design and construction control only, tests of
weathered specimens would probably have little significance.

TEST PROCEDURES

Immediately after fabrication all test specimens were stored for 24 hours at
70 F before being tested or subjected to a weathering cycle; tests at 0 age were
made at this temperature.

Cylindrical specimens were broken in a Riehle 20,000-pound testing machine;
the load was applied so that the rate of deformation was 0.05 inch per minute
(ASTM D1074-60).

Briquets were broken in a standard briquet-testing machine usually used for
the testing of hydraulic cement; the load was applied continuously until the briquet
failed.

3eam specimens were also tested in o Riehle testing machine; the load was
applied so that deflection rate was 0.05 inch per minute., The beams were tested
as simple beams with center-point loading.
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Marshall specimens were tested in the conventional manner.

The weathering cycle to which the specimens were subjected was that
indicated as Daily Cycle B of the Recommended Practice for Accelerated Weathering
Test of Bituminous Materials (ASTM D529-62). This cycle consists of:

Water spray only (70 5 F spray water) 1 hour

Light exposure only (140 +5 F black panel) 1-1/2 hours

Water spray only (70 £5 F spray water) 2 hours

Light exposure only (140 £5 F black panel) 16-1/2 hours

Cold exposure (0 £10 F) 1-3/4 hours
Total 22-3/4 hours

The apparatus used in the accelerated weathering test was an Atlas single
carbon arc lamp weatherometer in which 14 days of exposure to Cycle B, as
described above, was the equivalent of 6 months of exposure to natural weather.
Thus samples indicated as having been tested at age 6 months (accelerated) were
subjected to Cycle B in the weatherometer for 14 days. Those tested at age
18 months (accelerated) were in the weatherometer for 42 days.

TEST RESULTS

The results of tests on cylinders, beams, briquets, and Marshall stability
specimens are given in Table |. Table | also indicates the ranges of apparent
specific gravities obtained in the compaction of specimens described in the section
on Specimens and Fabrication. For analysis purposes, the strength data of Table |
(except for the Marshall tests of specimens with 40/50 penetration grade asphalt)
were organized as shown in Table Il. These data were subjected to a statistical
analysis and plotted as Figures | through 19 of the Appendix.

Flow values, which are indicators of the brittleness of an asphaltic concrete
measured during the Marshall stability tests, are also shown in Table |.

In all but two mixes (numbers 28 and 32) the Marshall stability values were
higher with the 40/50 penetration asphalt than with the 85/100 asphalt (Table I).
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DISCUSSION OF TEST RESULTS

It is seen in Table | that there was little difference in the apparent specific
gravities of specimens compacted according to the various procedures mentioned in
the section on Specimens and Fabrication. Thus all specimens had approximately
the same density.

Table Il reveals no clear-cut or substantial increase in the compressive strength
of cylindrical specimens when asbestos content is increased (up to 2 percent). The
statistical analysis of the data, however, indicates an increase of between 20 and
67 psi per percent increase in asbestos, when averaged over all three ages and all
percentages of limestone and natural filler. Considering that the average compres-
sive strength of all cylindrical specimens tested at all ages is 424 psi, the calculated
increase in compressive strength is not substantial.

A: indicated by the confidence intervals shown on the curves of the Appendix,
the test data do not conclusively show the effect of the addition of asbestos on
flexura! strength or on tensile strength. For some mixes, the addition of asbestos
increases the flexural strength and a still larger addition decreases it; sometimes
this is true also with regard to tensile strength, but with the same mixes i “e converse
is sometimes true. No reason for this anomalous situation is apparent from a review
of the test conditions and the control exercised.

There appears to be an increase in Marshall stability values (specimens were
tested only at age 0) with an increase in the amount of asbestos in the mix. The
data analysis indicates this increase is between 86 and 516 pounds per percent of
asbestos. Again, the average stability value of all specimens containing 85/100
penetration asphalt is 1900 pounds, and so the effect of asbestos on the Marshall
stability of specimens may or may not be substantial. That is, an 86-pound increase
in stability is not large, but a 516=-pound increase is. Although the results of the
Marshall stability tests on specimens containing the 40/50 penetration asphalt were
not analyzed statistically, it is suggested that the effect of the addition »t asbestos
would be independent of the penetration grade of the asphalt in the mix. The aver-
age stability value obtained on specimens made with this asphalt was 2800 pounds,
and so on a percentage basis, asbestos would not increase stability as much when
the harder asphalt is used.

CONCLUSIONS

Based on the test results and their statistical analysis, it is concluded that
the addition of asbestos to asphalt paving mixes is not substantially effective in
increasing their overall strength properties. There were some increases in compres-
sive strength when the amount of asbestos was increased from 0 to 2 percent in

11



combination with other fillers. There was an apparent increase in Marshall stability
values with increasing amounts of asbestos. It is not known, however, whether the
addition of asbestos fibers will increase or decrease the tensile or flexural strength
of asphalt paving mixes. In any event, the increase (or decrease in the case of
tensile or flexural strengths) is not large.

RECOMMENDATIONS

It is recommended that no further work be undertaken on the effect of adding
asbestos fillers to asphalt paving mixtures.



Appendix
ANALYSIS OF TEST RESULTS
by
I. W. Anders
and

M. L. Eaton

The main conclusions drawn from analyses of the results in Table | are:

1. Under the test conditions (described in the report) averaged over all three
ages, all four percentages of limestone, and all four percentages of natural filler
employed, the effect of asbestos on compressive strength of ¢ -linders is unknown
exactly, but lies someplace between 20 and 67 psi increase per percent asbestos in
the blends. Restated, an estimate of the relationship is:

Y 386.4 - 43.6X

where Y compressive strength of cylinders averaged over the 48 combinations
of percents limestone, percents natural filler, and ages.

X percent asbestos in the cylinders within the range O to 2 percent. This
equation should not be used for extrapolat on beyond 2 percent.

The figure 43.6 is far from an exact estimate. A 95 percent confidence interval for
its true value extends from 20.2 to 67.1.

2. Under the test conditions, averaged over all four percentages of limestone,
and all four percentages of natural filler employed; the effect of asbestos on the
output of the Marshall stability test is unknown exactly, but lies someplace between
86 and 516 units per percent asbestos in the blends. An estimate of the relationship
15

Y 1612.8 - 301.0X

13




where X percent asbestos in the mix withir the range O to 2 percent

Y stability test results averaged over the eight percents limestone
and percents natural filler used

This equation should not be used for extrapolation beyond 2 percent asbestos.
A 95 percent confidence interval for the true value of the mean rate of increase
(estimated as 301) extends from 86.3 to 515.7.

Similar conclusions relative to beams and briquets are not drawn, The
reason is that the data do not show clearly whether asbestos causes an increase (+)
or decrease (-) in strength. For beams the corresponding 95 percent confidence
interval on the mean effect rate extends from -10.3 to 35.5, and for briquets from

-4.24 to 8.02.

The balance of this appendix will be an attempt to explain the foregoing in
somewhat more detail. The slopes of the graphs in the charts to follow should be
interpreted merely as an indication of the rate of increase or decrease of strength
per percent caused by addition of asbestos. In thcse many cases where the
confidence interval for the slope brackets zero, the correct interpretation is that
the effect is still unknown. The 95 percent confidence interval for each slope will
be found on its graph,

In an effort to estimate the mean collective effect of filler, age and asbestos
on compressive strength of cylinders, all the cylinder data was analysed. The esti-
mated relationship is:

Y = 320.5 + 8.50X] + 57.6)(2 + 4.73)(3 - 0.35)(])(3 - l.7lX2X:3

I}

where Y compressive strergth in psi

X, = percent filler in the blend (the coefficients represent the mean effect
of lime and natural fillers) in the range 2 to 8

X, = percent asbestos in the blend, in the range 0 to 2

X, = months of aging, in the range 0 to 18

14




This equation should not be used for extrapolation beyond foregoing ranges. For
Xy = 2 X2 0and X5 = O, from this regression equation v 337.5. This isa
rough estimate of the mean. A 0.95 confidence interval for this mean strength

Y (2, 0, 0) extends from 319.5 to 355.5. Similarly Y (8, 2, 18)  476.9 with confi-
dence interval 436.0 to 517.8. The estimated gain then is 476.9 - 337.5 139.4
caused by jointly increasing tiller from 2 to 8 percent, asbestos from 0 to 2 percent
aond aging from 0 to 18 months. This is a rough estimate of the mean effect. A
0.95 confidence interval for this mean strength increase Y (8, 2, 18) - Y(2, 0, 0)
extends from 89.9 to 188.9. L

The mean collective effect of filler and asbestos on output of the Marshall
test was estimated to be:

Y = 1038.725 + H4.8]OSX] + 334.2205X2 - 6.6456X]X2

where Y = Marshall test output

X, = percent filler in the blend (the coefficients represent the mean effect
of lime and natural filler) in the range 2 to 8

X, = percent asbestos in the blend, in the range O to 2

This equation should not be used for extrapolation beyond the foregoing ranges.

For Xy = 2and X, = 0, from this regression equation Y - 1268.35. This is a

rough estimate of fzhe mean. A 95 percent confidence interval for this extends

from 1001.97 to 1534.73. For Xy = 8 and X2 2, from this equation a rough

estimate of mean Y is 2519.32. A 95 percent confidence interval for this extends

from 2206.29 to 2832.35. The estimated gain then is 2519.32 - 1268.35 = 1250.97,
caused by jointly increasing filler from 2 to 8 percent and asbestos from 0 to 2 percent.
A 95 percent confidence interval for this mean Marshall test output increase

Y(8, 2) - Y(2,0)_ extends from 856.72 to 1645.22.

15




230 T
220 ) = - N g'— ]
210 — _l—— S P
~
~
! ~
e ”
200 =
g |
2 -
|
@ T | | |
190 - ' T 1
/ Dota averaged over 2. 4 6 and B percent natural | iler
® -~
/d :),___.-— 0 monthy = =50 7 10 57 1
180 Ll
// &-——-———émmﬂhs— 49 4 10 42 6°
lo”
- E]___—lSMOn'hs- 54 510 B8 9
2170 t
: * Confidence 'nterval for the slope of the line n these
= cases where the contidence interval for the slope
s braockets zero. the carrec? nterpretaton s that the
5, 160 effect 1s stiil Iunknown
©
s |
.
o 150
| A
140 L
R e ——
130
120 T =
| i. -
— ]
1o | S
100 — —
90 ¢
80 ——— 4 — —Jl— —
0 0.5 1.0 1.5 2.0 25

Asbestos (%)

Figure 1. Flexural strength of asphaltic concrete versus percent asbestos.
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Figure 2. Flexural strength of asphaltic concrete versus percent asbestos.
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Figure 3. Tensile strength of asphaltic concrete versus percent asbestos.

18




Tensile Strength (psi)

110

80

70

60

Figure 4. Tensile strength of asphaltic concrete versus percent asbestos.

> 4
rd

Data averaged over 2, 4, 6, and B percent limestone filler.

@

0 months = =355 10 39.3*

B e e § Moty = ~25.5 % 301"

B —— o= ===|8 months - ~42.7 to 66.3*

* Confidence interval for the slope of the line;, in these
cases where the confidence interval for the slope
brackets zere, the correct interpretation is that the effect

is still unkaown.

1

1

1

0.5

1.0

1.5

Asbestos (%)

19

2.0

2.5



Compressive Strength (ps:)

500

490

480

470

450

450

440

410

420

410

400

3%0

k]:1v

370

380

350

T I

Data overoged cver 2. 4 & and B percent natural (i llay
— ) ——— — U months = ~28 0 1e 149 5°
oy — b months - -29 5 10 &7 0°
TR PRI 18 months = ~87 7 1o 120 9*
*Coanfidence nterval far the slope ol the Line 0 thesye

coses where the conlidence interval tar the lope

i atill nknown

= o

F— brochets tero, the correct nterpretation 3 that the shlact —

} fenl __..-f
Mf"
-
J ,.-"";
,,.—-f
i} e VPPl
-
-
-
-
-
® 7
-
- &

"
0 0.5 1.0 1.5 20 2.5

Asbestos (%)

Figure 5. Compressive strength of asphaltic concrete versus percent asbestos.
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Figure 6. Compressive strength of asphaltic concrete versus percent asbe . tos.
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Figure 7. Flexural strength of asphaltic concrete versus percent asbestos.
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Figure 8. Flexural strength of asphaltic concrete versus percent asbestos.
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Figure 9. Tensile streng.i of asphaltic concrete versus percent asbestos.
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Figure 10. Tensile strength of asphaltic concrete versus percent asbestos.
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Figure 11. Compressive strength of asphaltic concrete versus percent asbestos.
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Figure 12. Compressive strength of asphaltic concrete versus percent asbestos.
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Figure 13. Flexural strength of asphaltic concrete versus percent a.oestos.
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Figure 14. Tensile strength of asphaltic concrete versus percent asbestos.
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Figure 16. Combined strength of asphaltic concrete versus percent asbestos.
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Figure 17. Marshall stability versus percent asbestos.
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Figure 18. Marshall stability versus percent asbestos.
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Figure 19. Marshall stability versus percent asbestos.



