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The am of this research was to develop an improved recycled asphalt pavement by using reinforcement sheeting
to decrease the shortcomings of reclaimed asphalt pavement (RAP), and take advantage of itsmerits. Evaluation tests
showed that the use of reinforcement sheeting in combination with recycled asphat mixture esulted in a paving
materid that significantly outperformsvirgin asphat mixture in rutting resistance, crack resistance and serviceshility.
Concern for the state of the environment has grown considerably in recent years throughout the world. Road
congruction is no exception to this. This report was submitted in the hope that the proposdls it contains would
contributeto further promation and expanson of effectiveuseof recyded agohdt mixture
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LINTRODUCTION

We live now in an age of extengve road mantenance
and repair, resulting in a rgpid increese in reclamed
agphdt pavement (RAP). While mogt RAP is currently
reused in a limited way as recyded agphdt mixture, one
would be hard pushed to say that RAP is currently being
usd inthemodt effectiveway.

While exiging research has shown that RAP is
Superior to virgin agphdt mixture where rutting, raveling
and ddamindion resgance is concerned, the most
common method employed up to now to counter RAPS
lower serviceahility and crack resistance has been to add
rguvending agents to binders to restore the penetrative
properties of aged binder. However, the suitability and
effectiveness of rguvending agents for the many binders
used remains unconfirmed, and the risk that such agents
may adversdy affect recycded agphdt mixture’s desirable
dtributes  warrants reconsdering of the methods
employed to reuse RAP,

The a@m of this research was to look into the use of
reinforcement sheting to augment the shortcomings of
RAP, and optimize its srengths. We sought to identify the
type of sheeting mogt suited to the properties of recyded

agphdt mixture, and peaformed a comprehensve
evaudion of the effectiveness of reinforcement shedting
inimproving the properties

2. EVALUATION OF REINFORCEMENT
HEETINGFORASPHALT MIXTURE

(1) Outline

Specimens combining an aphdt mixture with three
different types of renforcement sheeting were teted to
determine and compare their sarviceahility and resstance
to rutting and cracking, and the results were then
conddered to identify the type of sheding offering the
mogt promisewhen usad with recyded agohelt mixture

(2) Agphalt mixtureand shegting

The aphdt mixture utilized SIAH0-80 asphdt
mixture as identified in the Manud for Agphdt
Pavement’ published by JRA. This is a dense graded
virgin agphat mixture with amaximum aggregate s ze of
13mm. Threetypes of reinforcement sheeting (A, B, ad
C) were used These are the types mogt widdly employed

among those commercidly avaladle, but differ in both
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Tablel Namesand compositionsof test pedmens

Test specimen Reinfor cement
name sheeting
Type A Sheeting A
TypeB Sheeting B
TypeC SheetingC
Type D none

properties and sructure. Fig. 1 shows the structure of the
three types. Sheeting A2, composad of a glass fiber
fabric (polypropylene shegting) coated on both sdeswith
modified asphdt, is widdy used to prevent reflective
cracking in road maintenance and repair, and in new road
condruction. Its tendle grength is 68kN/m, and it hes a
high bresking strength and low bresking strain. Shedting
B and C, designed to prevent water seepage and cracking,
ae the most widdy used shedting incorporaing
nonwoven faorics and boest tensle drengths of
10-20kN/m. The fabric in Shedting B is coated on both
Sdes with modified agphdt, while thet in Shedting Cisa
nonwoven fabric impregnated throughout with modified
agphdt. Asshown in Table 1, we refer to the specimens
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Figure2 Spedmenformms

as Types A, B, and C according to the types of shedting
they contain. A fourth tes specimen cataining no
ranforcemeant shedting, Type D, was d < prepered.

(3) Evaluation of rutting ressance

Running tests adapted from whed tracking tests”
were conducted to evaduate rutting resstance as well as
the efficacy and desred postion of the insarted
reinforcement sheeting. Dynamic stability was caculated
as in ordinay whed tracking tests. Three different
gpecimen forms (Cases 1, 2, and 3) were prepared for
eech specimen type, differing both in postion of the
inserted reinforcement sheeting (Sheeting A, B or C) and
layer compogtion according to the mgor types of
maintenance and repair works of actud roads, and tedts
conducted on each form. The layer Structures of each
specimen form are shown in Fig. 2. In Case 1, the
reinfforcement  shegting was lad over a smulaed
concrete base, after which a 3cm surface course of dense
grade aphdt mixture was laid. In Case 2, a 5cm surfece
course of the same agphdt mixture was lad on top of the
reinforcement shedting, while in Case 3, a 2cm binder
layer ¢ dense grade asphdt mixture was firg laid over
the smulated base followed by the reinforcement
sheeting and then a 3om surface course. As a fallow-up
evduaion of rutting ressance, desgned to meke a
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clearer comparison of the effectiveness for plastic flow,
we aso compared rutting depth at the end of  three-hour
running tests. The dynamic dability and rutting depth
dter three hours (dg) for dl three specimenforms are
shownin Figs. 3,4ad 5. In Cases 1 and 2, in which the
sheeting base is a rigid concrete base, Type B and C
pecimensin particular displayed much reduced dynamic
dability and incressad rutting depth compared with the
control pedmen, Type D. We surmise that this is due to
the influence of the adhesive properties of the sheeting at
ther interfaces, and of the extenghbility of the shesting
themsalves on the surface course. Likewise, with Type A
the insartion of shedting offers no advantage over Type D
in Cases 1 and 2, suggedting thet the pogtioning of the
shedting in these two casesis not suitable. However, Type
A renforcement sheating sandwiched between two layers

reinforcement sheding wes insarted benegth the asphdlt
mixture layer. The raionship between temperature and
bending load for TypesA, B, C, and D isshownin Fig. 6,
and the rddionship between temperaure and
deformation at the bregking point isshown in Fig. 7. To
help get a beter grap of the figures a line has been

dravn joining the test results for each specimen. At dl

tested temperatures, both bending load and deformability
a the bresking point are higher when reinforcement
sheeting has beeninsarted (TypesA, B, C) then otherwise.
Type A showed higher vaues for these parameters then
Types B and C, and offered benefits in the high
temperature range, where agphdt mixture has a naturd

dissdvantege. Type A ds0 showed dmog twice the
efficacy of Type D for bending load inthe 510  range,
where the bending load is @ a maximum. Overdl, the
tests showed thet insartion of reinforcement shedting is
effective in boodting crack resstance, and that insertion of
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(5) Evaluation of fatigueresstance

As a way to asess the ability of reinforcement
sheding to enhance sarviceshility, the specimens were
subjected to fatigue tests” involving cydiic loading with a
condant load. Since no edablished methodology is
avaladle for fatigue tests, the load was s&t & 50% of the
bending load for the Type D control specimena D .
The tests were conducted usng the loading waveform at
a 5Hz haver dne load with twoepoint loading, the
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disgance between the load points being one third of the
totd goan. Test temperaures were 10 and 20 . The
methodology is illudraed in Fig. 8, while testing
conditions are provided in Table 2 and details of the
loading waveform in Fig. 9. As with the bending tests,
the specimens used in these faigue teds were
5cmi 5cm 30cm pieces crested by cutting up the
gedmens usad in the whed tracking tests, with
reinforcement shedting insarted benesth the asphdt
mixture layer. Test results were subject to reaive
evauation againgt the Type D control specimen, sincethe
tests were conducted under specid conditions. Figs. 10
and 11 evduae the faigue life (humber of cydes to
falure) and deformationat 10 and 20 , repectively,
reldive to Type D. For both temperatures, the insertion of
the reinforcement sheeting increased the fatigue life The
benefit was particularly conspicuous for Type A, whose
faigue life was over 500 times that of the shedless
gecimen. Overdl, the faigue teds showed tha
renforcement sheding is effective in  increesng
sarvicedhility of the agphdt mixture, and that Type A is
paticualy dfective

(6) Overdl evaluation

As an overdl evadudion based on the above reaults,
insating Sheding A is extremdy effective Type A
specimen showed notably outstanding serviceghility and
crack resstance, and thus can be expected with much
ureness to be effective when used with recycled asphdt
mixture



Table3 Namesand compositionsof test pedmens

reinfor cement
test-piece name| RAP content sheeting
(sheeting A)

V-N none none

V-A none inserted
R30-N 30% none

R30-A 30% inserted
R50-N 50% none

R50-A 50% inserted

3. EVALUATION OF THEEFFECTIVENESS
OF REINFORCEMENT SHEETING WHEN
USED WITH RECYCLED ASPHALT
MIXTURE

(1) Ouitline

To evduate the eficacy of reinforcement sheeting
when used with recycled agphat mixture, we conducted
various tests usng pecimens of recycled asphat mixture
with Sheeting A?*¥, which had proven to be 0 effective
in the tests described above, in combination with two
different recycled asphdt mixtures with a RAP content of
3% and 50% respectively.

(2) Test pecimens

The specimens utilized the same SIASE0-80 asphdt
mixture with a maximum aggregate sze of 13mm that
was used in the above tests to compare virgin asphalt
mixture and two kinds of RAP of different content
proportions. To reproduce a smilar degree of physicd
Jeterioration (penetration index) to that found in
pavement actudly in sarvice, the RAP usd in the
recycled agphdt mixture was subjected to forced heat
deterioration (7 daysa 70 ), and then added to make up
30% and 50% mixtures respectively by weight. Sheeting
A, the type that demondrated outstanding effectivenessin
the previoudy mentioned tests and boasts a high bresking
strength and low bresking strain, was used for the asphalt
reinforcement shedting inserted beneath the agphdlt
mixture. Altogether Six types of specimen were prepared
for the various teds - virgin agphdt mixture with and
without renforcement sheding (V-A ad  V-N
respectively), and recyded agphdt mixtures containing
RAP in 30% and 50% proportions, eech with and without
reinforcement shedting (R30-A, R30-N, R50-A, RS0-N).
Tes goedmen namesand ddtalsareprovided in Table 3.

(3) Evaluation of the physical praopertiesof the agphalt
mixture

The gahility of the agphdt mixtures (virgin asphdt and
recycled) without sheeting was evduaed usng the
Marshdl Stebility Test”, and the penetration of the binder
contained in the RAP assessed using the former Asphalt
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Properties Assessment Tedt destribed in the Plant
Recyding Technology Guiddines”. The same tests were
aso conducted on 100% RAP (R100) in order to confirm
the amilarity between RAP subjected to forced heat
deterioration. Marshall stability and estimated penetration
for the various mixes of RAP ae shown in Fig. 12.
Penetration decreases with an increase in RAP content,
while Marshdl dahility shows a tendency to increese
with RAP content, results that point to hardening due to
Oeterioration of binder properties It is known from
previous dudies that the peneraion of naurdly
Jeteriorated binder tends to be between 25 to 35, and our
tests confirmed thet the penetration of the RAP we
subjected to forced heat deterioration was of a Smilar
levd.

(4) Evaluation of rutting ressance

Whed tracking tests’ were conducted to evaduate
rutting resstance. Tes methods and conditions conform
to the Test Methods Handbook for Pavement. Dynamic
gability and consolidetion depth are shown in Fig. 13.
Specimens containing RAP proved to possess grester
dynamic gability, and smdler consolidation depth than
respective virgin agphdt specimens in those both with
and without shegting inserted. Since this tendency
becomes more conspicuous as the percentage of RAP
content rises, we can infer that, as in the previoudy
described tests, hardening due to deterioration of binder
properties affects the rise in dynamic dability and the
drop in consolidation depth. Thet the phenomenon was
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obsarved in specimens with shedting insarted in both
cases(V-A, R30-A, R50-A) confirms the effectiveness of
the reinforcement sheeting used. Dynamic gability was
greaest for R50-A, showing four times the dynamic
dability and hdf the consolidation depth as the control
goecimen (V-N). Overdl, our tests confirmed that RAP
does indeed enhance rutting resdance, and tha its
performance can be further enhanced by the use of
ranforcemant sheding.

(5) Evaluation of crack resgtance

Bending tests” were conducted to evauate crack
resgance. The specimens used in thee teds were
5cm 5cm 30cm pieces, as in the tets in 2.(4). Teds
wee conducted & -0 ,0 ,5 ,10 ,15 ,20 ,
and 30 . The rddionship between temperature and
bending gdrength is shown in Fig. 14, and between
temperature and bending drainin Fig. 15. To hdp better
gragpthe figures a line has been drawn joining the test
results for each specimen. For both shedtless specimens
and those with sheding insarted, the temperaiure a
which maximum bending strength was achieved was 5
higher for recycled asphat mixture (15 ) than for virgin
agphdt mixture (10 ). Except a atemperatureof 10
where the bending drength for virgin agphat mixture is
maximized, the bending srength o the recyded asphdt
mixture was higher than the virgin agphdt mixture. At
15 , where the bending srength of the recyded asphdt
mixture reeched its pesk, the vaue was 1.4 times greater

than the virgin asphdt mixture. The recyded asphdt
mixture aso showed rddivey lower drain with respect
to bending grength. Conddering that the tendency of
recyded agphdt mixture’'s crack resstance was affected
by the percentage of RAP content, we can assume these
results were affected by properties of aged binders.
Moreover the insation of reinforcement sheeting
enhanced the bending drength of recyded asphdt
mixture, a property which has raised concern in the pegt,
by 2000 - 8000Mpa showing that the use of
reinforcement shedting is effective in improving crack
resdance

(6) Evaluation of serviceability

To evdude savicesbility, faigue tests) were
conducted for arddive evduation of the faigue cycle
and the cumulaive deformation. The tests were done a
10 , usdng the same methodology and conditions as in
2.(6). The materid congtant (estimated resilient modulus)
was cd culated according to the following equetion, using
the tests load and deformation messurements derived
from the two-dimensond dadtic andyss of deformation
by Kuriyagawa® et al. The estimated resilient modulus
wascdauaed for evary fivecydes

_Pxlx @*49 F
- e d

Whee

E : dadiaty modulus

P P(loed)/ 2b. (peamenwidth)

L : love lced paint dstance.

L,: difference between lower and upper load point
didances

h: haght of thetes oedmen.

d: mesared dglacament

F.. coeffident of deflection
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\

Wherev is two dimensond dadtic andysis deformation,
andd' isinitid bending theordicd defommetion

Fatigue life and cumulative deformation are shown in
Fig. 16, and the reaionship between number of loading
and edimated reslient modulus in Fig. 17. The dots
indicate the estimated resilient modulus at 100 cycles, the
maximum and the bresking point. For sheetless
soecimens (V-N, R30N, R50-N), fatigue life decreased
as the percentage of RAP content increesed, dearly
showing a decreese in servicesbility, which is a
shortcoming of recyded agphdt mixture. For specimens
with shegting inserted (V-A, R30-A, R50-A), on the other
hand, fatigue life increased sgnificantly, and cumuletive
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deformation dropped dmogt in proportion to the rise in
the percentage of RAP content. Results for reslient
modulus adso point to the effectiveness of reinforcemert
sheeting on resstance to faigue. It appears that insertion
of reinforcement sheeting is indrumenta in improving
serviceghility, the unrdiability of which has been amgor
obdadetothe use of recyded agohdt mixture

(7) Overdl evaluation
The reaults of the above tests with respect to rutting,
cracking and serviceability are summarized in Fig. 18.

Figure20 Mllledpa/errmananrgsmalrgfreg“rm

Thetests demondtrated that both the addition of RAP and
insertion of reinforcement shegting ae effective in
enhancing resgance to rutting and cracking, and thet
reinforcement sheding is able to radicdly improve
savicesbility. Reduced sarvicesbility of pavement
containing RAP has been a mgor sumbling block to the
use of RAP, but with the insartion of the right type of
reinforcement  shedting, it would gopear tha
serviceshility can become the mgor srength of recyded
agohdt mixture

Our results suggest that the use of renforcement
shedting in recyded agphdt mixture offers hope for the
condruction of highly durable pavement and the
expansion of the socope of goplications for RAP, dong
with more posshilitiesfor the effective useof RAP.

4. RECYCLING AND REUSE OF
REINFORCEMENT SHEETING AND
ASPHALT COMPOSTES

Condderation of the potentid for recyding and reuse
of agphdt pavement containing reinforcement shedting is
essentid to any attempt to creste a more ided recyclable
pavement. To research this, we prepared specimens
incorporating Sheeting A, whose effectiveness was
proven in 2. and 3. aove, and, as a trid condruction
invedtigation, evauated the esse with which the



pavament could bemilled and then sorted.

The influence of reinforcement shegting on the milling
of agphdt pavement containing such shedting was tested
out of concern that fragments of shegting would adhereto
and dog cutting bits, and othewise adversdy affect
milling operations. Fig. 19 shows the gopearance of the
cutting bits after milling, while Fig. 20 shows a milled
sheeting-aphat composite. Our tests reveded that when
an axphdt pavement containing Sheding A is milled, the
shedting has no adverse dfects such as adheson of
fragments to cutting bits and decrease in cutting speed. It
was dso confirmed that, udng ordinay sorting
techniques, it is posshle to remove large pieces of
sheeting and sort themfairly evenly. These results suggest
tha more concrele dudy is needed involving
performance trids before RAP containing inserted
reinfforcement sheeting can be put to practicd use as
RAR

5. CONCLUSONS

There is a condantly growing demand in dmog all
indugries for technology tha contributes to the
sudtainable use of resources and protection of the naturd
environment, and in the fidd of road surfacing too,
recyding technology is meking steady advances, and is
beginning to be applied in earnest. Our research focused
on the use of reinforcement sheeting as a means of
promoting the more effective use of RAP. The following
is a summary of the condusons we reeched in each
stion
1) Fom our teds on agpphdt mixture specimens
incorporating three different types of reinforcement
shesting, it became dear that Sheeting A in particular was
efective in booding resstance to rutting and cracking,
and extending savicedbility, suggesting  that
reinforcement shedting could be used to improve
performance of recyded asphdt mixture, and as such,
open the road to new ways of putting recyded asphdlt
mixtureto effedtiveuse

14

2) The test reaults on the influence of reinforcement
shedting on recyded agphdt mixture showed that use of
auch shedting could be very efective in resolving RAP's
shortcomings. The peaformance of recycled asphdt
mixture incorporating reinforcement sheeting surpassed
tha of virgin agphdt mixture by a large margin with
repect todl of the propartiestested

3) Udng <gpecidly prepared trid  condruction
incorporating reinforcement sheeting, it was confirmed
that ordinary milling techniques can be used for layer
dructures of agphdt pavement  incorporaing
renforcement heding.

Note that the tests described in this peper were
conducted indoors, and there remain severd issues thet
require further investigation. For the next stage, we hope
to test the vaidity of our results to date by ingaling and
investigating the performance of test sections in actud
roads

We should like to take this opportunity to express our
heatfdt gppredidion to Mr. Miyska of Mitsui
Chemicds, Inc. for his mog generous cooperdion in
lendngushistimeand fumishing uswith deata
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