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ABSTRACT

Recycling of asphalt mixes can be defined as the
restoration of aged mixes. The purpose of this research is to
evaluate some old asphaltic surface courses in Damietta
governerate for their potential of being recycled. Two types of
old asphalt surface in Damietta were sampled and transported to
the highway laboratory at Mansoura University. One of the twvo
mixes was a dolomite crushed stone mixed at 6.6% asphalt
content and the other was a basalt aggregate wmixed at 5.2%
asphalt content. Control mixes were also prepared using two
virgin aggregates simildar to those aggregates under study and
designed according to Marshall method. It was found that the
two Damietta asphalt mixes had high potential to be hot
recycled after the addition of a 12% softener and 30% virgin
aggregate. No extra addition of asphalt cement was needed in
most cases.
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INTRODUCTION
Asphalt recycling can be divided into three major

categories. The first is Swface Recycling which consists of
reworking the surface of pavement to a depth of 1.0
inch(25.0-mm) or less. The second category can be termed Cold
Mix Recycling C(In-Place Recycling?. Such reconstruction is
generally done cold, without heating the reused aggregate. Mot
Mix Recycling (Off~5ite, Central Plant Recycling> is the thirzd
category where the modified salvage mix is heated before reuse.

The main objective of this study was to generally
ivestigate two different asphalt mixes for their potential of
being hot recycled following the theird category. A twvwo lanes
road in Damietta goverenate connecting two towns known as
Kafr El-Batikh and Al-Rakabia, had a taotal length of 15.0 EKm.,
had been selected to serve as a test section. Two old asphaltic
mixes had two different base aggregate, basalt and dolomite,
vere sampled for the purpose of this research.

For the purpose of comparsion, two similar aggregates were
sampled, and named as virgin aggregate, Ffrom which control
mixes were prepared. A series of routline tests were run on the
virgin aggrgates, the extracted aggregates and the salvage
mixes. Marshall method of design was used to design two control
mixes, at 100% virgin aggregate. After knowing the reqguired
optimum asphalt content, the recycled mixes were adjusted to
that optimum value.

MATERIALS

Aggregates

The virgin aggregates were tested against the gradation,
abrasion, water absorption and specific gravity. All these
tests were performed according to dmerican dssociation of State
Highway and Transportation Officials {AASHTO) .,

The results of sieve analysis testing according to
standard testing (T-27, 37) for each of the coarse aggregate,
fine aggregate, sand and the mineral £filler employed are
given below in table (1), Also the specific gravity and water
absorption of ceoarse and fine aggreqates were run according
to AASHTC standard testing (T-84, 85, 100} and the results
are given in table (2).

Asphalt Cement
An asphalt cement from a Suez petroleum source sampled

from the Damiectte asphalt mix plant was evaluated in laboratory
to measure its penetration and flash point according to AASHTO
(T~49, 78). The average penetration was found 68.0 and the
flash point was determined to be 330C {650F). The specific
gravity of that asphalt cement was 1.025.
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Asphalt Softening Modifier

A modifier commercially known as Dutrex-72%9 which was
essentially aromatic o0il with a high flash point was
selected because it had a proven performance (9%). Also it
could be easily obtained from the 1local suppliers, Misr
Petrolum Company. The percent of the added modifier was taken
12% by weight of total liquid content of the salvage nix as
recommended by mahy researches (9). Some physical properties of
that material, as provided by the manufacturer, are given in
table (2).

Salvage Mixes

Five representive samples were taken to evaluate the
average value of asphalt content of salvage mixes. It was found
5.20 percent by the total weight of mix for basalt salvage
mix and 6.60 percent by the total weight of mix for dolomite
salvage mix,

The gradation of the extracted, basalt and dolomite,
aggregates are given in table (4) and illustrated in £fligure
(1). To adjust the gradation of the salvage basalt aggregate
it was blended with 3% virgin mineral filler, as a rpercent by
the total weight of aggregte in the recycled mix as clarified
in table (5-a). Also the gradation of the salvage dolomite
aggregate was adjusted by blending it with 4% virgin mineral
Eiller, as a percent by the total aggregate weight of the
recycled mix, and the results are given in table (5-Db).

To evaluate the specific gravities of the extracted
aggregate, it was divided into three size fractions:

1. A portion passing from 19.0 mm sieve and retained on
9.5 mm sieve Ccoarse aggregaled

2. A portion passing from 9.5 mm sieve and retained on
2.0 mm sieve Cfine aggregatel

J. A portion passing from 2.0 mm sieve Csand and fillerd

By a trial and error approach the percentage cof each size
fraction in the salvage aggregate was determined and the
results for each type are presented in table {(6). For each size
fraction the different specific gravities vere determined
according to AASHTO standard and are given in table (7).

MARSHALL MiX DESIGN

Specimens Preparation

Virgin mixes, using both basalt and dolomite aggregates,
vere .designed to be used as a reference for the recycled mixes.
Marshall specimens were prepared at asphalt contents 3.5,
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4.0, 4.5, 5.0, 5.5, 6.0 and 6.5 percent of total mix weight for
basalt aggregate and 4.5, 5.0, 5.5, 6.G, 6.5, 7.0 and 7.5%
for dolomite aggregate. These specimens were prepared using
the standard Marshall compactor and employing 50.0 blows
on each side at a mix temperature of 135 c (265 F). Aalso
asphalt absorption was experimentally evaluated and its average
value was found 0.51 % as a percentage of solid’ aggregate
weight for basalt aggqregate and 1.46 % for dolomite aggregate.

Two sets of recycled basalt mix Marshall size specimens
were prepared according to AASHTO standard. In one set 12 %
modifier was added as a percent by weight of total 1liquid
content of the salvage mix and the other set was without
modifier addition. The specimens of each set were prepared at
four levels of virgin aggregate addition 30, 40, 50 and 60
percent by the total weight of aggregate. Three specimens at
four levels of asphalt content; 4.5, 5.0, 5.5 and 6.0 percent
by the total weight of mix, were prepared for each level of
virgin aggregate added.

Also two sets of recycled dolemite mix Marshall size
specimens wvere prepared as mentioned above but at five levels
of virgin dolomite aggregate addition 10, 30, 40, 50 and 60
percent by the total weight of aggregate. Three specimens were
also prepared at four levels of asphalt content; 5.5, 6.0, 6.5
and 7.0 percent by the total weight of mix for each level of
virgin aggregate added. All recycled specimens, basalt and
dolomite, were prepared by using the eguations derived in
appendix to calculate the constituents weights of the specimen.

Marshall Test Results

The optimum asphalt content as an average value
corresponding to maximum stability, maximum density, and 4% air
voids was found 5.5 percent by weight of mix for basalt mix
and 6% for dolomite mix. Marshall testing results for virgin
basalt and dolomite mixes are shown in tables (8-a) and
(8-b)respectively. The Marshall testing properties at the
optimum asphalt content for each mix type were computed and
given in tables (9-a) and (9-b} together with the design
criteria. Tables (10) and (11} show the results of adjusted
recycled mixes at different levels of virgin aggregate contents
percentage by the total aggregate weight of the recycled mix
and at four levels of asphalt content when using salvage
bazzalt mix in case of without and with modifier addition
respectively. Tables (12} and (13) represent the results when

salvage dolomite mixes were employed.

RESULTS AMNALYSIS

Salvage Aggregate
The grain size distributions of salvage aggregates were

v
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presented togther with the design specification, see table
{4) and figqure (l). It can be noticed that fine material for
both aggregates; basalt and dolomite, is lower than regquired.
For example; the percent passing sieve No. 100 for basalt and
dolomite were 5.0 and 4.0 percent respectively while the
specification zrequired 7.0 to 15.0 percent by total weight of
aggregate. Also, for the percent passing sieve No. 200, it was
found that for both aggregates the specificatlion limit,
(3.0-8.0%), was not reached; 2.0 percent for each of basalt
and dolomite.

The lack of fine material might be due to an error in the
original design formula during construction on one side and/ox
due to losing some of it with the extraction solvent. Hawvever,
it was assumed that the amount of fines -in the mix was less
than reguired and the salvage mix was adjusted before remixing
by adding 3.0 and 4.0 percent virgin mineral filler, by total
weight of aggregate, for basalt and dolomite aggregate
respecktively. The adjusted gradations for basalt and dolomite
aggregates were shown in tables (5-a) and (5-b} respectively.

Tables {2 and 7) compared the percent water abscrption
and abrasion in water percent for both virgin and salvage
aggreagates. It was evident that the percent water absorption
for the salvagqe aggregate was lower than that for wvirgin
aggregate specially for dolomite, (8.44 percent versus 1.46
percent for coarse aggregate). This phenomencn was exXpected
because some of the surface voids of extracted aggregate were
locked by previously absorped asphalt and did not allow the
same amount of water intrusion as in virgin aggregate. Also the

percent moisture absorption of salvage basalt aggregate wvas
lower than that of wvirgin basalt aggregate. However, the
difference was not as high as that for dolomite. The

interpretation of this may be that the weak adhesion between
asphalt and basalt surface facilitates washing most of oils
absorped by the aggregate during the extraction phase. Also the
percent abrasion of the salvage aggregates, after 24 hours in
water, compared to those of virgin aqgregates are very high
specially in case of salvage basalt aggregate.

Stability
Results of the virgin and recycled mixes are plotted at
different levels of virgin aggregates content for each type of
the recycled mix . Figure (2) and £figure (3) present the
relations between percent of asphalt content and stability
at different levels of virgin aggregate added to recycled
basalt and dolomite with and without modifier additon
respectively. From the results of the recycled basalt mixes we
note that the obtained stability of the recycled mix, without
modifier addition, has its highest value at 30.0 percent
virgin aggregate content. The stability value begins to decrease
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at small rate till 50.0 percent virgin aggregate content. The

rate of stabillity decrease begins to increase after 50.0 perzcent
virgin aggregate content. However, stability wvalues remain

greater than the control mix stability as shown in fiqure (2}.

The addition of modifier causes stability to decrease yet

5till greater than the stability of the control mix. In this

case the increase of virgin aggregate content from 30.0 to 60.0

percent brings about a decrease in stability at uniform nearly

low rates as shown in figure (2)

The obtained stability values, for the recycled dolomite
mixes, without modifier, are nearly equal at 30.0, 40.0 and
50.0 percent virgin aggregate contents and begin to decrease
at 60.0 percent wvirgin gggregate content. However, at all
levels of asphalt content the stabllity wvalues of recycled
mixes are higher than those of the contrel mixes. The values of
maximum stability , of the recycled dolomite mixes without
modifier at different levels of virgin aggregate contents occur
at an asphalt content greater than the percent of asphalt
content corresponding to the maximum stability of the control
mix (100% virgin} by 0.5 to 1.0% as in figure (3). Whereas
the addition of mnodifier reduces the stability values
specially at virgin aggregate content of 50.0 percent and
higher, as clarified in fiqure (3).

In general the higher stability wvalues of the recycled
mixes are attributed to the hardness of the aged asphalt which
is the consequence of both physlcal (volatlllzation) and
chemical (oxidation) change <causing an unbalance of the
asphalt components. Therefore an increase of asphaltenes at the
expense of the maltenes fractions which are gradually converted
into asphaltenes will take place. The addition of modifier,
decreases asphaltenes content; i.e decreases asphalt hardening,
bringing down the stability values of the recycled mixes nearly
similar to the stability of the control mix (100% virgin}.

The Percent Air Voids

The air voids pezcent of the recycled basalt nixes
without modifier are higher than the specification 1limit for
the surface course, {7.5 to 9.0 percent at 5.25 asphalt
content percent). Also the percent of air veoids at 5.5 percent

asphalt content (the optimum asphalt content of basalt
virgin mix) are nearly between 7.0-%.0 percent at different
levels of virgin aggregate contents. The addition of modifier

decreases the percent of air voids specially at high level of
virgin aggregate contents. At the same percent of asphalt
content, (5.5%), the percent of air voids are nearly between
6.0-8.0 percent.

In case of recycled dolomite mix without modifier at 6.0
percent asphalt content (the optimum asphalt content of virgin
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dolomite amix ), the percent air wveoids is nearly between
5.5-7.7% .The addition of modifier is more effective with the
recycled dolomite mixes, where at the same percent of asphalt
content, the percent of air voids 1is reduced to 5.2-6.8%
However, at higher values of asphalt content (7.0 percent or
more}, the percent air voids for both virgin and recycled mixes
are almost equal and has a value of about 4.0 percent

The high percent of air voids for recycled basalt and
dolomite w®mixes are due to the lack of complete mixing because
the entire crumbling of the o0ld pavement sample was not
achieved in the laboratory during mixing and compaction of the
recycled mixes. If complete separation of the asphalt concrete
pacticles does not take place, these agglomerates functicn as
aggregates. This is because asphalt concrete particles are
coarser than their components, The final outcome of this
phenomenen is to produce a coarser, lower density, higher
voids finished mix. Observed voids content £for the recycled
mixes were higher than for either of the control mikes
(basalt and dolomite}). The modifier addition howvever;
reduces the hardening of the aged asphalt 1i.e, restores thc
aged asphalt film coating the aggregate particles to proper
consistency which leads to less voids content after compaction
for easy sliding of the small particles inside the voids.

Flow

The f£lew values of the recycled basalt mixes withrut
modifier as given in figure (4) increase slowly as the virgin
aggregate contents increase. Although at 5.5 percent asphalt
content the flow values range are between 8.8 and 9.3 (0.01
in) and are within the design criteria range ,(8-18),
according to AASHTO, they are still lower than the flow of the
control mix, {100% wvirgin}. The addition of modifier, as
illustrated in figure (4), increased the flow wvalues of the
recycled mixes to values nearly equal to the virgin mix flow.

Alsc the flow values of the recycled dolomite mixes
without modifier, as clarified in figure (5), increase as
the percent of virgin aggregate contents increase. At 6.0
percent asphalt content the flow values at 30.0, 40.0 and
50.0 percent virgin aggregate contents are nearly equal. A
sharp lncrease in flow values occurs af high content of virgin
aggregate (60.0 percent and more). The addition of modifier,
as shown ia figure (5}, adjuskted the flow values at all
levels of virgin aggregate contents to be nearly equal to the
flow value of the control mix {(100% virgin).

\
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

This laboratory study was dirxected towards investigating
the potential of two old asphalt mixes made from basalt and
dolomite base aggregates for hot recycling. Based on the
testing methods adopted, the mnmaterials wused and the data
obtained, the following conclusions could be drawn:

1. Extracted salvage aggregates had lower percant water
absorption than virgin. A percent water absorption of 1.74%
against 2.95% for Dbasalt and 1.46% against 8.44% for
dolomite.

2. A minimum of 30.0 percent virgin aggregate, by total dry
aggregate weight in mix, was required for producing recycled
mixes which satisfied the Marshall design criteriaz for
asphalt surface course except £or the percent air wvolids
(7.6% for basalt and 6.6% for dolomite against 5.0% ).

3. The addition of 12.0 percent Dutrex-729 asphalt softener by
total weight of liquid content, commercially available at a
reasonable price, to recycled mixes even at the minimunm
acceptable percent added aggregate had Improved the Marshall
properties of final mixes especially for recycled daolomite
mix.

4. Averade Marshall stabilities of recycled mixes were found
higher than those vf control mixes. Percentages increase of
20,0 and 45.0 for basalt and 27.0 and 56.Jv for dolomite
with and without modifier addition respectively.

5. Averadge Marshall flows of recycled mixes were lowsr than
those of control mixes. Percentages decrease of 8.0 and 20.0
for basalt mixes with and without modifier addition
respectively. However; for dolomite, the flow wvalues for
recycled mixes with modifier were similaxr to those of
control mix whilst it was 20.0 pexcent lowver in case of
adding no modifier.

Recommendat ions
In view of the conclusions made in this study, the

following recommendations are presented:

l. Recycled mixes made from dolomite or basalt have higher
potential for use as binder or base course than as a surface
course.

2. Asphalt softener should be added to improve the properties
of recycled nmixes. The percent of added softener by total
liquid weight should be investigated.
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3. Additional fatigue testing employing asphalt concrete beams
and pulsating loads should be performed to investigate the
fatigue life of salvage as well as virgin asphalt mixes.

4. Additional research directed to study the parameters which
have the potential of reducing the percent air wveolds of
recycled mixes to the range of asphalt surface course design
criteria will be a fruitful area of research,

5. Conducting a field testing of surface courses made of
recycled mixes 1is highly recommended 1in the future to
reflect the actual performance under the environmental
conditions experienced.
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Tahle (8) Marshall Test Results

timun | aheblliky demaity A ALY | Y.ML Llev
::.nn (111} tpetd I
i | 1% T EN] 180 | A2t
doniun | in. 3Ee | mis. L3¢ | ) - 9 [mim. 18] ® - 18
erlieshs

a- pasalt Virgin Mix

timum | seabliliky denmity (% AT | VAl flov
sapaalt 112} teat) Y
-5 144 110 11 | T | A
eetom [ayp, 300 atn, 120 | # - 3 [min. 34| 7 - 29
arileria

b- Dolomite virgin Mix

Table {9) Harshall Regults at Optimum Asphalt Content
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Y whe, atnbillty| density [low
aaq, |¥VM-E (b} tpefy | Y MY O] VYHAL o) e
a.n 7421 a5 s EL ] Ly
Bl Ihan 141,14 M. 10,2 5.0
1o
5.5 %980 XL | 1.8 1%.0 9.8
6.0 251% 140.6 5.1 17.9 10.0
4.5 i1lv 1472,y 12.5% 21 .1 a.8
5.0 2315 L45.4 a.9 13.2 P4
10
5.5 2470 1467 9.6 0.1 y.T
6.0 410 Lam.? 5.1 18,7 e.1
4.5 2200 146.0 10.7 10.4 ;.Q
3.0 1308 L146.9 8.1 18.5% .6
kL
5.3 PRl 141,98 1.1 18.0 6.2
§.0 2112 L47.9 §.1 198.9 11.1
1.5 L3190 1431 11.2 19.1 9.2
5.0 lHo 145.9 L% 4 19.12 9.4
5¢
5.5 2081 146 5 1.5 10.7 10.86
5.0 i ¥io 148.1 5.9 18.4 11.7

Table (10) Harshall Results of Recycled Basalt Hix
(Hithoot Modifier)}

b [ e Pl TN v |
4.8 - - - - -
10 5.9 IQQJ 1L14.9% 1.3 19.5 11,2
5.% 1439 148,2 3.8 18,1 1241
6.0 2000 141.2 5.3 19.0 12.17
.5 14800 l144.) 9.7 19,4 10.14
S.v L3241 44,7 8.7 15.% 10.9
" 5.8 17 144,58 .0 20,0 11.0
6.0 1966 1474 3.6 13.1 13,1
4.5 JLEL] 145.3 4.0 18.4 10.9%
5.0 1808 14%,7 6.2 1.1 10.8%
!? 5.5 1376 T2 6,9 1e.8 11.4
6.0 1r22 ‘-::E.l 5,8 1%.0 13,7
1.9 1780 Lt1.3 10.% 0.4 11.0
4.0 1860 146.7 1.8 18.7 11.3
5 5.8 'L kN 147.% 6,2 8.4 12,3
&.U 1706 149.2 +.7 19.1 13.7

Tahle (11) Harshall Reshlls of Recycled basalt Hix
(With Hodifier)

-15+
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F;'_'". ' A.C stabllity| density v ALY A VLHLA tlov
ama . " ) toct) N i .01 im,

5.8 - - - - -
6.0 - - - - -

) T P P o e m———
b.b 144 2.2 5.8 19.2 9.1
7.0 1906 LS. g 2.9 18,4 L]
5.5 1591 13108 10,1 0.2 8.8
5.0 1765 140.1 1.6 19,0 9.2

20
6.4 1967 142.0 5.5 19.1 9.5
1.0 1992 144.1 3.5 13.) 9.9
5.8 1567 140.2 1.7 10.5 9.0
6.0 L1674 141.0 6.3 18.% 9.4
* 5.5 1942 141.0 5.1 19.5 9.8
(] 1936 142.9 3.9 19,2 10.2
5.5 136y 141.5% [ 17,1 8.7
s.u 1654 142.3 5.2 17.0 9.1
* 6.5 1656 142. 4 L | 17.4 3.9
.U 1995 143, 4 J.1 11.3 11.0
5.5 137 lan.2 6.8 11.0 10.7
6.0 1459 140.4 6.0 17.1 11.0
s 6.9 1695 142.1 1.2 16.8 12.1
.AJ 7.0 1118 14l.8 3.1 17.4 14.2
| I

Table {12} Marshall Results of Recycled Dolomite Mix

{Withoul Hodifier)
agg. [V Ae TR asatty [y v v v | By
s.s - - - - -
6.0 1921 2186 8.4 20.1 12.4
1 6.5 1941 1411 5.9 19.3 11.3
1.0 16353 141.3 1.3 18,7 13.1
5.5 1378 1384 8.8 19.6 12,9
6.0 1570 140.0 6.4 19,8 13.7
' 6.5 L1714 14¢.2 .1 1.4 13.8
1.0 1542 110.7 5.3 19.5 1.1
5.5 1310 140.3 6.1 16.1 13.2
s.0 1394 1.6 5.6 11.4 14.1 |
so 6.5 131711 142.12 4.5 1.5 13.2
1.0 135¢ 143.4 1.0 11.1 14.9 ]
5.5 1179 119.3 7.1 11,8 131 |
6.0 1219 139.4 §.3 17.9 1.6 |
so 6.5 1211 140.7 5.2 11.6 14.3
1.0 123 112.0 1.0 18.9 [ 15.1

Table (13) HMarshall Resulls of Recycled Dolomite
MinlifFier}

(Wikh



Mansoura Engineering Journal (MEJ) Vol. 15, No. 2. Dec. 1930. C. 61

0 [ N T WA AN 3 O N B ] PN R S X
a.1 1 10
Sieve SLZe (mm

Flgure (1) Extracted Aggregates Grain Size
fgtastribubkionm



C.

62

Stability (1b)

Stobifity {ib)

3700

Dr. Ahmed H. Abdel-Reheem, Dr

3300 1=
7900 |-
2500 |-
2100~
1700
]

1300 -

900

—t | I I ] 1 AJ

1.5

3J0oo

4.5 5.5 6.5 1.3
% AC

(With Modilicr)

. Hazem A, Sakr & Eng. Al-Hosain M. Aly

3700
3300 B B3 A
warnr 50 8 virgln
[ PP
2900 |~
2500~
2 "
Z 2100
a L
=2
v }700r .
1300 |- h’/,///,/ﬂ’—ﬁ\\\
900’- L | [N N} ] 1 J

3.5 45 5.5 85 75
% AC

{Without ModlEler}

Figure {2) Stability & % A.C Relatlon
of Recycled pagalt Hix

2600}

2200 -

1800 =

1400

1000 ~

800
4.5

{With Modilier}

Flgure (3} Stabili

3000

k aLLr !‘g ! virgla
2600(- taris 51 m:
L ikt B8O £ wirgin
1aasr 100 X virgin
2200 -
Z 1800}
s +*
3 ool
3 y400 *
v
L , .
mmt ////,,f——“1~hu
[ . 1 A 1 L 1 ol
ag.s 55 6.5 7.5 85
% AC

(Without Modifler}

ty &8 % A.C Relation

of Recycled Dolomite Mix



Mansoura Englneering Journal (MEJ) Vol 15, No. 2. Dec, 1990,

C.
24 24
i 138 0
200 1riy .
el
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APPENDIX

Equations for Computing Recycllng Mix Constituents

The folldowing formulas were derived to help In

preparation of recycled specimens.

By assuming the total welght of aggregate, wvirgin
salvage, required to £ill the Marshall mold = W, then;

Wevat = % Va x W

Wea = (1-% Va) x W

the =

L]

and

To adjust the gradation of the salvage aggregate add

portion of virgln aggregate with weight = Wvae as aperxcent
the total wveight of aggregate, Wea and Wvac, i.e
Wvac
¥ Voo = =T Weas  * 100
Wvae ¥ {1l -~ % Vae} = % Vac x Wea

Wvac =[—(-1—3-?%E—x(1‘*\7q}]xw {
but,

Wvat = Wva + Wvae = % Va x W . then
Wva = (% Va - 3 Jac (1l -% Va)l w W (2)

1l - % Vac
Where
W = the total welght of aggregate requlred to £11l1
Marshall mold
WvalL = the total welght of the added virgin aggregate
{Wva + Wvac)
Wva = The welght of virgin aggregate added

Of

1)

the

Wvae = The weight of virgin aggregate required to adjust

the salvage aggregate gradatlion
Wea = The welight of salvage aggregate
% Va = The percent of added virgin aggreagte
(#val/W)} x 100
% Vac = The percent of the virgin aggregate required
adjust the gradation of the salvage aggregate
[Wvac/ (Wvaec + Wea)] x 100

to

To calculate the required weights o. asphalt and modifler

the following formulas can be used.

In the salvaqe mix,

Wab
% A.Com = Vb Wes X 100 then
Wsb (1 - % A,.Cem) =’% A.Cam x Waa
% A.Cam
Wab =

[441 % h.Com " (1 - % Va)l = W
vhere
Wea = (1 - % Va) x W
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» The modlfler was added as a percent by the total weight of

liguid cuntent In salvage mix i.e,
: Wm
. PR e 1 100
* M
. WI'rl:—'ﬁH—HWBb

Substitute the wvalue of Wsb from eguation (3) to get the
modifier welght
; ""‘=[1§:H xl'f:'itglmx(l-%\fa)]nw (4)
To evaluate the weight of virgin asphalt needed based on
asphalt content percent of the recycled mix, these £formoulas
can be derived.

_ Wrb
% A.Cr = _W_+_Wrb— o 100
Web » (1 - % A.Cr} = % A.Cr « W
- % A.Cr
Wre = 1 s xc ¥ )

but
Wab = Wrb - Web - Wm
then from equatins (3), (4), and (5)

% A.Cr % A.Cam Y M
[—i—:—g—iTEF— - (1 -3 V°)(_T_:_T—KTE;;](1 + _T—:_E_F_)]w
(6}
The sum of salvage aggregate and bltumen weights glve the
required wveight of salvage mix :

Hab =

'W-m Web + Waa

= i 3 A.Cam
.fsm = [ (1 % Va)(1l + I — % A Com 1] = W (7
Where
% A.Cem = the percent of asphalt content 1in the salvage
mix
Web = salvage bitumen weight
% M = the percent of added medifier
Wm = the added modifler weight
% A.Cr = the total required percent 9f asphalt content |(n

the recycled mix
Wrb = the required bitumen weight 1in the recyeled wmix

» needed toc obtaln the requlired total percent of
asphalt content
! ) Wab = the vlirgln bltumen weight required to be added to
obtaln the reguired total percent of asphalt content
. in the recycled mix
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Example Problem

The following example was prepared to hélp in wusing the

formulas in appendix {A).

Given:

1., The total welght of aggregate required to £ill the Marshall
mold (W) = 1350 gm .

2. The percent of used virgin aggregate {% Va) = 40

3. The percent of virgin aggregate requlred to adjust the
gradation of the salvage aggregate (%Vac) = 3

4. The percent of asphalt content of the salvage mix
(% A.Com) = 5.62 :

(a7, ]
.

The percent of modifier (% M) = 0.0
. The required asphalt content percentage of the recycled mix

(% A.Cr) = 5

from
from
from
from

from

equ. (1)

Wvac = 25 gm
equ. (2)

Wva = 515 gm
equ. (4)

Wm = 0.0
equ. (6)

Wab = 22.8 gm
egu. (7)

Wem = 858 gm
By knowlng the virgin aggregate weight and its constituent

percent you can determine the constltuents welght as below:

Coarse virgln aggregate weight = 0,25 x 515 = 129 gm
Fline virgin aggregate welght = 0.35 x 515 = 180 gm
Sand welght = 0,35 x 515 = 180 gm
Mineral £lller weight = .05 x 515 = 26 gm



