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3.1.1 Asphalt Cement

ﬁhuaaﬁn The Michigan test road
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Fraction

Flow

Liquid |

Fraction Color Density ATonsera Ch £
aracter
Saturates Colorless 0.87 0.00
Raphthene-Aromatics Yellaw to 0.98 0.23 Liquid
Red 1
Polar-Aromatics Black 1.07 0.42 Solid

Asphaltenes Brown to
Black

0.50

Solid |
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PETROLEUM FRACTION

PENTANE SOLUBLES PENTANE INSOLUBLES

(MALTENES) (ASPHALTENES)
TWO COLIMNS (1) ATTAPULGUS CLAY
(2) SILICA-GEL
ATTAPULGUS CLAY
PENTANE
ELUENT
(CH3 OH + CHCl4) BENZENE
v
SATURATES POLAR NAPHTHENE
AROMATICS AROMATICS
(ATTAPULGUS (SILICA GEL
CLAY) ATTAPULGUS
CLAY)

NOTE: Benzene/acetone solvent system has been replaced by chloroform/methanol |
system in order to comply with present laboratory regulations.
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100~
. —_— 10.3 +1.0 DRIPPAGE
sl | e g
S =N - 24, -9.6 REDUCTION
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E S0 L r e
v ds 5 o
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T £ 0.3 CONVERSION
5 40 S ;
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al =
20 St
S +8.2 INCREASE
ol
PEN 25C/77F 45 24
VIS 60C,/1 40F 352 18, 400
[] sarwmares POLAR-AROMATICS

[ napHTHENE-AROMATICS ASPHALTENES

] [ 3
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Anunavtadu 6 unawnaaaulay The Michigan Test Road
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3.1.2 The Mineral Aggregate
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2.1.83 The Various Pavement Layers
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Formulas for portioning materials for recycled hot-asphalt mix design

Method A B
Combination of aggreg in blend, r Constam Varies
Combination ol asphails in blend, R Varies Constant
Asphalt Content Expressed as Per Cent by Weight of Total Mix
Basic Formula 100 = Pyy + P + Prg
. 100 {100 —r) - {100—1) Py {100—R) P,
% salvage mix, Py 100-F 00-Py —--——-EP*
(1007 =Pyt Py _ (100—1) Py PR
WD pnat. Py 100(100—Pg)  100—Pe 100
P (100-R , R)
% new aggregate, Pny r— E% 200 - <5 + o7 P
% new asphall 1o 10tal asphait R -‘22%9 See Table 2
Asphalt Content Expressed as Per Cent by Weight of Respeciive Aggregate .
Basic Formula 100 + Py = Pyp + Prp + Prg
(100 + Py) (100—1) (100—R) (100 +Py) Py
% salvage mix, Pyy 100 —IOOP.. |
|
100~1) P, RPy I
% new asphalt, Py Py — {Tﬂ =50 !
(100—R) Py,
% new aggregale, P, r 100 — T
1
% new asphalt 1o total asphah R D::"' See Table 3-3

Pym = Salvaged mix in recycled mix, per cent

Py = asp of ycled mix, per cent

Py ™ asphalt conlen! of salvaged mix, per cent

Ppp = new (additignal) asphaft in recycled mix, per cent

Ppq = new (saditional) aggregate in recycled mix; sither per cent by weight of 1olal mix. or per cent by waight of
1otal aggregate in recycied mix

¢ = ratio ol new aggregate to tolal aggregale, per cent

R = ratio of new asphalt to total asphait content, per cent
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Formulas for proportioning new asphalt to
total asphait content

A Proportioning by Panetration Values i

A = {Bo=5;) 100
N 5

' (No—So)R
Y e
N,,-s,+.i§l.:'§‘nllﬂ

where R = ratio of new asph
Sp=logp of salvaged asphalt *
Np = log p of new asph
By = log penetration of blended new and salvaged asphah

10 1otal asphalt per cent

Pr Viscosily Values

- (Sv—B,) 100 = {100-R)R

=N 1000

R = 550 — 10(3025— 10R) /2

(£ L
100

B =5~
_ {5-8)100 - !
N5, =

where R = p ratio

diate step] of new asphalt 1o total

per cent

R = ratio of new asphait to total
Sy = log-og vi
N, = log-og vi ;
B, = log-iog viscosity of blended new and sah d L

NOTE: 1 poise = 100 centipoises

per cent

ap7 e ) SRR
y of savaged asp

ity of new asphalt

Sy
By

N,

ratio of new asphalt—total
asphalt content, %

log penetration of new asphalt
log penetration of blended new
and salvaged asphalt

log penetration of salvaged
asphalt

pseudo ratio (Intermediate step)
of new asphalt to total asphalt
content

log-log viscosity of salvaged
asphaltl centipoises

log-log viscosity of blended and
salvaged asphalt, centipoises
log-log viscosity of new asphalt
centipoises

3ﬂﬁ 3-5

jﬂﬁ 3-6

T 1 ]
A TUNUSYD WA AT LASTY

Log-Log Visc. tcp}

Lo N

Uf 3-5 U 3-8

L/ ] [ ]
YEVUDENANINY L ATUA S UD N AN Ny

- [ - -, [] [] -
AL TuNUSTR VAR WnlinvavuaaNan Iny  LATURZUBENaNHHY
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lilustrative example of proportioning

materials for recycled asphalt mix design
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(Method A) i
Py 5.0 6.0
p._ = 100(100-60) _ (100-60) P,
- 100—-4.7 100-4.7 39.87 39.66 39.45
= 41.87 — 42P,
— (100%~4.7 (60) ) Py, _ (100-860)4.7 ¥
™ 100 (100—4.7) 100—4.7 313 3.64 415
= 1.02P, — 1.97 |
¥
Pra = 60 — % - 60— 06P, 57.00 56.70 56.40 |
Yotal 100.00 100.00 100.00 |
R ..JP_:’;!& 63 66 69
[]

H"li"l\'l# 3-5

A LnsaAuniinua vuaaWan Inyly Method A

Determining required viscosity grade of new asphalt cement '

Py 5.0 55 8.0
R 63 66 €9
w-L‘?;.fE 65 68 7
S, = log-log 3,700,000 centipoises 0.8174
B, = log-log 200,000 centipoises 0.7244
174—0.7244
N, = 08174 — 1008 1" 0.7244)
9% 0.6743 0.6806 0.6864
=0.8174 — -
Viscosity = anti log-log N,, centipoises 53,000 62,000 72,000
potses 530 620 720
Probabie selection, AC-5 (500 + 100 poises)
Probable viscosity of blended asphalt using AC-5
N, = logog 50,000 centipoises 0.6720
5 ]
(0.8174 — 0.6720) R’
B =081 - ——— 0.7229 0.7185 07142
= 0.8174 = 0.001454F" |
Viscosity = anti log-og B,, centipoises 192,000 170,000 151,000 |
poises 1920 1700 1510
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A19I90 3-6 nsnYSuaavueaian Inuly Method B

Determining proportion R of new asphalt
for desired blended viscosity

Sv = log-log 3,700,000 centipoises = 0,8174
Nv = log-log 50,000 centipoises = 0.6720
Bv = log-log 200,000 centipoises = 0.7244

(0.8174-0.7244) 100
0.8174-0.6720

R = 550-—1(2‘{3025-10l’,\ﬁ&l))15 = 62

A3 3-7 n'ﬁn"su%‘u’lmaﬂ"faqﬂauﬂl‘m 9 lu Method B

Determining proportions of materials for
constant proportion A for new asphalt

(Method B)
Py 50 5.5 6.0
100 —
Pom = t_“;‘?ﬁ% =-8.09P, 40.45 44,50 48.54
62P,
P = Tu! = 0.62P, 3.10 341 arz
(100—62 _ 62 )
-100- ———=+=21p
Pra T 47 T700)'® 56.45 52,09 a7
= 100 — B.71P, :
Total 100.00 100.00 100.00

> . - . o >
uimsnSunauavuasian lusuadui inyzaua s lruuaun1snisnnsay
» - . - ‘. . A -
vnszwlunovddiiinas  gaslunseanuuriEmsuSuaamisugre M n1amusua
s e 4 X . 1 . . »
TAUBaVEUNEYSINLIIEIBY  pu v snAudpuvrauTagRi9s19s 1nIzARYETYNEe
- z 'ﬁ
unuiagnonuniiazuhyWiuaam 1y suaunislunsynaanfiaasnesletinisla
- . . kg . - ” o - Lt
13 1huF0 619 U Y IMARBYRBUN NN s FuEA I A23 lAuAAE3E LA UR Y
" v s . - it o oy
vy nasynapndanaz1958n1s Cold-milling AT LASISNAUHANYBEY JdR LAN

- » o - . . L - -
YA unAa viiud2a89i LhuTan38n1s Cold-milling 1w iApaiy
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3.3 nstdudaamingiBnaswauiiu  (Cold-mix Recycling)

ar - o Ly 3
nsUSudamineiSnswauiiu  Ia3uauhwnlgasdousnlursuaus snaned
(8) . a = - v v
A.A. 1940-1949 Tavn1suhJandyws  (Bitumen) uwasyssAuaumd uum
L] » -
(Portland cement) waufiufa9s19sinmfiynasninenislaiadeeliasssunuaznay
ar » I '-‘I -
fu¥dguaasiuing ilaufudququamfiaesias ity Savacfiavqguevisnisiife
L . » L >, L] - L] = L] L]
n13 luAraswiAnusau e lr lunsnsudunaueadanate 9 Fviudeflutuausn
> L4 L B - e '
szannslandovuindesay  wazlimhnifsuanzfldufis  38aqsiiaz i fvdese
- - L g [ ] > - - > . .
JangA93 193 ueaTanfinAsun3a LnMApun1sUSuaa et 1ovulng - uh limesaunn
- - ot < - o as - ” oy
Ausuiifvavidquiaswuazuaaian  guiRpaiuiuaistfuaamine3Bnsnausou u
> - L] > - L4
nu3BnsHauLEy - FagszauTnefile ilenisuSuan i Yagaz i Son ldusanan inan
I A & L4 L L 4 . -
(Liquid asphalts) yuw1? (Lime) dashuaumBiyum (Portland cement) un3a
P LA < - b T & . - -
asufuan i lglunswduiiy Joudmunduaiy q wiatu tgu tAsafufunnsuSuanin
- » . E L - . -
Taui8nsususay  watdusnsilofvEnmsaau ifulneianis  Fapuaeiuhumasey
£ - . 4 -
Ivgmasey tlenuSunaussusafanuasTaqulasly  wazuuieanuy tlanysya
' > Yo
vaviuszaminufiazly  Infiaanu imunzsy waziiafiasamuniige  faussanu
. al v ¥ "3 > [ L]
uanzalaiiviwnls  nanlglaests imunsaufiazaiursoss nuuuauainuasen1slass e
» ‘ L - - » “ . .
WMy SdEunaY Eﬂﬂiﬂﬂ"n"ﬁﬂﬂuuut"ﬂﬂﬁﬂﬂ nqzﬂ"lﬂ"l‘iﬂﬂ L9 aﬂﬂla"lﬂ']Q‘i’\ﬂ'ilﬂ'l
L3 L - -t - '- v- .J
uazninsunddguaaNanfinnoun3auuRa9919s A Infivunnidaas  Tae1nSouiningiige
L -— . (B) 8 - - - . -
luifiuan 1.5 i UL U RFu LAY ST auuaz Yagua 8320 InusuuSua

v ¥ v . o, e
filmeanuuulas  umIswiinduluyainRaesiasuazninisundn Inuuu indeu 1 ou38nsms

tulneitaly

v . - .
n1s fansiinuazySunone viuszanuiignasy A tuduiatdogundeuagin
L » > - » .
HATMATSA AWABINTS NS lANNYEuIER  YENMUARITISRNURZSIAIARY  Hatssany
s 5 . - o ol - »
figlida (Bituminous binders) Lﬂu:aqﬁlnuﬂzaunqn(a) o vanman lunany 1 AU

iy msBusedninflun (Particle bond) flveudy A ¥vBanguuazansannisFuiiu
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tolunify  Fuszawiideglufaesies inezdamuufouas usrzawasoudulngay

15 1EDY ST s Inadl 1Ry Ul LAve sxa o Indunay Inoiinasnsiianels  8dasu (Emulsions)
ﬁna:Lﬂuﬁvﬂs:a1uﬂLnu1=ﬂﬁnﬁauunﬂihﬂtna1 (Liquid asphalts)(a) sampnezly
oiin MS uar SS (Medium-setting uay slow-setting) ifal#ifinn138ninz
(Adhesion) fifiwwna n1siRanldrfinvey Cationic w%a Anionic fA23i8anln

[ ]
MU SHY LTUfY

saunilvaavlAsunts@nvuey Purdue University Tuia191309 "Recycling
of Bituminous Pavements" Imynisafuayuwsy Indiana State Highway Commission
uaz The Federal Highway Administration lan“insRasmnBnSwavevkaniy q A5
poRuauifve viuHEY TanRa93 193U Susam ne3Bnsnautiy  wame 1 wmaillaun
hwauFwszawifluluing  Shuauanufuil iduiuing Yaguaaswiihudulng  nns
vainuazaafilalunisty (Curing time) Tnwnnslg8dadu idususzaui fuiulng
MsANN LT WasAgRinen1enen (Performance) vavdaunayTIRRa93195RSy
anmlneiBnisnay tiufe  USuawavdaussaunvnunlustunay  nsduSuiawpeiatssanu

» » L ] v, [ L]
goazlnmsaunmunsBurud laduazwuan
- W 8 v x> ) .
14 n15Lﬂuﬂuﬂneﬁ%nvaiﬂnu1un1=nﬂuﬁﬂuuazinﬁuanaﬁ11utﬂﬁuinﬁnuﬂnﬁn

2. Faguaas2uil (Hutuing awsan InitansuSusnm Yan InDsunsuits

A2 La@fesa i 1o 1a
3.  AwElssamuoTan tRuBuay et lrlunisuy
v, ﬁl 4 ' » '
4.  ARINUANT LRNBU s anUSyuue v Ys sEuuaz 1aa AR 1o lun1suy

!

5. Wuedaszawiyiasuiiulysznt InTagd aBusnmanay
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Yup17 (Lime) uazupdnuauadiuun (Portland cement) 14laffudnway
vouisnifiuaaaziBun (Fine-grained w3n plastic material) lufuvaviuntvuazsag
funte  guualalaafivAufiian mwanafiage (Highly plastic clays) lunnsly
3 LyuRIzAD YN ARELNYS Y QR vE B UNS (Organic matter) uazfiaivm (Sulphates)
MimnzamIaly  Yasausund uualinaain Ininafoge  uAs Na AL Reyu
ﬂ11uaz§luuﬁﬁﬂeuﬂnuﬁonﬁslﬁ1ﬁ15ﬂ131uﬁﬁﬁaﬁoﬂizaﬂuﬁﬁadluﬁaqﬁ1ﬂaﬁﬂﬁtﬁu X

. 3
AnAduyanuislunisufuanminesies

1ul) A.#. 1976 Portland Cement Association (PCA) lalnuuanieluns
t¥usnmInunay 1funae® Loun lui09 1390 "Recycling Failed Flexible Pavements
with Cement" s wuiduuumivlunisudvanmfaas1asuasiianfnnaundanod tuus
wafl i Judush gy lunisuSuanmaasd wudlaun  n1suanSesossunian s tiisewe YSuaa
FrowAine iz USuneewdufl ineazay  AdnumunwLuin Wesuazntstuiine (ise 1y
v - » » - ar
nstfuanmnaefoun  13usasnsynasnfiaasissinusnes nuazySuannSanuaasanlng
o o of N " - ] - | wr
Haudagn thuiulng  puRaes19s Ay inguouuindauainiBysuazszAvil inunzay Jag
AN q vz Insuud wuauas Ny Sunal e inune ﬁmﬂﬂnﬁua:ﬂﬁnﬂ1u3aquuﬂ1aﬁﬂas

i - w® ® Ly w [
Wy uadnlnuuuuasanuAsfantuasiy 1aa lunistyraunda

(

. 8 . i .
Vladis Servas ) 1;uuonw1ﬂsuﬁn1ﬂ1nuﬁﬂnﬂsnﬁutﬂu1uﬂuﬂu (Cold-mix

in-place recycling) asnifiu 2 wuaunisnluiiufie

1. Reclaimix 1du38n i lua miunisudulgoRaesiesuaaianfinraunda
L ] . ) - L ] > e » »
it TagnsuasuInpevia9s s uasn N SUSURN IMuaaNan tn1 Inapuava28n1s 1 1sU5y
g . L ﬂ- . u . ” -nﬂ-
#n (Softener) Fviduswyowwhiufilidunne Aromatic gu nlInszninauI8il
& z . + - -t -
rumSvusnlull 1950 punwnaavwluy California ﬂutﬂu wasgh L3amesumsuaione g

(] L 4 &
sunsy Inuuy L Jurulanne
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- », -
2. Retread 38n71slifinyloluyss inadonguluntsuduugeRa9s19suunuy
ol . - v o, . .
nin1393195lugeiln  vuaun1siilanimun ifunansguly British Standard 434
> - o
(B.S.434) wazlgfiuwwwde 30 I swrumsilidudss Tominae iasegfinlunsusy
- Loy ol N ¥
uqoaﬂwnuaeﬂaaﬁ1asﬂLnnnﬂ1ﬂ1nﬁ1 nsuAns1m3afull9s1asninugusey  Aa
- . » » ] -
a3193fazgnyadnuszuna so Safiuns wazna InurneanlnsBouniiosnin 75 Sad-
» » - - ] -t » »,
twas  Tnenislgsaunfiftmin s-10 #u  Fanuaasaulndawise v sl e unly
. - . v, i i
WiunaaviunsunIatdussivumouy  apsnfiuszladdadu (Emulsion) Banszane
- . & -~ 1 -
ludnsn 5.5 @i 6.5 GAsApANsvLNAs Uszuna 2 8y 3 Ade wuByivsUINYD YT
- o . o r - n
warnsnsrawvavdiaduln ifvenenanruraens A235713999sgnUSuuuanasSnuuy
» o » o [ 4 ey - L
nILIAUABUIN 8-10 AU NS LRuAWATUNINAIsTu laauazdp viun1sBuR by
. - 3 - -« - s -
nazn lnendsyfiunuin 14 Jafluns uaswdudu 62 e runuavidaduludasn

- . » - ) . - & »
1=1.4 GASABATISIVIUAS  uazymivfiusuin 6 Tafiuns nauninsuadnnsuganie

AEnslunsudvanwinensuauiiu - delalins@nedu 4 Snuan  dade
. - . '-- ™4 » L] L4 -
adgfiinaran1s 10580 1suan i Bulaun  n1s i SanldnlinuazySunonaeX2us s i unse
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n151ﬁnu1un1ﬁuﬁa1soe1u1unqsuauﬁgnaauua:n11ﬂsz1uuﬂ1:19ﬁun1utﬁsugna Ha
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dfgdn 2 Ysza1sfa  naslismyeeiagiignnianuazaususaluns 19 1a%aeie
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3.4 w1sufusdnmusaNan (Recycling Modifiers)

#1589 q vl lunisufuyqenuninuavuaaianiu3t s it naaian
nodTas Boundatiudy  1913undlan1e q Auluidu Softening agents,
rejuvenators, reclaiming agents, modifiers, recycling agents |
extender oils, fluxing oils war aromatic oils a@1suFusaninanfinied
waltlun1suiudqupuauiBeo suasfan inn - FeliguauiBntontenmuazne taf wdey
wlav lysngasuiBvasuaaianlny  a1suSuannimarifenalgrusiionds los-u iy
vrvupsNan Inuialy  arsusuaamgnuinnls uuiaawiuuds  Tnsfinsleadousn

(11)

Tud A.A. 1961 wazladnsAnyuduyge Ingrsuduaaminariflovuladiu
s1sunazoinezuiun lrludaiwite  fusenly  wavavansuSuanmutanie luues
Hamdine q Ay Aezlvnafuanateduiguifsafiy  woaiansBanivesnnafnneiuly

> - L] - » - & = l- - 'J L " -
fuavslasnsuuanmalinae q fiusde  AetuSelufauduiusiuiuausndunis g
Talagialy 9% iudssAnsausud@tovavansuduanimuazuaaian LA finee n1sU5y

snmidenou  s1sudusnmfuisnguanndadonn19dTas i Beulidante q fusenly Ae

€, 17
udnv 12 lur s a-a( » 17)

ssufuanimimanfllatinasuSuy e lnadunaziivanfunanestin - snuSaFam
vovuIngniauadiu  S189IueIn ASTM Subcommittee D4. 37 (Modifier Agents
for Bitumen in Pavements and Paving Mixtures) ahwumi3sng1suSUEa TN Inan
a1 "Modifier" mhflmuTasialuvevssudusnmite Fanuiianide (s thune luusaian
iLuuﬁaznﬁ1ﬁtﬁnn11tﬂﬂﬂuunaoqmauﬁﬁnwonﬂun1uua=lnﬁﬂauﬁbuszaﬂu iy Lanzi
gﬂnﬁuunﬂhngﬂu1n1nu The 13th Pacific Coast {USA) User-Producer Confer-
ence on Asphalt Specifications‘® 1n32uiu iifan mununsgmuaztannun
fmdvarstfudn minal]  wazlnfisweevasinanian i Junlananos loTnsauey 3o
Danrauznrenien i laknfan  (fon Dy iuu nTqueud® LU dsunii indou Lousan’
nunvavuaaien (A hydrocarbon product with physical characteristics

selected to restore aged bitumen to the requirements of current
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" o 4 Vo Yoo
A1390 3-8 daunilvwavasuFuannang 17 v2VUSINGHRIAL

Petroleum or Oil Company

Modifier

Arizona Refining Company

Ashland Petroleum Company

Cenex

Chevron USA, Inc.

Koppers Company, USA, Inc.

Tosco Corporation-Lion Oil Division

Mobil 0il Corporation
Pax International
Phillips Petroleum Company

Saunders Petroleum Company

Shell 0Oil Company

Satchem

Sun Petroleum Products

Union Oil Company

Witco Chemical Corporation-Golden

Bear Division

Numerous Companies

Light Aromatic 0il
Medium Aromatic 0il
Slurry 0il
AshlandPlasticizer 0il (APO)
Nuflex 100

Nuflex 330

Dust 0il

Chevron X109
Chevron X90

BPR

Smackover Flux Asphalt
Rejuvenator 0il
XMTY-125B

Mobilsol 30

Pasole

Petroset

10 Extract

20 Extract

250 Extract

SA-1

RJ 2

RJ 3

Dutrex

Tar rejuvenator
Sundex 840T

Sundex 790T
Rejuv-Acote-Bax
Reclamite

Cyclogen

Cutback Asphalt
Emulsified Asphalt
Califlux GP

Soft Asphalt Cement

Reclaimed 0il
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asphalt specifications)
i 4 % - - = q> +(8)
IaquszavavavasUusam lufinasnasuaavanfirmaunia laun

. q ¥ N Y - - " w .
1. ifan InusaNan tnanuhuSusamdssiuAltuty tnan (Consistency)

i da ¥ ' »
myssufusami o lunqsnaasav

. Ld c 8 -
2, tﬂan11nuaaﬂaﬂtn1ﬁﬁnsmzﬂ7ﬂtnuﬂ;MUﬂzauﬂﬁnﬁun11unenu

(Durability)

3. iflaifudszauln iiuoneia zBnTanuaasau Tnafl 1y 100 1y Tusuney

ol . )
NUNIUSUEA N
'.' . 0 » Y
4, Lﬁatﬂuﬁbﬂ1:ﬂﬁu1nLﬂueﬂaﬂaaaunﬁunﬂuﬂaﬁunaun111unﬁsaanuuu

pusuiBua varsuFuanmiadig e iluyss Tomi luns loa m3untsuSuaan

1;uﬁts)
1. visAan1snszanludunsy iitauFuanw
2, Lﬂﬂnuuﬂaoﬂaﬂunﬁnﬁmouaaﬁﬂﬁ161151;1:ﬁb#530nﬁ5
3. Wau I funesNanina lnd
4. wwrsenammiln Asphaltenes luuaawanininszateludIuKEL DTSN
5. ﬂ!uﬂiwa1unﬂ1TﬁwﬂuuaoiqunﬂunaouaaﬁaﬁﬁLﬁnﬁhlnﬁ

6. farwarh isus ludaungy

» - >
7. Aamunas tinatunSafin lnlusuunasasusau
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auavi® inanfl lagnuhunfisnsan ilen mussiinuevasuSuaam inani Iay
L4 - o4 - -
nanasoyluvavufi®inns  A1597 3-9  umvfvguauiBuazisnisnaasuluns

(1)

- >,
fiasanmuaniinvavarsuSuann arnianaday 6 uialolunisnmuauinssiu

Vo9 H1SUSUENIN

of
A1SI9N 3-89 nIsnadduRuEuTAYD wEISUSUEN N

Functional Reason Test Evaluated
*
Grade Designation and Product Viscosity at 140F (60C), CST.
Consistency Viscosity at 275F (135C)
Handling and Shipping Flash Point, OOC*

Fire Point

Volatility Rolling Thin Film (RTF-C) Oven
Weight Change*

Smoke Point
ASTM D 1160 Distillation
Compatibility and Solvency Saturates, Weight Percent*
Aniline and Mixed-Aniline Point
Refractive Index
Compositional Analysis
Durability Viscosity Ratio*
Accounting Specific Gravity 60/60F*

*  1glunqsfisnsan lunasn munriinuavasuSuanm

nsnedny 6 wialunasisnsanlunisnmuaslinvevsarsySuanmlaun

1. Viscosity 1duiSntsmasouTauialuifielalunisninuninse  dnazly
A wmilafl 140F (60C) uax 275F (135C) &nsudusamiiaimnuniiad 140F (60C)
upBNa1 200 CST. 9:fl Viscosity ratio quu1n1ﬁﬁ1ﬂ (RTF-C Oven Weight
Change gv) uaz Ductilities way RTF~-C residues lulamufin‘mumvasusaian

fmvasuSuanmiiiataauniinfl 140F (60C) guna1 200 CST. sxlapusuiAntuye

nnunpoupaNam  AotuIuntmun InAtvevalnuniladl 140F (60C) luminan 200 CST.
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L] L - d ar
ﬂ"l‘iﬂ‘%’!.lﬁl‘l'lﬂﬂ'!u"l‘iﬂllﬂ\iﬁ‘l\illa\!ﬁ“.l"luﬂuﬂili]ﬂ‘lnlﬁu 5 lﬂ‘iﬂﬂ\'lﬂ'l‘i’l\!ﬂ 3-10

- L] - [}
A5 3-10  ATTUUY LATABE VN ISUSUEA M InngavnavAd uniin

GRADE Viscosity @ 140F (60C) CST
MIN MAX
RA-5 200 800
RA-25 1000 4000
RA-75 5000 10000
RA-250 15000 35000
RA-500 40000 60000

d1sUfusaminse RA-5 uay RA-25  (Hufifoulgiuuinide laduuae
2937195 1nwnn q dmdpansudvanmfiianaluniiage  sxlgfunisesudansuiiy
f2337195107AN91 65 1Was1TMA  amSunamadauAduwilaf 135C (275F) 1o
TunsAauauns L isuudas luatugamglvevaisyduanin (Temperature Suscepti-

bility)(ls)

2. Flash Point ifuSSnasfaafgamsualrnutaandolunsah i Bueude
- ) . C mtar e a” - -
uaznisksy  aasfianstfuanmignaiuian  uanvatanstud TandunsonIadedu.de
vufiszinelavny  luszmanvmiswawsou  ssuSuanmansazlaSuqangiveviaguaa
s2uflugenan 300F (149C) AASHTO lanmupqmawlndigasmFuusaianh 400F
(204C) wotiuarsyiuanmluuaazinsa  JenmunmRigauavinaulvuey COC #v

ﬂ"ﬁ"l\'lﬁ 3-11

. Y
A1s9f 3-11 n1uﬂqnﬂauqnaﬁulﬂﬂagaﬁﬁu%baﬂﬁﬂ

GRADE MINIMUM FLASH POINT, F (c)
RA-5 400 (204)
RA-25 ' 425 (218)
RA-75 450 (232)
RA-250 450 (232)

RA-500 450 (232)
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3. Oven Weight Change Lﬁu55n11ﬁazﬁnn11tﬁnﬁﬁuua:nﬂﬁamtau
tdov91nn1952 s lusazninnsnaysoy waz ifunenmuaanSuuasiand 10 ey
Aanv  @1sufuannfiian RTF-C Oven Weight Changes ﬁua:ﬁﬁﬁnqwunﬁnuaz
qnﬁﬂulﬂﬁﬁ A1319f 3-12 uaneiivnanvunvey RTF-C Oven Weigﬁt Changes

YaNHISUSUREAIN

A3l a-12 ﬁﬂﬁuqnnao RTF-C Oven Weight Changes mavwansufusaan

GRADE WEIGHT CHANGE, PERCENT MAXIMUM

RA-5
RA-25
Ra-75
RA-250
RA-500

NN N W

Tunrsnasavdy 1 vavnIsIaniaszinelaun  n1s¥ansiAinaYy (Smoke Point)
FoluifuyssTomiiin  sammasouRHILL MY Smoke point #inhnan  210F (99C)
9:fAn Oven weight losses wnn31 7 (Wo4 inuAuazyaawlnaani 400F (2040)
a"m¥uA1 Smoke point figenan 250F (121C) azfiAn Oven weight losses wuannin

2 w3 iguAuazynawlngenin 450F (232C)

4. Saturates ifu3En1amdauil iuvevinas (Solvency and aromaticity)

vovasuSuanm  Fenmunlnilaunfigely iy 30 wasisuslnetanin

3 . - - - . »
5. Viscosity Ratio 1Ju38n1s103su ifsuaasuiBnauuasndvnyunisln

> - p—— L] L - L}
P RHETT ﬂoa:nanuavn11u1aqﬂizlnuku g 1fvrmgmirsusanan 1 B9 15y L adned

(18)

fluAwAwnu (Durability) arsuduanmIvganinun indiaa Viscosity Ratio

] L]
luynnan 3
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e, . L L A ) Y e B -
6. ©Specific Gravity Lﬂuﬂﬁn1ﬁa1n1un1ﬁ5ﬁu1nunua:n15nuﬁvLEﬁNﬂWﬁn

FmSuinUSurnuevaisuSusan

v ] - > [
o muanazyIasgmlunisunvriinsevansufuaamlngn taua Tnunuasviuay 4
iy Chevron, Pacific Coast User-Producer Group uar Witco Chemical pw
ol . -~
winolum1sofl 3-18, 3-14 waz 3-15 Feularsuduanmean uriiane q Awaa

- . v . ar - 4 . N r 6
quiiisonnenluiuas S wmduA1sen 3-16 tusrsuSusaansiin Emulsified Modlfler( )

> - J
a1397 3-13 tan munnavasUSuaaInniigaau lige

PROPOSED SPECIFICATIONS FOR HIGH FLASH
RECYCLING AGENTS

AASHTO TRADE
TEST TEST

METHOD H-1 H-2.5 H-5
TEST ON_ORIGINAL MATERIA .
Viscosity, 60°C(140°F), 1-202 50-200 200-300 400-600 '
poise
Viscosity, 135°C(275°F), T-201 50 80 10
cs, min,

)

Flash Point, COC, T-48 450 450 450

*F. min, ‘

TESTS ON RESIDUE FR0M
RTFC_PAOCEDURE AASHTO T-240°

Weight Loss, I max. T-240 1.0 1.0 1.0
Aging Index, ** max. -- 1.0 1.0 3.0

* TFO may be used but RTFC shall be the referee method

**Aging Index = RTFC viscosity at 60°C (140°F °C = 5/9 (°F -32)
i Ortsat viresity F &0V BT~ €5 - 0.000 pas
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PROPOSED SPECIFICATIONS FOR HOT MIX RECYCLING AGENTS®
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TEST ASTH TEST RA 5 RA 25 RA 75 RA 250 RA 500
METHOD min. max, min. max. min, max. min. max. min., max,
Viscosity @l40°F, D2170 or
cSt. 2 200 800 1000 4000 5000 10000 15000 35000 40000 60000
Flash Point
coc, °F 092 400 - 425 - 4450 - 450 - 450 -
Saturates, wt. 1 02007 - 0 - 30 - 30 - 30 - 30
Residue from
RTF-C Oven p28722
Test @325°F
Viscosity Ratio? - .. k] - 3 - k| - k) - k|
RTF-C Oven
Weight Change, 2
t, 1 02872 w 4 < 4 g 2 - 2 s 2
Specific Gravity D 70 or
D1298 Report Report Report Report Report

1. The final acceptance of recycling agents meeting this specification is subject to the compliance

asphalt blends with current asphalt specifications.

of the reconstituted

2. The use of ASTM D1754 has not been studied in the contest of this specification, however, it may be applicable. In

cases of dispute the reference method shall be ASTM D2872.

3. Viscosity Ratio = RIF-C Yiscosity at hli]'l'F cSt
Urlginal Viscos ty at » €5t

*C = 5/9 (°F -32)
1 ¢ST = 0.00) Pa.s

A1l 3-15  san‘muasdndusisuduan nigualny Witco Chemical

SPECIFICATIONS FOR RECLAIMING AGENTS

Cyclogen Cyclogen Cyclogen
Property Function & Purpose Test Method L* M* H*
Viscosity @ 140°F, cSt Asphalt viscosity ASTH D 2170-74 80-500 1000-4000  5000-10000
adjustment in
recycled mix
Flash Point, COC, F Handling precaution ASTH D 92-72 350 min. 350 min. 350 min,
Volatility, I 8P, F Avoidance of air ASTH D 1160-61, 10 m 300 min. 300 min. 300 min.
21, F pollution and hardening 375 min. 375 min. 375 min.
51, F by evaporation 410 min. 410 min. 410 min.
Compatibility, n/p Avoidance of syneresis ASTM D 2006-70 . 0.5 min. 0.5 min. 0.5 min.
Chemical Composition, Durability of asphalt ASTH D 2005-70 0.2-1.2 0.2-1.2 0.2-1.2
N+ l,ll(l"lz] in recycled mix
Specific Gravity Calculations ASTM D 70-72 Report Report Report

*Suitable pumping temperatures are the following: L=115 F, M = 190 F, and H = 200 F.

*C = 5/9 (°F -32)
1 ¢5T = 0.001 Pa.s

.
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A19790 3-16 1Yan Mumuey Emulsified Modifiers
INTERIM SPECIFICATIONS FOR EMULSIFIED MODIFIERS

FUNCT ION
PROPERTY & PURPOSE TEST METHOD 5PECIFIEAT|0H_§'
Viscoslty @ 77°F, SFS Ease of handling ASTH D 2L4-76 15-85
Pumping Stablllty Preventlon of premature breaklng G.5. Hﬁthﬂl(z} Pass
Erulslon Coarsencss, percent Optimal distribution Slcve Test,
ASTH D 2125 (oo) (3) 0.1 max,
Sensitivity to Fines, percent Adequate mixing life Cement Mixing, ¢
ASTH D 244-76 2,0 max,
Particle Charge Preferentlal affinity to asphalt ASTH D 2U4-76 Positive
Concentratlon of 011 Phase, percent Assurance of oll content and
for calculatlons ASTH D 21475 (1:00) (4) 60 mln,

(1) 0Ils used for emulsions must meet spocifications listed in Table 3-14
(2) Pumping stabllity Is deternined by charging 450 ml of omulsion Into & one-l1iter beaker and circulating the
emulslon through a gear pump (Roper 29.822621) having 1/4" inlet and outlet, The emulsion passes If there Is no
slignificant oll separation after clrculating ten minutes.
(3) Test procedure identical with ASTH D 24k except that distilled water shall be used in place of two percent sodlum
oleate solution,
(4) ASTH D 244 Evaporatlon Test for percent of residue 1s modifled by haating 50 gram sacple to 300°F untll foaming
ceases, then cooling Inmedlatoly and calculating results,
L] ad L4 L L - ’_ > -
uanInAuaniBnte q Aol lananavauas  HeladinnsAneionantvau LA
L] - bt - L ] >
vavaulsznapvavusaNanuara1sUsusan  Fedinaranis lovu (Performance)
uarAluAwny (Durability) lugtwevufin3wqiall (Chemical reactivity) uaw

(19)

dutlsznaunv LAfivaviiy Golden Bear approach ¥auvvdautsznauialvav
woaNansanlaidu s 51u(19J s asphaltenes (A) nitrogen bases (N)
first acidaffins (Al) second acidaffins (AZ) uar paraffins (P)
AsupnEMWYsSNaIMY 5 #auswsausnlanis Rostler Analysis 58n1susndau

L 3 - - L] . & L]
UsznpuinailudnvAv uNuA MU 3-7  awansudavEulszAauNY 5 duudnv lugy

o . &£ .
il 3-8 uardnvazfugiusevdmysznome 5 s wdnvluaisieit 3-17

Rostler and White(3) TnAnsnfvaaudsznouny 5 vovuasNan ninane
a5l u (Performance) uazArtuAwnuy (Durability) s7na719AIu2GMAA DB
Durability index TmslnAnwpw Durability ratio fugns suvnvalufiudng
Ufn3u1 (Reactive components) apaauflluudavyfn3en (Non-reactive
components) #wiiu Durability ratio Qﬂnﬂﬂﬁalﬁﬁﬂzﬁiéh Rostler Analysis

azlnsun1sseilae
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ASPHALT
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n-PTegn,

| aspuzfiéms | . -
[ mmocz/;j{mgs - asE;”.
H350,,50
[t 5 ,I

qUM 3-7  ununMuERe3E Rostler Analysis

ASPHALTENES PARAFFINS

. . -l L4
5Ufl 3-8  amansusRvEIUUSZNBU LATINY 5 uDvuDHNaN

Nitrogen Bases + lst Acidaffins Nf%l

Paraffins + 2nd Acidaffins P+A2
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Awee Durability ratio ff Rostler and White > wydn a18As87u
[] L] L4 - - v-, ] L] L]
aylugiv 0.4-1.0 usaWanuuazAun (Superior) a1dAsIduay Uyl 1.0-1.2

L] o L " ] ] " -
uaafanuuaza (Good) uszatdAsIFIuBYlULIY 1.2-1.5 uﬂnu1ﬁuaaﬁaﬂﬁuqun1u

woly (Satisfactory)

L] - [ 4
A9l 3-17  Snvarfugiuuevdaudazaaumiv afivavuaaian

Fracticn General Analytical Chemical Significant
Description Definitienl Reactivity Function
A Higher molecular Insoluble in Low Bodying n.genl:a
2 weight conden- n-pentane
fAEpalLenss sation products
N Maltenes fractien Precipitates High Peptizer
n containing all with Bs5% for 3
Ngt:;ien nitrogen compounds sulfuric acid asphaltenes
Al Unsaturated Precipitates High Solvent for
First resinous with o84 peptized
aci.daffins hydrocarbons sulfuric acid asphaltenes
Ay Slightly Precipitates Low Solvent for
Secend unsaturated with fuming peptized
ncidsﬂ‘;ns hydrocartons sulfuric acid asphaltenes
(301 50.) !
3 |
|
P Saturated Nonreactive Low Gelling agent
; hydrocarbons with fuming ¢ for
3
Parafiins sulfuric acid asphaltenes

1Averaae molecular weight decreases in aging due to fermation of low molecular
weight asphaltenes from maltenes

2.*\r.'\r:t.'."m in asphalt depends on viscosity of maltenes
sﬂinimﬁ amount required depends on N/F ratioc
4Includes solid wax, determined by chilling fraction P

51n alternate procedure (ASTM D2006) is desorbed from silica gel

97n Durability ratio Fvidudasid-uvevduflusdnviiindurnesaufl luusne
uiin3u o lodougsznamiv 4 Tas38uev Clay-Gel Analysis azlamn Durability
ratio (du

Polars
Saturates + Aromatics

= durability ratio
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azulaannsusndaulsznaune 2 35 USuaowave asphaltenes  azlyuh
yfissan lunsauann Durability ratio uazADaY durability ratio fiusm
a0 useviivnisiauammuuiniy avelsfiniy  AnsnadaumaAwey Asphaltene
settling rate fidaulunisniuisnislogeu (Performance) TmefAtway Asphaltene

(3)

& - - & v
settling ﬂuﬂnﬂu WEAVEVNTISUAITUAINULINTUNI Y

- v 8 » ot en - ? -
fofi lanatauuas  #1sUsuanmiinsvAlsldulssaamivial  desiuisandy
» e L] [ ] > - .
sqwpnfulafvuaaianinn  TasfiarsuSuanwazroviivSutawey nitrogen bases
of » . > L] [ =4
Lﬁuuﬂana:lﬂnszqu (Peptize) asphaltenes uazﬂ:ﬂaaiuuﬂnn11ﬂ1u1muﬂnﬂqn
P . » - L]
vavw paraffins Feidu gelling agent w9 asphaltenes a1USunwavdudssnay
. > . 3 3 . “ -
lulanwiinanqund] asifinns syneresis (nasusafiauey paraffins anuhdiu) a1s
\fin syneresis #wisamsulaandasidauney nitrogen bases/paraffins (N/P)
L] L] L - LA s oy L -l
uafiovain N/P  fiauanatviuluweafanavriinfiy  asavlsfinay srsuSuanmasias
- L ] ] - L[] " =
§ N/P luvswena 0.5 n3pA2sNIzuIANAT 1.0 uaziflaAmnuuuuen  #1SUSUENINAS
’ . 3 . ' - . .
fisziAwav Durability ratio  w7an31 0.4 (TnsUnBsnsudvaninazil durability

ratio $sm319 0.2 wa 1.2)(4'10)

- o - Ly
Tuns e nufinuazySuiaf inynzayyavasuuan i Aeu U Sagfias1935 1M
4 e o > 7 . . . -
udefiahfguan  srsuFusanniiney Lo fiuTagRa33135 101 IzARE q nszawluasiegi q
" L = A R T Pr) .
HuRaufdAuniinge (Highly viscous f£ilm) nauumﬂﬂanLnﬂﬂﬁquvaqu1a1quau (Selle}
- - - - L]
Tuns iinugn3evavnisnszanefl szwsluaudnsuzuazavAlsznavue sunaian LA uRs
g »(14) o w. . " ) .
dsuFuannil 1y Talinuasvuuaze vANI39 WNNN LYY Arizona, Chevron,

. - . (6_) >
Dunning, Navy, Pacific Coast User Producer Group uaz Witco Tansnsny
& > . L » »
vwivrauszsinuevarsuFuannis zuFu Indunaulnius suasaNaniin1 A2 UL LMRIRTLAD Y

. " . .
n1slunnseanuuy  wuunis inanfififugusyfinisnasauvaty q A3e (Trial and error)
. - - ¥ o ol i Ly ¥ o
ua:aﬂoLﬂuautnuqﬁuﬂv1ﬁ1un11naunauuaaﬂanﬂunaﬂunﬁnﬂ1uﬁhua=ﬂﬂuﬂsnunnaaninqu
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sun1sap luilAe
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log (v) = a + bp (3.1)
log - log (v) = a + bp (3.2)
log - 1log (v) = a + b (log p) (3.3)

Taefl v = a2umiisvavdlunsuiinewn1s (Unfidaf 140F (60C)
fimuasidu  centistokes)
o = uSuraiduies i survavasySusaan
a,b uaravdl

L] b [ ] v a L]
Tun1sunumrlugunisTasidaansuvannlugnly  mAluniiaaz infua uniin
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Recycled Conventional
Itenm Unit Unit Price Quantity Amount Quantity Amount
3 $ $
liobilisation Lump Sum 35000 1 35000 1 35000
Salv.and Dispose

of Inplace Bit.

Hixture Ton 2.80 - - 9709 27185
Salv.Bit.lixture Ton 2.80 9709 27185 - -
Salv.and Dispose

of Inplace Agg. Ton 2.40 - - 9112 21869
Salv.Agg. Ton 2.40 9112 21869 - -
Bit.Material for

Mixture Ton 65.00 784 50060 385 57525
Binder Course

Mixture Conv. Ton 7.80 622 L4852 L2 34882
Binder Course

Mixture Recy. Ton 6.95 3350 26753 - -
Base Course Miz-

ture Conv. Ton 7.50 1779 13876 15193 113505
Base Course lii:z-

ture Recy. Ton 6.95 13414 ¢3227 - -
Bit.laterial for

Wear Hixture Ton 65.00 165 10725 165 10725
Bit.Wear Course Ton 13.95 2359 329083 2359 32908
Plant lodifica-

tion Lump Sum 5000 1 5000 - -
TOTALS 322360 335599
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Recycled Conventional
Item Unit Unit Price Quantity Amount Quantity Amount
B % 3
FKobilisation Lump Sun 70450 1 70450 1 70450
Field Laboratory Each 1000 1 1000 1 1000
Salv.and Dispose
of Inplace Bit. Ton 1.95 - - 32889 64134
Salv.Bit.llixture
(stockpile) Ton 1.95 32539 64134 - -
Salv.and Dispose
of Inplace Sho-
ulder Agg. Ton 1.65 - - 12835 21178
Salv.Agg.(in sto-
ckpile) Ton 1.65 12835 21178 - -
Shoulder Prepara=-
tion Road Sta. 10.00 20L4L 20440 204k 20440
Common Labourers  Hr. 10.00 371 3710 290 2900
Bit.Material for
Mixture Ton 75.00 1368 102600 2699 202425
Recycled Bit.Base Ton 5.20 26837 139552 - -
Conv.Bit.Base Ton 6.50 658 L2779 27495 178718
Recycled Bit.
Shoulder Wear Ton 5.20 22864 113893 - -
Conv.Bit.Shoulder
Wear Ton 6.50 204 13286 24908 161902
Bit.laterial for
Tack Gal. 0.20 5431 1086 5431 1086
Stockpile Agg.for
Bit. Mixture Ton TorT? 7430 13151 - e
. Traffic Control Lump Sum 20000 1 20000 1 20000
TOTALS 598757 74k233

- ‘ L o . - .
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2. n1sUssiluluauiy (Thickness Equivalency ratios)
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a4 for Corresponding
Type of Recycled Layer Range of a Average Layer and Material
Material Used As Computed Computed Lh at AASHTO Road Test

Central Plant Surface 0.37-0.59 0.48 0.44
Recycled Asphalt Concrete

In-P]aucllecyc‘led

Asphalt Concrete

Stabilized with Asphalt Base 0.22-0.49 0.3 0.35
and/or an Asphalt Modifier

In-Place Recycled
Asphalt Concrete and
Existing Base Material Base 0.23-0.43 0.33 0.15-0.23

: Stabilized with Cement

In-Place Recycled

Asphalt Concrete and

Existing Base Material _Blse 0.40 0.40 0.15-0.30
Stabilized with Lime
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