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Forthcoming

Draft AASHTO Standard Practice

Characterization of Asphalt Mixtures with High
Recycled Materials Contents and Recycling Agents
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NCHRP 9-58 Objectives

J
J

High RBR = 0.3 — 0.5

Assess effectiveness of recycling agents at selected
dose to

partially restore binder rheology

improve mixture cracking performance without
adversely affecting rutting resistance

Evaluate the evolution of recyclmg agent effectiveness
with aging -

Recommend evaluation tools
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NCHRP 9-58 Binder Blend Evaluation Tools
IDSR for PGH, G-R, T_,.

_ G (cosé)?
~ siné

Ts.45- for G’=G”@ 10 rad/sec

G-R

@ 15°C, 0.005 rad/sec

1 BBR for AT,

AT, @ PAV20=T,-T,
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JE* for G-R,
@ 20C, 5Hz
JI-FIT for Fi

JBBR,, for S, and m-value,,
JUTSST for CRI
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NCHRP 9-58 Materials TX PG 64-22 (-4.6), PG 70-22P (-4.9)

NH PG 64-28 (+1.4)

X

Base | NV PG 64-28P (-3.6)
NH s IN PG 64-22 (-1.2), PG 58-28 (-8.0)
NV ' MN PG 58-28 (0.0)
IN WI PG 58-28 (-3.4), PG 52-34 (+0.4)
‘S’E' DE PG 64-28 (+0.1)

Al, A2

+ P
| T1,T2
TX MWAS. V1, V2, V3
TOAS B1,B2 :>
CA TOAS 7 TX :
IN MWAS
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Draft AASHTO Standard Practice for
0.3-0.5 RBR + Recycling Agent

1 Recycling Agent Dose Selection & Incorporation
Methods

1 Component Materials Selection & Proportioning
Guidelines

1 Binder Blend Rheological Evaluation Tools
] Mixture Performance Evaluation Tools

(1 RAP Binder Availability Factor
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Recycling Agent Dose Selection == ..
& Incorporation

J Match Continuous PGH = BALANCED

- = e e e S A e I I e o e e PN o
W e ol DL o e sl e e T e
i G ~__'-.-" g L "_,_-..l-f*-' = R _:.‘-'- "

(d Dose as % of total binder (virgin + recycled

JRAP only: 100% Replacement of virgin binder
Jw/RAS & > 5% dose: 50% Addition/ 50% Replacement
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Recycling Agent Dose Selection
PGHpieng = (RAPp, X PGHp,p) + (RASy X PGHpys) + (Bggr X PGHpgse)

106

PGH 70
y=1.823x + 70
R2=0.967

100

o
<
-E
; 94 o ”
m *
T 88
C @
E.
g 82 00.3 RBR (RAP+MWAS)
- iy 00.3 RBR (RAP only)
o A 0.4 RBR (RAP+MWAS)
E AT 7 — A0.4 RBR (RAP only)
= ©0.5 RBR (RAP+TOAS)
g 64 00.5 RBR (RAP only)
_____________ % 0.7 RBR (RAP only)
5 3 t ' i n } } i i n i I I : n n i
0 5 10 15 20 25

Recycling Agent Dose (%) to Match PGHr,,,
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Component Materials Selectlon & Proportioning

d Base Binder j® LURBR<0.5
OPGH < 64°C (RAP, +RAS,.)
QOAT, @ PAV20 > -3.5°C
O RAS,, < 0.15
J RAP
QPGH < 100°C
JAT, @ PAV20 > -7.5°C J Recycling
B et
QRAS e DOSe < 8-10% L Bias

0 PGH < 150°C




—8— DOT Control 0.22 RBR —— Recycled 0.31 RBR

= Texas A&GM i (WI PG 58-28) (WI PG 58-28)
< Transportation ATe-4.3 ATe-s.3
- I - @ - Recycled 0.31 RBR - <& - Rejuvenated 0.31 RBR
Institute (WI PG 52-34) (WI PG 58-28) +1.2% V2

ATec-2.9 ATe-4.8

7.0

+ BLOCK CRACKING ZONE

Component

Materials Selection
(W1 PG 58-28, PG 52-34)

p—
——
—
L ———
—
——
—_—
—_—
L —

=
&
e
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40 +

H STOA LTOA
20.0 BLOCK CRACKING ZONE
45 55 65 75
Phase Angle (degrees
16.0 gle (degrees)
g
T 120 - T
—
2 AB
=
= 8.0 - BC
- > 7 after STOA
=
4.0 -
B B
c ff
0.0 £
DOT Control Recycled Rejuvenated
0.22 RBR 0.31 RBR 0.31 RBR

(1.2%) V2
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Component Materials Selection

(TX PG 64-22 w/ AT_=-4.6, IN PG 64-22 w/ AT _=-1.2)

0.28 RBR (0.1 TX RAP+ 0.18 TX MWAS)

¥ Dose to Restore PG @ AT

6 0
5 -2
S
g 4 4
2 o) o %)
T 3 - St 6 T
— [*)
g =
i -
5 -8
| I I )
0 -12

I, 4 64 22 TX 64 22 TX 64 22TX 64 22 IN 64 22 IN 64 22 11\ 64 22 IN 64 22

Blmler Blends )
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Materials Proportioning / Balance
PGHgieng = (RAP,, X PGHp,p) + (RAS,, X PGHpas) + (Bgr X PGHpgse)

%RA = (PGHpiena — PGHrarget) /1.82

Base Binder RAP RAS RA Dose Comments
UNBALANCED
0.25 TX RAP 0.25 TX TOAS 19.4 .
Very High Dose
A RAP/RAS
0.4 TX RAP 0.1 TX TOAS 13.5 High D
TX PG 64-22 '8N ZOS€
A RAS Type
0.4 TX RAP 0.1 TX MWAS 10.9
High Dose
A RAP Type
0.4 NH RAP 0.1 TX MWAS 7.3

Marginal Dose
A Base Binder

MN 58-28 0.4 NH RAP 0.1 TX MWAS 4.6
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Binder Blend Reological Evaluation

L

T & Aging Suggested Performance
Conditions Test Parameter Threshold
Thigh
Unaged, DSR PGH Target Climate
Short-Term
< 180 kPa after 20-hr PAV
L DSR G-R
< 600 kPa after 40-hr PAV
';;ac.k S = < 32° after 20-hr PAV
w/Agin _peo
sing 0=43 < 45° after 40-hr PAV
Tlow

BBR AT > -5.0 after 20-hr PAV
Long-Term
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7.0

- BLOCK CRACKING ZONE

log |G*| (Pa)

 NO BLOCK CRACKING ZONE
3.0 1 1 1 1 I 1 1 1 1 ] 1 1 1 1 ] 1 1 1 1 ]

25 35 45 55 65 75

Phase Angle (degrees)
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G-R Black Space (WI PG 58-28, PG 52-34)

- 0 - DOT Control —¥— Recycled Control Recycled
0.22 RBR 0.31 RBR 0.31RBR
(ATc -4.3) (ATc -5.3) (PG 52-34)

(ATc-2.9)

— —% - Rejuvenated — —& — Rejuvenated — —# - Rejuvenated
0.31 RBR 0.31 RBR 0.5RBR
(1.2%) V2 (5.5%) V2 (9%) V2
(ATc -4.9) (ATc-3.1) (ATc-2.4)

7.0

r BLOCK CRACKING ZONE

: NO BLOCK CRACEKING ZONE
3.0 } } } }
25 s 45 55 65 75
Phase Angle (degrees
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Mixture Performance Evaluation

T & Agi Perf
& Aging Test Parameter Sugges;i?esi:):)(;mance

Conditions
> 5000 for PG 58-XX
Thigh > 7500 for PG 64-XX (cold)
HWTT or APA Ny
' > 10,000 for PG 64-XX (warm)

Short-Term
> 15,000 for PG 70-XX
< 8000 MPa after STOA

T.
" E* G-R,
Track < 19,000 MPa after LTOA
w/Aging &
Short-Term I-FIT FI > 7 after STOA
Tiow BBR,, S, m-value,, < Utah threshold after STOA
Short- &

Long-Term UTSST CRI,, > 17 after LTOA
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N,, . (WI PG 58-28) > 5000 for PG 58-XX

-25
-~ -5
=
g
= .75
=%
b
=]
= -10
(=7
125 Min. 5,000 cycles _ _ Mg = = N TN — e
for PG 58-XX
climate
_15 1 — i A : i — i :. i - A : I T — i L T i -—1 i— — -1 — il —1 —1 : — i—

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Load Cycles

Rejuvenated 0.31 RER === Rejuvenated 0.5 RBR
(5.5%) V2 - HWTT (9%) V2-HWTT
s Rejuvenated 0.31 RBR = Rejuvenated 0.5 RBR

(5.5%) V2 - APA (9%) V2 - APA
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G' Rm B I d Ck - - - DOT Control - —= - Recycled - — - Recycled

0.22 RBR 0.31 RBR 0.31 RBR
Space PG 5234
- - - Rejuvenated - —i& - Rejuvenated - —® - Rejuvenated
0.31 RBR 0.31 RBR 0.5RER
WI PG 58-28 ) (1.2%) V2 (5.5%) V2 (9%) V2
10000 ! ! ! ! !
PG 52-34 e | | |
' g | i i
ESTOA ®ELTOA ""“-*.--'1'L i i
0000 NN i
A N a
| RN
20000 i i T ~ :
z i i Q
v | | :
< B i i |
ot : : :
© 10000 A 25 30 35 40
= Phase Angle (degrees)
B] EW
7, < 8000 MPa after STOA
0
DOT Control Recycled Recycled Rejuvenated Rejuvenated Rejuvenated S 19,000 MPa after LTOA

0.22RBR 031RBR (031RBR 031RBR 031RBR 0.5RBR
(PG 52-34) (L2%)V2 (5.5%)V2  (9%)V2
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FI (WI PG 58-28, PG 52-34) > 7 after STOA

M STOA “ LTOA

20

WI

16

12

Flexibility Index

DOT Control Recycled Recycled Rejuvenated Rejuvenated Rejuvenated
0.22 RBR Control 0.31RER 0.31RBR (0.31RBR 0.5RBR
0.31RBR (PG52-34) (1L.2%)V2 (5.5%)V2 (9% )V2
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S, m-value_ (WI PG 58-28, PG 52-34)

14000 BDOT Control
WI 0.22 RBR
12000 Low severity
= king (1
é — Vfi ~ Recvcled
= 10000 - )
= 0.31 RBR
(PG 52-34)
"2 8000 .
2 ¢ Rejuvenated
=~ 0.31 RBR
=
= 6000 (1.2%%) V2
=
S 4000 A ARejuvenated
= Likely to Not Likely to Crack v 0.31 RBR
Crack : - ‘ 5.5%) V2
£ 2000 (5.5%)
o ® Rejuvenated
0 ; : : : 0.5RBR
0.050 0.100 0.150 0.200 0.250 0.300 (®%)V2

m - Value,
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(WI PG 58-28, PG 52-34) > 17 after LTOA

m STOA @ LTOA

Env

1000

100

41

AR

UTSST CRIEnv
=]

%’
%
.

Recycled Rejuvenated Rejuvenated
0.31 RBR 0.31 RBR 0.31 RBR
(PG 52-34) (1.2%) V2 (5.5%) V2
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RAP Binder
Availability Factor

PARTIAL
BLENDING
100% WI DE NH 100% 0%
90% 93.8%.94.3% 9¢.6%% Available Available
‘‘‘‘‘‘‘‘ FL Black Rock
80% NV i g 114 %
3 77.6%0 v T
70% < - e
2 R2=(.6782 15.4% TX
60% E 67.4%
S0% Add RA & Add RA to RAP
40% only effective for
30% RAP PGH (°C) high PGH (FL, TX)

70 75 80 85 90 95 100 105 110

RAPBAF = —0.010 x PGHgpyp + 1.771 for 150°C mixing




THANK YOU!

A,__, ' Epps Martm
(979) 862 1750

~Edith Arambula Mercado-
(979) 458-0209
_e-arambula@tti.tamu.edu
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