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Silo Storage Study

HMA stored in silos before delivery to site
High temperatures to maintain workability
Short-term aging?

Storage time not controlled

Source: www.hotmixmag.com
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TPF 5(230)
* Phase |
— Different RAP contents, PG grades
* Phase Il

— Silo storage study
— PG 64-28 Virgin and RAP mixtures
— Virgin contaminated with PG 76

@ Source: www.jfallenco.com
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Objectives

* Measure effect of storage time on Virgin, RAP

= Determine if changes are due to aging from silo
and/or blending

Source: www.srwestend.com
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Materials

= Virgin mixture
— PG 64-22
— 12.5 mm NMAS
— 7.0 = 0.5% air voids
— 0, 2.5, 5, 7.5 hour storage times

= 25% RAP mixture
— PG 64-28
— 12.5 mm NMAS

— 6.0 = 0.5% air voids Source: wwwhellotrade.com
— 0, 2.5, 5, 7.5, 10 hour storage times

» Mixture discharge temperatures: ~175° C (350° F)
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Binder Testing Methods

= Dynamic Shear Rheometer
= Bending Beam Rheometer

* Rolling Thin Film Oven aging on virgin binder

DSR BBR

Source: www.pavementinteractive.org Source: www.pavementinteractive.org Source

ﬁ Silo Storage — NEAUPG, Oct. 2015




Mixture Testing Methods

= Dynamic Modulus

= S-VECD Fatigue

= LVECD (Layered ViscoElastic Critical Distresses)

= DCT (Disk-Shaped Compact Tension) Test

= TSRST (Thermal Stress Restrained Specimen Test)
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Binder: PG Grading

Binder High PG Grade
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v

Binder: AT,

Log Creep
Stiffness, S

\ / slope = m-value

y

60
Log Loading Time, s

Source: Brown, Kandhal, et al., 2009

" T (stifmess) = Critical low temp. where S(60) = 300
" Te (mvae) = Critical low temp. where m(60) = 0.3

" ATcr = Tcr (Stiffness) — Tcr (m-value)
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ﬂTcr e Tv::r1 s~ Tcr, m-slope

Binder: AT,

Silo Storage Time (Hours)
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Binder: Rheological Indices

= CAM master curve parameters w, R
= Crossover frequency, w
= Rheological index, R-value
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Source: Anderson, Rowe, and Christen, 2008
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Crossover Frequency (Hz)

Binder: Rheological Indices
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Crossover Frequency (Hz)

Binder: Rheological Indices
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Binder: Glover-Rowe Parameter
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G* (Pa) at 15° C, 0.005 rad/sec
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Dynamic Modulus Master Curves
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Fatigue: G®-N;
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LVECD Pavement Life Evaluation

Layered Viscoelastic Critical Distresses
Uses Dynamic modulus & S-VECD fatigue results

Pavement structure:

— Asphalt layer: 100 mm (thin), 300 mm (thick)
— Aggregate base: 200 mm, 350 MPa

— Subgrade: 100 MPa

Silo Storage — NEAUPG, Oct. 2015
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DCT Testing

» Disk-Shaped Compact Tension Test

* Loading Rate:

— Crack Mouth Opening Displacement
— CMOD = 1.0 mm/min

Initial stiffness, k
Peak Load, P

Initial softening slope

11 Work

0 0.5 1 15 2 25
Crack Mouth Opening Displacement (mm)

Fracture Energy, G; = Work / Fractured Surface Area

Silo Storage — NEAUPG, Oct. 2015

23




DCT Testing
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Summary
Testing clearly indicated aging with storage time
RAP experienced larger changes
Short-term aging and blending/diffusion
Lab conditioning methods vs. plant production
Important to understand effect of plant production parameters
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@ Source: www.hotmixmag.com
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Thank you for attention!

Questions/Comments?

Source: www.huffingtonpost.com

Chris Jacques
cds43@wildcats.unh.edu
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Virgin T-Test Results

Dynamic Modulus
Comparison Group: 0 hrs (A)
T_Test & Comparison 4.4°C(») 21.1°C () 37.8°C ()
Group 2
AvB 2.5 hrs
AvC 5 hrs
AvD 7.5 hrs
Comparison Group: 7.5 hrs (D)
T-Test Comparison 4.4°C () 21.1°C (2) 37.8°C (&)
Group 2 25 Hz 01Hz| 25Hz | 10Hz | 5Hz 1Hz | 05Hz [ 0.1Hz| 25Hz | 10Hz | 5Hz 1Hz | 0.5Hz | 0.1 Hz
DvA 0 hrs 0.044 0.001 | 0.001 [ 0.000 | 0.001 | 0.001 | 0.000 | 0.003 [ 0.002 | 0.002 | 0.001 | 0.001 | 0.002
DvB 2.5 hrs 0.021 | 0.016 | 0.014 | 0.010 0.031 | 0.020 | 0.015 [ 0.012 | 0.038 | 0.024
DvC 5 hrs 0.043 | 0.023 | 0.013 | 0.010 | 0.007 | 0.010
Phase Angle
Comparison Group: 0 hrs (A)
T-Test & Comparison 4.4°C () 21.1°C (2) 37.8°C ()
Group 2
AvB 2.5 hrs
AvC 5 hrs
AvD 7.5 hrs
Comparison Group: 7.5 hrs (D)
T_Test & Comparison 4.4°C(») 21.1°C () 37.8°C ()
Group 2 25Hz | 10Hz | 5Hz 1Hz |05Hz | 0.1Hz| 25Hz | 10Hz | 5Hz 1Hz | 0.5Hz [ 0.1Hz| 25Hz | 10Hz | 5Hz 1Hz | 0.5Hz | 0.1 Hz
DvA 0 hrs 0.001 0.034 0.033 | 0.010
DvB 2.5 hrs 0.013 | 0.019 | 0.016 | 0.006 | 0.010 | 0.014 0.050 | 0.003 [ 0.019
DvC 5 hrs 0.021
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25% RAP T-Test Results

Dynamic Modulus
Comparison Group: 0 hrs (A)
T-Test & Comparison 4.4°C 21.1°C 37.8°C
Group 2
AvB 2.5 hrs
AvC 5 hrs | 0.038 | 0.037 | 0.035 |
AvD 7.5 hrs 0.052 | 0.044 | 0.024 | 0.018 | 0.017 | 0.015
AvE 10 hrs 0.038 | 0.025 0.010 [ 0.008 | 0.008
Comparison Group: 10 hrs (E)
I-Test & Comparison 4.4°C 21.1°C 37.8°C
Group 2 25Hz | 10Hz | 5Hz | 1Hz [(05Hz | 0.1Hz| 25Hz | 10Hz | 5Hz | 1Hz [05Hz | 0.1Hz| 25Hz | 10Hz | 5Hz | 1Hz | 0.5Hz | 0.1 Hz
EvA 0 hrs 0.038 [ 0.025 0.052 | 0.043 | 0.046 | 0.047 | 0.039 | 0.008 | 0.007 0.046 | 0.010 | 0.008 | 0.008
EvB 2.5 hrs 0.020 [ 0.013 | 0.010 | 0.033 | 0.000 | 0.000 | 0.000 [ 0.000 | 0.000 | 0.001 | 0.002 | 0.005 [ 0.006 | 0.007 | 0.008 | 0.009
EvC 5 hrs 0.014 | 0.004 | 0.001 | 0.000 | 0.000 | 0.001 [ 0.007 | 0.013 | 0.028
EvD 7.5 hrs 0.040 | 0.016 | 0.003 | 0.004 | 0.001 | 0.001 [ 0.002 | 0.003 | 0.010
Phase Angle
Comparison Group: 0 hrs (A)
T_Test Comparison 4.4°C 21.1°C 37.8°C
Group 2 25Hz | 10Hz | 5Hz | 1Hz (05Hz | 0.1Hz| 25Hz | 10Hz | 5Hz | 1Hz [05Hz|0.1Hz| 25Hz | 10Hz | 5Hz | 1Hz | 0.5Hz | 0.1 Hz
AvB 2.5 hrs 0.051
AvC 5 hrs 0.008 0.044 0.051 0.049 0.047 | 0.046
AvD 7.5 hrs 0.008 0.052 0.010 | 0.004 | 0.002 | 0.002 | 0.003 | 0.000 | 0.015 [ 0.011 | 0.006 | 0.039
AvE 10 hrs 0.003 0.005 0.011 | 0.001 | 0.001 | 0.001 | 0.002 | 0.002 | 0.003 | 0.005 | 0.004 | 0.002 | 0.037
Comparison Group: 10 hrs (E)
I-Test & Comparison 4.4°C 21.1°C 37.8°C
Group 2 25Hz | 10Hz | 5Hz | 1Hz (05Hz | 0.1Hz| 25Hz | 10Hz | 5Hz | 1Hz [05Hz | 0.1Hz| 25Hz | 10Hz | 5Hz | 1Hz | 0.5Hz | 0.1 Hz
EvA 0 hrs 0.003 0.005 0.011 | 0.001 | 0.001 | 0.001 | 0.002 | 0.002 | 0.003 | 0.005 | 0.004 | 0.002 | 0.037
EvB 2.5hrs 0.046 | 0.050 | 0.046 | 0.040 | 0.050
EvC 5 hrs 0.033 | 0.043 | 0.028 | 0.043 0.048
EvD 7.5 hrs 0.028 | 0.015 | 0.015 | 0.018 | 0.025 | 0.021 | 0.024 [ 0.026 | 0.040 | 0.053
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Effects of Aging on Fracture
(Braham et al., 2009)
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Literature Review
Interaction between RAP and virgin mixtures

“Blending and Diffusion of Reclaimed Asphalt Pavement
and Virgin Asphalt Binders,” Kriz et al., AAPT 2014

Two major processes: mixing or contact between the
binders and blending/diffusion after contact

DSR testing to test degree of blending in thick, thin
binder layers

(a) Poor contact (b)  Poor contact (c) Good contact Good contact
Poor blending Good blending Poor blending Good blending

D Virgin aggregate D RAP aggregate - Virgin binder RAP binder - Binder blend

Figure 1. RAP-virgin binder contact and blending due to diffusion. Schematic representation of possible
options.

Source: Kriz et al., AAPT 2014, p. 227
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Literature Review
= Thinner layers: 100% blending within minutes of mixing

= Thicker layers: ~90% blending after typical production
stages

= Diffusion, blending could potentially continue to occur
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Source: Kriz et al., AAPT 2014, p. 254
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= Zhao et al. (
mobilization

RAP binders
» Under-asphalted mixtures -

more prone

Virgin agg.

Literature Review

2013) investigated &o0% | ’
. g
rate of virgin and = 5. Z Z*
; i
S w4 D D7 % |
. 50 10% 20% 30% 40% 50% 80%
to cracking ap sl

(a) Mobilization rates for RAP mixes

Totally blended binder

s
R e Virgin binder Total blending, ideal case

—
RAP agg +Q—< Blend of virgin binder
2 and mobilized RAP binder
N O
\'./ S f’ ‘\
) . }

+

Un-mobilized RAP binder

Partlal blendlng actual case
Figure 1. Two possible blending scenarios
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