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Pavement ME

« Requires several inputs
* Hourly climate data, materials, location, pavement structure, traffic

« Calculates pavement performance parameters
e Asphalt — IRI, Rutting, and Longitudinal, Thermal, and Alligator Cracking

* Concrete — IRI, Transverse Cracking, Joint Faulting



http://www.aashtoware.org/Pavement
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MATERIALS INPUT
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MATERIALS INPUT FOR PAVEMENT ME

Strength/Stiffness Parameters:

* Resilient Modulus (Mg)

 California Bearing Ratio (CBR)

« Unconfined Compressive Strength (UCS)

Index Parameters:

« Gradation Characteristics
« Absorption Content

« Binder Content

« Density

« Angularity

« Void Ratio
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Overview of Research Plan

» Task 1 — Initial Memorandum on Expected Research
Benefits and Potential Implementation Steps

» Task 2 — Data Collection
» Task 3 — Sensitivity Analyses
» Task 4 — Final Report
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TASK 2 — DATA COLLECTION

List of data that will be collected:

= |ndex Properties
e Gradation characteristics
e Atterberg limits
* Absorption
* Binder content
* Density

 Void ratio Current NRRA Agency Members
4 ’.‘4 - |
N

= Strength/Stiffness Properties
e CBR
e UCS
° MR

= Construction Specifications
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Grain Size Hydraulic
# Locations Type of material Atterberg Limits | Compaction Shear Strength | Resilient Modulus| R Value CBR
Distribution Conductivity
RAP 1 1 1 5
1 OH
RCA 1 1 1 5
RAP 1 1 1 6
2 CA
RCA 2 2 1 5
RAP 2 2 6 12
3 IL
RCA 3 3 3 3
RAP 13 11 13 12 53 11
4 CcO
RCA 1 1 1 4
5 MT RAP 12 12 12 48 96
RAP 1 1 1 2
6 MI
RCA 2 2 1 6
7 VA RAP 8 9 4 21 +PD=11 16
8 FL RAP 3 12 3 PD=3 12
RAP 1 8 4 28 8
9 NJ
RCA 1 8 1 48 8
RAP 16 6 26 7 4 64 + PD=6 1
10 MN
RCA 6 2 4 4 4
11 TN RAP 1 3 9
12 MD RAP 7 7 7
13 NM RAP 3 1 16
14 WA RAP 5 5 20
RAP 2 2 1 14 +8
15 TX
RCA 1 1 1 8+8
RAP 4 1 5 1 11 1
16 Wi
RCA 1 1 1 2
17 uT RAP 4 4 4
18 RI RAP 7 7 7
19 Eastern USA RCA 2 2 24 13
Total 109 31 122 76 70 448 107 59
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. Type of Gravel o . o\ | Classification - | Classification -
No Ref. Location material (%) Sand (%)| Fine (%) e ST D,o(mm) D30 (mm) D¢, (mm) C, C. G,
— —
| Aggregate class5 22.9 67.6 9.5 GW-GM A-1-b 0.1 0.4 1.7 21 1.4 2.57
MIN Blend 32.7 63.8 3.4 SP A-1-b 0.2 0.6 2.8 13 0.5
RAP 26.3 71.2 2.5 SP A-l-a 0.3 0.7 2.3 7 0.7 2.41
RCA 318 64.9 3.3 SW A-l-a 0.1 0.4 1.7 21 1.4 2.39
I RCA 68.5 28.3 3.2 GP A-l-a 0.4 4.1 12.3 35 3.9 2.37
RPM 49.3 50.4 0.4 SW A-1-b 0.4 1.7 6.5 17 1.1 2.39
P RCA 40.9 463 12.8 SC A-1-b 0.1 0.6 4.9 66 1.1 2.28
RAP 317 67.7 0.7 SP A-l-a 0.4 0.9 3.3 9 0.7 2.23
. RCA 50.6 47.1 2.3 GW A-l-a 0.3 1.7 6.8 22 1.4 2.32
1 Edil et al. (2012) A RAP 36.8 61.4 18 SW Ala 03 13 4.2 13 12 2.56
> RCA 76.3 21.6 2.1 GW A-l-a 0.4 6.5 16.3 38 6 2.27
RAP 41 44.9 1 SW A-l-a 0.7 2.5 7.9 11 1.1 2.34
oH RCA 43.2 49.5 7.3 SW-SM A-l-a 0.2 1.2 5.3 34 1.7 2.24
RAP 32.1 66.2 1.7 SW A-l-a 0.5 1.6 3.8 7 1.3 2.43
RCA 41.2 54.6 4.3 SP A-1-b 0.2 0.5 5.1 28 0.3 2.31
NJ RAP 50.9 48.4 0.7 GW A-l-a 1 2.8 5.9 6 1.3 2.37
RMP 55.7 43.6 0.6 GW A-1-b 0.5 2.1 8.7 18 1 2.35
wi RAP 30.9 68.5 0.5 SP A-l-b 0.6 1.4 3.6 6 0.9 2.37
Tutumluer et al. blend 73 25 2 1.2 4.9 20
2 IL
(2015) RAP 49 50 1 0.9 2.8 5.5
55 43.6 1.4 2.25
64 35.1 0.9 2.36
54 43.6 2.4 2.3
59 40.1 0.9 2.33
3 Locander et al. co RAP gg 5:54 0.16 igg
(2009) 59 40.2 0.8 2.37
59 40 1 2.34
67 32.2 0.8 2.36
67 31.8 1.2 2.26
75 24.1 0.9 2.29
CBC#1 unmixed 52.46 41.58 5.96 A-1-a (6A) 2.67
CBC#1 20%RAP 54.98 42.39 1.82 A-1-a(5A) 2.67
CBCH#1 50%RAP 49.28 46.31 1.71 A-1-a(5A) 2.59
CBC#2 unmixed 55.8 41.59 2.61 A-1-a (6A) 2.7
CBC#2 20%RAP 54.35 43.55 2.1 A-1-a (6A) 2.66
4 Mokwa et. al. T CBCH#2 50%RAP 53.74 42.37 1.7 A-1-a(5A) 2.59
(2005) CBC#3 unmixed 55.5 39.35 5.15 A-1-a(5A) 2.68
CBCH#3 20%RAP 52.31 45.68 2.01 A-1-a(5A) 2.66
CBC#3 50%RAP 58.48 40.09 1.43 A-1-a(5A) 2.59
Pitrun unmixed 41.79 40.74 1.05 Spec. Borrow 0.4 1.6 17 2.72
Pitrun 20%RAP 57.66 38.23 1.62 Spec. Borrow 0.4 2 15 2.63
Pitrun 50%RAP 53.08 38.04 1 Spec. Borrow 0.53 2.5 12 2.61
FLRAP GW/SW A-l-a 0.28-0.32 1.32 5.1-6 17.1 1.2:2.2
unprocessed
5 NCHRP Report 598 FL FLRAP sw A-la 0.35 1.9 3.75-5 10-14.3 1.5-2.1
hammermill
FL RAP Tubgrinder SP A-1-a 0.35 0.9 5 14-14.3 0.5
VA 45 43 12 0.7 7 2.95
RAP1 46 53 1 0.5 2 5.1 2.85
20%RAP1 45 9.4
30%RAP1 44 8.2
40%RAP1 45 7.2
6 Ullah and Tanyu VA 50%RAP1 46 6.2
(2019) G0%RAPL 16 52
RAP2 39 60 1 0.5 1.5 4.5 2.82
RAPS 26 73 1 0.32 1.1 3 2.87
RAP11 42 57 1 0.5 17 5 2.60
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Resilient modulus tests were conducted with internal and external linear variable displacement transducers (LVDT).
External LVDTs have an accuracy of &= 0.005 mm, and internal LVDTs have an accuracy of == 0.0015 mm.

£ SMr External SMr Internal SMr Internal SMr External SMr External SMr Internal
©
SM, (MPa) =] F-T cycles F-T cycles Temp. Temp. Water content Water content
Sample ]
Ref | Loc Method o
No. = 2% 2% 2%
s ]0]|]5)]10120|0|5]|]10]20]| 7 23 35 50 7 23 35 | 50 OoMC 2% dry | OMC
External |Internal] = dry wet wet
Aggregat Power 152 525 16 191|186 | 177 | 153 |281|261| 240 | 223 | 147 | 142 153 137 96 107 103 | 108
eclass 5| NCHRP 144 484 123 123 141 145 87 91 108 | 112
Power 182 675
Blend 1.05
MN NCHRP 191 683
Power 180 674 238|220 200 | 180 |464|361| 344 | 314
RAP 1.35
NCHRP 174 665
Power 189 680
RCA 0.63
NCHRP 190 648
Power 171 715 199|191 | 257 | 268 [400|361| 472 | 553
RCA 0.8
I NCHRP 171 715
Power 168 631
RPM 1.49
NCHRP 161 614
Power 175 580 268 247 193 440 350 | 275
RCA 0.73
. NCHRP 162 520
RAP Power 184 673 147 230 | 245 224 202 | 145 162 127 | 122
=~ NCHRP 177 629 ’ 200 | 228 208 177 | 133 151 105 | 109
§ RCA Power 178 627 0.7 262|227 | 282 550]489]| 578 226 | 278 252 197 | 170 152 136 | 125
;“7 A NCHRP 166 563 ’ 199 | 245 215 207 150 140 123 | 115
@ Power 173 627 256|249 | 223 | 203 |473|436| 379 | 323
= RAP 1.16
2 NCHRP 166 589
RCA Power 164 549 0.83 258|211 236 | 289 |464|419| 471 | 601 | 248 | 231 220 233 | 153 108 112 | 113
* NCHRP 151 490 ’ 211 | 188 180 193 | 138 99 102 | 108
RAP Power 198 776 138 3341287 | 272 | 254 |686|585| 566 | 497 | 398 | 348 356 290 | 206 213 122 | 107 | 341 334 317 758 625 | 557
NCHRP 188 779 ’ 459 | 369 371 341 203 200 126 | 109
Power 163 554 239 222 148 404 310 | 193
RCA 0.57
oH NCHRP 158 522
Power 197 699 297 287 243 485 429 | 411
RAP 1.32
NCHRP 192 674
RCA Power 208 735 0.55 200 | 181 192 223 130 93 110 | 111
NCHRP 203 683 ' 169 | 163 154 188 | 115 84 99 104
Power 209 715 254 | 294 241 162 174 159 | 162
NJ RAP 2.13
NCHRP 207 715 261 | 290 234 150 166 153 | 154
Power 264 989
RPM 1.26
NCHRP 264 995
Power 266 968
Wi RAP 0.89
NCHRP 274 1013
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. Max dry density oPt.' mum Void ratio Relative compaction
No Ref Location Sample (kN/m?) moisture e e (%)
content (%) max min
Aggregate class 5 20.1 8.9
Blend 21.3 8
MN RAP 20.8 6.7
RCA 19.5 11.2
RCA 20.8 8.7
Mi RPM 21.5 5.2
RCA 18.9 11.9
Co RAP 20.7 5.7
. RCA 19.9 10.4
1 Edil et al. (2012) CA RAP 20.7 6.1
RCA 19.7 9.2
X RAP 20.3 8
RCA 19.4 11.8
OH RAP 19.8 8.8
RCA 19.8 9.5
NJ RAP 20.4 6.5
RPM 20.6 6.3
WI RAP 20 7.3
Tutumluer et al.
2 IL RAP 18.9 6.2
(2015)
19.35 8.5
19.35 7.2
19.35 6.5
19 10.7
19 10.1
3 Locander et al. o oA - =
(2009) 18.8 6.4
18.8 8.8
18.4 7.7
17.8 7.5
17.3 4.4
CBC#1 unmixed 22.3 4.85 0.65 0.36 97.1
CBC#1 20%RAP 22.3 5 0.64 0.32 92.6
CBC#1 50%RAP 21.1 6.2 0.86 0.34 96.5
CBC#2 unmixed 22.4 5.59 0.59 0.28 93
CBC#H2 20%RAP 22.3 5.91 0.63 0.33 95.3
4 Mokwa et al. MT CBC#2 50%RAP 21.8 5.2 0.66 0.3 92.4
(2005) CBC#3 unmixed 22.4 5.9 0.74 0.33 96.4
CBC#3 20%RAP 22 5.75 0.7 0.32 92.8
CBC#3 50%RAP 21.4 6.1 0.66 0.34 92.6
Pitrun unmixed 22.7 4.95 0.81 0.41 92.1
Pitrun 20%RAP 22.6 5.04 0.68 0.34 93.1
Pitrun 50%RAP 22.1 5.2 0.79 0.33 92.1




- > Hydraulic Conductivity Tests
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No Ref Location Sample No. Ks (m/s)
Aggregate class 5 4.62x10-7
Blend
MN RAP 1.10x10-6
RCA 1.78x10-5
RCA 2.62x10-5
Ml RPM 2.31x10-4
cO RCA 1.57x10-5
RAP 3.82x10-5
RCA 1.93x10-5
1 Edil et al. (2012) CA
TX RCA 7.56x10-6
RAP 3.18x10-5
RCA
OH RAP 5.03x10-5
RCA 2.38x10-6
NJ RAP 3.69x10-4
RPM 1.03x10-4
Wi RAP 5.19x10-5
CBC#1 unmixed 3x10-5
CBC#1 20%RAP 8.5x10-5
CBC#1 50%RAP 1.8x10-4
CBC#2 unmixed 4.4x10-5
CBC#2 20%RAP 9.8x10-5
CBC#2 50%RAP 5.5x10-4
2 MOkwa et d | . (2005) MT CBC#3 unmixed 2.8x10-5
CBC#3 20%RAP 1.1x10-4
CBC#3 50%RAP 1.4x10-3
Pitrun unmixed 2.1x10-5
Pitrun 20%RAP 5x10-6
Pitrun 50%RAP 9x10-5
0% RAP 0.0016
20% RAP 0.00087
3 Wu et al. (2012) WA
60% RAP 0.0039
80% RAP 0.0001
100% RAP 0.00004865
0.00005915
75% RAP 0.00000735
0.00000595
0% RAP 0.0001365
0.00039795
4 Bennert and Maher \J 2% RAP 00000573
(2005 ) 100% RCA 0.00000105
259% RCA 0.00022925
0.00022925
0% RCA 0.00022925
0.000231
259% RCA 0.0002786
0.00026775
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RAP RCA
Characteristics
Lower Limit | Upper Limit | Lower Limit | Upper Limit

SM; (MPa) 168 390 119.6 297.6

CBR (%) 12.5 106.25 144 205

D10 (mm) 0.3 1 0.1 0.43

D30 (mm) 0.08 3.1 0.2 6.5

Dgo (mm) 0.15 8.7 0.6 16.3

% Fines 0.1 11 1 12.8

% Sand 35.1 78 21.6 64.9

% Gravel 20 75 31.8 76.3

Hydraulic Conductivity (m/s) 1.1*10°® 1.14*10°3 1.05*%10° 2.62*10°

Maximum dry unit weight (kN/m?) 16.96 21.5 18.9 20.8
Optimum Moisture Content (%) 4 10.7 7.5 11.9

12
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Hydraulic conductivity

Characteristics SM, (MPa) CBR (%) (m/s)
Min — Max Mean Min — Max Mean Min — Max Mean
Dy, 031 | 168-380 274 L0 | Lssostao0
e 20-50 | 168-390 279 T | 5705100
50-64 | 181-380 280.5 BT | seestaoe
35.1-50 | 181-380 280 3189077 | 4009%10°
0
7 sand 50-78 | 168-390 279 S0 | 5705100
. 0.1-5 | 168-390 279 18-47 325 PO | ssssraoe
R 5-12 257-309 283
5-9 180-300 240 M0 s | 5705100
- 9-18 168-380 274 W0 L | 29800100
Sravel/Sanc 0.25-1 | 168-390 279 P 5.705*10
1-1.82 | 181-380 280.5 369107 | sessri0s
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RCA

SM, (MPa) CBR (%) Hydraulic conductivity
Characteristics (m/s)

Min — Max Mean Min — Max Mean Min — Max Mean

1.05*10°- s

D1o 0.1-0.43 119-297 208 5 62%10° 1.36*10
31.8-50 | 119-295 207 Sy 1.009*10°

% Gravel 7.56%10° —

50-76.3 164-188 176 5 62% 10° 1.68*10°

21.6-50 | 163-295 229 TS | veseos

% Sand 2.;;8*10'5—

50-64.9 119-220 169.5 178 % 105 1.009%10°

1-5 119-297 208 58-169 113.5 o o 1.36%10°

% Fine :

5-12.8 163-295 229 1.57* 10° 1.57* 10
i 7.5-35 | 119-208 | 163.5 230 | vosarios

! 1.05*10° - s

35-66 | 164-297 | 230.5 0w 136710
0.48-1 | 119-220 169.5 23870 - 1.009*10°

Gravel/Sand m——

1-3.53 164-295 229.5 5 62% 105 1.68*10°




SM_ - RAP Content

700

600

500

200

100

20

O+

g

40

¢ D RIOH%- >0
¢ o0

*

269 @OLe [ 0O C#x

SMr=1.2229(RAP%) + 162.3

60
RAP Content (%)

80

100

G MICHIGAN STATE UNIVERSITY

+ Bennert and Maher (2005)

X Attia and abdelrahman (2011)
Alam et al. (2010)
Attia and Abdelrahman (2010)

X Bradshaw et al. (2016)

© Attia and Abdelrahman et al. (2010)

# Kang et al. (2011)

< Soleimanbeigi et al. (2015)

< Ebrahimi et al. (2012)

* Wen et al. (2008)

A Benson et al. (2008)

+ Soleimanbeigi and Edil (2015)

X Puppala et al. (2012)
Wu et al. (2012) Q
Noureldin and Abdelrahman (2014)
Hasan et al. (2018)

=Kim et al. (2005)

[ Bennert et al. (2000)

¢ Ullah and Tanyu (2018)

@ Locander et al. (2009)

Edil et al. (2012)



SM_ - Temperature (RAP)
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® Soleimanbeigi et al. (2015)

M Soleimanbeigi and Edil
(2015) -with thermal
preloading

© Edil et al. (2012)

Soleimanbeigi and Edil
(2015)
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CBR — RAP Content
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SM. - RCA Content
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- RCA Content
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SM_ — Temperature (RCA)
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CBR — RCA Content
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A R1G1, Bestgenet al.
(2016)

R2G1, Bestgenet al.
(2016)

O R1G2, Bestgenet al.
(2016)

linch, Bennert et al.
(2005)

X 2inch, Bennert et al.
(2005)

¢ Tutumlueret al. (2012)

21



G MICHIGAN STATE UNIVERSITY

General Trends seen in our Data

= As the RAP content increases, the SM, values
Increase

= Higher permanent strain obtained with the increase
of RAP content.

22
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Ongoing...

More relations are being investigated between RAP and
RCA characteristics such as:

= Hydraulic conductivity with D,, or fine percent
= Optimum moisture content with SM,
" Freeze and thaw cycles with SM,

23



