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OUTLINE

 Follow-up

» Test cells

« Task 4 — Laboratory testing
e Summary

 Future study
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FOLLOW-UP

Task 1 — Literature review and recommendations
Task 2 — Tech transfer ““state of practice”

Task 3 — Construction monitoring and reporting
Task 4 — Laboratory testing

Task 5 — Performance monitoring and reporting
Task 6 — Instrumentation

Task 7 — Pavement design criteria

Task 8 & 9 — Draft/final report

Green — Completed
Red — In Progress
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TEST CELLS

Recycled Aggregate Base

Large Stone Subbase

Large Stone Subbase with Geosynthetics
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Sand Sand Clay Loam || Clay Loam

S. Granular Borrow = Select Granular Borrow

lowa State University
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TX = Triaxial Geogrid
BX = Biaxial Geogrid

GT = Nonwoven Geotextile
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TASK 4

Task 4 - Laboratory Testing

Green — Completed
Red — In Progress

(lowa State University A

« Sieve analysis & hydrometer test
Atterberg limits

Proctor compaction

Specific gravity & absorption

Image analysis

Asphalt & cement content determination
Gyratory compaction & percent crushing
\ Contact angle measurement W,

~\

‘University of Wisconsin-Madison

« Permeability
|+ Soil-water characteristic curve
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Test Materials

Sand Subgrade Clay Loam Select Granular Borrow LSSB

Coarse RCA Fine RCA RCA+RAP

I in (2,5_-,4 mm)

Class 6 Aggregate Class 5Q Aggregate |
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TASK 4

Deleterious Material Content

 Visual identification
— Plant roots & leaves
— Wood chips
— Plastic
— Fabric
* No reinforcing steel in RCA
— Magnetization
« \Weight of the deleterious materials < 0.1% by dry weight
« Suitability for the quality requirements (MnDOT 2018)

* RAP particles in all the materials
— No removal
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TASK 4

Particle Size Distribution

« ASTM C136 & D6913 — Sieve analysis
« ASTM D7928 — Hydrometer test

lowa State University

Grain Size (in)
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TASK 4

. Cu C. LL PL PI USCS (ASTM D2487)
Material G(roi‘;e' S&ﬁ‘/”;j F(:;‘;S (ASTM | (ASTM | (BS | (ASTM | (ASTM ool R Aﬁﬂs%o
0 0 °) | D2487) | D2487) | 1377-2) | D4318) | D4318) | SYMbO efinition
Sand 276 | 598 | 126 | 331 | 124 | 1909 NA NP SM Silty Sand with Gravel A-1-b
Subgrade
Clay Loam 3.1 37.2 | 59.7 NA NA 36.3 23.9 12.4 CL Sandy Lean Clay A-6
gf)'fr‘ngra””'ar 311 | 565 | 124 | 303 | 110 | 189 NA NP SM Silty Sand with Gravel A-1-b
LSSB 99.6 0.3 0.1 2.08 1.14 NA NA NA GP Poorly-Graded Gravel A-l-a
Coarse RCA | 617 | 349 | 34 | 345 | 175 NA NA NP GW We"'Gradggn(;ra"e' withl A 14
Fine RCA 383 | 546 | 71 | 339 | 112 | 327 NA NP sw-sm | Vell-Graded Sand with A-1-a
Silt and Gravel
Limestone 523 | 32,6 | 151 | 2113 1.91 17.9 NA NP GM Silty Gravel with Sand A-1-b
RCA+RAP 41 | 504 | 86 | 494 | 098 | 274 NA NP sp.gy |Poorly-Graded Sand withf — , o
Silt and Gravel
Class 6 351 | 586 | 63 | 238 | 060 | 274 NA NP sp.gm  |Poorly-Graded Sand with| —, , o
Aggregate Silt and Gravel
Class 5Q 650 | 309 | 32 | 337 | 260 NA NA NP cw [|Well-Graded Gravelwith) . ,
Aggregate Sand

Fines = silt and clay; C, = coefficient of uniformity; C_ = coefficient of curvature; LL = liquid limit; PL = plastic limit; Pl =
plasticity index; NA = not available; NP = non-plastic; USCS = Unified Soil Classification System; AASHTO = American
Association of State Highway and Transportation Officials
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TASK 4

Specific Gravity & Absorption

« ASTM C127 — For coarse aggregates
« ASTM C128 - For fine aggregates
« ASTM D854 — For soil solids

: Oven-Dry Saturated- Apparent | Absorption

Material G, Surface-Dry G, G, (%)
Sand Subgrade 2.60 2.64 2.72 1.84
Clay Loam 2.68 NA NA NA
Select Granular 2,62 2.66 2.72 153
Borrow
LSSB 2.60 2.61 2.63 0.36
Coarse RCA 2.25 2.40 2.64 6.97
Fine RCA 2.17 2.35 2.64 8.65
Limestone 2.66 2.71 2.79 1.72
RCA+RAP 2.28 2.38 2.52 4.34
Class 6 Aggregate 2.35 2.44 2.58 3.86
Class 5Q Aggregate 2.28 2.42 2.65 6.32

G, = specific gravity; NA = not available

lowa State University
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Dry aggregate
Bulk volume

SSD aggregate
Bulk volume

Dry aggregate
Net volume
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TASK 4

Proctor Compaction
« ASTM D1557 — Modified Proctor
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TASK 4

Proctor Compaction

« ASTM D4718 — Correction for materials containing oversize

particles
Proctor Compaction Test Corrected for Oversize
Material Results Particles
MDD OMC | Corrected MDD | Corrected
(pcf) | (KN/mM3) | (%) (pcf) (KN/m3) | OMC (%0)
Sand Subgrade 136.6 21.46 5.7 137.7 21.63 5.6
Clay Loam 123.9 19.46 10 124.9 19.62 10.0
Select Granular 1386 | 2177 | 54 | 1403 | 22.03 5.3
Borrow
LSSB NA NA NA NA NA NA
Coarse RCA 122.9 19.31 11.3 128.6 20.19 9.5
Fine RCA 121.6 19.10 11.1 121.7 19.12 11.1
Limestone 142.2 22.34 6.2 143.2 22.49 6.3
RCA+RAP 125.6 19.73 10 125.8 19.76 10.0
Class 6 Aggregate 128.2 20.14 8.3 128.5 20.19 8.3
Class 5Q Aggregate | 122.6 19.26 11 128.0 20.11 0.6

MDD = maximum dry density; OMC = optimum moisture content; NA = not available.
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TASK 4

Asphalt Binder Content

Material Ignition Method | Quantitative Extraction
(AASHTO T 308) (AASHTO T 164)

Coarse RCA 2.02 0.10
Fine RCA 2.98 0.38
Limestone 1.61 0.35
RCA+RAP 3.18 1.58
Class 6 Aggregate 3.17 1.77
Class 5Q Aggregate 2.15 0.28

— ce -
N .y"‘i .\:‘ - = >4 ‘I’ ~ 55 - .A
¢ J N 7, i . A
« y
f “o— . e

Asphalt Centrifuge Extractor

g Asphalt Content Ignition Furnace @ | Asphalt Extraction Bowl
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TASK 4

Permeability Test

« ASTM 5084 — Flexible wall permeameter

— Constant head permeability test
— Falling head permeability test

)

water

https://slideplayer.com/slide/6104388/
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TASK 4

Constant Head Permeability Test

* 6-In diameter and 4-in height specimens
 In the membrane by light hammering

g‘
L ‘.J—'__ - '. "‘A."
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Test Setup I |

lowa State University University of Wisconsin-Madison Michigan State University




TASK 4

Constant Head Permeability Test

DOC DOC DOC DOC DOC DOC DOC
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TASK 4

Falling Head Permeability Test

« 6-In diameter and 4-in height specimens
 In the compaction mold

1/Q .

Test Setup [F5 %!

Test Specimen
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TASK 4

Falling Head Permeability Test

DOC DOC DOC DOC DOC
10_] _96.8-100.3% 99.6% 99.6% 100.6% 97.9%
: 107!
107 4 :
107
107 510-3 5
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Material DOC = Degree of compaction
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TASK 4

Falling Head Permeability Test

« Degree of compaction

Dry Density (kN/m3)
o 17.28 18185 20.42 21.99 23.56 25.13
5|
] —— Sand Subgrade = 10
10-2 i —— Clay Loam
3 —¥— Coarse RCA 10-2
X —O— Fine RCA 3
10 E o —o— RCARAP _ 103
9 107 4 —v— Class 5Q Aggregate | [ @
: 4
E ] = 10 g
5 107 4 e
X - 1070 M
10° 4
- 10°
107 4
- 107
10-8 A |
105 115 125 135 145 155 165

Dry Density (pcf)
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TASK 4

Soil-Water Characteristic Curve (SWCC)
« ASTM D6836

— Hanging column test
— Pressure plate and activity meter test

A
saturated (drying)

-~

water content

AEV (Pb) [

drying Bubling pressure de-saturation

water content

wetting

residual state

——

g

>

suction (log) suction (log)
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TASK 4

Hanging Column Test

Air (under vacuum)

Upper Reservior

Water

Glass Funnel
Retaining Ring

Specimen

Air-Water Interface

Wil

T T T Ry e O

Lower Reservior

Scale Horizontal Tube

Water Water

Manometer

QLU LT T e T T T e e T T T T
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Glass Funnel

= Horizontal Tube

lowa State University University of Wisconsin-Madison Michigan State University




TASK 4

Hanging Column Test
 van Genuchten (1980) model

m
9 T er 1
0. —0. n
es er 1+ ((I\V) ;
105 | ® Hanging Column Test
. - 3 Van Genuchten Model
® = Normalized volumetric water ; ot
content
0 = Soil volumetric water content 1000 -
0r = Residual volumetric water & ;
content g :
05 = Saturated volumetric water 5 Ly
content 7
W = Matric suction 0.1 ] (oo
a, n, and m = van Genuchten fitting e
parameters 3 [0 [20817
] m |0.5196
0001 e
0 0.1 0.2 0.3 0.4 0.5

Volumetric Water Content
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TASK 4

Hanging Column Test

5 — Sand Subgrade - 1 5 — Class 6 Aggregate - |
107 4 Sand Subgrade - 2 107 4 Class 6 Aggregate - 2
Sand Subgrade \ Class 6 Aggregate - 3
1000 - 1000 -
< <
[=]] =¥
-~ - - -
= =
g g
B 10 4 151 10 +
= =
w w
1 2 3 1 2 3 4
0 1+ 0, [0.0595]0.0900{0.1200 0 14 6, [0.0000/0.0700{0.1182(0.1000
3 0, [0.2737|0.2500|0.2600 ) 6, 10.3082|0.3325/0.3325|0.3197
a [0.5320/0.3777|0.2874 w [0.7108/1.3122]0.9870(1.7941
3 n [1.5968)|2.0817|1.9771 3 n [1.3818[1.5317]1.67011.5604
m [0.3737[0.5196|0.4942 m_[0.2763]0.3471{0.4012{0.3591
0.001 +—— — — —— — 0.001 T T ‘ T
0 0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5

Volumetric Water Content Volumetric Water Content

5 ’ — Class 5Q Aggregate - | ‘
107 - Class 5Q Aggregate - 2
. |

3
10004
<
=¥
- -
=
g
=]
2]
1 2 3
O l N 0, [0.0800]0.0700{0.1100
: 0, |0.3467]/0.3367|0.3567
o [4.3720]4.8994|1.8345
3 n | 1.4422]1.3504|1.4726
m |0.3066]0.2595|0.3209
0.001 T T T T
0 0.1 0.2 0.3 0.4 0.5

Volumetric Water Content
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TASK 4

Hanging Column Test

5 ] B  Hanging Column Test
107 —— Van Genuchten Model

=
=) |
= -
.S I
k34
= 3
m 4
015 0, ] 0.0000 -
36, | 03287 Cementation of Fine RCA
o 0.1233 =~ =
E n 1.2671
1 m |o02108
o0
0 0.1 0.2 0.3 04 0.5

Volumetric Water Content

lowa State University University of Wisconsin-Madison Michigan State University




TASK 4

Pressure Plate and Activity Meter Test

e g I

Single-Specimen Pressure Chambers |= | Test Specimen Activity Meter Device
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TASK 4

Pressure Plate and Activity Meter Test
 van Genuchten (1980) model

m
9 _ er 1
Os—0r |1+ (o)
: : 10°4 ® B Prossu Plte
® = Normalized volumetric water ; et vt o A
content
0 = Soil volumetric water content _ 1000_;
Or = Residual volumetric water &
content g f
05 = Saturated volumetric water 5 10
content ~
WY = Matric suction . i
a, N, and m = van Genuchten fitting i
parameters EJE
0.001 W
0 0.1 0.2 0.3 0.4 0.5

Volumetric Water Content
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TASK 4

Pressure Plate and Activity Meter Test

5 — Coarse RCA - 1 5 — Fine RCA - 1
107 4 —— Coarse RCA - 2 107 4 Fine RCA - 2
Coarse RCA -3 Fine RCA -3
. 1000 = 1000 4
< <
- -
2 ‘] 2 ]
=2 =2
e e
bt 10 + bt 10 +
3 3
z Z \
1 2 [ 3 ' 1 2 [ 3
O l J 0, [0.0000|0.00000.0000 O l J 0, |0.0000|0.00000.0000
5 0, [0.2782]0.28660.2765 5 0, [0.2812]0.2846|0.3004
a [0.2313[0.11740.1508 a [0.0317]0.0465|0.1819
3 n [1.1559(1.7310| 1.1597 3 n [1.2091(1.1787] 1.1650
m |0.1348/0.1475(0.1377 m |0.1730]0.1515[0.1416
0.001 . — T T . — — " 0.001 . — T T —t — "
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
Volumetric Water Content Volumetric Water Content
5 Limestone - 1 5 — RCA+RAP - |
107 4 — Limestone - 2 107 4 RCA+RAP -2
. Limestone - 3 : RCA+RAP -3
s 1000 ~ s 1000 -
] <
A, -
2 N 2 ]
= =2
g g
g 10 + bt 10 +
3 3
172} 1)
1 2 3 . 1 T
0 ] o} 0, 0.0520{0.0419{0.0221 0 l J (l' 0.0000{0.0070{0.0120
: 0, [0.2449/0.2414|0.2467 - 0, [0.2540/0.2997]0.2987
a |0.1881]0.1728|0.1909 a |0.2960(0.2805(0.2357
3 n |1.6808]1.60881.5436 3 n |1.1700{1.23971.2602
m | 0.4050]0.3784|0.3522 m |0.1453[0.1934|0.2065
0.001 . : T 0.001 . — T T . — — .
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
Volumetric Water Content Volumetric Water Content
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TASK 4

Pressure Plate and Activity Meter Test

— Clay Loam - 1
— Clay Loam - 2
— Clay Loam - 3
A
<
oW
=4
N’
a
=)
=
Q
=
9]
1 2 3 4
0.1 4 9, 10.0237]0.0000|0.0365|0.0412
! 0, [0.2729]/0.2833{0.3100{0.3174
a [0.0862(0.1689(0.0581(0.0522
F | n [1.2491[1.1800(1.3146|1.3546
1| m [0.1994|0.1525]0.2393]|0.2618
001 +—+~——"—r——7—"7+-—+—7+—""—"—"T——T
0 0.1 0.2 0.3 0.4 0:5

Volumetric Water Content
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TASK 4

Pressure Plate and Activity Meter Test

5 ~— Sand Subgrade - 100% DOC 5 — Clay Loam - 100% DOC
107 < Sand Subgrade - 95% DOC 107 - Clay Loam - 95% DOC
Sand Subgrade - o DOC Clay Loam - 90% DO(
i 1000 - 1000 +
< <
[ [-w
=) 2 ;
g g
g g 10
£ =
1%} 17}
100 [ 95 | 90 100 [ 95 [ 90
0 1~ 0, |0.0560]0.0000|0.0592 0 1 6, [0.0000]0.0000{0.0000
" 0, |0.1785]0.2185/0.2475 * 0. [0.3051]0.3321]0.3526
a |0.1208]0.1032(0.1395 a |0.0057]0.0324|0.0699
3 n [4.2131(4.2127(3.6470 E n |1.3202(1.2409(1.2596
m |0.7626]0.7626|0.7258 m |0.2425[0.1942/0.2061
0.001 - \ . \ T T 0.001 \ : ‘ T T
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
Volumetric Water Content Volumetric Water Content
g — Coarse RCA - 100% DOC 5 — Fine RCA - 100% DOC
107 < Coarse RCA - 95% DOC 107 - Fine RCA - 90% DOC
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- 1000 + s 1000 -+
< [+
[-w [
=, E < E
E E
8‘ 10 4 g 10 4
= £
17} 12}
100 | 95 | 9% [ 100 | 90 [ 80 \
0.1 - [Fo-_[0.0000]0.0000] 0.0000 0.1 - [Fo]0:0000]0.0000[0.0600 |
g 0, |0.2765/0.3096|0.3420 % 0, [0.2812/0.3614|0.4334
a |0.150810.0399{0.0370 a |0.0317/0.2139(0.0641
E n [1.1597|1.2309| 1.2539 3 n |1.2091]1.2161|1.2615
m |0.1377/0.1876|0.2025 m [0.1730/0.1777|0.2073
0.001 \ : ‘ T T 0.001 . T ' T T T
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5

Volumetric Water Content Volumetric Water Content
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TASK 4

Pressure Plate and Activity Meter Test

] -
5114 ‘ Limestone - 100% DOC — RCA+RAP - 100% DOC
1074 | | Limestone - 95% DOC RCA+RAP - 95% DOC
\ Limestone - 90% DO( RCA+RAP - 90% DOX(
1
1 \|
= 1000 - -
> [
2 2
4, =
=
8 g
3 104 g
3 2 %
100 95 90 \ 100 95 9% «‘
0 | a 0, 0.0465.0.025‘) 0.0065 | O | | 6, [0.0000]0.0000]0.0091 ‘
* 0, [0.2134]0.2388[0.2521 | : b, 0.2531]0.2864[0.3134
a |0.174210.3012/0.3254 o [0.1157(0.1280/0.2314
3 n |1.7370|1.4767| 1.3501 3 n [1.2247(1.2458(1.2972
m [0.4243/0.3228(0.2593 m |0.1835]0.1973]0.2291
0.00[ T ¥ ¥ T X T T O-OOI ¥ T ¥ T T T
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
Volumetric Water Content Volumetric Water Content
\
105 ] —_— L:lass 6 Aggregate - l(_)(()% DQC 5 | - Class 5Q Aggregate - 100% DOC
Class 6 Aggregate - 95% DOC 107 4 \ Class 5Q Aggregate - 95% DOC
Class 6 Aggregate - 90% DO( Class 5Q Aggregate - 9 DO
— 1000 -+ - 1000 -
< 3]
~ [-m
< E ) 1
=) =]
= =)
2 10 - = 10 4
% Q
= = ]
7] \ w
100 [ 95 [ 9% 100 [ 95 [ %0
0 l ] 0, |0.0502]0.0536|0.0608 O I a 6, |0.0318/0.0530|0.0751 \
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TASK 4

Stereophotography

Parameters
— Dg = vertical distance between the camera center and the test surface
— L = camera separation distance
— f = focal length of the camera

< L -
Left Position Center Right Position

Camera Slider
Test Surface !

Ds Camera
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TASK 4

Stereophotography
25
20

115

Z (mm)

Z (mm)
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TASK 4

Stereophotography

 Ellipsoidal particle model

Grain Size (in)

1 0.1 0.01 0.001
]00 PPN T . Jopepoy e gy . Lea o p oy o . |
] —8— Sieve Analysis (by Dry Weight)
; Stereophotography (by Volume)
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TASK 4

Stereophotography

Shape parameters

— Area sphericity

— Diameter sphericity

— Circle ratio sphericity

— Perimeter sphericity

— Width to length ratio sphericity

— Circularity
— Convexity
— Roundness

lowa State University

inscribed circle ().

Parameter Formula Description Reference
A The ratio of the area of the particle (A)
Area Sphericity Sa= e to the area of the smallest Riley (1941)
cir circumscribing circle (Agg).
The ratio of the diameter of a circle
. . D. having the same area as the original Wadell
Diameter Sphericity Sp= D particle (De) to the diameter of the (1935)
minimum circumscribing circle (Dg).
The ratio of the diameter of the largest Santamarina
Circle Ratio S % inscribed circle of the particle (Digs) to and Cho
Sphericity c D the smallest circumscribing circle of the (2000)
particle (Dgj). -
P The ratio of the perimeter of the circle | Kuo and
Perimeter Sphericity Sp=— having the same area as the particle (P) | Freeman
P to the real perimeter of the particle (P). | (2000)
Width-to-Length .
Ratio Sphericity AR — w The ratio of the width of the particle m
(Aspect Ratio, T (W) to the length of the particle (L). (19 5“‘[“]“""""”
Elongation)
4TA The ratio of the area of the particle (A)
Circularity =— to the area of the circle having the same | ISO (2008)
p perimeter as the particle (P2/41m).
The ratio of the area of the particle (A)

. L Mora and
Convexity c.= A to the area of the minimum convex Kwan
(Solidity) A boundary circumscribing the particle

€ ’ (2000)
(Ac).
The ratio of the average radius of corner
-h_ . . o . 7.
Roundness M f:lrcles of the partl.cles (r; is the radius of | Wadell
(Angularity) rR=_N i-th corner and N is the number of (1932, 1933,
u y Tins corners) to the radius of the maximum and 1935)
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TASK 4

Stereophotography
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TASK 4

Gyratory Compaction

« ASTM D6925
« 4500 g of each material

« 100, 300, and 500 gyrations

lowa State University

Parameter Value

Compaction Mold Diameter | 6 in (150 mm)

Specimen Height 6-7.25in (150 — 185 mm)
Vertical Applied Pressure 12,530 psf (600 kPa)
Number of Gyrations 100, 3002, 500P

Angle of Gyration 1.25°+0.02

Frequency of Gyration

30 + 0.5 gyrations/min

Number of Dwell Gyrations

2

aIn fact, 299 gyrations (maximum number of gyrations that
can be applied per test) were applied. However, the number
is rounded to 300 for simplicity.

bApplied in two consecutive tests with 250 gyrations each.
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TASK 4

Gyratory Compaction
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Dry Unit Weight (pcf)

Dry Unit Weight (pcf)

TASK 4

Gyratory Compaction

135 21.21
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125 ot bmmaced M 7
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115 18.06
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85 r T T T 13.35
0 100 200 300 400 500
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Number of Gyrations
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Dry Unit Weight (kN/m®)

Dry Unit Weight (kN/m)

Dry Unit Weight (pcf)

Dry Unit Weight (pcf)

135 21.21
— 100 Gyrations
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125 1 R L 19.64
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Dry Unit Weight (kN/m")

Dry Unit Weight (kN/m")

Dry Unit Weight (pcf)

Dry Unit Weight (pcf)
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Percent Finer (%)

TASK 4

Gyratory Compaction

Grain Size (in)

Grain Size (in)
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TASK 4

Gyratory Compaction
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TASK 4

Gyratory Compaction
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TASK 4

Gyratory Compaction

e Hardin (1985)
— Breakage potential (B,) Grain Size (in)
— Total breakage (B,) I 0.1 0.01 10.001

0.0001
_ 100 - il
— Relative Breakage (B,)
80 1 Upper Limit of
s the Silt Size
> | (0.075 mm)
5 60
k= 1
=
5 40 [ ]=A =
= | Before
A Compaction Bt =A
20 Bp = A+C
After Br = Bt/B = A/(A+C)
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Grain Size (mm)
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Breakage Potential (Bp)

TASK 4

Gyratory Compaction

2.5

1.5

0.51

Coarse Fine
RCA RCA

lowa State University

Lime- RCA+  Class 6 Class 5Q
stone RAP  Aggregate Aggregate
Material
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TASK 4

Gyratory Compaction
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TASK 4

Gyratory Compaction
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SUMMARY

* Deleterious materials < 0.1% by dry weight

. G,
— Fine RCA < coarse RCA < RCA+RAP & class 5Q aggregate < class 6
aggregate < limestone

« Absorption

— Fine RCA > coarse RCA > class 5Q aggregate > RCA+RAP > class 6
aggregate > limestone

« MDD

— Fine RCA < RCA+RAP < class 5Q aggregate < class 6 aggregate <
coarse RCA < limestone

« OMC

— Fine RCA > RCA+RAP > class 5Q aggregate > coarse RCA > class 6
aggregate > limestone
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SUMMARY

« Class 6 & class 5Q aggregates — not natural

 Asphalt binder content
— Ignition method > quantitative extraction
— Class 6 aggregate > RCA+RAP > fine RCA > limestone > class 5Q
aggregate > coarse RCA
« Constant head permeability
— Insufficient compaction by light hammering in the membrane
— Fine RCA > limestone, class 6 aggregate, & class 5Q aggregate > coarse
RCA & RCA+RAP
« Falling head permeability

— Better compaction in the compaction mold
— Coarse RCA, fine RCA, & RCA+RAP > limestone
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SUMMARY

 Falling head permeability — different DOC
— DOC | permeability T
— Fine RCA > coarse RCA

« Hanging column test (for SWCC)

— Lower suctions
— Not suitable for RCA - cementation

» Pressure plate and activity meter test (for SWCC)
— Higher suctions
— DOC ! initial VWC T

 Stereophotography
— Compatible with sieve analysis
— Good for shape analysis
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SUMMARY

« Gyratory compaction
— Number of gyrations T dry unit weight T

* Breakage potential (B,)
— Class 5Q aggregate > coarse RCA > limestone > fine RCA & RCA+RAP
> class 6 aggregate
 Total breakage (B,)
— Number of gyrations T B, T
— Class 5Q aggregate > coarse RCA > fine RCA > class 6 aggregate >
RCA+RAP > limestone
 Relative breakage (B,)
— Similar to B,
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FUTURE STUDY

Determination of the unhydrated cement contents
Determination of the residual mortar contents

Contact angle measurements

Gradation of the materials used in permeability and SWCC tests
Stereophotography for other materials

Changes in morphology due to gyratory compaction

lowa State University University of Wisconsin-Madison Michigan State University



Thank You!

QUESTIONS??
IOWA STATE MICHIGAN STATE
UNIVERSITY WISCONSIN UNIVERSITY




SCHEDULE

MONTHS

lowa State University University of Wisconsin-Madison Michigan State University




