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OUTLINE

Follow-up

Test cells & materials

Task 4 — Laboratory testing
Summary
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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

185 186 188 189
3.5in 3.5in 3.51n 3.5in
Superpave | Superpave | Superpave | Superpave

2o 2o | oo | o
RCA RCA Limestone || RCA+RAP
3.5in 3.5in 3.5in 3.5in
S. Granular || S. Granular || S. Granular || S. Granular
Borrow Borrow Borrow Borrow
Sand Sand Clay Loam || Clay Loam

S. Granular Borrow = Select Granular Borrow

lowa State University

127

3.5in
Superpave

227
3.5in
Superpave
6 in
Class 6
Aggregate

6 in
Class 6
Aggregate

Clay Loam || Clay Loam

328 428 528 628 728
3.5in 3.51n 3.5in 3.5in 3.5in
Superpave | Superpave | Superpave | Superpave | Superpave

6 in 6 in 6 in 6 in 6in
Class 5Q Class 5Q Class 5Q Class 5Q Class 5Q
Aggregate || Aggregate || Aggregate || Aggregate || Aggregate

9in 9in 9in 9in 9in

LSSB LSSB LSSB LSSB LSSB
TX TX+GT BX+GT BX
'\ |
Clay Loam || Clay Loam || Clay Loam || Clay Loam || Clay Loam

TX = Triaxial Geogrid
BX = Biaxial Geogrid

GT = Nonwoven Geotextile
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MATERIALS

@ @

Sand Subgrade Clay Loam Select Granular Borrow LSSB

Coarse RCA Fine RCA Limestone RCA+RAP

lin (23.14 mm)

Class 6 Aggregate Class 5Q Aggregate
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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 & mortar content determination
Gyratory compaction & percent crushing
\¢ Contact angle measurement -

~\

‘University of Wisconsin-Madison

« Permeability
|+ Soil-water characteristic curve

lowa State University University of Wisconsin-Madison Michigan State University



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, 500°P

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

« Particle morphology change
« Example — Coarse RCA

100 100 100
o= Before Compaction = ] Betore Compaction = ] Betore Compaction
S ] — After Compaction S ] — After Compaction S — After Compaction
_02 80 - 100 Gyrations _og 80 - 300 Gyrations _02 80 - 500 Gyrations
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o ] S | o ]
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TASK 4

Gyratory Compaction

« Particle morphology change
« Example — Coarse RCA

100 100 100
- 1 Before Compaction - 1 Before Compaction - 1 Before Compaction
é | — After Compaction é | — After Compaction é | — After Compaction
3 80 100 Gyrations | & 80 300 Gyrations | 8 80+ 500 Gyrations
= 1 = 1 = 1
= = =
e | Z | Z |
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Roundness Roundness Roundness

lowa State University University of Wisconsin-Madison Michigan State University




TASK 4

Gyratory Compaction

« Particle morphology change

I I
] Before Compaction
Bl After Compaction

500 Gyrations

= 3T TIT TIT 101 T
Rk (=l e (e ] -
5 061 I
04{t 8 CIRRE A - N
02 - -

0 Coarse Fine  Lime- RCA+ Class 6 Class 5Q
RCA RCA stone RAP Agg. Agg.
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TASK 4

Gyratory Compaction

« Particle morphology change

Roundness

lowa State University
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TASK 4

Mortar Content

* Freeze-thaw method developed by Abbas et al. 2008

Test material (oven-dried)
— 1-inand 3/4-in sieves =» 2000 g each
— 3/8-in and No. 4 sieves =» 1000 g each

26 % (by weight) sodium sulfate solution for 24 hrs

Five freeze-thaw cycles
— Freezing at —17°C (1.4 °F) for 16 hrs
— Thawing at 80°C (176 °F) for 8 hrs

Washing over No. 4 sieve & oven drying
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TASK 4

Mortar Content

* Test material
— Example — Coarse RCA

Retained on
3/4-in sieve _
Retained
on 3/8-in
sieve
Retained
on 1-in
sieve

Retained
on No. 4
sieve
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TASK 4

Mortar Content

« 26 % (by weight) sodium sulphate solution
— Saturated solution

A
e
</

fPeiy -
=l

Early Stage of Mixing m |

i ar .

nnnnnnnnn

e

" | Preparation
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TASK 4

Mortar Content

* Five freeze-thaw cycles
— Freezing at —17°C (1.4 °F) for 16 hrs
— Thawing at 80°C (176 °F) for 8 hrs

lowa State University

Freezing Phase |

University of Wisconsin-Madison
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TASK 4

Mortar Content

* Five freeze-thaw cycles

P Disintegration of Mortar | x‘f.t.,al

2% Ol WA s
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TASK 4

Mortar Content

» \Washing over No. 4 sieve & oven drying

”} Mixture of Disintegrated Mortar and Aggregates

Ry
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TASK 4

Mortar Content

Material Mortar Content (%)
Coarse RCA 33.4
Fine RCA 29.6
Limestone 1.3
RCA+RAP 20.1
Class 6 Aggregate 25.6
Class 5Q Aggregate 37.1

Before Test : After Test
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TASK 4

Water Repellency

« Apparent water contact angle (°)
— At zero energy state of water

 \Water drop penetration time (WDPT)
— Time required for a water drop to completely infiltrate the material

Apparent
Water repellency WDPT (s) contact angle (°)
) . Wettable <5 0
HygLOr;f')ahcoeblc Hysdl::)f:::lc Slightly to moderately repellent 560 67
Strongly water-repellent 60-600 90
Severely water-repellent 600-3600 98
Extremely water-repellent >3600 122

The WDPT test consists of randomly applying water drops (100 £ 5 ul)
¥ onto the soil surface and measuring the time (in sec) it takes to infil-

trate the soil.
http://www.ramehart.com/contactangle.htm (Mandal and Jayaprakash 2009)
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Water Repellency

Coarse RCA Limestone
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TASK 4

Water Repellency

RCA+RAP Class 6 Aggregate Class 5Q Aggregate

P nla
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TASK 4

Water Repellency
Water Drop
Material Appz'aafen;t Cf,’ (b Penetration Time Water Repellency

ngle (°) (WDPT) (s)
Coarse RCA ~0 <5 Wettable (Hydrophilic)
Fine RCA ~0 <5 Wettable (Hydrophilic)
Limestone ~0 <5 Wettable (Hydrophilic)
RCA+RAP ~ 83 > 3600 Water Repellent (Hydrophobic)
Class 6 Aggregate ~ 86 > 3600 Water Repellent (Hydrophobic)
|Class 5Q Aggregate ~0 <5 Wettable (Hydrophilic)
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TASK 4

Permeability Test

« ASTM 5084 — Flexible wall permeameter

— Constant head permeability test (method A)
— Falling head permeability test (method C)

)

water

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

Constant Head Permeability Test

 6-In diameter and 4-in height specimens
— Materials passing 3/4-in sieve

* In the membrane by light hammering

!-'? =

-
1
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TASK 4

Constant Head Permeability Test

DOC DOC DOC DOC DOC DOC DOC
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DOC = Degree of compaction
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TASK 4

Falling Head Permeability Test

 6-In diameter and 4-in height specimens
— Materials passing 3/4-in sieve

 In the compaction mold (5 layers)

L { 2 =
\ - - / m
A < A
.‘ g : /R\r -

Test Specimen

lowa State University University of Wisconsin-Madison Michigan State University

Test Setup F&




TASK 4

Falling Head Permeability Test

DOC DOC DOC DOC DOC
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TASK 4

Falling Head Permeability Test

« Degree of compaction

Dry Density (kN/m3)
10" 17.28 18.85 20.42 21.99 23.56 25.13
? L L 1 1 1 1 L 1 L 1 1 | 1 1 L 1 L ! 1 | L -]
1 —— Sand Subgrade = 10
10-2 _ —&— Clay Loam C
E —¥— Coarse RCA I 0-2
X —O— Fine RCA _ 1
i 1 & ' —o— RCA+RAP _ 102
= 2 "%Q\viw\:\\' iy o
2 107 - —v— (Class 5Q Aggregate | @
\-/H -5 - E S
<0 107
10 -
- 10°
=5 |
10 o7
10-8 I A s CE L A i
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
Ceramic Disk Air (under vacuum)

Air-Water Interface

Wil

T T T Ry e O

Lower Reservior

Scale Horizontal Tube

Water

Manometer

QLU LT T e T T T e e T T T T
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Horizontal Tube
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TASK 4

Hanging Column Test
 van Genuchten (1980) model

m ©® = Normalized volumetric water content
e — 61. 1 0 = Soil volumetric water content
— — 0 = Residual volumetric water content
e _ e 1 + ( o )Il 0g = Saturated volumetric water content
S r Y W = Matric suction
a, N, and m = van Genuchten fitting parameters
B - 10°
"Tightly Adsorbed" 5] ® Hanging Column | f .
Regime 10° —— VG Model F10
B - 10°
"Adsorbed Film" 10° ] .
Regime = 3 10 -
-2 : STTN -
= 3 gl
S 1 E & =
g8 W F10° 3
e ] ; n
"Capillary" 10"
Regime -1 1[0 [0.0900 E
10 31 0, 02500 =10 2
1 o [03777 F
3 [ n [2.0817 3 107
3 1 m |0.5196 F
— ]O ————— 77—
0 0.1 0.2 0.3 0.4 0.5 0.6

Volumetric Water Content
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TASK 4

Hanging Column Test

5 5
F E10 . : TE10
"Tightly Adsorbed" i ] ® 1 - langing Column p "Tightly Adsorbed" o : - l\:d(,nﬂxzi c(I‘olumn -
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2 " i 4 . 0 3 - Hanging Columr
"Adsorbed Film" 10° x 2 F\.‘;‘. . Adsorbcg Fl?m' el e 0?
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® & Sand Subgrade ) 4 z
% 3 lOI RS = = I L 10‘ N
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g W4 10 5 5 L
17} @ ) ) .
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107 4 2 E10
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a_[0.5320[0.3777]0.2874 @ [0.7108[1.3122[0.9870] 1.7941 s
1 o [1.5968]2.0817] 19771 107 q [ n [1.3818]1.5317[1.6701|1.5604 L 10
m |0.3737/0.5196{0.4942 3 m [0.2763[0.3471]0.4012/0.3591
10 T T < T T T 1 1 T !
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6
Volumetric Water Content Volumetric Water Content
i L 10°
"Tightly Adsorbed" 105 ‘ ® | - Hanging Column i
2 E ——1- VG Model 10
Regie \\ ® 2 - Hanging Column
E | 2 - VG Model k- 103
"Adsorbed Film" 3 \\ * 3 -Hanging Columi
P 107 4 VG Model 2
Regime| o E10 ~
o Class 5Q Aggregate z
.~ ] | =
= E10 e
S 1 i
£ 104 L10° 5
-
172} 73}
"Capillary" 3 —T 73 L 10!
Regime 1O-I 1| 6, [0.0800]0.0700|0.1100 2
0, |0.3467(0.3367]0.3567 E10
«_[43720[4.8994] 1.8345 \ .
F |n_[1.4422]1.3504]1.4726 | E10°
5 1 [ [03066]0.2595[03209 I
10 M e (e o A TR e B —T T
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Volumetric Water Content
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TASK 4

Hanging Column Test

. _10°
"Tightly Adsorbed" 10° g * } - I{/I?}nl%ilngd (iolumn i i
2 3 = ode =
Regime : B 2 - Hanging Column | [
— E 2 - VG Model _ 103
"Adsorbed Film" 10° 3 Class 5Q Aggregate "
Regime| & - 10 =5
- 8
= E = 10 =
= ]
.2 g 0 =
s 10 = - 10 o
= o=
. - ] Ol
"Capillary" ] I T & E =10
Regime -1 1 [Ce, [0.0000]0.0000 :
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TASK 4

Hanging Column Test

~ - 10°
"Tightly Adsorbed" ® | - Hanging Column | "
Regime 1-VG MOdCl ? 10
- Fine RCA |
=10
"Adsorbed Film" .
Regime e =10 ~
[} 172}
- < 10! 2
=
= 2
B L 10° Q
=] =
: wa d =
"Capillary" ] 7 o = 10 :
Regime 107 1 [o_[0014a ° o . .
3 [To, [03287 = 10 Cementation of Fine RCA
w 0.1233 :
F [ n [1.2671 _ 10-3
4 m [0.2108 3
_ 10- L T ¥ L T U 4 Y T T ¥ ¥ ¥ v T L A ) r T J E 2 T T v ¥ o L ]
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Volumetric Water Content

lowa State University University of Wisconsin-Madison Michigan State University




TASK 4

Pressure Plate and Activity Meter Test

* Pressure Plate
— 3-in diameter and 1-in height specimens
— Materials passing 3/8-in sieve
— Suction values up to 220 psi (1500 kPa)
« Activity Meter
— Materials passing No. 10 sieve
— Higher suction

- N

%, N —— . '-: -
ey /| P vrice

L 3 Y N o w v
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 ® = Normalized volumetric water content
9 — 61. 1 0 = Soil volumetric water content
— — 0 = Residual volumetric water content
e _ e 1 + ( o )n 0g = Saturated volumetric water content
S r Y W = Matric suction
a, N, and m = van Genuchten fitting parameters
™ 10
"Tightly Adsorbed" 10° ] ® Pressure Plate | f "
: 3 B Activity Meter | L 1()
Regime —— VG Model :
B L10°
"Adsorbed Film" -k 2
Regime| o 100~
=9 £ 7]
[ 'f« E 3 ]O] ?
,S 1 E 4 .2
" s " 5 - F B n
Capillary E =10
Regime -1 1/ 6, [0.0000 E
. 10 + 0, [0.2812 3 107
1 a [0.0317
3 [ n [1.2091 107
3 i m [0.1730 -
* ]O- v L U ¥ T ¥ L L ¥ T ¥ v ] ) v ¥ L T y ¥ ¥ ¥ T y ¥ ¥ L |
0 0.1 0.2 0.3 0.4 0.5 0.6

Volumetric Water Content
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TASK 4

Pressure Plate and Activity Meter Test

— 5
=10
"Tightly Adsorbed" 10° ® U=lessmmsilin | 1
Regime " Vo - EY
— - ® 2 - Pressure Plate | [ 103
" b T B 2 - Activity Meter _
Adsorbed Fl?m 10° > - VG Model F 5
Reglme = E ® 3. Pressure Plate _10 =
L& ] B 3. Activity Meter | [ &
g ——3 - VG Model 5—10 =
B 1 1 8 ) : N =
g 103 e L10° 3
= ] \( E (2
) \ : ;
: 4 = F o
"Capillary" ] T T 2 [ 3 Clay Loam ;‘10
Regime 107" J [Le. [0.02370.0000[0.0365[0.0412 S
= [T, [02729]02833[0.3100[0.3174 =10
o_|0.0862]0.1689]0.0581]0.0522
3 [ n [1.2491]1.1800] 13146 1.3546 107
3 1 [m [0199a[0.1525[02393[02618 -
I 10 T T T T I T T T T ] X T T T T T ] T T T T ] T T T T "
0 0.1 0.2 0.3 0.4 0.5 0.6

Volumetric Water Content
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TASK 4

Pressure Plate and Activity Meter Test

"Tightly Adsorbed"
Regime

"Adsorbed Film"
Regime

"Capillary"
Regime

"Tightly Adsorbed"
Regime

"Adsorbed Film"
Regime

"Capillary"
Regime

Suction (kPa)

Suction (kPa)

Volumetric Water Content
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Volumetric Water Content
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® | - Pressure Plate i "Tightly Adsorbed”
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B 2 - Activity Meter " ot B
3 - VG Model Eos Adsorbed Fx!m
® 3 Pressure Plate | 10 = Regime
n Act Meter 1 é —
VG Model FlO o
Limestone 0 2
* F10 g
4 172}
Fog .
T T3 \ £10 "Capillary"
1 [ e |o.0520{0.0419|0.0221 | 2 Regime
0, [0.2449]0.2414/0.2467 Fl0
o |0.1881[0.1728(0.1909 3
3 | n [1.6808]1.6088] 1.5436 £10°
m_|0.4050[0.3784[0.3522
T T - T T T —
0 0.1 0.2 0.3 0.4 0.5 0.6

University of Wisconsin-Madison

Suction (kPa)

Suction (kPa)

5
E ] 0
® | - Pressure Plate
B | - Activity Meter | | 104
1 - VG Model
® 2. Pressure Plate 103
| 2 - Activity Meter 3
2 - VG Model b2z
® 3 - Pressure Plate F]O
m ctivity Mete 1
- VG Model £10
i B, 0
Fine RCA [ |
I\ E gadl
1 2 3 | £10
6, |0.0000{0.0000(0.0000 I 2
B, [0.2812]0.2846|0.3004 ‘ E 10
@ [0.0317]0.0465|0.1819 L 1
n [1.2091]1.1787] 1.1650 L10™
m_[0.1730[0.1515]0.1416
T T & T T
0.1 0.2 0.3 0.4 0.5 0.6
Volumetric Water Content
110°
® | - Pressure Plate
W] - Activity Meter | | 104
— 1 - VG Model
® 2. Pressure Plate | [ 103
B 2 - Activity Meter
2 - VG Model 53
° essure Plate | 10
1
ELO
RCA+RAP 0
F10
-1
1 2 3 \ £10
0, |0.0000|0.0070|0.0120 )
0, |0.2540(0.2997]0.2987 £10
a_|0.2960]0.2805| 0.2357 3
n [ 1.1700[1.2397]1.2602 L10
m [0.1453]0.1934]0.2065 )i
T T -r w T T
0.1 0.2 0.3 0.4 0.5 0.6

Volumetric Water Content

Michigan State University

Suction (psi)

Suction (psi)



TASK 4

Pressure Plate and Activity Meter Test
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TASK 4

Pressure Plate and Activity Meter Test

« Degree of compaction
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SUMMARY

Particle morphology change due to compaction
— Increase in sphericity
— Increase in roundness

Mortar content

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

Water repellency

— Hydrophilic =» coarse RCA, fine RCA, limestone, class 5Q aggregate
— Hydrophobic = RCA+RAP & class 6 aggregate

Constant head permeability
— Insufficient compaction by light hammering in the membrane

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

 Falling head permeability
— Coarse RCA, fine RCA, & RCA+RAP > limestone

 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
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DISCUSSION

« Coarse RCA & class 5Q aggregate may performance problems
— Higher breakage potential
— Higher total breakage
— Decrease in permeability
— High potential for tufa formation

« RCA materials likely attract more water
— Mortar content
— Higher water absorption
— Hydrophilicity
— Decrease in F-T resistance
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FUTURE STUDY

« Task 5 — Performance monitoring and reporting
e Task 6 — Instrumentation
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SCHEDULE

MONTHS
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TASK 4

Mortar Content

« 26 % (by weight) sodium sulphate solution
— Saturated solution

A &, ) A
{ ®

Salt Formation
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