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MATERIALS

Bucket List - 04.10.2018 - lowa State University Bucket List - 01.19.2018 - lowa State University
Bucket# | Cell MnROAD ID Description Bucket# | Cell MnROAD ID Description
1 185 18517SS010  [sandy subgrade soil - stations on rover 1 18517GS001
2 186 18617SS010 [sandy subgrade soil - stations on rover 2 185 18517GS001
3 188 18817SS010 |clayey subgrade soil - stations on rover 3 18617GS001
4 12717SS009  |Subgrade soil post-excavation pre-rip top 18" 2 186 18617GS001
5 12717SS010 _|Subgrade soil post-excavation pre-rip top 18" 5 18817GS001
6 127 12717GS005 [Class 6; green Menard's bucket 6 188 188175001
7 12717GS006 |Class 6; green Menard's bucket
8 12717GS007 |Class 6; green Menard's bucket 7 189 18917GS001
9 12717GS008 |Class 6; green Menard's bucket 8 1891755001
10 297 22717SS009 |Subgrade soil post-excavation pre-rip top 18"
11 22717SS010 [Subgrade soil post-excavation pre-rip top 18"
12 128 12817SS009 |Subgrade soil post-excavation pre-rip top 18"
13 12817SS010  [Subgrade soil post-excavation pre-rip top 18"
14 22817SS010 |Subgrade soil post-excavation pre-rip top 18"
15 22817GS005 |Class 5Q sampled from original X28 construction; green Menard's bucket
16 228 22817GS006 |Class 5Q sampled from original X28 construction; green Menard's bucket
17 22817GS007 |Class 5Q sampled from original X28 construction; green Menard's bucket
18 22817GS008 |Class 5Q sampled from original X28 construction; green Menard's bucket
Recycled Unbound Base Large Subbase Large Subbase and Geogrid Cells G ray CO I Or 9 rece Ived

127

B e s s s G anular Borrow =» will be taken
from UTEP
LSSB =» 1 barrel for
ISU & UW-Madison

University of Wisconsin-Madison

186 87 188
3.5" 3.5"
HMA HMA
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Determining Pavement Design Criteria
for Recycled Aggregate Base Materials

Introduction

The performances of the layers beneath the
pavement surface (aggregate base, subbase,

is called RCA (Edil et al. 2012; LRRS 2016).
RAP and RCA materials can be either used at
the same construction site or stockpiled for
further

and subgrade) are very the long:

ferm pavement performance since they belp fo
distibute the vebicle loads in both ngid and
Bexible pavements (Litdle and Nair 2009). The
ageregate base course is generally the frst
layer bemeath the pavement surfice cowse
(Cosestino and Kalajizn 2001). It is made of
coarse-grained materials fo provide a stiff and
permezble layer (Sehmuefipelz et al 2010,
Haider ot al. 2014, Cetin et al. 2014, Edil and
Cetin 2015). Adequately iff ageregate base
course reduces the deformations and increazes
the lifespan of the pavement (Edil ot al. 2012).
The high stiffoess of szmessle base loyers
o the stabilify of the smblayers by
improv; verfical load  distribution
(Zoraberg 2017, Gensrally, virgin sgeregates
(VA) are used for an aggregate base course in
pavement systems (Perkins et al. 2005).
About 133 billion tons of VA were produced
in the US in 2017, and shout 76% of the
materisls  were  wed  for  pavement
constructions (USGS 2018). The price of VA
bas increased due fo the bigh demand, the
depletion of natural sources and fedesal/local
restrictions regardng matenal production
(ACPA 2010) Using recycled azgregate base

wnsumpﬂan (Lee etal. 2010).

Recycled Aggregate Base Materials

Recycled asphalt pavement (RAP) (Figure 1)
andrecycled concrete ageregate (RCA) (Figure
2) bave been used by some DOTs (Caltrans,
IDOT, MzDOT, and WisDOT) in concrete-hot
mix asphalt (HMA) mixtures and im aggregate
baze applications. Old 2sphalt pavement
sufaces ae milled fo a specific depth
(depending on the swface cowse thickness)
and processed fo obtain RAP (E4il 2011)

Existing hardened concrets from old pavement

terials zt the help
to reduce the cost and the duation of the
construction. Up to 30% of cost savings could
be achieved by in-place recycling of aggregate
base materials (Edil 2011).

Figure L. Recycled asphalt pavement (RAZ)
(Copeland 2011)

Figure 2.

eycled conerete aggngm
(RCA) (Contales and Moo-Young 5004}

Index Properties of RAP and RCA

Material characteristics such 25 mineralogy,
mradation, angulaity, and fextue are
for each aggregate material (Tutuminer 2013).

crushing operations. RAP and RCA ean
contain 3 varisty of impunities such a5 steel,
matal, and tine residal which 2ffact their index
properties. The amount of the impurities iz not
‘constant and is affected by the original material

hing methods (Jayakody et al
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Determining Pavement Design Criteria
for Large Stone Subbase Materials

Introduction

‘The main working mechanism of pavements is
distributing the traffic and vehicle loads o the
sub-layers. The quality of base, subbase, and

efficiency of load distmbution (Hoppe et al
2015) and to separate base and subgrade Layers.
They are constructed to create 3 working
platform over weak and soft subgrade layers
(Schmetipelz et 2. 2010) and to eliminate water
mifigation by capillary action (Zornberg 2012).
In general, relatively lower-qualify ageregates
than baze layer agzzegates are used (Zomberz
2012). In addition. relatively more rownded
particles than base
used (Perkins et al. 2005).

Subgrade (Exsting Soll)

Figure 1. The general structure of rigid and
flexible pavements

Subgrade layers of pavements should be strong
and stable enough to withstand the loads and to

o Flacbia, Tigd,
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o, NRRA will o of Eve rojct

Gectokical,
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Life of
et al. 2016). Due to frost-heave and thaw-
weakening  swsceptibility of fine-grained
abgrade layers, come-grained agzregate
(Figure 2) layers are constructed fo minimize
the instability caused by subgrade and to
protect the upper layers (surface and baze
cowses) Cousegmined _stuctwe  of
aggregates minimizes the capillary action and
belp to evacuate the water coming from top
Tayers easily (Ublmeyer et al. 2003).

Large Stone Subbase Materials

‘The applications of large stone subbase (LSSB)
maferisls 25 subbamse layers and working
platforms have been investigated by Idabo
DOT, Tlincis DOT, and Wisconsin DOT
(Uhlmeyer ef al. 2003; Kazmee et al. 2015;
Karmea et al 2016). To improve the

sustainability of pavement systems, the use of
alternative materials such 25 LSSB materials
(generally top size = 76 mm or 3 i) bas been.
becoming popular. Large stones gezerally go
through a single crushing operation. Thus, the
amount of energy consumed to break up larger
ageregates to obtain conventional aggregate

reduced by wsing LSSB-type of materials
(Kazmee ot al. 2015).

Figure 2. Fine- to coarse-grained agzregates
(leftcto right) (hitp://engineeringfeed. com/S-
factors-affect-workability-fresh-concrete)

Index and Engineering Properties of
LSSB Materials

Due to theis Large-sizes and the Limitations of
the test equipment and laboratory facilifies, the
LSSB matenials cannot be fested easily in the
liboratory.  However, several  field
observations have been made. Thus, a limifed
informaion iz available in the Jmmm
regading their index and
opartios (Resooee and Tetmlver 2013),

Grain and Gradation Characteristics

Since itis not practicable to sieve the large-size
ageregates (.2, LSSB) due o the linutations
of the standard sieve sizes, high-resolution
image techniques can be performed to obtin
their particle size distbution (Karmes and
Tutumluer 2015). In addition, several other
morphological properties such as the flat and
elongated particles, the angularity of particles
can be observed by imagme techniques. The
angularity of agmegates ncresses s the
crushing operations goes from the primary
staga to futher stagas. In ganeral, the large-size
aggregates may have less angulanity compared
to comvenfional agsregates because they
gemerally go trough a single eruwshing
operation (Kazmee et al. 2016)
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FIELD TESTING

OUTSIDE LANE (+)

INSIDE LANE (-)

OUTSIDE LANE (+)

INSIDE LANE (-)

CELL STA [TP# OWP MID WP WP MID OWP
16379.00| 1 0 2 0
16409.00| 2 0 0
185  [16439.00] 3 o o
Coarse | 16469.00] 4 o o
RCA 16499.00| 5 0 0
16529.00] 6 o o
16559.00] 7 0 o
16630.00 1 0 ! o
16660.00] 2 ¥y o i o
186 16690.00] 3 0 1 o
Fine 16720.00| 4 0 ! 0
RCA 16750.00 5 0 1 0
16780.00] 6 o | 0
16810.00] 7 0 1 o
17057.00] 1 o 1 o
17087.00] 2 o { o
17117.00| 3 0 0
_188 17147.00] 4 o o
Limestone [17177.00[ 5 0 0
17207.00] 6 o o
17237.00[ 7 0 | 0
17308.00] 1 0 ! o
17338.00] 2 o ! 0
17368.00| 3 [ 1 [¢]
189 Taseo0] 4 o ! 0
RCA+RAP 1742800 5 0 1 o
17458.00] 6 o ] 0
17488.00] 7 0 ! o

lowa State University

CELL STA [TP#[  owp MID WP WP MID OWP
17506.00] 1 o o

17536.00] 2 o o
17566.00] 3 o o

127  [17596.00] 4 o H o
18" 17626.00] 5 o 1 o

LSSB 17656.00( 6 0 1 0
17686.00] 7 o o

17716.00] 8 o o
17746.00f 9 0 0
17815.00( 1 0 [

17845.00( 2 ) ! )
17875.00) 3 0 1 o

227 17905.00] 4 o | o
18" 17935.00] 5 o ! o

LSSB 17965.00| 6 0 1 0
17995.00] 7 o | o

18025.00] 8 o [ o
18055.00] 9 o o
18079.50] 1 o o

328 18099.50 2 0 0
9 18119.50] 3 0 0

LSSB  Iig13050] 4 o 1 o
Gridl  Tig159.50] 5 o T o
18188.50] 1 0 1 0

428 18208.50] 2 o | o
9" 1822850| 3 0 ! )

LSSB Tgag50[ 4 0 )
Gridl+Fabric 18268.50] 5 Py 5
18297.00f 1 0 o

528 [gairoo] 2 o o
9" 18337.00) 3 o | o

LSSB  Tigss7.00] 4 0 I o
Grid2+Fabric [1g377 50 5 ® i ®
18407.50[ 1 0 | o

628 [1gao750 2 ) 1 o
9" 18447.50| 3 0 1 o

LSSB  [1g467.50] 4 o 1 o
Grid2  [1a187.50] 5 o ! o
18519.50] 1 0 ! o

728  [1853950] 2 o 1 o
9" 18559.50] 3 o | o

LssB  |18579.50] 4 o ! o
original  |18599.50| 5 0 0

18619.50) 6 o o
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