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Maving Advancumunss into
Practice {MAP) Briefs duscribe
inmoutive reanarch snd
proenising mennoiogics mat
an be used now to cnhance.
‘concrste paving practices.
‘The Docsnbar 2018 MAP Brist
provides informatian relsvant
1o Track & of the CP Road Map:
Cancrote Pavement Construction,
Reconetruction, nd Greilays.
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“Moving Advancements into Prac
MAP Brief December 2018

Best practicas and promising technologies that can be used now to enhance concrate paving

Performance Experience and Lessons Learned from
the SPS 2 Test Sections of the Long Term Pavement
Performance Program (LTPP)

Introduetion

Would you like to know haw well pavements
are performing across the United States and
Canada? The Long Term Pavement Perfor-
mance (I'TPP) Program is where you would
start looking for answers. The LIPP program
is a large research project that includes two
fundamental classes of studies and several
smaller studics to investigate speeific pave-
ment-related details that are critical o pave-
ment performance. The fundamental classes
of study are the General Pavement Study
(GPS) and the Specific Pavemenr Studies
(8PS} The combined GI'S and SPS programs
consist of over 2,500 test sections located on
in-service bighways in North Ameica.

‘Ihis MAP Brief is intended ro summarize
the performance and lessons kearned from
the SPS 2 test sections, which represents the
nation’s laryest study of concrete pavement
performance. It will also explain the transpor-
ration pooled funded project thar has been
established to use the SPS-2 test sections to
optimizz firture pavement preservation strare-
fies.

LTPP Background

LIPP was established as part of the original
Strategic Highway Rescarch Program (SHIRP)
o determine how and why in-service pave-
ments perform the way they do, and was
transitioned to Federal Highway Administra-
tion {FHWA) management in 1992, Oper-
ating continuously since the 1990, LTPP

s the world's most comprehensive study

of in-service pavements. The Program has
evalved considerably aver this time, and now
all relevant daa vollected are available via
the InfoPave™ data portal (hups://infopave.
Mwa.dotgov/). These data include net only
research quality performance measurements
collecred ar regular intervals, bur also derailed

wraffic loading, mareriale, and climaric dara
that facilitate modeling and model develop-

men.

The LTPP data was the primary data source
used in develaping the AASHTOWare
PavementME Design software and continues
1o he used to improve the programs ability

1o predict field performance. Thanks to this
leadership, plus critical support from the State
and Provincial Highway Agencies (SHAs) and
countless volunteers in both academia and in-
dusery, 1TPP is helping answer the imporrant
auestion: How can we optimize our invest-
ment in our pavements?

“While many LTPP test sections were in active

service at the rime ITPP hegan—Ceneral

Pavement Studies (GPS)—additional studies

were designed to examine maintenance and

rehabilitation strategies, and others looked ar

the impacts of design features on now con-

strucrion. These experiments were designared

a5 Specific Pavement Studies (SPS). Both

rigid and flexible test sections are included in

LIPE and the following comprise the rigid

pavement cxperiments:

*+ GPS-3—Jointed Plain Concrete Pavements

+ GPS-4—Jointed Reinforced Concrete Pave-
ments

= GPS 5—Continuously Reinforced Concrere
Tavements

* GPS-8—Unbonded Pordand Cement Con-
crete Owerlay of Pertland Cement Concrete
Tavements

* SPS-2—Strategic Study of Structural Fac-
tors for Rigid Pavernents

= SPS-4—Preventive Maintenance Effective-
ness of Rigid Pavements

* 5I'S-6—Rehabilitation of Jointed Portland
Cement Conerete Pavements

= 3PS-8—Swudy of Environmental Effects in

the Absence of Heavy Loads (both AC and
PCC Pavernents

CPROAD MAP
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Advancements into Practice™

MAP Brief March 2019

Best practices and promising technologies that ean be used naw To enhance eoncrate paving

Fiber-Reinforced Concrete for Pavement Overlays

The: ohjectives of this MAF Briet are to
provide pavement engineers with neces-
sary intormation to apply fber reinforoed
comervte (TRC) to concrete overays and

i iate fib

wsed as overlays for Navy airfields and com-
mercial airports in the 1970s and 1980s [3]. In
the past 15 vears, FRC has been successhilly
imnplemented for contrete overlays of road-

ment performance values to be specified
in a project and implemented ino the
structural design calculations for handed
and unhonded concrete overlays.

A spreadsheet tool, the Residual Strength
Estimator, has also been developed, The
toal provides an estimate of the FRC
performance value to specify for a project
as well as the effective flexural strength
to inpul inlo a mechanistic-empirical con-
crete pavement design software, A com-
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‘Tha Lang Tarm Plan for Concrats
Pavemunt Rossarch and
Technology ICF Rasd Map is3
natlansd resaarch plan duvslcoed
and jaintty implemended by the
concree pavemen: stakshoker
‘corrummanity. Publicativers and other

T Barvi At providar by

% up snd

F technical report
this tech brief [1], which provides a more
detailed summary of types of macrofiber,
expected propertivs of TRC materials, of
fects of macrofibers on concrete pavement
periormance, available FRC lest methods,
best practice puidelines and specifications.
lor FRC materials applied 1o pavemenis,
and background on the Residual Strength
Estimatur spreadsheet tuol.

The information pravided in this brief is
nwt intended as 4 promotion or advertise
‘ment of any specific product or manu-
l{acturer, as such costs or delails on exact
fiber details are intentionally excluded.

Introduction

Groy
funced by the Foderal Highway
Admirvstrstion.

Maving Advarcamans intc.

Fiber-reinforcement lechnology lor cone
crete pavements was introduced several
decades aga and has heen applied to

innovalive reswarch snd promising
A0 T o B e
nerw 1 enthanc conersta paving
oractices. The March 2010 MAP
Bried provides information redevant
o Track 8 of the CF Rosd Map:
Pavsemant Suatsinabilty.
This MAP Brc is aveilable ol

IO 0P OO
MAPbriofMarch 19, pdl

high stroets, intersections, park

ing lots, pavement overlays, bus pads,
industrial floors, full depth slab patching,
bridge deck overlays and airfields. The
lirst US application was an FRC pave-
ment with stee] fibers constnacted in
1971 at a teuck weigh station in Ohio [2].
Additional carly FRC applications were

ways. P . FRC with bonded concrete
overlay on asphalt or composite pavements
has seen significant grawth in the past 10
years with the averlay thickness ranging, from
3lo6in

The National Concrete Overlay Explorer
(overlays.acpa.org) lists 89 FRC overlay
projects from 2000 to 2018, An Ilinois stady
of FRC overlays reported better performance
compared to similar plain concrete overlays
[4]. Mulliple labaralory-scale slab tests with
macrofiber reinforcement have shown that
the flexural and ullimate load capacity of FRC
slabs and the load transfer efficency (LTE)
betveen FRC slabs sigrificantly increase rela-
tive to plain concrete slabs [5 7], The magnd
tude of this increase is dependent on the fiber
type and content.

The known benefits of FRC for pavements
(Figure 1) are providing additional structural
caparity, reducing crack widths, maintain-
ing joint er crack LTE, and extending the
pavement's serviceability through reduced
crack deterivration, The applivateon of TRC to

Reducad crack

teroration rate

Add macro-fi
[e.g.. Ft 150 psi)

Thinner slab for Leht fitiie
performance

same fatigus
parformanca

Figure 1. Bensfits of fiber reinforcamant
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FHWA Cooperative Agreement DTFH61-12-H-00010 (2013-2018)
Technology Transfer of Concrete PavementTechnologies
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Accelerated Implementation and Deployment of Pavement Technologies (2013-2018)
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Intraduction

Portland-limestone cement (PLC) is an
innovative cement that contains berween
586 and 15% lincly ground limestone. PLC
is 2 relatively new cement in the United
Srares—the first application for paving took
place in Colorado in 2007,

“This MAP Briel is intended 1o review ex-
perience with this product over the past 10
vears regarding the following:

1. Acceptance of the product by specifying
agrencies

Growth in production

Terformance in the field

bl

Ta dare, over 900 fane miles of highway
paving has been complered with PLC in
Colorado, Urah, and Oklahoma. The focus
of this paper is the performance of these

pavements in service.

“The cement industry is a significant pro-
ducer of C02. For every tan of Porrland
cement produced approximately 1,800
pounds of COZ are released. Growing
concerns over the environmental impacts
of building materials has been one of the
driving forces for the development of
PLC. PLC cements containing up o 15%
limestone can rednce carban fantprings up
1o 10% compared to ordinary portland ce-
ment {OPC).

Limestane, often considercd an inerr filler

Practics (MAF) Brists describe
innovativa resnarch and pramising

when added to portland cement, is not

w16 snhancs conemta paving
practioes. Tha Detabar 2018 MAR

mplerely chemically inerr and conrrib-
utes o the development of the concrete’s
mi (FHWA 2011). Limestone

v cpoumupOnPubSCu T

MA Pl
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is sofier than clinker and has a finer particle
size when interground, thus producing an
improved parricle size distriburion. ‘The fine
limestone particles act as nucleation sites

increasing rthe hydration rare of the calcium
silicates at early ages. Finally, limestone
reacrs with the aluminare phases ro farm
carboalu e phases. The extent of this
reaction can increase with the fineness of
the limestone and when PLCs are combined
with fiy ash or slag.

Specifically, the physical mechanisms in-
clude enhanced particle packing and paste
density due to the enhanced overall cement
particke size distribution and the "nucleation
sire” phenamenon—when small limestane
particles are suspended in paste beoween
clinker grains and hecome intermediate sites
for calcium silicate hydrate crystal growih,
which improves efficiency. The chemi-

cal mechanisms include limestone, which
contributes calcium compounds to the solu-
rion far hydration inferaction, and calcium
carhonare, which reacrs with aluminare
compounds to produce durable mono- and
hemi-carboaluminate hydrate crystals.

Previous research has shown thar certain
properties of the conerete could be nega-
tively impacted with abeve 15% limestane
addition.

Although somewhar new in the Unired
States, seme European countries have been
wsing PLC since the 19605, According

to Cembureau (20012) PLC accounts for
25% of the cements produced in Europe.
In 2005, the first commercial production
of PLE in the United Srates was com-
pleted and sold under the ASTM. C1157
performance-hased specification for hydrau
Lic cement.

History of Performance

PLC has been used by the ready mix and
precast concrete industries. PLC has been
used in thousands of cubic yards of conerere
for commereial and residential projects
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Introduction

Limired guidince iz curently
anatilabbe on desiygn and eesting of
libr-reinforved concroe (FRC) for
bridge dievks and overdays, A noview
of past studies by Albassan and Ashus
(2002) Found reductions in bridpe
deck cracking with the addition of
miacrafibess (s ignre 1),

Ar sufficiently high dosages feg.,

1.40%: by wolemel, macradibers can
slgnificantly increase the post-cracking
avructural capaaty of 2 bridge deck in
a sinmibar Fashion o seinfrcing bars,
[lowever, cusrent practice does not
cansider the increased smacmral capaciny
fram macrofiber reinforcement in the
desipn process. Nevertheless, malriple
atares have requined hridpe decks wirh

aonirel. Bridge deck overlays arc a
moe common 3 nof I

a5 appased 1o an entire bridpe deck
construcred fram FRC.

While ulrra-hiph perfarmancs conerece
(UHPC) thar sppically includes higher
valame fracrions of fber is heginning
1o vee use on beidlge dicks, its
application is not discussed in this tech
brief, as it is a fundamentally different
‘material than the portland cement
«concrete (POC) mixowres typically used
for bridge decks.

Fiber Dosage Rates

FRC materials for bridge decks and

overlays do not have a uniformly

applied dosage rate. Macrofiber content
i

ibsers ris he d im order ra
rerince deck cracking.
Commonly used fkers for FRC
beidge decks are steel and palyalefin
(syrtherich macrofibers, which
provide strucnaral capacity compared
to microfibers, which are primarily
used for plasric shrinkage cracking

pending on the material, shape,
Texrie, aspect raria, field appicatian,
and desird performande. Typical snges
used i past bridge deck applicitions
an: berween 3 v 8 [biyd? for polyoklin
Tibvers sl 20 v S0 Df il For st
fibers, ur corresponding s valume
perom tages betwoo 0.2% o 1%,

o Ol i

r—

Figere | Symitatic macrafibers Far FAC
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Introduction

The obsjocaive of this sech brief s w
prawide pavemant cngineers with the
infonmation nevesary w use Gber-
teinfureed concrere (FRC) for concnete
weerbrys. This tech brief explains

T tor o e the .

Background

Fiber rednforcement wehnolagy fior
concret pavements was intoducal
scveral dievades ago aod has snce
Deen applivel us higlways, stnocts,

intersecvians, parking lots, pavement

fiber reinfurcement pecformance
walues e specify and implement in
the strucrinal design ealculations
tar banded and unbonded concre:
weerkyy projocts.

A spreadshoc vool calkal the Residual
Strength Estimator was devdoped 10
hellp pavement enginesrs use FRC in
concrese pavement applications. The
toal provides an estimare of the FRC
rmance value oo specify for 5
praject & well as rhe effecrive Bemral
sttenpsh o inpur inen the meshanisric-
empirical (M-E) enncrere pavement
design software.
A comprehensive technical report
accomipanies this tech brief. The repart
providles a mare dewaited summary
of the types of macrofibers used in
FRC, the expecred propesties af FRC
materials, the el of diffee
mascrofibers on concrote prnment
performansce, availible FRC test
methads, best practice puidelines
and specifications for FRC materials

[OWA STATE UNIVERSITY

Iestitute for Tramsportation

applied v pavements, and background
information on che Residual Strength
Estimator spreadshoc oel,

and bridge deck overlays, bus pacs,
indusrrial Hioars, fiall-deprh slab parches,
and sirfiekls. The firsr LS applicarian
was 4 FRU pavement wirh sreel fihers
consnicted in 1971 ara ruck weigh
station fn Ohio (ACT Commires

544 2009). Addisional easty FRC
applications included overlays far US
Mawy airfielés and commercial aimporms:
in the 15705 and 1980 (Rollings 1986}
In the past 15 years, FRC has been
sucesatfilly implemented in concrers
averlays of roadways. Particubarly, the use
of FRC in bonded concrete everlays an
asphal: or compasite pavements has seen
significant grawth in the past 10 years,
with averlay thicknesses ranging from

3 w0 & inches. The National Concrese
Owverlay Explorer Lists 89 FRC averlay
proupiacts comstruciod betwoen 2000 and
2018 (anpefoverkays.avpa.ongfwebapps!
averlayenplorer/inde. huml),

The knswwen bensefias of FRC for
pavements include its abilities to
provide additional structural capacity,
rexduce crack widrha, mainmain jrine

ar arack Ioad ransfer efficiency, and
cmmenal the pavement's serviceabiling
through reduced crack dereriorrion,




Integrated Materials and Construction

2 N eW M a n u a I S Practices for Concrete Pavement:
A STATE-OF-THE-PRACTICE MANUAL

 Integrated Materials and Construction
Practices for Concrete Pavement (IMCP)
« May — will be an Interactive pdf
« Update 2007 document
- Estimate 20% more pages w/changes
« 10 Chapters
+ 5Authors il el

« 25 TAC members

* Concrete Pavement Distress Assessment
and Solutions
« Download as EPUB or pdf format
« 19 chapters
« 15 TAC members




Attendance to date:

TPF 5-(159)
TPF 5-(159) S 2008 F 2008 S 2009 F 2009 S 2010 F 2010 S 2011 F 2011 S 2012 F 2012 S 2013 F 2013 S$2014 F 2014
Baton Rouge | Minneapolis | San Antonio | St Louis Savannah |Sacramento |Indianapolis| Rapid City |Oklahoma City| Seattle Philadelphia Asheville |Jacksonville Omaha
LA MN X MO GA CA IN SD OK WA PA NC FL NE
State Members 18 18 19 19 19 19 21 21 22 22 25 25 28 28
Reps/DOT attend 31 29 28 22 30 21 30 32 36 32 50 54 55 65
NCC total 75 77 80 84 82 67 94 86 90 94 125 116 137 160
TPF-5(313
S 2015 F 2015 S 2016 F 2016 S 2017 F 2017 $2018 F 2018
Reno Milwaukee | Columbus |San Antonio City Minneapolis| Coeur d'Alene | New York
NV Wi OH X uTt MN ID NY
30 30 30 30 31 31 32 32
49 54 45 46 49 51 59 60
150 144 152 175 172 155 180

States that have not hosted: Alabama, lllinois, Kansas, Kentucky, Michigan
North Dakota, Oregon, and Tennessee




Thanks for your time

Fall Meeting
September 10-12, 2019
Red Lion Hotel Kalispell
20 N. Main Street
Kalispell, Montana

Spring 2020 Meeting in Alabama




2 O 1 8 F | n a n C | a I January 1, 2018 NCC Workshop Acct Balance S 1,737.04
Re po rt Spring 2018 - Idaho (Registration Fee: $300)

Income S 42,685.00

Expenses

CDA Hotel Food/Space/AV S 25,475.24

Group Dinner S 5,295.20

Charter buses S 2,980.00

Credit card processing fee S 1,409.23

Handouts/shipping S 1,630.25
Total Expenses S 36,789.92

Fall 2018 - New York (Registration Fee: $250)

Income S 42,150.00
Expenses

Holiday Inn Food/Space/AV S 20,987.43
Charter buses S 1,050.00
Handouts S 1,423.87
Credit card processing fee S 151111

Total Expenses § 24,972.41

January 1, 2019 NCC Workshop Acct Balance $24,809.71
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SPS-2 Pavement Preservation Experiment
Pooled Fund TPF-5(291)

PCCP 8" & 11"

Agg base, LCB, PATB

12’ & 14’ lane

550 & 900 psi
o Ve e et 'l  w & w/o edge drains
State | TechDay Date | Year Constructed __

Arizona Feb 21, 2018 1993
Colorado Mar 23, 2018 1993
Washington May 2, 2018 1995
lowa May 30, 2018 1994
Kansas Oct 2-3, 2018 1992
North Dakota Oct 16-17, 2018 1994
California Mar 12, 2019 2000
Arkansas Mar 19, 2019 1995
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