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IS this new?

how do they work?

what types of fibers are
used in PCC/AC?

Fibers in Pavements

do they really improve
performance”?

so what makes It
. sustainable?
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Portland cement concrete

 Bridge cracks that develop in PCC.
* Increase ductility
* Reduce permeability

Asphalt concrete

* Increase viscosity of binding materials and
prevent draindown in OGFC and SMA
mixtures

* Improve crack resistance and extend fatigue
life
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Mechanical Benefits

Toughness Is the abllity of a material to

absorb energy and plasticially deform
without fracture

Resistance of material to fracture when it
IS stressed
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Mixture Mortar Mastic/Paste
Macro-Damage Micro-Damage

~0.05-0.02
in.

~0.5-0.251n.
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F1bers used in Portland Cement
Con_e_r_ete

Steel fibers
Glass fibers
Carbon fibers
Cellulose fibers
Polypropylene
Nylon fibers
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Steel F1bers

Added between

approximately 33 and 265
Ib/cy

e 0.25% and 2.0% by volume
0.017 to 0.04 In. diameter

0.51in. to 2.5 In. length

e Longer = better
reinforcement

o Shorter = better workability

Improve abrasion and
Impact resistance
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Synthetic Fibers
Man-made fibers from
petrochemical and textile
Industries
« Acrylic, aramid, carbon, nylon,

polyolefin
Primary use in ultra-thin
whitetopping
* Typical dosage = 3 Ib/cy
fibrillated polypropylene
Benefits

* Reduce plastic shrinkage,
Increased toughness, reduced TN e
settlement of aggregate particles | Source: Mobasher
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Natural

e Cotton, cellulose,
coconut, bamboo

Non-Synthetic

* Asbestos, glass,
carbon, mineral fiber

Synthetic

* Polypropylene,
polyester, aramid
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Mineral Fibers in Asphalt
Concrete

Pellitized or loose fibers

Approximately 0.2 In.
length

Dosage of 0.3-0.4% of
total mixture mass

Used to primarily SWAMES
. . E'u:"_;_'__Ij_:.:l_-_-;_": Stones
control draindown In o=t +
SMA, OGFC, and e B 4}
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Synthetic Fibers in Asphalt Concrete

Single type or 5LV _

i 3 | TRt
blends to reinforce W‘*ﬂg‘wﬁ
asphalt concrete Sy @u‘w:»
matrix. ey
 Polypropylene

* Polypropylene +
Aramid

Dosed at 1 |Ib of fiber
per ton of mix
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sphalt Concrete

Introduction

RAiﬁl'Eona"r"ﬁI@pnveyor 2
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' Synthetc Fibers in Asphalt Concrete

Introduction
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Testing Program

Dynamic modulus
e AASHTO T-342

Fracture
e C* fracture test
Axial fatigue

Permanent
deformation

e Flow number

_I -~ . e - = ,-‘ —
= =
‘ -3
A s g
4 kel
- S
] ¥iTe
ek
4 Ry 3
ol -
R
F A s T
7o ANy
I =
- [ime
e
@5y
”
? ]
Sl
i Wi
) .

19 S rest Without Rest Periods




Fié Performance of FRAC
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. Fat1gue erformance of FRAC

Research at FHWA

1Es3 | T 7 Pemnt Fatigue Ratio
El o —+— Penn SBS SBS/C F/C
3 491 517
S 351 561
e 281 5092
Taees 2.38 6.16
oo 208  6.37
Strain, pe 187 654
21

Li and Gibson, 2014
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Up to 50% increase in peak strength

Fracture energy increases of up to
40%

Fiber Mix Control Mix
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Permanent Deformat1on in FRAC
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Summary of Results Report

1 Ib/ton Fiber-Reinforced Mixtures

Cracking Rutting

Fracture Flow Permanent

Fatigue L€ poistance Number  Strain at Flow

+3 times +20% +2 times -33%

24



Source of Fatigue Improvement

Unaltered Synthetlc Fiber

ApprOX|mater
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. LCCAAnalys1s

Long term benefits of fiber | FRAC
scenario outweigh the it i

conventional asphalt
concrete.

0 11 22 33 43

For StUdy Case Pavement Age, year

* Present net worth savings of

17% or $35,0000 per

mile/lane over a 50 year .
period Conventional

« Equivalent annualized cost vt
difference of up to $1,650
per mile/lanelyr.

0 4 8 12 16 20 24 28 32 36 40 44 48
Pavement Age, year
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Fibers are used in paving materials for
multiple purposes.

e To Improve cracking resistance

e To Improve abrasion resistance

« Stablilize the binding structure

Fibers used in PCC are primarily steel and
synthetic.

Fibers used in AC are primarily cellulose
and mineral fibers and synthetic fibers.
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Improvements in fatigue and permanent
deformation results from the addition of
poly-aramid fiber blends in asphalt
concrete.

Poly-aramid fibers do provide a
reinforcement effect that maintain material
Integrity higher levels of microdamage and
ultimately extend the fatigue life of the
material.



Thank You

Shane.Underwood@asu.edu
=

TR W g

-



	Slide Number 1
	Special Session
	Special Session
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Basic Role of Fibers
	Mechanical Benefits
	Toughness
	Crack Bridging and Toughness
	Fibers used in Portland Cement Concrete
	Steel Fibers
	Synthetic Fibers
	Fibers used in Asphalt Concrete
	Cellulose and Mineral Fibers in Asphalt Concrete
	Synthetic Fibers in Asphalt Concrete
	Synthetic Fibers in Asphalt Concrete�Introduction
	Synthetic Fibers in Asphalt Concrete�Introduction
	Testing Program
	Fatigue Performance of FRAC
	Fatigue Performance of FRAC�Research at FHWA
	Fracture Performance of FRAC
	Permanent Deformation in FRAC
	Summary of Results Report
	Slide Number 25
	LCCA Analysis
	Wrap-Up
	Wrap-Up
	Slide Number 29

