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FORTA Corporation, founded in 1978, was the first producer to introduce synthetic fiber reinforcements
to the U.S. construction market. Today, FORTA Corporation holds more patents than any other company
in the fiber industry. FORTA is recognized as a leader in synthetic fiber research and development, with

successful applications around the world.

FORTA Corporation prides itself as the most recognized and respected name in the synthetic
reinforcement fiber industry. The FORTA team is seasoned, knowledgeable, innovative and determined to
find solutions for the demanding construction industry. FORTA is a strong believer in research and
development to not only create a product, but to create the best product available.

FORTA has engineered a fiber blend specially formulated to reinforce all working temperatures of asphalt
mixes. This innovative fiber, FORTA-FI®, has been tested by today’s tough standards. It offers cost
savings or life extension by reducing asphalt thickness or by extending the serviceable lifetime of your
pavement.

FORTA-FI is part of FORTA’s legacy of innovation that began with their first patent for an asphalt-
reinforcing product. Building on its history of developing, testing, and producing fiber reinforcement
blends for a variety of applications, FORTA products have played an important role in improving the
performance and durability of asphalt for many years. Millions of pounds of FORTA-FI® have been
produced and can be found in roadways all over the world.

FORTA is not only known for superior products, but also for top-notch service. FORTA will always be
attentive, responsive and pay close attention to our customers. From the lab to the job site, FORTA will
be there every step of the way. Our mission to build a Stronger Lasting™ future continues with our
determination to exceed the needs of our partners, and our passion for what we do & who we are.
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Liquid Extractionfor Aramid Dispersion State Ratio—ASTM D2172
Fibers are classified and quantified to determine dispersion in the mix.

Flow Number - AASHTOTP79
Quantifies the permanent deformation of an asphalt mix.

Hamburg Wheel Track Test — AASHTO T324
Evaluates the rutting and stripping potential of an asphalt mix.

IDT (Indirect Tensile Test) - ASTM 6931, AASHTO T322
Shows the low temperature performance of HMA. Can predict crack
resistance and permanent deformation.

Texas Overlay Test — TEX-248-F

Assesses material used in an overlay to determine the crack resistance of the
asphalt mix.

C* Crack Propagation Test

Developed by ASU, it gives a visual and quantitative measurement of the
asphalt mixes ability to resist crack growth.

SCB (Semi-CircularBending)—-AASHTO D8044,AASHTO TP124
Used to ensure that the asphalt mix has the flexibility necessary to resist
premature cracking.

Uniaxial Fatigue Test— AASHTO TP107

Dynamic Modulus—-AASHTOT342, AASHTOTP79
Resilient Modulus —ASTM D7369

PCI (Pavement Condition Index)

Developed by the United States of Army Corps of Engineers, PCl rates the
condition of a pavement surface section and assigns a numerical value of 0
to 100. This method tells the current condition of the road and also indicates
the rate of deterioration.

Technical Data Sheet

Improvement
Over Control

87-90%
Individual State

140%

20-60%

54%

119%

60%

40%

615%

15-30%
35%

40 - 50%
Increased Life

FORTA-FI has consistently proven that it has the ability to strengthen asphalt pavement and keep those

pavements in a good and serviceable condition longer.
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FORTA% ?};‘;?MT Liquid Extraction for Aramid

STRONGER LASTING: Dispersion State Ratio

TEST: ADSR is used to quantify aramid dispersion in an asphalt concrete mixture. For the fiber to perform
to the best of its ability, it must disperse well as individual fibers into the mix. High ADSR values are
indicative of high individual fiber dispersion. The ADSR value is calculated after a liquid extraction is
performed on the asphalt mixture. After collecting the fibers from the extraction process, they are assessed
by the amount of fiber in each physical state (Table 1).

Table 1. Aramid Fiber Dispersion States
State Definition Example

Bundle | A group of many aramid fibers that shows no clear

(Leasrt indication of disturbance. This is the original condition of Y, %
Desired) | aramid fibers. o
A‘:Sgli:li;leed A grouping of aramid fibers similar to the bundled i" B

st condition, but that that has been visually agitated and has _ ' M .

i J lost some of the individual aramids ! ADSR = F/ =—Lx100
Desired) > | M :
C(lzl;;:r A grouping of individual aramid fibers that are more ADSR = aramid dispersion state ratio,
Desired) | dispersed than the agitated bundle. Fr = Aramid fibers in the individual state (%),

M; = Mass of aramid fibers in the individual state (g), and
M, = Total extracted aramid mass prior to separation (g)

Inc'h‘\l'xd;lal Single fibers completely separated from other aramids with B ‘
drad no resemblance of previous fiber states*. b
Desired) & °

*Note: Individual aramid fibsrs canappear in bunche: at the end of the sxtraction test as thown ix the image (resembies cottor candy).

FORTA-FI Results: Test results show FORTA-FI is dispersed more uniformily with more single fibers
spread throughout the mix. With less bundles and clusters, FORTA-FI provides a higher percent of
reinforcement throughout the entire pavement mat.

For this test, two different brands of fibers were tested during a fiber vs fiber project in Arizona using a
Marshall mix designed for a 3in overlay. The asphalt was plant produced and then transported to the
Advanced Pavement Lab at Arizona State University for testing. Table 2 shows the ADSR values for both
mixes.

Table 2. Summary of Extracted Aramid Dosage and Fiber States

Equivalent State of Aramid (%)
Specimen ID Aramid Dosage | Agitated ADSR
Rate (0z'ton) | Bundle | ™ | (Individual)
FORTA-FI 1 22 2 8 90
FORTA-FI 2 2.2 0 13 87
Wax Coated Aramid 1 1.6 69 12 19
Wax Coated Aramid 2 3.1 78 9 13

PERFORMED BY:

Advanced Pavement Lab at Arizona State University
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FORTA% s Flow Number

STRONGER LASTING” AASHTO TP79

TEST: The repeated load deformation test, or flow number, is a cyclic loading test used to evaluate the
permanent deformation characteristics of asphalt mixtures. The total cumulative plastic strain and the
number of load cycles is defined by three separate regions in the graph: primary, secondary and tertiary.
The flow number is the number of cycles to reach the tertiary region.

FORTA-FI Results: FORTA-FI increases the flow number, resulting in an increase in resistance to
permanent deformation (rutting).
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Jersey Shore, PA 1/PzGD6:nzsi Unconfined 125%
i peot9 Confined 156%
Tempe, AZ ;Gggnlg Unconfined 13X
Montreal 3%; 6Dtr?;:e Confined 1.5X
Pima County, AZ 1/PzGD7gn1s(()a Unconfined 139%

PERFORMED BY:

Advanced Pavements Lab at Arizona State University
Pennsylvania State University

Federal Highway Administration
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FORTA% ‘ Hamburg Wheel Track Test

AASHTOT324

STRONGER LASTING”

TEST: The Hamburg Wheel Tracking Device measures the combined effects of rutting and moisture
damage on an asphalt pavement. A rolling steel wheel is run across the surface of an immersed asphalt
concrete test specimen for a specified number of cycles under a constant load. The deformation sustained
on the specimen is recorded.

FORTA-FI Results: FORTA-FI can increase the number of cycles to reach failure during the test,
indicating that it helps to distribute loads evenly throughout the pavement surface and make the asphalt mix
significantly more resistant to rutting when comparing it to a control mixture without fiber.
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FHWA MATT PG76-22 62%

PennDOT %" Dense 0

SR220 PG76-22 50%

Penn State University %" Dense 0
Czech Replublic

Department of Road Structures Surface 20%
Czech Replublic

Department of Road Structures SMA 30%

PERFORMED BY:

Pennsylvania State University

Federal Highway Administration / Department of Transportation
Faculty of Civil Engineering, Czech Technical University in Prague
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FORTA% IDT (Indirect Tensile Test)

CTRONGER LASTING ASTM 6931, AASHTO T322

TEST: The indirect tensile strength test is used to determine the tensile
properties of an asphalt mixture.

FORTA-FI Results: FORTA-FI provides an asphalt mixture increased
tensile strength, giving the pavement stronger cracking resistance (fatigue
and thermal) and higher resistance to permanent deformation.

200
B O Control
E, 150 1 Ib/ton
B0 T
b . .
m t : Indirect Tension Test Setup

100 T
o
g 1
m S0 1 T
E
S

0
14 32 50

Test Temperature, °F
Comparison of Total Fracture Energy of the Control and FORTA-FI Mixtures
Jackson Hole Airport Project

. PG 70-10 ° ° °

Tempe, Arizona 3" Dense 14 2F’03i$1/an’igo F 17%
Montreal (MTQ) 3%; 6D‘1re-r?:e 40°F , 70°F 16%
Sioux Falls, PG 58-22 70°F 43%

South Dakota* %’ Dense 0.5 in/min
University of Texas Austin ZGDG:nzsi 77°F 25%
Jackson Hole PFC 7(.)0': . 24%

0.5 in/min

* Unconditioned Sample

PERFORMED BY:
Arizona State University
University of Texas at Austin
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FORTA@ Texas Overlay Test

.v TEX-248-F
STRONGER LASTING

TEST: The Texas overlay test is used to characterize both crack initiation and crack propagation properties
of asphalt mixes. Testing is conducted with an applied cyclic load for a set amount of cycles or when failure
occurs.

e

FORTA-FI Results: An increase in the number of cycles to failure shows that FORTA-FI can reduce
crack propagation and mitigate reflective cracking.

2,000 i

1,800 ‘ 1678
1,600 |
1,400
1200 |
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Overlay Tester Fatigue Life (eycles)

600 |
400 |

200 |

PennDOT HMA - No Fibers PennDOT HMA - Fibers
Mix Type

Project Location Mix Design Tem;:rztture
PennDOT SR3036 rono22 77°F 189%
University of Texas ;GDG :nzsi 77°F 48%

PERFORMED BY:
Rutgers Asphalt/Pavement Laboratory (RAPL)
University of Texas at Austin
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FORTA% . C* Crack Propagation Test

STRONGER LASTING"

TEST: The C* test was developed by Arizona State University at their Advanced Pavement Labratory.
This test assesses the fracture resistance and crack propagation properties of an asphalt mix.

e

KN

Typical C* Test Setup Advanced Pavements Laboratory, Arizona State Univ.

FORTA-FI Results: The use of FORTA-FI shows a greater resistance to fracture, crack propagation and

L ]

e r Reindorend
12 Sy =19308x + 04076
K =0.9007

*, (b*1ad min;
n

C

Crach Growth R, a* (in'sdn)

FIG. 11— line integral versus crack growth rate

reflective cracking when compared to mixes without fiber reinforcement..

Resistance to Crack Propagation

Proiectl ocation Mix Desian Improvement vs Control
Tempe, AZ 2” Surface Overaly 40X
Taylor Falls, MN 2” Surface Overlay 52%
Cranberry Twp, PA Surface 15%
PERFORMED BY:

Advanced Pavements Lab at Arizona State University
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FORTA% ﬁf;‘;'gﬁ‘” SCB (Semi-Circular Bending)

CTRONGER LASTING AASHTO D8044, AASHTO TP 124

TEST: The Semi-Circular Bending test measures the asphalt mixtures ability to resist cracking, delay crack
propagation and crack growth. Fracture energy characterizes the mixtures ability to resist cracking while
the Flexibility Index denotes an improved resistance to cracking and crack propagation. A lower Flexibility
Index implies a brittle and crack prone asphalt pavement.

FORTA-FI Results: FORTA-FI improves the fracture energy and flexibility index, resulting in enhanced
resistance to cracking and crack propagation.

Table 4.26 Summary of SCB Test Results, FORTA Czech Republic Project Asphalt Mixture

Asphalt Mixture Maximum Load Tensile Strength Fracture Toughness
(kN) (MPa) (N/mm>)
ACO11+3 8.5 6.3 47.10
FRACO11+3 9.7 7.2 53.57
SMAT11S 6.2 5.3 37.35
FRSMAI11S 6.4 5.5 39.41

* For the ACO11 mixture, adding the fibers increases the maximum load, tensile strength, and fracture
energy by 14%.

* For the SMA11S mixture, the addition of the fibers increases the maximum load, tensile strength, and
fracture energy by 3, 4, and 6% respectively.

PERFORMED BY:
Faculty of Civil Engineering, Czech Technical University in Prague
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FORTA% Uniaxial Fatigue Test

STRONGER LASTING” ASTM D7369

TEST: The uniaxial fatigue test applies a repeating sinusoidal load to develop constitutive models to
describe the fatigue behavior of asphalt. The fatigue analysis is performed using the simplified viscoelastic
continuum damage (S-VECD) approach where the damage characteristic curves were established and used
to obtain the fatigue relationship.

//4//-/ —

A, s U'TNE=25 machme load frame
e

IMACS [PC controller
Cvlindnical Specimen
Environmental Chamber
Computer

Compressor

FORTA-FI Results: FORTA-FI significantly extends asphalt durability and fatigue life.

) . Machine ..
Mixture Specimen A¥r Tens.ﬂe |E*|rp | Compliance I.mtlal Initial ¢ Cygles to
Voids | Strain . Stiffness Failure,
Type ID o . psi Factor, i Degree N
Y 2 MCF p f
C I PACI10 5.98 225 914,465 3.39 629,030 28.8 5,710
ontro PACII | 607 | 225 | 959,136 4.06 708,946 | 26.4 10,000
L1/ PAFO08 5.60 225 963,487 4.10 666,014 29.0 74,000
ton PAF09 5.51 225 882,411 3.86 618,007 29.2 134,000

Summary of Uniaxial Fatigue Test Results for FORTA-FI - Cranberry Township Mixtures

PERFORMED BY:
Advanced Pavements Lab at Arizona State University
Federal Highway Administration
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FORTA% Dynamic Modulus

AASTO T342, AASHTO TP79

STRONGER LASTING”

TEST: Dynamic Modulus is a material response measured under sinusoidal, non-static, loading conditions.
Dynamic modulus of a viscoelastic material is calculated by dividing the maximum peak to peak stress by
the recoverable peak to peak strain. The time lag between the applied stress and resulting strain defines the

phase angle.

UTM-25 machine load frame

2 IPC controller

— ,r Computer
- J & Cylindrical Specimen
Environmental Chamber

Compressor
Dynamic Modulus Test Setup

FORTA-FI Results: FORTA-FI decreases the material strain which helps mitigate and resist low
temperature cracking, high temperature permanent deformation, and improve overall rideability.

1,200,000 1 097.269
| m100°F m130°F |

1,000,000

800,000 747,179

600,000 479,964

400,000 242350

200,000 48,180 3,365 .
. I I

Salt River 3/4" PG70-10 Salt River 3/4" PG64-22 FORTA Boeing PHX D-12

E* psi

Comparison of Measured Dynamic Modulus E* values at 10Hz for the FORTA Boeing PHX-D-1/2
Mix and the Salt River PG 70-10 and PG 64-22 Conventional Mixtures at Selected Temperatures

Tempe, AZ Surface 30%
Jackson Hole PFC 34%
PERFORMED BY:

Advanced Pavements Lab at Arizona State University
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Resilient Modulus
ASTM D7369

STRONGER LASTING”

TEST: The resilient modulus represents the relationship between tensile stress
and recovered strain. The repeated load indirect tension test for resilient modulus
is conducted by applying a haversine wave and loading and unloading the test
specimen. The strain pulse response is analyzed to determine the amount of
strain that recovers during the rest period. Although seldom used in the United -

States, resilient modulus testing is still used in various regions of the world. ik ir
=i

Resilient Modulous Test Setup

FORTA-FI Results:

. Temperature, °F

Asphalt Mix D) 39 21 104
ACO11S_1 1,788 965.9 300 117
FRACO11S_1 1,896 1,121 415 170
% Increase i1n Modulus 6.00 16.07 38.16 44 44
SMAI11S 3.342 1.559 542 158
FRSMAI11S 3,553 1.791 745 207
% Increase in Modulus 6.34 14 .88 3743 31.19

Modulus Values Determined by IT-CY Test, FORTA Czech Republic Project (units = ksi)

Arizona State University ;G[?e?nzsi 4005’()7?;/':rﬁi1n000|: 21%

City of Santa Rosa, e 70°F )
California 7" Dense 0.5 in/min il

. PG70-10 ° ° °

Tempe, Arizona 3" Dense 14 2F()3|$1/an|go F 17%
Montreal (MTQ) 3%; GDtr?ge 40°F , 70°F 16%
Sioux Falls, PG 58-22 70°F 439
South Dakota* %’ Dense 0.5 in/min °

. . . PG 64-22 o
University of Texas Austin 14’ Dense 77°F 25%

PERFORMED BY:
Advanced Pavements Lab at Arizona State University
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PCI (Pavement Condition Index)

STRONGER LASTING”

TEST: The PCI was originally developed by the US Army Corps of Engineers to quantify the in-place
quality of pavements. Using a visual survey of the road, deduct values are used with their respective
associated distress values and severities, and a rating is assigned to the section. The ratings score from 0 to
100 to represent the overall condition of the pavement. PCI data is useful in determining required pavement

maintenance applications and scheduling. standard pCl Scale

i3

Typical DeteriorationCurve

_ - -
75% of Pavement Life

407 Drop
in Quality

‘ v
Very Poor ‘ 12% of
T

Pavement Condition Index (PC1) §
a
]

Pavement
ute

) 157 P P R B R T A R 0 I

Yoors

FORTA-FI RESULTS: FORTA-FI gives asphalt pavements the ability to resist cracking and rutting, leading to
an increase in durability and longevity and a better PCl score.

Roadway Section  Years PCI Rating

., ~. | FORTA-FI 7 84 | Satisfactory
Glen David Drive c I 7 64 | Fai
Control vs FORTA-FI Deterioration Curve ontro a":
Palomino Dri FORTA-FI 7 76 | Satisfactory
S alomino Drive =~ " 7 54
R N e o .| FORTA-FI 7 70 | Satisfactory
S o | Stonewood Dive"E ) 7| 57 |Fair
— oot FORTA-FI 4 95
. = SR 3036 Control 4 72 | Satisfactory
FORTA-FI 4 71 Satisfactory
SR 4016 Control 4 | 64 |Fair
Paularino FORTA-FI 4 93
Avenue Control 4 84 | Satisfactory
FORTA-FI 2 94
Interstate 81 1= irol 2 79 | Satisfactory

“After reviewing the PCIl numbers of the FORTA-FI and regular HMA resurfacing, walking the
pavements and studying the PAVER output, itis my Professional Opinion thatitis reasonable to expect
anincreased life in the range of 40 to 50% by adding the FORTA-FI fibers to a standard HMA all factors
being equal.” — Joe Kindler

PERFORMED BY:

Arizona State University

GMU Geotechnical, Inc. (GMU)
Joe Kindler & Associates

Performance Summary 15



FORTA®

Descri tion

FORTA-FI is a high tensile strength synthetic fiber blend formulateci to reinforce asphalt
mixes. FORTA-FI helps to control and reduce fatigue cracking, thermal cracking, reflective
cracking, rutting, and raveling. In new construction or rehab projects, FORTA-FI provides
initial cost savings through reduced pavement layer thickness which gives the same
= durability as conventional mixes, or a life cycle cost reduction when placed at conventional
asphalt pavement thickness which extends the pavement life.

¢ Reinforcement Objective
PARA-ARAN"D % POLYOLEFIN Tothree-dimensionally reinforce pavements by controlling thermal, reflective, and fatigue

AQQlications

l cracking as well as reduce rutting andraveling.

FORTA-FI f1ber blend is added directly to the asphalt mix

during production creating a three-dimensional materiai
reinforcement throughout the entire pavement layer. This
reinforcement helps control thermal, reflective, and fatigue
cracking, as well as reduce rutting and raveling. FORTA-Fl is

1.44 0.91

2,427 Ib/cu yd 1,534 Ib/cu yd

(1,440 kg/cu m) (910 kg/cum) a cost effective way to improve the durability and longevity

. ] of a variety of transportation applications such as airports,

400 ksi (2,758 MPa) N/ A streets, highways, interstates, and industriai parking lots,
-100 - S00°F N/A etc. FORTA-FI is an innovative way to help transportation
(-73 - 427°C) agencies achieve sustainability objectives by lowering Life

Cycle Costs.
Performance Benefits

0.75in (19 mm) 0.75in (19 mm)

Monofilament? Serrated
Yellow Yellow Extreme durability Exte.nd pav.ementllife
Life cycle cost reduction Provide 3-dimensional
Inert Inert

reinforcement against
pavement distresses

No change toconstruction
process or JMF

1. Fibers will melt or become plastically deformed during asphalt mix production.
2. Strands become fibrillateci during asphalt mix production.

Addition & Mixing

FORTA-FI mix _? well in batch and drum Plants without compromising production. The f1bers are added at a rate of one (1)_(Pound of
f1bers perone ? ) ton of asphalt mix. Add f1ber during the production process after the flame but before introduction of the liquid AC.For

batch plants, the f1bers are added either manually using pre-measured bags or with a FORTA ® Delivery System. For drum plants, bags
can be placed on the RAP conveyor manually or directly into the drum with a FORTA Delivery Syst em. Ensure minimum mix production
temperatures as follows: 220°F minimum far bulk f1ber use; or 275°F minimum for pre-measured bags (bags may not fully dissolve
below 275°F). FORTA offers several types of f1ber delivery systems such as the Voyager, The Big Shot and The Little Shot. Some feeders
automatically track and record the amount of f1ber fed into the plant for quality assurance.

FD.2.02.06.19
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FORTA® FORTA-FI

FACT DATA

STRONGER LASTING"

Packaging
Bags 1.01b 0.5 kg
Cartons 35 bags 35 bags
Bulk Carton 35 Ib, loose in carton 16 kg, loose in carton
12 cartons/21 O bags (standard cont.)
Pallets 16 cartons/560 bags 28 cartons/980 bags (high cube cont.)
Gaylord Pallets 600Ib 273 kg
Fiber Vs. Control

This county road suffered sever alligator cracking from years of heavy truck trafflc. To repair the road, engineers wanted to explore
FORTA-FI as an alternate reinforcement method. They applied a 2 inch overlay directly onto the existing pavement without milling. They
used the same base mix for the entire road; however, for one-half of the road, the mix included FORTA-FI, and for the other half, the mix
dici not.

After 7 months, the side without f1ber reinforcement had begun to reflect
cracking from the old asphalt layers below. As you can see, the FORTA-
Fl section outperformed the control section when it carne to reducing
reflective and alligator cracking, which will directly lead to an extension
of life.

7 Months After Paving

> B efore Paving

With Fiber Without Fiber

Additional Information

Additional information such as the Safety Data Sheet, Certif1cations, videos and other literature can be found on the forta-f1.com website.
The website also features Project Profiles that show the many applications and benefl1ts of FORTA-FI and other f1bers for asphalt flrst-
hand.

Limited WarrantY -

FORTA® Products are warranted to be free of defects in materiai and will meet all published physical properties as set forth herein.
EXCEPT FOR THE EXPRESS LIMITED WARRANTY SET FORTH HEREIN, NEITHER FORTA NOR ANY PERSON ON FORTA'S BEHALF
HAS MADE OR MAKES ANY EXPRESS OR IMPLIED REPRESENTATION OR WARRANTY WHATSOEVER, EITHER ORAL OR WRITTEN,
INCLUDING ANY WARRANTIES OF MERCHANTABILITY, FITNESS FORA PARTICULAR PURPOSE, TITLE, OR NON-INFRINGEMENT,
WHETHER ARISING BY LAW, COURSE OF DEALING, COURSE OF PERFORMANCE, USAGE OF TRADE OR OTHERWISE, ALL OF WHICH
ARE EXPRESSLY DISCLAIMED.

The exclusive remedy for defective product is outlined in FORTA's Standard Terms and Conditions of Sale, available upon request.
CONSEQUENTIAL DAMAGES ARE SPECIFICALLY EXCLUDED.

FORTA reserves the right to change the features and specifications of its products without prior notice.
FORTA-FI® can be purchased from FORTA Corporation or an authorized FORTA® products distributor, dea/er or representative.

FORTA®, FORTA-FI®, and "Circles of Strength" mark are registered trademarks of FORTA Corporation
© 2019 FORTA Corporation FD.2.02.06.19

FORTA ag’;‘;‘m' 100 FORTA DRIVE, GROVE CITY, PA 16127 800-245-0306 FORTA-FIl.comil€i £ @




