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(General Features)

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran ‘”’
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Composite Material

Two inherently different materials
that when combined together
produce a material with properties
that exceed the constituent
materials.

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran ‘u
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Composites Offer

®High Strength

®Light Weight

®Design Flexibility
®Consolidation of Parts
®Net Shape Manufacturing

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y
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+ Microstructure of a composite = matrix + reinforcement

Particles

Continuous Fibers

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y
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Composite Bicycle

&
%

Laminated

Graphite Snowboard

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran
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Fiberglass Bow
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Dodge Viper

= Carbon/epoxy [ Aramid /DuPont Nomex

[ Carbon/aramid /epoxy HEE Aramid/foam core

N Glass-fiber [ Carbon/DuPont.
reinforced plastic

Front grill of an Automobile Different part of an airplahe

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y
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Fiber Reinforced Polymer Matrix

Matrix

eTransfer Load to Reinforcement
eTemperature Resistance
eChemical Resistance

Reinforcement

eTensile Properties
oStiffness
eImpact Resistance

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran
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Design Objective

®Performance: Strength, Temperature, Stiffness
®Manufacturing Techniques

®Life Cycle Considerations

®Cost

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y

University , of Isfahan

Matrix Considerations

® End Use Temperature
®Toughness

®Cosmetic Issues
®Flame Retardant
®Processing Method
®Adhesion Requirements

/
\ 1
Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran : Sk
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Classification of Composites

*» On basis of matrix:

— Polymer matrix composites (PMCs)

— Metal matrix composites (MMCs)

— Ceramic matrix composites (CMCs)

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran N
Ui

» Purpose of reinforcement

— PMC: increase stiffness (E), yield strength,

tensile strength, and creep resistance

— MMC: increase yield strength, tensile strength,

and creep resistance

— CMC: increase fracture toughness (K,)

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran N
Ui
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Classification of Composites

On basis of reinforcement

— Particle reinforced composites
Natural

— Ex., precipitates
Artificial

k] .
St

R '
' T

Addition of immiscible phases

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y

Particles

Universi I

— Short fiber or whisker reinforced composites

Artificial

~ 1>

AN XA rendn
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Short Fibers

,
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— Continuous fiber or sheet reinforced MMCs
Natural (“sort of")

— Ex., DS eutectics
- Artificial

Continuous Fibers

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y
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What can composites look like?

MMC

Fiber
reinforced

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y

Univer.
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PMC

Fiber
reinforced

Transverse section of a

carbon fiber reinforced polyester resin. Ve=50% (Optical).

e

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y
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MMC

Fiber
reinforced
(eutectic)

Deeply etched transverse section of a eutectic composite
showing NbC fibers in a Ni-Cr matrix.

e

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y
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MMC

Particle
reinforced

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran 2
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MMC PMC
Fiber Fiber
reinforced reinforced

[Meyers & Chawls] o4
MMC MMC
Fiber Particle
reinforced reinforced
(eutectic)

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran ‘u
University of Isfahan
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Cast Iron: another good example of @ composite
Particle reinforced MMCs

GRAY DUCTILE
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What do properties depend upon?

«  Matrix type
Structure and intrinsic properties

+ Reinforcement:
— Concentration
— Shape
- Size
Distribution
— Orientation
Matrix/reinforcement interface

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y
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Matrix Types

Polyester
Polyesters have good mechanical properties,
electrical properties and chemical resistance.
Polyesters are amenable to multiple
fabrication techniques and are low cost.

Vinyl Esters
Vinyl Esters are similar to polyester in
performance. Vinyl esters have increased
resistance to corrosive environments as well
as a high degree of moisture resistance.

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y

University of | an

Epoxy
Epoxies have improved strength and stiffness
properties over polyesters. Epoxies offer
excellent corrosion resistance and resistance to
solvents and alkalis. Cure cycles are usually
longer than polyesters, however no by-products
are produced.

Flexibility and improved performance is also
achieved by the utilization of additives and
fillers.

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y

Universi I an

9/15/2013

18



Reinforcement

Fiber Type
®Fiberglass

®Carbon
®Aramid

Textile Structure

®Unidirectional
®\Woven
®Braid

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y
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Fiberglass

(reinforcements)

properties at a relatively low cost.

E-glass
Density 2.56 g/cc
Tensile Strength 390 ksi
Tensile Modulus 10.5 msi
Elongation 4.8%

E-glass: Alumina-calcium-borosilicate glass
(electrical applications)

S-2 glass: Magnesuim aluminosilicate glass

Glass offers good mechanical, electrical, and thermal

S-2 glass

2.46 g/cc
620 ksi
13 msi
5.3%

=

S

; /
gl —
Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran s T
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Aramid

Kevlar™ & Twaron™

Para aramid fiber characterized by high tensile
strength and modulus

Excellent Impact Resistance

Good Temperature Resistance

Density 1.44 g/cc
Tensile Strength 400 ksi

Tensile Modulus 18 Msi
Elongation 2.5% ( O '%
gt —

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y
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Carbon Fiber

PAN: Fiber made from Polyacrylonitrile
precursor fiber

High strength and stiffness
Large variety of fiber types available

Standard Modulus Intermediate Modulus
Density 1.79g/cc 1.79g/cc
Tensile Strength 600 ksi 800 ksi
Tensile Modulus 33 Msi 42 Msi

Elongation 1.8% 1.8%
X
Sl —

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y

Universi I an

20



9/15/2013

Weight Considerations

Aramid fibers are the lightest
1.3-1.4 g/cc

Carbon
1.79 g/c

Fiberglass is the heaviest
2.4 g/cc

@

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y
University of Isfahan

Strength Considerations

Carbon is the strongest (tensile strength)
600-800 ksi

Fiberglass
400-600 ksi

Aramids
400 ksi

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y ;
University of Isfahan
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Impact Resistance

Kevlar (Aramid) is the toughest
Fiberglass

Carbon

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y
University of Isfahan

Stiffness Considerations

Carbon is the stiffest (tensile mudulus)
30-40 msi

Aramids
14 msi

Fiberglass
10-13 msi

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y

University , of Isfahan
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Cost Considerations

Fiberglass is cost effective
$5.00-8.00/Ib.

Aramids
$20.00/Ib

Carbon
$30.00-550.00/1b

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran b
Ui

FRP = Fibre Reinforced Polymer (Plastic)
CFRP = Carbon Fibre Reinforced Polymer
GFRP = Glass Fibre Reinforced Polymer

. T -

= Active loading = Passive/seismic
» Damp/wet loading
conditions = Dry conditions
= Stiffness driven = Strength driven
= Extreme alkaline » Extreme acidic
conditions conditions
= Economical

A
Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran
Ui
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FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

i Steel vs. Composites

= Low material cost = High material cost

= High installed cost = Low installed cost

» Corrosive = Non-corrosive

= Heavy = Lightweight

« Fabrication required = No fabrication required
= High maintenance « Low maintenance

Fabric Structures

Woven: Series of Interlaced yarns at 90° to each other
Knit: Series of Interlooped Yarns
Braided: Series of Intertwined, Spiral Yarns

Nonwoven: Oriented fibers either mechanically,
chemically, or thermally bonded

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y

University of | an
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Woven Fabrics

Basic woven fabrics consists of two systems of
yarns interlaced at right angles to create a
single layer with isotropic or biaxial properties.

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y
Ui

Physical Properties

@ Construction (ends & picks)
®Weight

®Thickness

®\Weave Type

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y
Ui
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Components of a Woven Fabric

Warp
Direction

Fill Direction

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y

Universi : I an

Basic Weave Types

Plain Weave

Offers:

1. Fabric Integrity
2. Dimensionally Stable

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y

Universi I an
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Satin 5HS

Offers:

1. Smoother Face
2. Improved translation
of fiber properties

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y
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2 x 2 Twill

& T w f0 Vo ofo o\®
T I
) L
- ...I Excellent drapeability, conformability \

Mehrdad Hejazi, Department of Civil EI'IﬂI'IBBI‘iI'Ig, Faculty of Engineering, University of Istahan, Isfahan, Iran t
Umurn_‘t: of Isfahan
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Non-Crimp

i £ g

Offers:

Minimum crimp in yarns.

Dimensioally stable.
e/ lo Lo le (&A1

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran

Unive I an

Braiding

A braid consists of two sets of yarns, which are
helically intertwined.

The resulting structure is oriented to the
longitudinal axis of the braid.

This structure is imparted with a high level of
conformability, relative low cost and ease of

manufacture. N
f @ %
gl —

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y
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Braid Structure

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y

Universi I an

Types of Braids

Diamond Braid Regular Braid

™y

/
e g2
Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran : Sk
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Triaxial Yarns

A system of longitudinal yarns can be introduced which
are held in place by the braiding yarns

These yarns will add dimensional stability, improve
tensile properties, stiffness and compressive strength.

Yarns can also be added to the core of the braid to form a
solid braid.

Mehrdad Hejazi, Department of Civil Engineenng, racumny or cngmeenng, umiversity of Isfahan, Isfahan, Iran y
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FRP Composite

Applications for
Infrastructure, Rehabilitation
and Repairs

&

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y
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FRP = Fibre Reinforced Polymer (Plastic)

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y

Unive

FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

i FRP Products

= Bridge Deck Replacement

= All-FRP, full deck replacement

= All-FRP, low-profile deck replacement
» Concrete Reinforcement

= Deck replacement — Top mat

« Traffic barriers

« Parapets
= External Reinforcement Systems

= Strengthening

= Seismic Upgrade

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y

Unive

9/15/2013

31



FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

FRP Composite Benefits for
Construction Applications

= Faster construction could reduce traffic delays
= Reliability of pre-engineered systems
= Enhanced durability and fatigue

characteristics as proven in related
applications from other industries

= Products and systems enable value
engineering that result in innovative and
efficient installations

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y
Ui

FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

Estimated Installations to Date
i Worldwide (Bridges)

= All-FRP Deck 200

= FRP Reinforced 200
Concrete

= Seismic Upgrade - 15,000+

Strengthening

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y
Ui
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FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

FRP Bridge Decks

7 - /L
Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran ‘“
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FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

FRP Bridge Decks

Bentley Creek Bridge
Elmira, NY Route 418

Schroon River Bridge
Warrensburg, NY

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran 2

Unive an
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FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran

Universi

FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

* Extern

al Reinforcement

= Steel Ry
= Plates N,
= Jackets B v = CFRP
: : = Strips
= Fabrics
= Brackets
= GFRP
= Fabrics

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran 2
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FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

Why Do Structures Need
Strengthening?

= Insufficient
reinforcement

= Corrosion damage ‘
= Change in use

» Structural damage
= Seismic upgrade

FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

* Structures

Additional loads

Earthquake
Du

&)

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y
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FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

* Typical Applications
Bridges |

» Girder Strengthening
= Column Wrapping
» Pier Upgrades

» Deck Stiffening

g —
Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran s T
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FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

i FRP Fabrics

= Available in carbon or
glass

» Conforms to all
shapes & sizes

s Effective on concrete
and masonry

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran A :
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FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

Saturating the Fabric

y Fabric l

Resin
P4

O %

\ @ ||
Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran ‘u
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FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

Shear Strengthening
Anchorage Details

- LW

FRP Rod

o

©Structural Group

N vy
Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran ‘u
University of Isfahan
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FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

* Cold Weather Installations

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y
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FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

Fast curing of the adhesive

How it works

Bracket | Temperature  CarboDur plate 1
' gauge ‘///, Bracket
ﬁ_;,-:;—‘_ui—_;s. E]. \7 e
Ve

Heating device

Power supply 110/230 V

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y
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FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

* Wooden Bridge

/

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran
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FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

* Post-tensioning with CFRP

= Optimal use of Carbon Fiber Plates

» Reduces tensile strain in existing steel
reinforcement

= Increases live load capacity of member
= Non-corrosive material

-~ —
Post-tensioned CFRP plate

L-m.,, ARASRSNN -4 &

§ pu
Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran ‘w
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FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

Post-tensioning with CFRP

Dead End

Live End

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran 2
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FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

* Case Studies

\@an|
Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran ‘u
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FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

I-57 Bridge Column Seismic Upgrade
Cairo, Illinois

=« Owner:
Illinois DOT

= 150 mile New Madrid Fault
crosses 5 state lines

= New Madrid earthquake of
1811-12 included 3 main
tremors > 8.0 on Richter scale

= Illinois DOT has undertaken
program to seismically
strengthen bridges

= 50 Piers and 158 columns
were part of this contract

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran :
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FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

i I-57 Bridge Column Upgrade
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i I-80 Salt Lake City
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i I-580 Reno, NV

= Seismic
strengthening
project

= Flared column
geometry
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Bible Christian Bridge
Cornwall County, UK

= Owner: UK - Department of
Transport
= General
Contractor: Cornwall County

= Subcontractor:  Makers, Ltd.

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran y
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i Bible Christian Bridge

= Located 250 miles (400 km) from
London

= A30 Highway (4 lanes total)
» Guard rails protect columns from cars

= Columns strengthened for protection
against trucks (impact loading)
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i Bible Christian Bridge
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i Switzerland Bridge

= Top side
reinforcement

= Carbon fiber
plates installed

= Hot applied
asphalt placed
over carbon fiber

&
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Route 278 over Bennetts Creek
Steuben County

First Composite Bridge in New York
Superstructure Replacement

Span Length — 26 Feet

Supplier - Hardcore Composites
Construction and Erection - NYSDOT
Maintenance

Opened to traffic — October 1998

2
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Route 367 over Bentley Creek
Chemung County

Deck: Replacement
140 foot truss Span

Existing concrete deck weighed 150psf ,
new FRP deck weighs 22 psf

Removed 14 ton load Posting

Winner of Civil Engineering Research
Foundation’s Charles H. Pankow Award for

Innovation (@\
g2 —
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FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

Route 223 over Cayuta Creek
Chemung County

Deck replacement
140 foot truss Span

2
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Route 418 over Schroon River
Warren County

Deck Replacement
160" Thru Truss Span

ADT 3500
Supplier — Martin Marietta Composites

Removed Load Restriction thru use of FRP
Deck

2
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Problems

Wearing Surface
Connections to Superstructure
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i

FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

e PO ———

L .-‘-m‘_n-m—_,___
P P

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran “u
i

9/15/2013

57



9/15/2013

FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran ““

Universi 1 an

FRP Composite Applications for Infrastructure, Rehabilitation and Repairs

Concrete Repair & Strengthening

Column Wrapping
Pier Cap Beams
Beam Strengthening
Seismic Retrofitting
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FRP Advantages

Durability

High Strength to Weight Ratio
Light Weight

Speed of Installation

Concrete Repair and Strengthening

2
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FRP Disadvantages

Initial cost

Lack of Accepted Design Codes and
Specifications

Thermal Expansion

Mehrdad Hejazi, Department of Civil Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran ‘u
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Conclusions

*Composite materials offer endless design
options.

*Matrix and Fibre are critical in the design
process.

*Composite structures can be produced with
specific properties to meet various
requirements. ')
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Unidirectional Prepregs: Typical Elastic Properties

E 1 Ez Gu iz
(kN /mm?) (kN/mm?) (kKN /mm?)

High strength
carbon/epoxy 140 10 5 0-30
High modulus
carbon/epoxy 180 8 5 0-30
E-glass/epoxy 40 8 4 0-25
Kevlar/epoxy 75 6 2 0-34

E, = Young’s modulus in fibre direction.

E, = Young’s modulus in transverse direction.
G,, = in-plane shear modulus.

vi2=major Poisson’s ratio.

E=200 kN/mm2 :S)fgé 6‘)‘.’

Joz laz & il o0 Jos a5 (Matrix) ;oo solo 3 SLII lojes LsT jo 45 5 0 o190 =Prepreg
E(electrical)-glass
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Woven Prepregs: Typical Elastic Properties

E, E, . Gz Vi2
(kN/mm?) (kN/mm?) (kN/mm?)

High strength
carbon/epoxy 70 70 5 0-10
High modulus
carbon/epoxy 85 85 5 0-10
E-glass/epoxy 25 25 4 0-20
Kevlar/epoxy 30 30 5 0-20

E, = Young’s modulus in fibre direction.

> = Young’s modulus in transverse direction.
G\2 = in-plane shear modulus.
vi> = major Poisson’s ratio.

i (2 39 S90) aig> 90 SLII LT 4o 45 S 0 0190 =WoVeEN
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(Typical Strength Properties)
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Unidirectional Prepregs: Typical Strength Properties (N/mm”)

X, X. Y Y. S
High strength 1500 1200 50 250 70
carbon/epoxy
High modulus 1000 850 40 200 60
carbon/epoxy '
E-glass/epoxy 1000 600 30 110 40
Kevlar/epoxy 1300 280 30 140 60

X, = longitudinal tensile strength.

X. = longitudinal compressive strength.
Y, = transverse tensile strength.

Y. = transverse compressive strength.
§ =in-plane shear strength.

Joz oz & il o0 Jos a5 (Matrix) ;oo solo 3 SLII lojes LsT jo 45 5 0 o190 =Prepreg
E(electrical)-glass
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Woven Prepregs: Typical Strength Properties (N/mm?)

X, X. Y. Yo §
High strength 600 570 600 570 90
carbon/epoxy
High modulus 350 150 350 150 35
carbon/epoxy
E-glass/epoxy 440 425 440 425 40
Kevlar/epoxy 480 190 480 190 SO

X, = longitudinal tensile strength.

X . = longitudinal compressive strength.
Y, = transverse tensile strength.

Y. = transverse compressive strength.
S =in-plane shear strength.

i (33 3908) g 90 SLII LT yo 45 S o 0190 =Woven 4
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