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1.Composite Material Defined

e A materials system composed of two or
more physically distinct phases whose
combination produces aggregate properties
that are different from those of its
constituents

 Examples:
— Cemented carbides (WC with Co binder)
— Plastic molding compounds containing fillers
— Rubber mixed with carbon black

— Wood (a natural composite as distinguished
from a synthesized composite)



1. Why Composites are Important
Composites can be very strong and stiff, yet very
light in weight, so ratios of strength-to-weight
and stiffness-to-weight are several times greater
than steel or aluminum (avtoyn kot akopio)

Fatigue properties are generally better than for
common engineering metals (avtoxn otn xpnon)

Toughness is often greater too (ockAnpotnta)

Composites can be designed that do not corrode
like steel (bLapwon)

Possible to achieve combinations of properties
not attainable with metals, ceramics, or polymers
alone (ue avwtepec LOLOTNTEC)



Nature of Composites:

. Advantages:

—  High strength to weight ratio (low density high tensile strength) or
high specific strength ratio!
. 1020 HRS spec strength = 1 (E6 in)
*  Graphite/Epoxy, spec strength =5 (E6 in)
—  High creep resistance
—  High tensile strength at elevated temperatures
—  High toughness

—  Generally perform better than steel or aluminum in applications
where cyclic loads are encountered leading to potential fatigue
failure (i.e. helicopter blades).

—  Impact loads or vibration — composites can be specially formulated
with high toughness and high damping to reduce these load
inputs.

—  Some composites can have much higher wear resistance than
metals.

—  Corrosion resistance
—  Dimensional changes due to temp changes can be much less.

— Anisotropic — bi-directional properties can be design advantage
(i.e. helicopter blades)



1. Disadvantages and Limitations of
Composite Materials
Properties of many important composites are
anisotropic - the properties differ depending
on the direction in which they are measured —
this may be an advantage or a disadvantage

Many of the polymer-based composites are
subject to attack by chemicals or solvents, just
as the polymers themselves are susceptible to
attack

Composite materials are generally expensive

Manufacturing methods for shaping
composite materials are often slow and costly




1. One Possible Classification of
Composite Materials

* Traditional composites — composite materials that
occur in nature or have been produced by
civilizations for many years

— Examples: wood, concrete, asphalt

* Synthetic composites - modern material systems
normally associated with the manufacturing
industries, in which the components are first
produced separately and then combined in a
controlled way to achieve the desired structure,
properties, and part geometry




1. Classification

Composites

- - Adapted from Fig. 16.2,

Callister 7e.



Secondary Phase,

Reinforcement

1. Classification

Primary Phase, Matrix

Metal Ceramic Polymer
Metal Infiltrated Cermets Some molding
powder compounds
helallatas Brake linings
pars
Ceramic Cermets SiC whisker- | Plastic molding
Ceameantad reinforced compounds
carbides Alx03 Fiberglass-
Fiber-reinforced r?lnfgrced
metals plastic
Polymer NA NA Kevlar-
reinforced
BpOXY
Elements Fiber-reinforced NA Rubber with
(e.g., C,B) metals carbon black
B- or C-reinforced
plastics

NA = not applicable currently.




» Dispersed phase:
-- Purpose: enhance matrix properties.
MIMC: Increase yield stress, tensile strength,
creep resistance
CMC: Increase fracture toughness
PMC: Increase modulus, yield stress, tensile
strength, creep resistance.

-- Classifications: Particle, fiber, structural



2. Functions of the Matrix Material
(Primary Phase)

Protect phases from environment
Transfer Stresses to phases

Holds the imbedded phase in place, usually
enclosing and often concealing it

When a load is applied, the matrix shares
the load with the secondary phase, in some
cases deforming so that the stress is
essentially born by the reinforcing agent




2. Reinforcing Phase (Secondary)

Composites - Particles
l 1 —

Particle-reinforced

Precipitation hardening
fine enough dispersion

to block dislocation motion
between particles,

see Lecture 19




Composites - Particles
1

Particle-reinforced

Mi ic Di . low volume fraction
Icroscopic Lispersion / of dispersed phase
- SpthGidﬁE matrix: "'% -r.:i—-" particles: Adapted from Fig. 10.18,
steel ferrite (a) ““%ﬂ”' : ;f' &%, | cementite  Calfster7e. (Fig. 10.19

: e i’ is copyright United
{dUCtI|E} *ﬁ? "Fr s mﬂt ".‘:ia;?'l: {F'E' 3 C) States Stee! Corporation,

. 2% (brittle) wi)
A° Eﬂpmﬂ

. . Adapted from Fig. 16.4,
- WC/Co matrix: particles: Biinder ?r.'e].m{ﬁlgg. 16.4 is
cobalt WC courtesy Carboloy
cemented (ductile) (brittle Sene, Lenarmet.
carbide ' General Electric
V m- hard } Company.)
10-15 vol%!
~. high volume fraction

of dispersed phase



Composites - Particles
- 1 I

Particle-reinforced

Macroscopic Dispersion

Concrete — gravel + sand + cement
- Why sand and gravel? Both contribute to high compressive strength
Sand packs into gravel voids — high volume fraction = strong + cheap



Composites - Fibers
- 1t 1

Fiber-reinforced

* Fibers very strong
— Provide significant strength improvement to material
— Ex: fiber-glass
* Continuous glass filaments in a polymer matrix

+ Strength due to fibers

* Polvmer simply holds them in place



Composites - Fibers
- |

Fiber-reinforced

» Fiber Materials

— Whiskers - Thin single crystals - large length to diameter ratio
« graphite, SiN, Si1C
* high crystal perfection — extremely strong, strongest known
* Very expensive

— Fibers
 polycrystalline or amorphous
« generally polymers or ceramics

« Ex: AL,O; , Aramud, E-glass, Boron, UHMWPE
— Wires
¢ Metal — steel, Mo, W



Longitudinal Fiber Alignment

direction
Adapted from Fig. 16.3,
Callister Ve.
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Composites - Fibers
- 1

Fiber-reinforced

« Critical fiber length for effective stiffening & strengthening:
fiber strength in tension ~— —fiber diameter

. c.d
fiber length > 15 Tf ~_—shear strength of

fiber-matrix interface

 EXx: For fiberglass, fiber length > 15 mm needed



Composites - Fibers

* Why? Longer fibers carry stress more efficiently!
Shorter, thicker fiber: Lcnger thinner fiber: c,d

fiber fength <1522

€ = ——-_E_______ﬂ——j_}

a(X)

Adapted from Fig. 16.7,
Callister 7e.

_\_‘_‘—\—\__,_:—'—'_'_‘_‘—\—\_\_\_'_

Poorer fiber efficiency Better fiber efficiency

Tensile stress 1s transferred to the fiber from the matrix by a shear stress
at the interface. If the fiber 1s too short, and near the ends, there is not
enough surface area to transfer the full stress.

The fibers must be long enough that the “end-effect” 1s small.



Composites - Fibers
r | 1

Fiber-reinforced

» Aligned Continuous fibers
* Examples:
-- Metal: y'(Ni3Al)-a(Mo)
by eutectic solidification.

Fiber o -Mo (ductile)

From W. Funk and E. Blank, "Creep deformation
pf Ni3Al-Mo in-situ composites”, Mefall. Trans. A
v'ol. 19(4), pp. 987-998, 1983. Used with
bermission.




Composite Strength

Continuous fibers

R

-
-
—
—
=1
;-
2.

DN
—

-
=
N
=]
N
S
(=]
N

Composite high pressure cylinder




Composites - Fibers
T

Fiber-reinforced

Discontinuous, random 2D fibers
Example: Carbon-Carbon

_ = C fibers:
-- process: fiber/pitch, then |

§| very stiff
burn out at up to 2500°C. & very strong
-- uses: disk brakes, gas (b) X matrix:
turbine exhaust flaps, nose L AR ' | less stiff
cones. view Dntﬂ ptane less strong

fibers lie
in plane

Other variations:

-- Discontinuous, random 3D Adapted from F L. Matthews and R.L. Rawlings,

— T i Composite AMaterials; Engineering and Sciance,
DISCDHTIHUDUS, 1 D Reprint ed., CRC Press, Boca Raton, FL, 2000. (a) Fig.
4 24{a), p. 151; (b} Fig. 4 24{h) p. 151. (Courtesy |.J.
Davies) Reproduced with permission of CRC Press,
Boca Raton, FL.




Fracture of Composites - Fibers

Ceramic: Glass w/SiC fibers
formed by glass slurry
Eglass =76 GPH; Esic =400 GPa.

r

Fraom F.L. Matthews and R.L. Rawlings,
Composite Materials; Engineening and Science,
RFeprint ed., CRC Prass, Boca Raton, FL, 2000,
{a) Fig. 4.22, p_ 145 (photo by J. Davies); (b) Fig.
11.20, p. 349 (micrograph by H.5. Kim, P.5.
Fodgers, and R.0O. Rawlings). Used with
permission of CRC

FPress, Boca Raton, FL.




Composites - Laminates

-t 1

Structural

» Stacked and bonded fiber-reinforced sheets
-- stacking sequence: e.g., 0°/90°
-- benefit: balanced, in-plane stiffness

Adapted from Fig.
16.16, Cailister Ve.

« Sandwich panels
-- low density, honeycomb core
-- benefit: small weight, large bending stiffness

face sheet —»<< S Ty
adhesive layer =% S : o

honeycomb —> i _—
3" ], :l:l _________ : ...... o I

-
L
LT

Fﬂl:lrll:d-ll:d -'"-'-E.,..‘_ e
sandwich =
panet

Adapted from Fig. 16.18,

Caliister ¥e. (Fig. 16.18is
from Engineered Materals
Handbook, Wol. 1, Composites, ASM Intemational, Matenals Park, OH, 1987 )



Modern Alpine SKki

Top. ABS plastic having
a low glass transition temperature.
/’ Used for containmont and cosmetico

/‘ purposes.

Bidirectional layers. 45
fiberglass. Provide torsional
stiffness. AW

Unidirectional layers. 0 (and
some 90 ) fiberglass. Provide

longitadinal stiffness. ~
—

_ Side. ABS plastic
" having a low glass
transition temperature.
Containment and
cosmetic,

Core wrap. Bidiroctional
layer of fiberglass. Acts
as a torsion box and
bonds outer layoers
to core. _ Core. Polyurethane

- plastic. Acts as a filler.

Bidirectional layer.
45 fiborglass.
Provides torsional
stiffness.

Damping layer. Polyurethane.
Improves chatter resistance.

™. Unidirectional layers. 0 (and
some 90 ) fiberglass. Provide
longitudinal stiffness.

Edge. Hardened —

stecl, Facilitates Bidirectional layer. 45 fiborglass.

turning by “cutting” \ Provides torsional stiffness.
into the snow, \ y

" Base. Compressed carbon
{carbon particles ombedded
in a plastic matrix). Hard
and abrastion resistant. Provides
appropriate surface.




Composite Benefits

« CMCs: Increased toughness

Force

*
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Adapted from T.G. Nieh, "Creep rupture of a
silicon-carbide reinforced aluminum composite”,
Metall. Trans. A Vol 15(1), pp. 138-146, 1934
Used with permission.
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Metal & Ceramic Matrix Composites

* Cermets
— Ceramic (up to 90%) contained in a metallic matrix
— Cemented Carbides (tungsten, titanium, chromium)
— Cutting Tools, Dies, Indenters

* Fibre Reinforced
— Matrix is typically low density (e.g. al., mg., titanium)
— Fibres are typically Al203, Boron, Carbon, SiC

* Ceramic Matrix Composites
— Ceramic primary phase and fibres in secondary phase



Polymer Matrix Composites

Fibre reinforced polymers (FRPs)
Polymer matrix reinforced with fibres

Matrix is typically TP (polyester or epoxy)
and TS such as nylons, pvc, polycarbonates
and polystyrene

Fibres are typically glass, carbon and Kevlar
49 (up to 50%)



Components in a Composite Material

* Nearly all composite materials consist of
two phases:

— Primary phase - forms the matrix within which
the secondary phase is imbedded

— Secondary phase - imbedded phase sometimes
referred to as a reinforcing agent, because it
usually serves to strengthen the composite

* The reinforcing phase may be in the form of fibers,
particles, or various other geometries



Fibers

* Filaments of reinforcing material, usually circular
In cross-section

 Diameters range from less than 0.0025 mm to
about 0.13 mm, depending on material

* Filaments provide greatest opportunity for
strength enhancement of composites

— The filament form of most materials is significantly
stronger than the bulk form

— As diameter is reduced, the material becomes
oriented in the fiber axis direction and probability of
defects in the structure decreases significantly




Continuous vs. Discontinuous Fibers

* Continuous fibers - very long; in theory,
they offer a continuous path by which a
load can be carried by the composite part

* Discontinuous fibers (chopped sections of
continuous fibers) - short lengths (L/D =
roughly 100)

— Important type of discontinuous fiber are
whiskers - hair-like single crystals with

diameters down to about 0.001 mm (0.00004
in.) with very high strength



Materials for Fibers

* Fiber materials in fiber-reinforced composites:
— Glass — most widely used filament
— Carbon — high elastic modulus
— Boron — very high elastic modulus
— Polymers - Kevlar
— Ceramics — SiC and Al203
— Metals - steel

 The most important commercial use of fibers is
in polymer composites



Particles and Flakes

A second common shape of imbedded
phase is particulate, ranging in size from
miIcroscopic to macroscopic

Flakes are basically two-dimensional
particles - small flat platelets

The distribution of particles in the
composite matrix is random, and therefore
strength and other properties of the
composite material are usually isotropic

Strengthening mechanism depends on
particle size



Properties of Composite Materials

* |n selecting a composite material, an
optimum combination of properties is
usually sought, rather than one particular
property
— Example: fuselage and wings of an aircraft

must be lightweight and be strong, stiff, and
tough

e Several fiber-reinforced polymers possess this
combination of properties

— Example: natural rubber alone is relatively
weak

* Adding significant amounts of carbon black to NR
increases its strength dramatically



Properties are Determined by
Three Factors:

 The materials used as component phases in
the composite

 The geometric shapes of the constituents
and resulting structure of the composite
system

* The manner in which the phases interact
with one another




Rule of Mixtures

T E, (longitudinal)

Matrix
Reinforcing fibers

-
EC

Stress

Composite

Matrix

Strain

(b)



Fibers lllustrate Importance of
Geometric Shape

* Most materials have tensile strengths
several times greater as fibers than in bulk

* By imbedding the fibers in a polymer
matrix, a composite material is obtained
that avoids the problems of fibers but
utilizes their strengths

— The matrix provides the bulk shape to protect
the fiber surfaces and resist buckling

— When a load is applied, the low-strength
matrix deforms and distributes the stress to
the high-strength fibers




Other Composite Structures

* Laminar composite structure —
conventional

e Sandwich structure
* Honeycomb sandwich structure




Other Laminar Composite Structures

Automotive tires - consists of multiple layers bonded together

FRPs - multi-layered fiber-reinforced plastic panels for aircraft,
automobile body panels, boat hulls

Printed circuit boards - layers of reinforced plastic and copper
for electrical conductivity and insulation

Snow skis - composite structures consisting of layers of metals,
particle board, and phenolic plastic

Windshield glass - two layers of glass on either side of a sheet
of tough plastic




Metal Matrix Composites (MMCs)

* A metal matrix reinforced by a second
phase

* Reinforcing phases:

— Particles of ceramic (these MMCs are
commonly called cermets)

— Fibers of various materials: other metals,
ceramics, carbon, and boron



Cermets

MMC with ceramic contained in a metallic
matrix

The ceramic often dominates the mixture,
sometimes up to 96% by volume

Bonding can be enhanced by slight
solubility between phases at elevated
temperatures used in processing

Cermets can be subdivided into
— Cemented carbides — most common
— Oxide-based cermets — less common



Cemented Carbides

One or more carbide compounds bonded in a metallic matrix

The term cermet is not used for all of these materials, even
though it is technically correct

Common cemented carbides are based on tungsten carbide
(WC), titanium carbide (TiC), and chromium carbide (Cr3C2)

Tantalum carbide (TaC) and others are less common
Metallic binders: usually cobalt (Co) or nickel (Ni)



Cemented Carbide

Photomicrograph (about 1500X) of cemented carbide with 85% WC and 15% Co
TP L . = \V

{;:":‘\_:‘



Applications of Cemented Carbides

 Tungsten carbide cermets (Co binder) - cutting tools are most
common; other: wire drawing dies, rock drilling bits and other
mining tools, dies for powder metallurgy, indenters for
hardness testers

e Titanium carbide cermets (Ni binder) - high temperature
applications such as gas-turbine nozzle vanes, valve seats,

thermocouple protection tubes, torch tips, cutting tools for
steels

 Chromium carbides cermets (Ni binder) - gage blocks, valve
liners, spray nozzles, bearing seal rings



Polymer Matrix Composites (PMCs)

A polymer primary phase in which a
secondary phase is imbedded as fibers,
particles, or flakes

Commercially, PMCs are more important
than MMCs or CMCs

Examples: most plastic molding
compounds, rubber reinforced with carbon
black, and fiber-reinforced polymers (FRPs)

FRPs are most closely identified with the
term composite



Fibers in PMCs

Various forms: discontinuous (chopped),
continuous, or woven as a fabric

Principal fiber materials in FRPs are glass,
carbon, and Kevlar 49

Less common fibers include boron, SiC, and
Al203, and steel

Glass (in particular E-glass) is the most
common fiber material in today's FRPs; its

use to reinforce plastics dates from around
1920



Common FRP Structure

* Most widely used form of FRP is a laminar
structure, made by stacking and bonding
thin layers of fiber and polymer until
desired thickness is obtained

* By varying fiber orientation among layers, a
specified level of anisotropy in properties
can be achieved in the laminate

e Applications: parts of thin cross-section,
such as aircraft wing and fuselage sections,
automobile and truck body panels, and
boat hulls




FRP Properties

High strength-to-weight and modulus-to-weight ratios

Low specific gravity - a typical FRP weighs only about 1/5 as
much as steel; yet, strength and modulus are comparable in
fiber direction

Good fatigue strength

Good corrosion resistance, although polymers are soluble in
various chemicals

Low thermal expansion - for many FRPs, leading to good
dimensional stability

Significant anisotropy in properties




FRP Applications

Aerospace — much of the structural weight of todays airplanes
and helicopters consist of advanced FRPs
Automotive — somebody panels for cars and truck cabs

— Continued use of low-carbon sheet steel in cars is evidence of its
low cost and ease of processing

Sports and recreation

— Fiberglass reinforced plastic has been used for boat hulls since the
1940s

— Fishing rods, tennis rackets, golf club shafts, helmets, skis, bows
and arrows.



Aerospace Applications
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Other Polymer Matrix Composites
* |n addition to FRPs, other PMCs contain
particles, flakes, and short fibers as the

secondary phase

e Called fillers when used in molding
compounds

* Two categories:

— Reinforcing fillers — used to strengthen or
otherwise improve mechanical properties

* Examples: wood flour in phenolic and amino resins;
and carbon black in rubber

— Extenders — used to increase bulk and reduce
cost per unit weight, but little or no effect on
mechanical properties




Guide to Processing Composite
Materials

The two phases are typically produced
separately before being combined into the
composite part

Processing techniques to fabricate MMC
and CMC components are similar to those
used for powdered metals and ceramics

Molding processes are commonly used for
PMCs with particles and chopped fibers

Specialized processes have been developed
for FRPs



Bonding Microstructure Advantages Disadvantages

Metals +—»  metalic —0{ crystal grains }——{ * strong, stiff * fracture
* ductile * fatigue
* conductive
Polvmers covalent and _.l chain molecules .___.I * low cost | * low strength
y secondary * light weight * low stiffness
* resist corrosion * creep
Ceramics —a{ ionic-covalent crystal grains —4 * strong, stiff, hard —i['bfitﬂeness
“amorphous = * resist temperature
* resist corrosion
composites |—» varous | matrix and fiber, |— * strong, stiff * high cost
etc. * light weight * delamination

Figure 2.1 General characteristics of the major classes of engineering materials.



Composites consist of:
1. Combination of two or more materials [J Composite = matrix + fiber (filler):
« Matrix:
« material component that surrounds the fiber.
 Usually a ductile, or tough, material w/ low density
« Strength usually = 1/10 (or less) than that of fiber
« Examples include: thermoplastic or thermoset
« Thermoset most common (epoxy, pheneolic)
« Serves to hold the fiber (filler) in a favorable orientation.
- Fiber aka reinforcing material aka Filler:
« Materials that are strong with low densities
« Examples include glass, carbon or particles.

2. Designed to display a combination of the best characteristics of each
material i.e. fiberglass acquires strength from glass and flexibility from
the polymer.

3. Matrix and filler bonded together (adhesive) or mechanically locked
together!



Where are composites
used??????

CFRP — carbon
fiber reinforced
composite.

GFRP —

glass fiber
reinforced
composite




Composites in industry

* Engineering applications
— Aerospace
— Automobile

— Pressure vessel and pipes

Any place where high performance materials are desired

Turret Shield InGit <tris| e Bullet proof

Spring Medical Table shields

www.composiflex.com



Nature of Composites:

Disadvantages (or limitations):

Material costs

Fabrication/ manufacturing difficulties
Repair can be difficult

Wider range of variability (statistical spread)

Operating temperature can be an issue for polymeric
matrix (i.e. 500 F). Less an issue for metal matrix (2,700
F).

Properties non-isotropic makes design difficult!

Example — video test in line w/ fibers 10X stronger vs fibers
oriented at an angle.

Inspection and testing typically more complex.
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Classification of Composite Materials
by Matrix:

* Polymer matrix composites or Fiber
Reinforced Polymer (FRP)

— Fibers generally glass, carbon or kevlar

— Matric can be:
* Thermoplastics: PE, Nylon, PS, PP, PC, PVC
* Thermosets: Epoxy, polyester, phenolics

— Have high strength and stiffness to weight ratio
— Aerospace, sporting goods marine

— Examples: GFRP aka fiberglass (polyester or epoxy and
glass), CFRP (polyester or epoxy and carbon), KFRP
(polyester or epoxy and Keflar)

Filler = ? Matrix = ?



Layered Composites

Coordinate System
Lamina—1,2,3
Laminate — X,y,z

Matrix- A homogenous base
~— matenal that forms the bulk of a
composite material layer

Fibers- Bonded or embedded
—~—____ reinforcing fibers that are
usually responsible for the
anisotropy of the composite

\

N
Lamina- A composite matenal in sheet IIIIIISISSS )XQ\//
form usually referred to as a layer or ply. Laminate- A stack of lamina
The matenal properties of a layer is joined together in arbitrary

homogenization (smearing) process composite lay-up



Ranking of Most Common Fibers

for FRP

Property Glass Carbon Kevlar
Strength Worst In - between Best
Stiffness Worst Best In — between
Cost Best Worst In — between
Weight Worst Best In-between




Manufacturing FRP (see video)

- H a n d |ay_ U p (http//www.youtube.com/watch?v=_GDgxnahwbk&Iist=PL9FC6FF2112573125&index=2

e Filament winding or PUultrusion ..
e Resin Transfer (or) Injection Molding (RTM)

http://www.scaled.com/index.html

http://www.ckcomposites.com/


http://www.scaled.com/projects/ttop/press_release.pdf

Classification of Composite Materials
by Matrix:
* Metal matrix composites (MMC):

— Metal matrix: Al, Ti, Mg, Fe, Cu, Ni
— Example: Al-SiC (silicon carbide)
— Example: Al-Al,O; (aluminum oxide)

— High strength, high stiffness, abrasion resistance,
dimensional stability, high temperature and
toughness.

- = matrix



Classification of Composite Materials
by Matrix:

« Ceramic matrix composites
(CMC):

— Silicon carbide-silicon carbide (SiC-SiC)

— Same material both matrix and filler BUT filler
different form such as whickers, chopped fibers or
strands to achieve preferred properties.

- = matrix



Nature of Composites:

* The strength of the composite depends
primarily on the amount, arrangement and
type of fiber (or particle) reinforcement in
the resin.

e Typically, the higher the reinforcement
content, the greater the strength. In some
cases, glass fibers are combined with other
fibers, such as carbon or aramid (Kevlar29
and Kevlar49), to create a "hybrid" composite
that combines the properties of more than

one reinforcing material.



Classification of Composite by
Filler Type:

— Particle-reinforced composites
— Fiber-reinforced composites
— Structural composites



Particle Reinforced Composites:

Particles used for reinforcing include:
— ceramics and glasses such as small mineral particles,
— metal particles such as aluminum,
— and amorphous materials, including polymers and carbon black.

Particles are used to increase the modulus of the matrix, to decrease the
permeability of the matrix, or to decrease the ductility of the matrix.

Particle reinforced composites support higher tensile, compressive and shear
stresses

Particles are also used to produce inexpensive composites.

Examples:
— automobile tire which has carbon black particles in a matrix of elastomeric polymer.

— spheroidized steel where cementite is transformed into a spherical shape which
improves the machinability of the material.

— concrete where the aggregtes ( sand and gravel) are the particles and cement is the
matrix.




Figure 1. Examples for particle-reinforced composites.
(Spheroidized steel and automobile tire)

Particle Reinforced Composites

Matrix: Spl{g:;()q:dlzed Particle:
Ferrite — <} .»%! Fe;C

(o - iron) A (cementite)
Ductile Brittle

Particle:
Carbon
(Stiffer)

Matrix: @ '
Rubber -
(Compliant)| 4” e

Automobile Tire




Fiber-reinforced Composites:

Reinforcing fibers can be made of metals, ceramics, glasses, or polymers
that have been turned into graphite and known as carbon fibers. Fibers
increase the modulus of the matrix material. The strong covalent bonds
along the fiber's length gives them a very high modulus in this direction
because to break or extend the fiber the bonds must also be broken or
moved. Fibers are difficult to process into composites which makes fiber-
reinforced composites relatively expensive. Fiber-reinforced composites
are used in some of the most advanced, and therefore most expensive,
sports equipment, such as a time-trial racing bicycle frame which
consists of carbon fibers in a thermoset polymer matrix. Body parts of
race cars and some automobiles are composites made of glass fibers (or
fiberglass) in a thermoset matrix.

The arrangement or orientation of the fibers relative to one another, the
fiber concentration, and the distribution all have a significant influence
on the strength and other properties of fiber-reinforced composites.
Applications involving totally multidirectional applied stresses normally
use discontinuous fibers, which are randomly oriented in the matrix
material. Consideration of orientation and fiber length for a particular
composites depends on the level and nature of the applied stress as well
as fabrication cost. Production rates for short-fiber composites (both
aligned and randomly oriented) are rapid, and intricate shapes can be
formed which are not possible with continuous fiber reinforcement.




Fiber Orientations in Fiber
Reinforced Composites

Il %7
| %
Gl

Continuous Discontinuous Discontinuous
and aligned and aligned  and randomly
fibers fibers oriented fibers

Note: Fiber composite manufacturers
often rotate layers of fibers to avoid
directional variations in the modulus.



The modulus of the entire composite, matrix plus reinforcer,is governed by the rule of mixtures:

LONGITUDINAL LOADING

TRANSVERSE LOADING

ISOSTRAIN CONDITION: Deformation of
matrix and fibers is the same.

ISOSTRESS CONDITION: Matrix and

fibers are under the same stress.(S =S$,=S)

t ASYc:LS'm*Vm'}'Agf*Vf
E,=Ep*Vy+E *V;

S = Tensile Strength
E = Modulus of Elasticity
V= Volume Fraction

F D allel ¢ m = Matrix
orce paralielto] . - pups,

fiber direction

¢ = Composite

] |

[

Force perpendicular
to fiber direction

EnE
© VuEf+VEp,

S = Tensile Strength

E = Modulus of Elasticity
V= Volume Fraction

m = Matrix

f = Fiber

¢ = Composite

E

)

Stiff and Strong!!

See case study at end!!

Soft and Weak!




Structural Composites:

* The properties of structural composites
depend on:

— Constituents
— Geometrical design



Structural Composites:

 Common structural composite types are:

— Laminar: Is composed of two-dimensional sheets or
panels that have a preferred high strength direction such
as is found in wood and continuous and aligned fiber-
reinforced plastics. The layers are stacked and cemented
together such that the orientation of the high-strength
direction varies with each successive layer. One example
of a relatively complex structure is modern ski and
another example is plywood.




Structural Composites:

 Common structural composite types are:

— Sandwich Panels: Consist of two strong outer sheets
which are called face sheets and may be made of
aluminum alloys, fiber reinforced plastics, titanium
alloys, steel. Face sheets carry most of the loading and
stresses. Core may be a honeycomb structure which has
less density than the face sheets and resists
perpendicular stresses and provides shear rigidity.
Sandwich panels can be used in variety of applications
which include roofs, floors, walls of buildings and in
aircraft, for wings, fuselage and tailplane skins.

Show example (ref: bh
user’s conference)



Structural Composites

Stacked and bonded fiber-reinforced sheets
-stacking sequence: e.g., 0/90

-benefit: balanced, in-plane stiffness %//j}”; >
“\ c

Sandwich panels
-low density honeycomb core

-benefit: small weight, large bend stiffness

face sheetm——p — " —
adhesive layes¥s " < -

E - "
honeyCcom e {ji




Neat Links!!!

http://www.scaled.com/index.html

http://composite.about.com/gi/dynamic/offsite.htm?site=http%3A%2F%2Fpoisson.me.dal.ca%2FDesign

projs%2F96 97%2Fcomposite%2F

http://en.wikipedia.org/wiki/Composite material

http://www.youtube.com/watch?v=_GDgxnahwbk&Iist=PL9FC6FF2112573125&index=2

Good manufacturing
videos


http://www.scaled.com/index.html
http://composite.about.com/gi/dynamic/offsite.htm?site=http%3A%2F%2Fpoisson.me.dal.ca%2FDesign_projs%2F96_97%2Fcomposite%2F
http://composite.about.com/gi/dynamic/offsite.htm?site=http%3A%2F%2Fpoisson.me.dal.ca%2FDesign_projs%2F96_97%2Fcomposite%2F
http://en.wikipedia.org/wiki/Composite_material

Case Study: Generating Properties for FE
Analysis of Composites

* Orthotropic material data requires nine values to be fully
described

— Three Young’s moduli (E,,EE,)

— Three Poissons ratio(v,,, v, ,,V,,

L
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Project work completed

* Tested 75 specimens K Lo
— 3 different volume fractions. LN
* Tensile test at 0%,90°,10° off axis
* 3 point bend test at 0° and 90° T _I_ : [ 10 degrees off
) i [ 2/ y axis
— Applied over 150 strain gages /

— Applied 120 tabs for tensile specimens

|

woayi LI

15 of each | &

%-—— L2 ———L—ue j

3-point bend

|

. G
—
—




Project work completed

* Researched Mechanics of Composites

— To obtain theoretical data we used the Rule of
Mixtures

* Why the rule of mixtures?

Beige = Resin
Black = Fibers
White = Voids



Typical Material Properties

 @Grafil 34-700 carbon fiber tows
— Tensile tow strength o = 700 ksi
— Tensile Modulus E = 34,000 ksi
— Density p = .065 lbm/in3

* Newport 301 Epoxy Resin

— Tensile strength o = 8300 psi
— Tensile Modulus E = 460 ksi
— Shear Modulus G = 500 ksi

— Density p =.0441 Ibm/in3

N NEWPORT

ADHESIVES AND COMPOSITES, INC.
A subsidiary of s MITSUBISHI RAYON CO., LTD.




"

Rule of Mixtures (cont.

®© 60 00 o
F = Fibers e 3 .j . t .[?. <:;:1 -
: ®© o0 o0 o
R = Resin ® _ o 0o o0 o
] ® o0 o0 o
C = Composites
3 ; Beige = Resin
Vi = Fiber volume fraction ke e Blagk s = e
- Density iy Ve White = Voids
* Longitudinal Modulus | 5
PE=Pp: Vi b (1= Vi)

* Transverse Modulus




Finding Volume Fraction

\

Fibers in bookner

Composite Specimen in Nitric Acid Determining mass of fibers
after acid bath
Wi/ ps mg  mpy
vy = i, = | — p|— 4+ —
W./p. Pi Pm



Modulus Based on Fiber Angle

Modulus of Elasticity vs. Fiber Angle for 46.17% VF

12000

10000 ’
8000 y
6000 8

4000 /

Modulus of Elasticity (ksi)

2000 7

0 10 20 30 40 50 60 70 80 90
Angle of Fibers from Longitudinal Axis

See material summary sheet!!

Ex



Carbon Fiber Reinforced Polymer



‘Eva uUALKO Ttou Pndiotnke oo tnv National
Academy of Engineering w¢ £va aro ta
ONMOVTLKOTEPO ETTITEVYMATA TOU 20° alwval
aAAQ Kol €val UALKO TtoU MOALC Ta TEAELTAL
XPOvLia APXLOE VO XPNOLLOTIOLELTOL EVPEWG
Qo TNV Blopnyovio UToKLVATOU.

Mia lva avBpaka og cuyKkpLon HE pior avBpwrivn tpixa



20

ec_‘ d‘ Elval Eva ouvOeTIKO UALKO. ME oAU armAd

\‘ AOyLQ, QLUTO oNUOLVEL OTL Elvalt Eva UALKO Ttou

aroteAeLtaL oo SU0 N MEPLOCOTEPA SLOKPLTAL
e\, LEPN, OUTWC WOTE VO EXEL ONUOAVTLKAL

" \ KAAUTEPQ TIOLOTLKA XOLPOLKTNPLOTIKA OTTO Tl
ETIMEPOUC OUCTATLKA TOU !

Ot lvec avBpaka eldLkoTEPQA, KaTaoKeualovTal
arto TMOAUMEPLKEC (vec TtoAvakpulovitpiAiou (PAN),
lvec texvntnc petaac (rayon) n miocoa. OL iveg PAN,
TIOU ONMUELWTEOV OTL €ival n 1o dSnuodAnc pwtn VAN
yla ivec avBpaka auth Th oTyun, Kataokeualovtal o€
Tpla otadia, pe Stadoxlkec paonc BepLknC Ko
XNULKAC emeéepyacioc mou Eekva armo tnv ofeidwon
Touc o€ xaunAn 6eppokpaocia (100-200° C) kait
KaTaANyeL otnv ypadttioon nov ocupPaivel o
Bepuokpaoiec mou pnopel va ptacouv touc 2500-
3000¢° C.



Autec ouvbualovtal oTn

OUVEXELQ PE TNV ETTOELKN pNTLVN

yla va dnuouvpynBouv auto
TTOU OVOUA{OUHE amtAOiKa
“avBpakovipata”’ — to
OUVOETLKO UALKO.

fﬂ

H wotopia Twv tvwv avBpaka, EEkva amo To TEAN
Tou 19° awwva!O Thomas Edison Atav autog mou
XPNOLOTOoLNoE LveC AvBpaKa OTOUC TIPWTOUC
AQUTTTAPEC MTUPAKTWONG OUWCE OLUTEG TTOU
xpnotpormnoinoe o Edison 6gv €xouv Kapia oxéon He
TOL avOpaKkovAUaTo OTIWE T YVWPIlOUE CAUEPQ.
Fla vou LTTOVUE OTNV CUYXPOVN ETTOXT TWV
avBpakovnuatwy, TPEMEL va kKavoupe fast forward
OPKETA XPOVLIO — CUYKEKPLUEVA, LEXPL TO 1958, otav
o Roger Bacon napouciaoce 0Tov KOGUO TLC TIPWTEG
lvec avBpaka “vPnAwv emdoocswv”.

Av BEAOULE VO EOTLACOULE OTOL QUTOKIVNTA, TO
“Gulf” Ford GT40 tou 1968 mou xpnotluomnoinoe (veg
AvBpaKa yLo va EVIOXUOEL OPLOUEVOA LEPN TOU
QM€ W LATOC.

Ao ekel kat tépa, N MclLaren MP4/1 Bewpeital to
npwto povobéoto F1 pe avbpakovnudtwo
monocogque evw N Mclaren F1 Atav to mpwto
QUTOKIVNTO TPy WYNn¢ Ke avBpaKovnUATVo
monocogue.







OL ilvec ypaditn eivalL n emikpateotepn evioxvon ubnAnc
avtoxng kot uvyPnAol MPETIPOU €AaoTIKOTNTOC, N ormola
XPNOLUOTIOLELTOL Yyl TNV Tapookeun uPnAwv embOcewy
oUVOETWV UAKWV PNTVIKNAC UATPOC. TEVIKA, OTavV QTalLTELTOL O
BEATLIOTOC  OUVOUOOMOC  UNXOVLKNG  CUUTEPLPOPAC  Kall
eAQTTWONCG TOU [Papouc, oL XPNOLUOTIOLOUMEVEC (vec elval,
ouvnOwc, tvec avBpaka. Emioncg, ot ivec avBpaka mpoTipouvTal
otav n Bepuikn StaotoAn evoc UALKOU TIPETEL VAL CLYKPATNOEL
oe YounAo eninedbo N OtAV AMOALTETOL ocupBatotnia Twv
XOPOAKTNPLOTIKWY OLAoTOANC SUO OUVEVWUEVWY OLOPOPETIKWY
UALKWV. H umtepoxn autn twv avOpakovnuatwy odelAeTal OTN
dvon tou avOpaka (wWC oTolxeElou) Kol TOucC €VOOATOMLKOUC
deopolc nov oxnuatilel pe aAda atopo avBpaka. O ypaditng
QITOTEAE(TAL ATIO OVLOOTPOTIOUC TTOAUKPUOTAAALTEC, TWV OMolwv
N avicotportia e€aptatTal amo TIC cUVONKEC TTAPAOKEUNC TOUC.



ATIOTEAECHOL TOU LOYUPOU
POCAVATOALGLLOU TWV
KQUOTOAALTWY  mapaAAnAa
oto Olopunkn afova TWV
avOpakovnuatwy E&ivat N
vPnAn  otPapotnta Ko
avtoxn o€ Opavon kaL o
XOLLLNAOC OUVTEAEOTNC
Bep kg SLaoTOANG KATA TN
SdlevBuvon auTn. 2TN
ypaditikn doun ta atopa C
Sdlataccovtal oAU TUKvVA
He TN Hopdn eEaywVIKWV
ETUTEO WV,

O LoxupocC deopoC HeTalL TwV atopwy C
OTLC EMLTESEC AUTEC EEQYWVLKEC OTPWOELC
obnyel oe efalpetika uvPnAo pETPO
ehaotikotntac. AvtiBeta, o acbevic
tuomouvu Van der Waals 6gopog mou
vdilotatal HETAEL VELTOVIKWY OTPWOEWY,
EXEL WC QmOTEAEopA €va XOUNAOTEPNC
TIUNG HETPO EAQOTIKOTNTOAC OE QUTN TN
SdlevBuvon,.



Turikn SopnR avBpaKovAUATOC, OTIWC EXEL
ANPOBel amd NAEKTPOVIKO ULKPOOKOTILO

ill

KpuoTaAhog
ypapitn

il

]

Alaragn aropwy C oTov
KPUOTAAAD ypaQitn
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AAPANEEL AAPANEZ

OZYTONO AEPIO AEPIO
INEZ
AKPYAIKOY
S — S E— oy E—

INEZ ME

100-200°C 1100-1500°C 2500-3000°C YWHAO E

OZEIAQZH MYPOAYZH FPA®ITIAZH
INEZ ME
YWHAO UTS

KATEPIrAZIA

Hopoyoy eVieyuTIKOV IvOV avlpoka

O&eidwon tov wodv PAN otov aépa kot o younin Beppokpocio (100-200 °C), pe tavtdypovy
EQUPLLOYN] TACNC. 1 Omoio €ivol omopoitnT vio v vBuypduien TOV gAVGIOMV TOL
TOAVLLEPOVLC.

ITvpéivany, vid TaGT). 6 CLOETEPT 1| UVaY®YIKY aTlOcEapa Kot 6 Beprokpacio 1100- 1500°C.
Ot mopoydueveg_ives 610 _oTd010 yopoktpilovionr ac iveg avbpaxa vynins ovioyns (high
strength carbon fibers) ko1 n avroy tovg etdver ta 3000 MPa.

H 6épuaven ce ovdétepn 1N avoymyik] oTuocooipo coveyiletol e vwniéc Beplokpucies
(2500-3000°C), omdte MPOYHUTOTOIEITOL YpaQITIOG), NE TOVTOYPOVI] OVOKPLGTAALMOGY], TOL
00NYEl G 1GYLPO TPOGUVITOAMGHIO TV Kpuatailitdy. Ot mupaydieves iveg oe dvTd TO GTAO0
yopoktnpilovion o¢ ves avlpaxa vwniod ustpov slooctikotnyros (high module carbon fibers) ko
£Y0LV LETPO EALUGTIKOTITUG MEPImoL 400 GPa. 1] OF OGILETPOC TOUC EIVAL TEPITOL 10 1.




XAPAKTHPIXTIKA INEX YYHAHXL INEX YPHAOY METPOY
ANTOXHX EAAXTIKOTHTAX
Métpo Elaotikomntoc (GPa) 180-230 350-420
Avtoym oe epeikvoud (MPa) 2500-3400 1900-2300
% meplekTKOT T GVBpUKU 95-98 99
[Tvkvotntu {_g-’cnf' ) 1.8 1.9
Méviotn Beproxpucio ypione (°C) 2000 2500

XOpPUKTNPIGTIKES 1010TNTES VOV avOpouKka.



Xe 0l Tk atudcouipa, 1 LEY1eT Beprokpacio ypiong teav avBpokovnudtmv neplopiletat
otove 500 °C kot 1o toug dvo tomouve wav. Kotd 1o oyedoud tov cuvBitov mpénsl
OMOGONTOTE VoL AAUPAvVETaL VIO Ko 1) LEYIGTY Bepllokpacio ypione e WTPoC.

Ot 1010TNTeC TOV YPNGILONTOIOVLEVOY  avBpakovIdTOV eE0pTdVTOL ONUOVIIKG om0 TV
upYITEKTOVIKY) TV vav tov PAN (povooievBuovtikée ivee, 0160106T0TO TAEYLLD, TPIGOIAGTATO
naéyua). O tpomoc oevBétnene tov wav ovtdv kabopilet kot 10 Pabud ovicotpomiog Tov
avBpuKoVIULATGY OV TPOKOATOVY KOl UMOPEl VO TOIKIAAEL 0O TV TANPN 1G0TPOTio MC TNV
AP CVIGOTPOTIL,

H ovvatémra emhoyne, omd éva ueydho edpoc mumv e Bepuokpocioc kdbe otoodiov
nopoyeYnS ovBpoxovnudrov, otvel ™y guyépeia mupuyOYNS ovBpuKovLATOY GlUQOPETIKOY
PabLov ypooitioone Kut OluQopeTIKOV 1010THTOV (01 UNYUVIKEC KOL Ol QUGIKES 1010TTEC, OMOC
N OepLuk) Kot 1) NAEKTPIKY ayeywoT e, eCoptavior ond 1o Pabud ypopirioons kot to Pobpd
avicotpomiog). T'evikd, 660 KOAVTEPO MPOGUVUTOAIGLEVES Elval O1 TveC KOl 0G0 DYMAOTEPN

MEPIEKTIKOTNTO. G YPuQiT)) 0100ETOVV TOGO KUAVTEPES LNYUVIKES 1010TTEC EMOSTKVVOLY.
Téhoc, 10 KO6GTOC MUPUYOYNE TOV VAV YPOOIT) EIVO1 0EKO QOPES TOVAGYIGTOV DUNAGTEPO OO
10 KOGTOC MUPUYOYNE TOV VOV YDUALOU.
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Spectra

Kevlar 250

Glass 800
S1C 1000
Alumina 1370
Carbon 2000%

* TTapovcio 0E0vovoy: T =300 °C

Yoykpioen Oeppuikng svetaberog ivov




Tva Hapopdépemen Opavenc

(%)
Kevlar 3-:
Glass 2
Carbon 1
Ceramic <]

LOYKpLon TUpauipomens Bpavenc ivev







H A£€n avBpakovnua Ba
LUmopoUoE va OUYKPLOEL pe TNV
AEEN Kpapo 0oov adopa TNV

acadeta. Nat, oou Sivel pia
VEVLKN OEA yLa TO UALKO, aAA v
aPEXEL ETUMAEOV TIANpodoplec.

Agv oou AéeL yla apddetypa av ot AUO ONUOVTLKOL TOPAYOVTEG yLa

lvec avBpaka sivat 1K, 2K, 6K, 24K
K.0.K. (EvvowvTtoc X XIAtadec tvec
avOpaka o€ kABe deouida).

MOPAOELYUA, ELVOL TO LETPO
€A\OLOTLIKOTNTAC KOl N oVTOXN
epeAkuopou. H Agén
“avBpakovnpata” 6ev cou AgeL av
TO TEALKO TIPOLOV oXNUaTioTNKE
aro tvec Ultra-High Modulus
(UHM) n High Modulus i awv
BeAoupe va eputAEEou e T
npayuata, HT (Low Modulus and
High Tensile). Kal akopa, eipoote
€Tl TNG ovoilag otnv mpwTtn VAN...




ATO eKel KaL TTEpA, QUTH aKPLBWC N TTPWTN UAN
Ba “rmAexBel” og Udaopa Kot N A&En
avBpakovrpota 6ev cou TepLypAdeL TNV
TIAEEN. ANAEC oL LOLOTNTEC TNC unidirectional
TAEENG Kal AAAEG tn¢ biredictional. Xtnv
unidirectional, ot ivec mAEkovTal n pia
TapAAANAa e TNV AAAN UE OPLOUEVEC KADETEC
oTnV MAEEN LVEC ATTOKAELOTLKA KOl LOVO Lo VoL
guBuypoappilovtal ol KUPLEC ivec. AutoU Tou
eldouc n mMAEEN npoodEpel Kopudaila avioyn
o€ epeAKUOUO aAAd LOvVo otnv KatevBuvon
TWV LVWV.

Amo tnv aAAn, n bidirectional TA&€En, €xeL Tig
lveg kaBeteg n pia otnv AAAN WoTE N avtoxn
o€ ebeAKUOUO va eival —tepinou— n idLa o€
dUo afovec. AKOMA KL QUTH OMWGE, EXEL
urtokatnyopiec. Mmopet n mMAEEN va elval 2/2
Twill A amAn... avaloya LE TNV Xprion tou
g€aptAMATOC IOV Ba KATAOKEVAOTEL Ao
avOpakoviuaTa, XPNOLUOTIOLE(TOL
“dradpopetikd” LALKO. MoAAEC dopEC OUWC,
ToroBetouvtal MOANATIAQ CTPWHOTA
unidirectional /koat birectional vpaopdatwv oe
EVOLALECEC YWVLEC YLOL VAL TIETUXOUE TNV
kaAUTtepn duvatn kaAuvyn.




Kal akopa &V EXOULE TILACEL TO ETEPOV
AUlov twv CFRP... tnv pntivn! Matl av to
TEALKO Tpoiov Tou OVOUA{OUE
avOpakovApaTa €ivol TO MUIETOV OPLE,
TOTE Ol lvec avBpaka €lval 0 OTALOUOC Kol
n pntivn to okupodeua! Eival avth mou
Ba “6foel” 1o UPaopa oto eMBOULUNTO
oxNua. kot Ba Odwoel TO  TEAWKO
amotéAeopa. Avo eilval oL pntivegc Tou
XpNOoLUoTolouvToL EUPEWC otnv
KOTALOKEUN aVvOPAKOVNUATWY KOl OTtWC
davtaleoal, kaBe  pio  emnpeadlel
onuavtka tnv ntototnto tou CFRP.




Ceramic Structural Composites
The Most Advanced Structural Material

Carbon/Carbon Composites

- In widespread structural use
- Manufacturing and design methods understood
- Expensive...



H mpwtn katnyopia, eival autn Twv
TIOAUECTEPIKWY pNTivwy. OBNVOTEPEC Kal TTLO
gUXPNOTEC KAl YU OLUTO KATTIOLOL TLG TIPOTLUOUV.
OLWwG oL TTOAUECTEPLKEC PNTiVEC elval Alyotepo
EVUKOUTTEC OTAV OTEPEOTIOLNBOUV.

Aratteital peyaAlTtepn mocotnTA PNTLVNG, KATL
1tou odnyel oe BapuTEPO TEALKO TIPOLOV. 2€
Baboc xpovou, n pntivn Ba cupplkvwBeL —
£0Tw Kal eAdytota— kal Oa aAAaéeL To oxRua
TOU TPOTOVTOC Kal TEAOG, OEV N CUYKEKPLUEVN
Katnyopia Sev mapEXEL KAVEVOC EL60UG
mpooTacia Ao TG UTIEPLWOELS aKTLVOBOALEG

ATtO TNV AAAN, UTTAPXOUV OL ETTOELKEC PNTLVEC...
N Onwc¢ Loxupilovtal moAAol, n povadikn
owotn katnyopia. OL eTtoélkEC pntivec elval
TIOAU TTLO EVKOUTITEC, OEV OUPPLKVWVOVTAL,
NMPOOPEPOUV TEALKO TIPOLOV PE ocadwg
KaAUTEPN ERAVLION KOl TIPOOTATEUOUV TO
TEALKO TIPOTOV ATTtO TLC UTIEPLWOELC
OKTWVOBOALEC. 2€ YEVIKEG YPOUMECS KL XWPLC va
UTTOLVOUUE OE AETTTOUEPELEC, OL ETIOELKEC
PNTLVEC ElVOl AVTIKELMEVIKA KOl TEKUNPLWUEVAL
KAAUTEPEC ATIO TLC TIOAUEOCTEPLKEC UE TLC
TEAEUTOLEG VO XPNOLLOTIOLOUVTOL KATA KOvova
oe untode€atepa n/kat $Onvotepa npoiovra.
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MHTPA INEX E®PAPMOI'EXL
A £pOVOLTIYIKI KOl VOUTYIKY Prounyovio.
Bilounyovia afAntikdv 100V (pukETes TEVVIC.
Emoceiou Kevlar uractovvia golf, eion toloPfoiiac, Kordna
WOPELOTOC)
A £POVOLTIYIKI] KOl 0LTOKIVITO - Propnyavia. Mepn
[ToAveoTepiK) [papitn  fugpocku@@v, TAOOPIOV KUl CVTOKIVI|T®V, LIKPO
Bapove kot vymAng avtoync ce ddPpmaon).
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Carbon Fiber Reinforced Composites

TREK Madone 5.9

Carbon Fiber Composite




Glass Fiber Reinforced Composites

Glass Fiber Composite
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AvOpakovipata Carbon Modern Marvels

https://www.youtube.com/watch?v=4xcWI7Ua
bVc&index=1&list=PLC46D9799690F98BA
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FIRP™ System



Damaged spire of the Merseburg
cathedral (D) due to high wind loads
and weathering. Cantilever joint afte
strengthening with CRPF’s




Strengthening of Glulam Beams with Carbon
FRP in Coolidge High School Gymnasium

https://www.youtube.com/watch?v=gnaw-
PgOoxw






Economic considerations

Does the effectiveness of the strengthened system compensate for the increase in costs resulting
from the additional workmanship, use of complex adhesives and the still quite high (though
decreasing) cost of the aforementioned reinforcement materials?

Whilst the use of reinforcement may dramatically improve the performance of a concrete
structure, much more moderate results are to be expected with timber, because this material can
withstand both tensile and compressive stresses quite well. If, for instance, a perfectly composite
behaviour of a CFRP-reinforced timber beam is assumed and the cross-section is homogenized,
one may easily conclude that a 1 mm-thick CFRP-laminate is roughly equivalent to an extra
20mm timber lamella. Does it make economic sense to use reinforcement?

In most practical cases, the control of the serviceability limit state, in particular with regard to
deflections and vibrations, is the most important factor governing the required size of the timber
beam. An analysiS suggests that the Use of reinforcement may not always be very helptul in this
case. While the ratio between the design strengths of many engineered reinforcement materials,
particularly CFRP and timber may be as high as 100, the ratio of their modulus of elasticity is only
of about 20.




Ultimate limit state calculations of reinforced elements show that the stress in the reinforcement
material is well below the strength. Timber tensile failure occurs at strains of about 0.2 — 0.3%,
which is well below the yield strain of many steel types or the service strain of most plastic fibres
(> 0.5%), which means that we cannot make full use of the potentially high strength of the
reinforcement materials.

Given the high cost of the new plastic reinforcement materials, the economy of such
strengthening of timber does not seem to justify the use in _new structures. Many European
authors such as Schober and Rautenstrauch suggest that the only really feasible market for
strengthening and upgrading existing structures.




Steel reinforcement systems (left systems Tasbeam™  right: Aralam™)



Shear reinforcement in cracked, old growth timber beams
with ASSY VG full thread wood screws

https://www.youtube.com/watch?v=AdTYA9FiXQU



Pre-stressing-induced
camber



Reinforcement
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3 - Jack release

Pre-stressing by
cambering
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Typical load-deflection behaviour of the glulam
beams pre-stressed with multi-CFRP [7]
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Continuous mesh shear-connector

steelmesh in
concrete
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Notch and shear key connection



Shear connector
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Schematic steps of Beta-System
technique



Design method used for the Beta-System
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Inclined cut of decayed end



Shaping of integration element



Linking grooves between integration
and original timber
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Partially filling of the grooves with
adhesive



Insertion of a final wood wedge



Repaired beam



Shear reinforcement with GFRP
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