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PREFACE

This book is a much improved version of a set of notes developed for
a one-week course taught at the International Center for Mechanical
Sciences (CISM) in Udine, Italy, July 21-25, 2005. The support and
encouragement of the CISM staff and its Rector, Professor Giulio
Maier are gratefully acknowledged for providing the opportunity to
bring together different aspects of the problem of impact on composite
structures. The opportunity to work with experts in different areas
from different countries and to teach a very diverse group of students
was also very much appreciated.

As the course coordinator, I want to express my thanks to the
colleagues who participated in this long term venture: Professor Gio-
vanni Belingardi from the Politecnico di Torino, Italy; Professor
Wesley Cantwell from the University of Liverpool, England; Professor
Uday Vaidya, University of Alabama-Birmingham, USA, and Profes-
sor Ramon Zaera from the University Carlos III, Madrid, Spain. It
is also a pleasure to acknowledge the contributions of Professor Jorge
Ambrosio from the University of Lisbon, Portugal who taught a por-
tion of the course in Udine.

The book is intended for beginning graduate students and practi-
tioners in industry who need an introduction with a strong technical
background to this subject, one that enables them to pursue their own
research or design activities and to pursue further studies on their
own. We have attempted to present a broad range of topics. The two
common threads throughout the book are that it deals with structures
made of composite materials and that those structures are subjected
to impacts. The structures can be part of aircrafts, motor vehicles,
or armored military vehicles, for example. The impacts can be tool
drops, ballistic projectiles or vehicle crashes. The book examines ways
to model the impact event, to determine the size and severity of the
damage and discusses general trends observed during experiments.

Serge Abrate



www.manaraa.com

CONTENTS

Preface  

 
Introduction to the Mechanics of Composite Materials
by S. Abrate .................................................................... 1

Mechanics of Plates
by S. Abrate ...................................................................49

Impact Dynamics
by S. Abrate ...................................................................71

Impact Response of Laminated and Sandwich Composites
by U. K. Vaidya .............................................................97

Vehicle Crashworthiness Design – General Principles 
and Potentialities of Composite Material Structures 
by G. Belingardi and G. Chiandussi ................................ 193

The Impact Resistance of Fiber Metal Laminates 
and Hybrid Materials
by W.J. Cantwell, M. Mujib, and R. Day ........................ 265

Ballistic Impacts on Polymer Matrix Composites, 
Composite Armor, Personal Armor
by R. Zaera .................................................................. 305



www.manaraa.com

Δ

σ Δ →Δ
σ Δ →Δ

ΔΔΔ



www.manaraa.com

σ σ σ

σσσ
σ σ σσσσ σ=σ σ=σ

σ=σ

σ
σ

σ



www.manaraa.com

[ ]
σσσ
σσσ
σσσ

=σ

[ ]σ

[ ]σ

σ

σ

σ



www.manaraa.com

[ ]σ
{ }

σσσ
σσσ
σσσ

= { } [ ]{ }σ=

[ ]σ [ ]σ

[ ] ++==σ

σσ

σ



www.manaraa.com

{ } σ−=τ

[ ]σ

[ ]σ



www.manaraa.com

ρ=+

ρ

•

•

• ρ−

σ∇=σ=

=ρ−+σ∇

=ρ−+σ∇

ρ=+
∂
σ∂+

∂
σ∂

+
∂
σ∂

ρ=+
∂
σ∂

+
∂
σ∂

+
∂
σ∂

ρ=+
∂
σ∂+

∂
σ∂

+
∂
σ∂



www.manaraa.com

Δ+
Δ=ε

∂
∂=Δ

∂
∂=ε

∂
∂=ε

∂
∂=ε

Δ+

∂
∂+



www.manaraa.com

π

ε−π ε

∂
∂+

∂
∂=ε

∂
∂+

∂
∂=ε

∂
∂+

∂
∂=ε

[ ]
εεε
εεε
εεε

=ε

[ ]ε

∂
∂

∂
∂



www.manaraa.com

σ ε

ε=σ



www.manaraa.com

εε−=ν

>ε <ε
>ν

εε−=ν

ε=σ

( )ν+
=

ν

μ



www.manaraa.com

σ
ε

ε=σ

ε
ε−=ν

ε
ε−=ν

σν−=ε σν−=ε

ν
ν

σ

σ



www.manaraa.com

σ=ε σν−=ε σν−=ε

σ

ε=σ σν−=ε σν−=ε

σ
σ
σ

ν−ν−

ν−ν−

ν−ν−

=
ε
ε
ε

ν=ν ν=ν ν=ν

ε=σ ε=σ ε=σ

νν
ν



www.manaraa.com

σ
σ
σ
σ
σ
σ

ν−ν−

ν−ν−

ν−ν−

=

ε
ε
ε
ε
ε
ε

σ
σ
σ
σ
σ
σ

ν−ν−

ν−ν−

ν−ν−

=

ε
ε
ε
ε
ε
ε

σσσ



www.manaraa.com

σ
σ
σ

ν−

ν−

=
ε
ε
ε

ε
ε
ε

=
σ
σ
σ

=
−

=
−

=
−

=

σ σ ε ε
σ

( )ν

σσσ
θ



www.manaraa.com

σ
σ
σ

−−
−=

σ
σ
σ

θ= θ=

σσ′

θθ′θθ′

′∂
∂

∂
′∂

′∂
∂

∂
′∂

′∂
′∂=ε ′′

′∂
∂

∂
′∂

′∂
∂

∂
′∂

′∂
′∂=ε ′′

θ



www.manaraa.com

′∂
∂

∂
′∂

′∂
∂

∂
′∂+

′∂
∂

∂
′∂

′∂
∂

∂
′∂

′∂
′∂+

′∂
′∂=ε ′′

θ′θ′θ′θ′

εθθθεθεε ′′

εθθθεθεε ′′

( ) εθθθθεθθεε ′′

ε

ε

ε

ε

ε

ε

′′

′′

′′

εε′

θ



www.manaraa.com

ε
ε
ε

−−
−=

σ
σ
σ

−−
−

ε
ε
ε

−−
−

−−

−
=

σ
σ
σ

θ

θ

ε
ε
ε

=
σ
σ
σ

( ) +++=



www.manaraa.com

( ) ( )++−+=

( ) +++=

( )( ) −−+−=

( )( ) +−++−=

( ) ( )−+−+=

θ= θ=

( )≠θ



www.manaraa.com

>σ=σ

<σ=σ

<

=σ+σ

σ

=σ+σ

>σ <σ
σ−σ

>σ <σ



www.manaraa.com

>σ
σ

≥σ+σ+σ

≥σ+σ+σ

>σ=σ+σ+σ

<σ=σ

σ

=σ >σ =σ <σ



www.manaraa.com

=σ+σ

σ

=σ+σ

≥σ= <σ=

σ σ
>σ

<σ

σσσ

=σ+σ+σ ≥σ

=σ+σ ≥σ



www.manaraa.com

≥σ+σ−σ+σ <σ

<σ

=
μσ−

σ+σ
>σ
<σμ

=μ

>σ <σ

( ) >σ+σ

=σ+σ+σσ−σ+σ+σ

( ) <σ+σ

( ) ≥σ+σ+σσ−σ+−σ+σ+
σ

σ+σ

σ σ σ



www.manaraa.com

=σ =σ+σ

<σ

≥σ+σ

σ σ

≥σ+σ+σ >σ

<σ

=
σ

+σ+
σ

+

+

+

+

≥σ= ++ <σ= ++

≥



www.manaraa.com

=σ+σ+σ

>σ <σ

>σ <σ

>σ

≥σ+σ+σ

<σ

≥σ+σ

≥ε+ε+ε
εεε ( )>ε



www.manaraa.com

≥ε+ε
εε ( )<ε

σ

=σ+σ+σ+σ ++

( ) ≥σ=
δ+

σ+σ+σ

( ) ( ) <σ≤σ+σ−=
δ+
σ−σ+σ

( )σ+σ−<σ

δ

=σ−+σ+σ+σ



www.manaraa.com

[ ]σ
{ }

{ } [ ]{ }σ=

{ }

{ } { }λ=

λ

[ ]{ } { }λ=σ [ ] [ ]( ){ }=λ−σ

λ
{ }

[ ] [ ] =λ−σ

=+λ+λ+λ−

σ+σ+σ=

σσ−σσ−σσ−σ+σ+σ=

σσ−σσ−σσ−σσσ+σσσ=



www.manaraa.com

( )σ+σ+σ==σ

σ

[ ]
( )

( )
( )σ−σσσ

σσ−σσ
σσσ−σ

==

[ ] [ ] =λ−

=+λ+λ+λ−

++=

−−−++=

−−−+=

++++++++=

=

{ } σ+σ+σ+σσ−σσ−σσ−σ+σ+σ=



www.manaraa.com

( ) ( ) ( ){ } σ+σ+σ+σ−σ+σ−σ+σ−σ=

( ) ( ) ( ){ }σ−σ+σ−σ+σ−σ=

( ) ( ) ( )[ ]σ−σ+σ−σ+σ−σ==σ

( ) ( ) ( )σ−σ+σ−σ+σ−σ==τ

σ
τ

σ=

ν−+= [ ]σβ+σ=



www.manaraa.com

( )ν+
= ( )

( )ν+
ν−=β

σ σ

=σ=

σ

σ
σ

σ=σ+σσ−σ

σ−σ
σ

σ= σ= σ−σ
σ±=σ

( ) ( ) ( )[ ]{ } σ=σ−σ+σ−σ+σ−σ



www.manaraa.com

( ) ( ) ( ){ } σ=σ+σ+σ+σ−σ+σ−σ+σ−σ

( ) ( ) ( ) =σ+σ+σ+σ−σ+σ−σ+σ−σ

σ σ σ

σ
−

σ
+

σ
=

σ
−

σ
+

σ
=

σ
−

σ
+

σ
= ( )τ

= ( )τ
= ( )τ

=

τ τ τ

σ
σ σ



www.manaraa.com

σ+σ+σ+

σσν−σσν−σσν−σ+σ+σ=

{ } [ ]{ }σσ=

{ } [ ]{ }σσ=σ

( ) ( ) ( )
=σ+σ+σ+

σ+σ+σ+σ−σ+σ−σ+σ−σ

σσ



www.manaraa.com

=σ+σ

σ−σ
σσ

= =

σσ

=σσ+σ+σ

θ σ

−
=θ

=θ

=σ+σ+σσ+σ+σ

=+ =−

= −=



www.manaraa.com

= −=

σ σ σ

=σ+σ−+σ−+σσ+σ+σ

σσσσσ
σ

σσ

σσσ
σσσ

( )σσσ ( )σσσ
( )σσσσσσ

=σσ+σσ+σσ+σ+
σ+σ+σ+σ+σ+σ+σ+σ



www.manaraa.com

−=−=−=

===

===

σσ+σ+σ

( )σ−σ

−=

−= −=

( ) ( ) ( )
=σ+σ+σ+σ+σ+σ+

σ−σ+σ−σ+σ−σ

−=−=−=



www.manaraa.com

( )=
−= −=

+
−=

( ) ( ) ( )
=σ+σ+σ+

σ+σ+σ+σ−σ+σ−σ+σ−σ

−+=−+=

−+= −=−=

−= ===



www.manaraa.com

−+−= −+−=

−+−=

σσσ

=σσ+σσ+
σσ+σ+σ+σ+σ+σ+σ

=== ===

=σσ−σ+σ+σ

=σσ−σ+σ+σ



www.manaraa.com

−+−=−+−=

−+−=

≤
>

=+
αα



www.manaraa.com

αα

=+
αα

=−−−

( )
α

−+=

+= α

≥+ξ≥ ( ) ≥−ξ≥

=++
λλλ

=λ

=++
ααα



www.manaraa.com

Δ Δ Δ



www.manaraa.com

Δ
Δ

Δ

Δ

Δ



www.manaraa.com

=
Δ
Δ+

Δ
Δ+

Δ
Δ

Δ
Δ



www.manaraa.com

Δ
Δ



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com

∂
∂ρ=+

∂
σ∂+

∂
σ∂

+
∂
σ∂

∂
∂ρ=+

∂
σ∂

+
∂
σ∂

+
∂
σ∂

∂
∂ρ=+

∂
σ∂+

∂
σ∂

+
∂
σ∂



www.manaraa.com

+

−

+

−

+

−

+

−

+

− ∂
∂ρ=+

∂
σ∂+σ

∂
∂+σ

∂
∂

+

−

+

−

+

−

+

−

+

− ∂
∂ρ=+

∂
σ∂

+σ
∂
∂+σ

∂
∂

+

−

+

−

+

−

+

−

+

− ∂
∂ρ=+

∂
σ∂+σ

∂
∂+σ

∂
∂

−
σ=

−
σ=

−
σ=



www.manaraa.com

+

− σ
σ

=

+

− ∂
∂ρ=+

∂
∂

+
∂

∂ +

− ∂
∂ρ=+

∂
∂

+
∂

∂

+

− ∂
∂ρ=+

∂
∂

+
∂

∂

( ) ( )
+

−
+σ−σ= −+ ( ) ( ) +

−
+σ−σ= −+



www.manaraa.com

( ) ( )
+

−
+σ−σ= −+

( )+σ ( )+σ ( )+σ

( )−σ ( )−σ ( )−σ

+

−

+

−

+

−

+

−

+

− ∂
∂ρ=+

∂
σ∂+σ

∂
∂+σ

∂
∂

+

−

+

−

+

−

+

−

+

− ∂
∂ρ=+

∂
σ∂

+σ
∂
∂+σ

∂
∂

+

−

σ
σ
σ

=

( ) σ+
∂
σ∂=σ

∂
∂ ( ) σ+

∂
σ∂

=σ
∂
∂

( ) ( ) −σ−σ=σ−σ=
∂
σ∂ −+

−

+ +

−

+

−

( ) ( ) −σ−σ=σ−σ=
∂
σ∂ −+

−

+ +

−

+

−



www.manaraa.com

+

− ∂
∂ρ=+−

∂
∂

+
∂

∂



www.manaraa.com

+

− ∂
∂ρ=+−

∂
∂

+
∂

∂

( ) ( )
+

−
+σ−σ= ++ ( ) ( ) +

−
+σ−σ= ++

=
∂
∂=ε

( )=

∂
∂+

∂
∂=ε

∂
∂+

∂
∂=ε



www.manaraa.com

( )=ε=ε

∂
∂−=

∂
∂

∂
∂−=

∂
∂

∂
∂−=

∂
∂−= ( )=

∂
∂−

∂
∂=

∂
∂=ε

∂
∂−

∂
∂=

∂
∂=ε

∂∂
∂−

∂
∂+

∂
∂=

∂
∂+

∂
∂=ε

{ }
ε
ε
ε

=ε { }

∂
∂+

∂
∂

∂
∂
∂
∂

=ε { }

∂∂
∂−

∂
∂−

∂
∂−

=Κ



www.manaraa.com

{ } { } { }Κ+ε=ε

[ ]
ε
ε
ε

=
σ
σ
σ

∂
∂

∂
∂



www.manaraa.com

[ ] [ ]{ } [ ]{ }
+

−

+

−

+

−

+

−
+ε=

ε
ε
ε

=
σ
σ
σ

=

[ ] [ ]{ } [ ]{ }
+

−

+

−

+

−

+

−
+ε=

ε
ε
ε

=
σ
σ
σ

=

Κ
ε

=

[ ]−
=

−= [ ]−
=

−= [ ]−
=

−=

[ ] = [ ] =

ε ε
ε



www.manaraa.com

∂
∂

∂
∂+

∂
∂=

∂
∂−ρ

∂
∂=

∂
∂ρ

+

−

+

−

∂
∂

∂
∂+

∂
∂=

∂
∂−ρ

∂
∂=

∂
∂ρ

+

−

+

−

∂
∂=

∂
∂ρ

+

− ∂
∂

∂
∂−

∂
∂=

∂
∂ρ

+

−

∂
∂

∂
∂−

∂
∂=

∂
∂ρ

+

−

( ) ( )+

−
ρ=

∂
∂=+

∂
∂

+
∂

∂
∂

∂=+
∂

∂
+

∂
∂

∂
∂=+

∂
∂

+
∂

∂

=+−
∂

∂
+

∂
∂ =+−

∂
∂

+
∂

∂



www.manaraa.com

∂
∂=+

∂
∂

+
∂∂

∂
+

∂
∂

( )

=
∂
∂+

∂∂
∂

+
∂∂

∂+
∂
∂+

∂∂
∂++

∂
∂

( ) =
∂
∂+

∂
∂+

∂∂
∂++

∂
∂



www.manaraa.com

( )=
∂
∂+

∂
∂=ε ( )=

∂
∂+

∂
∂=ε

∂
∂+−−=

∂
∂+−−=

∂
∂+−=ψ

∂
∂+−=ψ

∂
∂

∂
∂

ψ−= ψ−= ( )=

( )
∂
ψ∂−

∂
∂=ψ−ρ

∂
∂=

∂
∂ρ

+

−

+

−

( )
∂
ψ∂

−
∂

∂=ψ−ρ
∂
∂=

∂
∂ρ

+

−

+

−



www.manaraa.com

∂
∂=

∂
∂ρ

+

−

∂
ψ∂−

∂
∂=

∂
∂ρ

+

− ∂
ψ∂

−
∂

∂
=

∂
∂ρ

+

−

{ }
∂
ψ∂

+
∂
ψ∂−

∂
ψ∂

−
∂
ψ∂−=κ

ψ−
∂
∂

ψ−
∂
∂

=
ε
ε

ε
ε

=

+

−
=



www.manaraa.com

ψ
ψ

ψ ψ

ε
ε
ε
ε
ε
ε

=

σ
σ
σ
σ
σ
σ

( )==

∂
ψ∂

−+
∂
ψ∂−=σ

∂
ψ∂

+
∂
ψ∂−=σ

=
∂
σ∂+

∂
σ∂

+
∂
σ∂

∂∂
ψ∂

+
∂

ψ∂+
∂∂
ψ∂

+
∂

ψ∂=
∂
σ∂



www.manaraa.com

( )+σ=σ

σ

σ
ε ε

++=ε ++=ε

−=ε −=ε

∂
∂−−ψ−=



www.manaraa.com

∂
∂−−ψ−= ( )=

∂∂
∂−

∂
ψ∂

+
∂
ψ∂

∂
∂−

∂
ψ∂

∂
∂−

∂
ψ∂

+

∂
ψ∂

−
∂
ψ∂−

∂
ψ∂

−

∂
ψ∂−

+

∂
∂+

∂
∂

∂
∂
∂
∂

=
ε
ε
ε

∂
∂−ψ

∂
∂+

∂
ψ∂−

∂
∂=

∂
∂ρ

+

−

∂
∂−ψ

∂
∂+

∂
ψ∂

−
∂

∂=
∂
∂ρ

+

−

∂
∂=

∂
∂ρ

+

−

∂
∂−ψ

∂
∂+

∂
ψ∂−

∂
∂=

∂
∂ρ

+

−

∂
∂−ψ

∂
∂+

∂
ψ∂

−
∂

∂=
∂
∂ρ

+

−

( ) ( )+

−
ρ=



www.manaraa.com

( )

ε
=

{ }ε

( ){ }

∂∂
∂−

∂
ψ∂

+
∂
ψ∂

∂
∂−

∂
ψ∂

∂
∂−

∂
ψ∂

=

[ ] [ ]+

−
= [ ] [ ]+

−
=

ψ ψ

ε+ε+ε=



www.manaraa.com

∂
ψ∂+

∂
ψ∂=

∂
∂=ε

( )ϕ+=

ϕ+ψ= ϕ+ψ= ϕ+=

φφ

∂
ϕ∂−

∂
∂−ψ−=

∂
ϕ∂−

∂
∂−ψ−= ϕ+=



www.manaraa.com

=ϕ

( ) ( ) ( )

( ) ( ) ( ) ( ) ====

====

( ) ππ=ϕ

( ) ωϕ=



www.manaraa.com

( )[ ]+++π=ω

=Ωφφ
Ω

φ≠φ

( ) ( ) ( )ϕα=
= =

α

=αω+α

( ) ( ) ( )φ=

( ) ( ) ( )−δ−δ= δ



www.manaraa.com

=α+α

= ω=



www.manaraa.com



www.manaraa.com



www.manaraa.com

′+′=+

−
′−′

=

( ) ( )[ ] ( )+++−=′

( ) ( )[ ] ( )+−++=′

=−

′ ′



www.manaraa.com

==

=− =+

=

( ) ( )++=

( )−
+

=

′=− ′=+

=

( )−
+

=

=



www.manaraa.com

≤≤

=+



www.manaraa.com

( ) = ( ) =

ω==

≤≤

π= =



www.manaraa.com

=

=

( )ω−+ω==



www.manaraa.com

=

δ
==

=δ

δ =δ

( ) ω
( )ω−



www.manaraa.com

ω=+

Ω
Ω
ω−ω

Ω
ω−

=

=Ω <<
Ω
ω

= π= =

π
=

Ω
ω



www.manaraa.com

+=

=++

=λ++′′

= ω=τ =ω ω= =λ
( ) = ( ) =′

λ

λ

=++

τ



www.manaraa.com

( ) = ( ) =

=ω η ωη=

η−ω
ω

= ωη−

+=

( ) ( ) ( )ωη−η+ωη−= ωη−

η−ω=ω

( )=
ω=



www.manaraa.com

( ) η−η=

= ≤ ( )−+= ≥

≤=+

( ) ≥=−++

≤=+′′

≥=−++′′

=



www.manaraa.com

−=α



www.manaraa.com

α

α=

=

+= ν−+ν−=

ν ν



www.manaraa.com

( ) ( )[ ]α−αα−α=

α
α =α α

α α>α

( )[ ]αα−α=α

( ) ( )[ ]α−αα−α=

αα



www.manaraa.com

( )=

−=

=

=+

=+′′

= ω=τ −=ω ω=
( ) = ( ) =′



www.manaraa.com

α

α=α=
α

α=

=



www.manaraa.com

( )−=

( ) =−−+

( ) =−+

( ) ( ) =−+=−++

−++±++=ω

ω+ω=



www.manaraa.com

=τ

( )= ( )=

=−+′′=−++′′

=
=

=
=



www.manaraa.com

= =

[ ]{ } [ ]{ } { }=+

−=+



www.manaraa.com

ατ+τ=ε

( )σ



www.manaraa.com

α=

α>α+α
α<αα

=

α

α−α
α−α=



www.manaraa.com

( ) ( )
( ) ( )λ+λ

+λ+λλ=α

=λ

=

( ) ( )
( ) ( )λ+λ

+λ+λ=α

=+



www.manaraa.com

=++



www.manaraa.com

=+

=−++



www.manaraa.com

βα+αχ=

−=α βχ



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com

�



www.manaraa.com

�

�

�

�



www.manaraa.com

�



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com


	Title Page
	Copyright Page
	PREFACE
	Table of Contents
	Introduction to the Mechanics of Composite Materials
	1- Stress
	1.1- Stress Components Acting on a Small Element
	1.2- Surface Tractions on an Arbitrary Surface
	1.3- Equations of Motion

	2- Strain
	2.1- Linear Strains
	2.2- Shear Strains

	3- Stress-Strain Behavior
	3.1- Hooke's Law
	3.2- Poisson's Ratio
	3.3- Stress-Strain Relation in Shear
	3.4- Stress-Strain Relations for an Orthotropic Solid
	3.5- Stress-Strain Relations for a Lamina under Plane Stress
	3.6- Coordinate Transformation

	4- Failure Criteria for Composite Materials
	4.1- Criteria for Fiber Failure
	4.2- Criteria for Matrix Failure
	4.3- Delamination Failure Criteria
	4.4- Stress Invariants
	4.5- Strain Energy Density for Isotropic Solids
	4.6- Von Mises Criterion
	4.7- Hill’s anisotropic criterion and extensions
	4.8- Development of Quadratic Criteria
	4.9- Three Dimensional Tsai-Wu Failure Criterion
	4.10- Hoffman’s Criterion
	4.11- Three-Dimensional Tsai-Hill Criterion

	5- Criteria for Delamination Propagation
	5.1- Fracture Mechanics Approach
	5.2- Cohesive Element Approach

	6- Summary
	References

	Mechanics of Plates
	1- Derivation of the Equations of Motion in terms of Force and Moment Resultants
	2- Kinematics Assumptions
	3- Classical Plate Theory
	3.1- Kinematics of the deformation
	3.2- Constitutive Equations
	3.3- Equations of Motion for the CPT

	4- First Order Shear Deformation Theory
	4.1- Kinematics of the Deformation
	4.2- Constitutive Equations

	5- Limitation of the CPT and the FSDT
	6- Reddy Shear Deformation Theory
	6.1- Kinematics of the Deformation
	6.2- Constitutive Equations

	7- Limitation of the CPT, FSDT and RSDT
	8- Theories Including Deformations in the Transverse Direction
	9- Dynamic Response
	9.1- Free Vibrations
	9.2- Modal Superposition
	9.3- SDOF Model

	10- Conclusion
	11- Acknowledgements
	References

	Impact Dynamics
	1- Introduction
	2- Rigid Body Impacts
	3- Quasi-Static Approximation
	3.1- Single Degree of Freedom Model
	3.2- Effect of the Weight of the Projectile
	3.3- Effect of the Mass of the Structure
	3.4- Effect of geometrical nonlinearities
	3.5- Effect of damping
	3.6- Effect of damage

	4- Two Degree of Freedom Model
	4.1- Contact Laws
	4.2- Impact on a Thick Laminate
	4.3- Two degree of freedom models

	5- Complete Models
	6- Impact on Sandwich Structures
	6.1- Contact Behavior
	Experimental Results
	Beam on elastic foundation model for the indentation of a sandwich beam

	6.2- SDOF impact models
	6.3- Two Degree of Freedom Models

	7- Conclusion
	References

	IMPACT RESPONSE OF LAMINATED AND SANDWICH COMPOSITES
	ABSTRACT
	1.0 INTRODUCTION
	2.0 LOW VELOCITY IMPACT (LVI)
	2.1 BACKGROUND
	2.2 TEST EQUIPMENT
	2.2.1 Izod and Charpy Impact Testing.
	2.2.2 Instrumented Falling Weight Impact Testing.

	2.3 IMPACT ENERGY
	2.4 MODES OF FAILURE IN LOW-VELOCITY IMPACT
	2.4.1 Matrix damage.
	2.4.2 Delamination.
	2.4.3 Delamination initiation and interaction with matrix cracking.
	2.4.4 Delamination growth.
	2.4.5 Fiber failure.
	2.4.6 Penetration.
	2.4.7 Damage in randomly oriented fiber laminates.

	2.5 IMPACTOR GEOMETRY AND MASS
	2.6 OTHER PARAMETRIC TRENDS
	2.7 THERMOSET AND THERMOPLASTIC MATRIX COMPOSITES
	2.8 LOW VELOCITY IMPACT OF SANDWICH COMPOSITES
	2.9 IMPACT PERFORMANCE OF COMPLEX GEOMETRY SPECIMENS
	2.10 POST-IMPACT RESIDUAL STRENGTH
	2.10.1 Residual tensile strength.
	2.10.2 Residual compressive strength.

	2.11 ENHANCING IMPACT DAMAGE TOLERANCE

	3.0 INTERMEDIATE VELOCITY IMPACT
	4.0 BALLISTIC IMPACT
	4.1 GAS GUN
	4.1.1 Firing Mechanism.
	4.1.2 Firing Control and Valve.
	4.1.3 Working Fluid.
	4.1.4 Barrel.
	4.1.5 Capture chamber.
	4.1.6 Specimen Fixture.
	4.1.7 Instrumentation.

	4.2 UNIVERSAL RECEIVER
	4.3 BALLISTIC IMPACT PARAMETERS

	5.0 MATERIAL MODELS AND SIMULATION
	5.1 COMPOSITE MATERIAL MODELS IN LS-DYNA
	5.1.1 Progressive Failure of Composite Laminate (Material Model 161).
	5.1.2 Progressive Failure of a Composite - Material model 162.

	5.2 MATERIAL PROPERTY INPUTS TO MAT161/162

	6.0 QUASI-STATIC PUNCH SHEAR (QS-PST) and BALLISTIC RESPONSE
	6.1 QUASI-STATIC PUNCH SHEAR TESTING
	6.2 QUASI-STATIC PUNCH COMPARISON TO BALLISTIC IMPACT

	7.0 BALLISTIC IMPACT SIMULATION
	7.1 NUMERICAL APPROACH
	7.1.1 Simulation Tools.
	7.1.2 Numerical model.
	7.1.3 Material model.
	7.1.4 Contact Type.
	7.1.5 Progressive Damage and Damage Parameters.

	7.2 IMPACT SIMULATIONS AND COMPARISON TO EXPERIMENTS
	7.2.1 Damage Simulation.

	7.3 BALLISTIC IMPACT OF A SANDWICH COMPOSITE
	7.3.1 Modeling of a Sandwich Plate.
	7.3.2 Wood material model.
	7.3.3 0.30 caliber impact.
	7.3.4 0.50 caliber impact.
	7.3.5 Energy dissipation in .30 and .50 caliber impact – Laminate versus Sandwich


	8.0 HIGH STRAIN RATE TESTING
	8.1 DYNAMIC EQUILIBRIUM
	8.2 THEORY
	8.2.1 Pulse Shaping.
	8.2.2 Repeated Loading and Recovery Hopkinson Bar.

	8.3 HIGH STRAIN RATE OF LAMINATED AND SANDWICH COMPOSITES
	8.3.1 Weave Architecture.
	8.3.2 Temperature Effects.
	8.3.3 Off-axis plies.
	8.3.4 Sandwich Composites.


	9.0 NONDESTRUCTIVE EVALUATION (NDE) OF IMPACT DAMAGE
	9.1 VISUAL INSPECTION
	9.2 WITNESS PLATE
	9.3 ULTRASONIC TESTING
	9.4 X-RAY PHOTOGRAPHY AND MICROTOMOGRAPHY
	9.5 OPTICAL INTERFEROMETRY
	9.6 ACOUSTIC IMPACT
	9.7 VIBRATION BASED NDE
	9.8 ACOUSTIC EMISSION
	9.9 POLYVINYLIDENE FLUORIDE (PVDF), FIBER OPTICS
	9.10 THERMOGRAPHY

	10.0 SUMMARY
	11.0 ACKNOWLEDGEMENT
	12.0 REFERENCES

	Vehicle Crashworthiness Design – General Principles and Potentialities of Composite Material Structures
	1 - Introduction
	2 - Mechanics of the Vehicle Collision.
	2.1 Crash tests and main international regulations
	2.1.1 - EC 96/79 front impact test
	2.1.2 - EC 96/27 side impact test
	2.1.3 - ECE 32/34 rear impact test
	2.1.4 - Pedestrian impact test
	2.1.5 - The EuroNCAP program
	2.1.5.1 - EURO-NCAP rating - front impact test
	2.1.5.2 - EURO-NCAP rating - side impact test

	2.1.6 - The FMVSS201 standard.


	3 - Primer on the Structure Crash.
	3.1 - Vehicle front structure.
	3.2 - Considerations on the use of UHS steels and composite materials,
	3.3 - Vehicle body panels.
	3.4 - Passenger compartment.

	4 - Primer on Restraint Systems.
	5 - Dummies for Crash Test and Biomechanical Parameters.
	5.1- Dummy for frontal crash tests.
	5.2 - EuroSID-1 Dummy
	5.3 - Injury criteria
	5.3.1 - Head Injury Criterion (HIC)
	5.3.2 - Maximum Head Acceleration
	5.3.3 - Injury criteria for the neck (NIC & Nij)
	5.3.4 - Maximum Chest Acceleration
	5.3.5 - Chest Compression Criterion
	5.3.6 - Viscous Criterion (VC)
	5.3.7 - Femur injury criterion.
	5.3.8 - Tibia Index (TI)


	6 - Composite Structures for Vehicle Applications.
	6.1 - Vehicle front beams.
	6.2 - Rear impact absorbing structure for a Formula 1 racing car.
	6.3 - Frontal sacrificial structure for a Formula One racing car.
	6.4 - A new hood composite structure optimised for pedestrian safety.2
	6.4.1 - Introduction.
	6.4.2 - Concept design process
	6.4.3 - Hood geometry and requirements
	6.4.4 - Reinforcement design problem
	6.4.4.1 - Hood-pedestrian head impact simulation.


	6.5 - Conclusions

	7. - References

	The Impact Resistance of Fiber Metal Laminates and Hybrid Materials
	1- Introduction
	2- Rate Effects in Fiber-metal Laminates
	2.1- Strain Rate Effects at the Composite-metal Interface.
	2.2- Rate Effects in Glass Fiber-based FMLs
	2.3- Rate Effects in Kevlar and Carbon-based FMLs

	3- Low Velocity Impact Response of FMLs
	Summary

	4- High Velocity Impact Response of FMLs
	Summary

	5- Conclusions
	References

	Ballistic Impacts on Polymer Matrix Composites, Composite Armor, Personal Armor
	1 Introduction
	2 The Importance of Lightness in Ballistic Protection: a Historical Perspective
	2.1 The Interest of Lightness in Ballistic Protection
	2.2 Metallic Materials for Lightweight Ballistic Protections
	2.3 High Performance Fiber Armors
	2.4 Dual-Hardness Armor

	3 The Threat: Handgun Bullets, Rifle Bullets, Heavy Gun Projectiles and Fragments
	3.1 Introduction
	3.2 Handgun and Rifle Bullets
	3.3 Heavy Gun Projectiles
	3.4 Fragments

	4 Testing Armors: Experimental Methodologies and Standards
	4.1 Introduction
	4.2 Experimental Methodologies
	4.3 Standards

	5 Fiber Armors
	5.1 Fibers
	5.1.1 Glass fiber
	5.1.2 Para-aramids
	5.1.3 HMPE
	5.1.4 PBO
	5.1.5 M5

	5.2 Yarns
	5.3 Assembling Fibers and Yarns: Woven, Non-Woven and Prepreg Fabrics
	5.3.1 Woven fabrics
	5.3.2 Non-woven fabrics
	5.3.3 Prepregs fibers

	5.4 Influence of the Areal Density on the Ballistic Performance of Fiber Armors

	6 Ceramic-Faced Armors
	6.1 Introduction
	6.2 Efficiency of Ceramics as Protective Materials
	6.3 Penetration Strength of the Ceramic
	6.4 Applying the Tate-Alekseevskii Model to the DOP Test: Determining R t  for the Ceramic Material
	6.5 Performance of Ceramic/Faced Armors Against Ballistic Impact

	7 Modeling the Impact Behavior of Fiber Armors and Ceramic-Faced Armors
	7.1 Analytical Modeling of Fiber Armors and Ceramic-Faced Armors
	7.1.1 Fiber armors
	7.1.2 Ceramic-faced armors

	7.2 Numerical Modeling of Fiber Armors and Ceramic-Faced Armors
	7.2.1 Fiber armors
	7.2.2 Ceramic-faced armors

	7.3 Prediction Using Artificial Neural Networks

	8 Oblique Impact and Its Simulation
	8.1 Introduction
	8.2 Modeling Oblique Impact
	8.3 Ricochet Induced by Brittle and Lightweight Materials

	9 New Developments in Ballistic Protection Armors
	10 Concluding Remarks
	Annex: Basic Ballistic Terminology
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




