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Chapter 1

INTRODUCTION TO
COMPOSITE MATERIALS




2 Mechanics of Composite Materials

The purpose of the questions in Problem Set 1 is twofold: (1) to gain some
new knowledge that is beyond what the book has to offer in order to get students
to consult other references and (2) a writing assignment that is always a worth-
while exercise for students. Because the questions are beyond the scope of the
book, no responses are given. The ingenious and resourceful students wili re-
spond well.



Chapter 2

| MACROMECHANICAL
BEHAVIOR OF A LAMINA




Exsgc:sé 24.1

SHOW TMAT THE DETERMINANT INEQUALITY IN EQ.(248)
FOR ORTHOTROPIC MATERIALS CORRECTLY REDUCES TO
2 < /2 For I1soTROPIC MATERIALS.

FIRST, THE DETERMINANT INEQUALITY IS

A= 1-2y2) -Yg2h,- 2,7, 2%7,)32%>0 (1
BUT FOR ISOTROPIC MATERIALS
2y = %I=Jé3=‘y&:j31 =23 =Y (2)
so Eq. (1) REDUCES TO
- 322-22% >0 (3)
WHICH CAN BE FACTORED TO
(1+2)( /-2 - 227) >0 @)
o2
(1+2)1+2)(/-22) >0 (5)
WHEGEUPOR)  BECAUSE (/+2)% >0,
/=22 >0 - (8)
or ,
<4 (7)

(Noruws caw Be salo agour (1+2)% v &p. (5), sBuT WE
ARIOW FROM OTHER MEPUALITIES 7/,47'

>~/ 7"
Feomv|
/+2 >0 (7)

SO THE REDUCTION 7D ISOTROPIC NMATERMLS 1S CORRECT.)



QEQCJSE 24,2

DeriVE E®. (2.52) FROM THE DETERMINANT INEQUALITY

N EqQ. (2.48):
A= |- 7:2’%:'7}23%2"7.)312%3“ 22y 7%2’}13 >0
WHICH IS

V= 2935y~ 23 25,- 2% Dz > 222,73

o

(I- 7}127)21 "-'7237.}32"2.}-‘::7{3)/2 > 25223

Now SUBSTITUTE TUE RECIPROCAL RELATIONS
2i/Ei = 2ji/E;

TO OBTAIN |

[1-2 z,(E') 322(53) -25(2)]/2 > 225,90

(1

(2)

(3)

“)

(5)

BUT SINCE 2} >O AND E),E;,AND Ez > O, THEN THE

BRACKETED QLl‘i,AMﬂ'l\/ IS LESS THAN ONE SO

$7[-2(E)2%(2) - BE)/2 > 21222

WHICH 15 E®. (2.52) As DESIRED.

For 1soTROPIC MATERIALS, EQ.(6) BECOMES
L >(1-322)/2 > 23

oOR
| > 1-322 > 227

o
I-322-223 >0

WHICH 1S SHown IN EX. 2.4.1 10 VIELD 7J«¢-ZL.

@

(7

®
@)
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Exszcgé 24.3

Derive Eq.(2 53) FROM Eq. (2 52) wMicH 1S

skels <-4 () -2 (2)- 45(2)] /2 < 3 (n
'VAND CAN BE WRITTEN AS

I~ 2 7121")327‘}3 >1- szf(%) - Jé;(%) - 74; ( %)--?%’égffo @)

[. 4 (2)[1-4(2)]

"% 13( ) zf g;) 22,223 >0 (3)
OoR
L2 (2)]1-25 (2)]

“[7{327}!3(%)%2"’ ’)21(%)'/2]2 >0 )

WHICKH 1S EQ. (2.53) As DESIRED.

For 1soTrOPIC MATERIALS, EQ.(4) BECOMES
(1-22)* - ( 22+ J)* >0 G)

OR. _
|- 32% - 223 >0 4 &)

WHICH IS chwzu i Ex.24.) 10 vieLDd
2< 4 (7)



ExercisE 2.4.4

Derive EQ.(2.54) FRom EQ-(2.53) WHICH

[l %Z(Es)l[l Z}’; 757)] o
| [%'(E;)/z,k%z?)ls Ez lz] >0
MuLTipLy EQ.(I)-BY‘ E,/E, T OBTAIN
(- (&)@ (B)
[ 2+ 732713(%)]2 >0
WHICH 1S OF THE FORM
B~ (X+A) >0
WHEREUPON | |
-VB A <X < +JB -A

~(A+VB)< X < -(A-\B)

WHICH 1S , .,
{32 13 E, [' zéz Ea] 2[' 2Jl:a’ ] %
< 75 <
If I
{ b2 )-[1-% 4 (2 Z[’ 2 Es] “ (&

WHICH 1S E@. (2.54) AS DESIRED.

1S

N3

)%}

()

(2

3

4)

(5)

(6)




ExeRCISE 2.4.5

Show THAT Eq. (2.54),

LB -R(E) R (B <
<_{%2,),3(%)[ (Ez)]/Z[' 7}'3 )'lz(Ez)*/z} 0

REDUCES FOR ISOTROPIC MATERIALS TO THE KNOWA BOUNDS
ov 2. Fiesr, WHEN 2; =2 AND Ei=E  EQ.(I) 15
[ 2%+ (1-22) % (|- z)Z)"ZJ < 2
< ~[22-(1-22)2(j-22) "2 ] (2)

-l < 2/ < |-22% (3)

OR

OBVIOUSLY, THE LOWER BOUND ON 2/ IS OBTAINED FROM £Q.
(3) BY INSPECTION AS -
-1 <2/ “)

However, THE LPPER BoUND REQUIRES MANMIPULATIOV. Cow-
SIDER JUST THE UPPER BOWD WERITTEN AS

< | -222 (%)
oR

0< /- 2/-29% (6)
OR

o< (/+2)(1-22) - (9)
SINCE we KNow D>~ or /)t >0, THEN

/-22 >0 @A)
ae /

AS DESIRED.



ExcecisE 26./
— Dekene £@. (282 THE STRESSES N XY COORDINGES
IN TERMS OF THOSE IN 1-2 (OOCDWATES ARE

Ox -1 |07
{0‘3} = [TJ {05 } (2 7¢)
txj Tiz

SVBSTITUTE THE STRESS-STRAN LAWK, £@.(28/) :

' - €
. [T] [Q]{ez]
diz

Svastirure me Revtee mameix, £¢. (277), ™ GET THE
MODIEIED STRAIN VECTOR :

- [TT'[QJIR] {2 }
/2

TRAMSFORM THE STRAMS FRROM -2 70 X-V COOLDIMNATES
BY e MWVERSE oF £@. (275)"

= [TIIQJIRI[T] {Z }
Sxy/2

FivaLyy, vse THE KeuteR MATRIX IN TME FORM OF JHE WYEIZSE
oF L. (2.79) 70 GET JHE NATVZAL ST2AN VECTOR N THE
XY COORDINATE SYSTEM.

- [TIQIIRILTILR T {g; } (2.62)
| XY
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ExercisE 26.2

Peove [RI[TIR] =[T] -7

FIRsT,

- | oollc® s 2sc c* s* asc
[RI[T] = [o 10] {sz c? 'ZSC;] =-[:sz c? -2s¢C

o0o02]|l-s¢ sc cs 2sC 25C 2(c?-5?)

THEN,

[RILTHR]™ = | 52 o2 o ][é‘.’ 3]

-2s¢ 25¢ 2¢¢%5sY) ] |0 o 2

"cl [~

st c2 -iiz] .

|-Zs5¢ 2s¢ %S

]




