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4.8 - Hygroscopic Stress Analysis
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Egeercise : Find the Stresses in laminate number 2
.
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4. s
.

Laminate Strength - Analysis Procedure
I - calculate laminate Stiffness es matrices A

,
B

, D

2- calculate term al and hygroscopic effect on force and

moment I Nt
,
out

,
Nm

,
mm ,

3- Reduce the load and bring it to % of the actual load
.

( if we have load and we want to find the effect  of its
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5- Use Eos to find the Strains and curvatures :
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find strains and stresses in each layer
l in the middle of them )
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F- Find the stresses in the principle ortho 't ropy directions .
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8- Apply failure criterion for each layer
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9- If you have failure in one or more laminae
, degrade the

failed laminae by setting the engineering Constants to Zero
.

calculate A
,

B
, D again and find stresses in each layer

in the new situation .

H . Apply failure criterion for each layer again .
If you do

not have failed layer, you can increas the applied fg.qoe.by

II. At the end
,

it no layer left
,

that farce is

the strength of the laminate
.





chapter 5- Preliminary Remarks for Advanced

Mechanics of composites
5. I
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Calculus of variation

consider a rape hanging between two points ( Nosy
.

) and In
, ,g ,

Let Lethe mass density of the rope ( mass per unite length,

I = the total gravitational potential energy of the

gum
rope

5cm

.:÷tn,

' " "

U

I -

- fygtds.fm?yegFaden da
Ht- "



IE f.? Fly , 5) da 15.1-2 ,

The
"

principle of minimum total potential energy
"

tells us

that when the rope is in equilibrium ,
its total potential energy

is minimum
.

In other words
,

for any other
" admissible function "

51mi we will have

I Lj ) - Ily ) > o Ent- 3)

The minimizing function yen , is called the

"

enter male functions
"

.
An enter male function ,

may also be amani mi Zing function is some

problems . ( Stationary )



In the language of mathematics
, Icy ) is called a

"

functional

which
,

in general,
a functional is a function of functions .

In a typical variational problem we are looking for the

enter mat of a functional
. ( Stationary function )

Eh dynamical problems
"

Hamilton 's principle tells us that

the actual dynamical path of Lt ) will make the function
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The Variation of a functional L here
' '

IT is defined as

follow
SI = Icj ) - Icy ) I 5. I - 4s
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In calculus of variation it can be proved that

at the eseermum of It 5) ,
the variation of

I must Vanish :
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