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| ntroduction

R&DE (Engineers), DRDO

" “When a body Is bounded by surfaces, flat
In geometry, whose lateral dimensions are
large compared to the separation between
the surfaces is called a PLATE”

/

= Plates are Initially flat structural elements
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| ntroduction

R&DE (Engineers), DRDO

Plates are subjected to transverse loads — loads
normal to its mid-surface

Transverse loads supported by combined bending
and shear action

Plates may be subjected t-plane loading als
=> uniform stress distribution => membrane

Membrane action — in-plane loading or
pronounced curvature & slope

Plate bending — plate’s mid-surface doesn’t
experience appreciable stretching or contraction

In-plane loads cause stretching and/or contractio
of mid-surface
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| ntroduction

R&DE (Engineers), DRDO
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NX :— t —: NX
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Uniform stretching of the plate => u,

A A A A

2,

Axial deformation due to transverse load

Net deformation = Algebraic sum of uniform stretching

and axial deformation due. @ hending load ;
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= For plates - S

| ntroduction

R&DE (Engineers), DRDO

t 1

10 b 200C

= Thin & thick plates —
« Thin plate => t<200 p=gmallest side
= Thick plate => t>20b

= Smal

. T
P

. T
P

i {
deflections w = —

5

nin plate theory — Kirchoff’'s Classical

ate T
nick p

ate T

neory (KCPT)
ate theory — Reissner — Mindlin

neory (MPT)
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KCPT - Assumptions

R&DE (Engineers), DRDO

Assumptions —
= Thickness is much smaller than the other physical
dimensions
= vertical deflection w(X, VY, z) = w(X, Y)
*= Displacements u, v & w are small compared to

plate thicknes
= Governing equations are derived based on undeformed
geometry
* In plane strains are small compared to unity —
consider only linear strains

= Normal stresses In transverse direction are small
compared with other stresses — neglected
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KCPT - Assumptions

R&DE (Engineers), DRDO

= Material — linear elastic — Hooke’s law holds good

= Middle surface remains unstrained during bending
— neutral surface

= Normals to the middle surface before deformation
remain normal to the same surface &
deformation => doesn’t imply shear across section
IS zero — transverse shear strain makes a negligible
contribution to deflections. g

* Transverse shear strains are negligible
= Rotary inertia is neglected
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Sign convention

R&DE (Engineers), DRDO

* Following sign convention will be followed

Z4 yi
|le :r wz ::
M
y
>—p- y :@l
y
M
X /8
X
Positive moments Positive rotations
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Bending defor mations

R&DE (Engineers), DRDO

y4
Bending takes [
place in both planes

View ‘D’
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Bending defor mations

R&DE (Engineers), DRDO

= Deformation Iin ‘X’ direction
u(x, y,z) = -z, (x, y)
= Deformation in ‘y’ directiol

v(x,y,2) = -z (X, y)

= Vertical deformation

W = W(X, V)

10
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Strains

R&DE (Engineers), DRDO

= Assumption — out of plane shear strain -

negligible 3
u W
= 4+ —=0
Y 0z O0X
ow oA
== V., :—(ﬂy+a_X:O:>()yy :a_x
v 6v ow — 0
v 62 ay
W ow
=> yyz_—{ﬂx+a——0— ()yX:E
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Strains

R&DE (Engineers), DRDO

= Non-zero strains

£ :a—u:—za(/jy :—zazw
SN )'s 0X )
L v oy, dw
yy ay ay ayZ
, 0u v, o
Y9y ox oxoy
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Stresses

R&DE (Engineers), DRDO

= Thin plate — out of plane shear strains vanish — out
of plane shear stresses also vanish

r.,=0 1,=0

PR
| SRS
-lly ‘PXZ

y4
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= Qut of plane normal stress is also assumed to be
zero — logical — thin structure — plane stress

conditions
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* Non-zero stress components

R&DE (Engineers), DRDO

All three stress components, 0y, O,,, T,

Ramadas Chennamsetti

y — In-plane

14
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= Curvature — reciprocal of radius of bending

Curvatures

= Rate of change of slope

AZ

—l--.~

slope=rotation=¢, = g_vv

X

< :
\ - —de
dxW* 0 X
> X
oy y
curvatue =
0X
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Wy
dx
0°w _
Cox? Ko
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Curvatures

R&DE (Engineers), DRDO

= Similarly bending inyzplane introduces a
curvature

. 0°w
Ky = dy 2
= Twisting of plate
0°w
K, =—2

Y OxXoy

16
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= Linear elastic isotropic — Hookean material

Constitutive law

R&DE (Engineers), DRDO

= Three stress and strain components

E

XX

Ramadas Chennamsetti

o

Writing all three equations in
_ O, U 2 matrix form
E E & ] 1_1 -u 0
Er=—|-U 1 0
:Uyy_UO-xx yy EO 0 )
U
E E So) LT _
T T KUXX\ 1 v O
Y= 2201+ 0) lgl=Ely1 o
G E W 1-0f 1-v
S R
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Constitutive law

R&DE (Engineers), DRDO

= Express strains in terms of curvatures

i _f 0°w
(o, | 1 v 0 ox*
Ez 0°w
K2 = | U 1 0 % = ¢
. 1-v 0 0 1+ v 0y
LTy 0w
) 2 1|5
| 0X0Yy |

Variation of stresses across thickness is linear

Basis — thin plates — plane section remain plane after
bending — variation of axial deflection is linear across
thickness — strains also vary linearly
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z

Equilibrium equations

R&DE (Engineers), DRDO

= Equilibrium of an infinitesimal element

_[*
Yz
. e o 4 dx
Forces acting on an infinitesimal yy

element dx dy dz

Ramadas Chennamsetti
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0_*
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Equilibrium equations
R&DE (Engineers), DRDO
= Equilibrium in ‘X’ direction
o, dydz + 71 dxdy + 7, dzdx
-0 ,dydz -7 ,dxdy -7 ,dzdx =0

v 28 |
0 X

*

g

XX

N
[
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Equilibrium equations
= Substitute — the following equation is
obtained
or,, 0T, Or
+ +

<=0 - (1)
oXx o0y 0z

Similarly take equilibrium in ‘y’ and ‘z’ directions
arxy+aryy+6ryzzo @) .
ox oy 0z :
or,, 0T, Or S
XZ 4 yz+ 22:0_(3) é
BX ay az 21 El
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Shear stresses

R&DE (Engineers), DRDO

= From equation (1) — shear stregscan be
computed

Use stress deflection/curvature relations

0| Ez 62w+U62W + _ Ez 9w
ox| 1-v7| ox* oy’ 1+v axay

arXZ:( Ez j 0°w aw 4 (1- )
0z \1-0v? 6x3 6xay 6xay
or,, :( Ez j 0 (DZW)
0z \1-v?)0x
Integrate this across thickness to get shear stress -

yahoo.co.in

rd mech@

Ramadas Chennamsetti




Shear stresses

R&DE (Engineers), DRDO

* |ntegrate from mid plane to top surface of

plate Z[ -
for. = {5 1 Gthem 15550 oo
r 0 z
_, - E a(DZW) 22"
“o1-v* ox |2

. - E (0w
< 2-v?)  ox

4

@yahoo.co.in

h2
2
(Z ——j Parabolic variation

23

rd_mech

Ramadas Chennamsetti




%
=
&
-
O
=

), DRDO

Ineers

e R L, DE (Eng

uIroo'ooyeA®@yoaw pi

., = 20,04z
d°w 0°wW
ox? 2
0°wW 2
oy
2
ay* ]

1-v
d
h3

Ramadas Chennamsetti

=0 ,4dz

zdF,
Z

2
Ez®

1-v

dF

XX

i

.
]

.
. |

. .

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

* Moment wrt 'y’

Neutral plane
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= Moment wrt ‘X’

Eh’
12(1-0v%)

0°w  0°w

X

Neutral plane

uIroo'ooyeA®@yoaw pi

Il
N
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Twisting moment due to shear

stress T,
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Compare with section
modulus of beam




Shear forces

R&DE (Engineers), DRDO

= Vertical equilibrium of

plate * )
Q,dy +Q,dx+ qdxdy - Q,dy-Q,dx =0

Q; =Q, + 2 dx
0X

0
Q, dy
ay

Q,=Q, +

Substitute these and simplify

0Q, , 9Q, _
0X oy

-9
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Shear forces

R&DE (Engineers), DRDO

= Shear forces across thickness can be
computed by integrating shear stress across

thickness +h/2
Q, = j T ,,dz per unit width
—h/2

. E a@w)( ,_ h?
¥ 2@-v?%) 0y 4

2 +h/2 2 =

0, - Eza(mw)j[zz_h]dz :
2(1-0°) oy h2 4 g

®

3 2 2 =

Q, = Eh 0(0 w) _ _D 0(0“w) él

12(1-0?) dy dy y
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Governing eqguation

R&DE (Engineers), DRDO

= Similar expression foQ,

2
Q. =-D 0 (U “w)
0 X
Substitute Q, and Q, in the following expression — vertical
equilibrium
q an + aQy — _q
0X oy
20 2]+ -0 2 )] = -
0X 0X oy oy
2 2
> 2 (o) o) 2
X y D
2 2
=> 0 + 0 (|:| Zw) = i
x> oy’ D ”
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Governing eqguation

R&DE (Engineers), DRDO

overning equation

2 2
0 +a q2y = 9
x> 9y°’ D

Bi-harmonic equation

. . 2
Compate YAl REAM Adugiion

@yahoo.co.in

rd_mech




Boundary conditions

R&DE (Engineers), DRDO

= Well posed problem — Governing equations
and boundary conditions
= Three basic boundary conditions
= Simply supporte
= Clamped and
* Free edge

= Vertical deflection and their derivatives
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Simply supported

= Simply supported — for eg beam => vertical
deflection = 0 and moment=0

_ Simply supported
For edge, x = const X = const
wx.y)=0 )
0°w  9°w
M,=-D| —+v— |=0
0X oy

y o
w = o0 implies second derivative in the 3
direction tangent to this line is zero y S
Im supported | <
92w Simply supported 2)
=0 y =const E
2 ]
a X Ramadas Chennamsetti ==




Simply supported

= Simply supported condition along edge y =

const W=0
0°w  0°w
x> oy’

w = o0 implies second derivative in the
direction tangent to this line is zero

2
DW:O

Y- -
Rama sYhennamsettl

M, =-D| v
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= Deflection and slope in normal directions

vanish W=0

ow
0

w=0

=0

Clamped

R&DE (Engineers), DRDO

\

>~ X = constant

/

\

~ 'y = constant

Ramadas Chennamsetti
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Free edges

R&DE (Engineers), DRDO

* Free edge — Free from any external loads —
Natural boundary conditions

* Bending moment and Shear force vanish
= Bending momel

2 2
M, =-D 0 \;V+ua \;V =0 at x=const
0X oy

2+ 2
ox- oy

2 2
M = — (UGW 0“wW

j = QOaty =const

rd mech@

34

yahoo.co.in

Ramadas Chennamsetti




Free edges

R&DE (Engineers), DRDO

= Moment M,, and shear forces

ﬁ ﬁ

The net force acting on

the face
oM
= —-M oy XY
oy
. oM
=> Qx = — Xy
oy

Total shear force,
VX = QX + QX,

Ramadas Chennamsetti

yaho00.co.in

rd mech@




Free edges

R&DE (Engineers), DRDO

= Total shear force,

V, =Q,+Q,

0°W

=>\ =- %(Dzw)— D(1-v) §x£

OXx*

oX°0y

"Ramadas Chennamsetti
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Free edges

R&DE (Engineers), DRDO

= The forces, Yand | => reduced, or
Kirchoff's or effective shear forces

* |n case of a free edge,

3
+(2—U) 0°W

0w
oxdy* |

(2-0)

OX°0y

Ramadas Chennamsetti

=0 at x=const

=0 aty=const
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Bending of plates

R&DE (Engineers), DRDO

= Governing equation of plate rectangular
plate bending
2( ZW) _ 9

w = vertical deflection = w(x, y)

external loading, g = q(x, y)

= Solution to this equation — product of two

functions — Assume

w=w(x, y) = F(x)G(y)

38
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Bending of plates

R&DE (Engineers), DRDO

*= Choice of functions — algebraic,
trigonometric, hyperbolic etc or
combination of these function

= Selection of a functio— depends ol
boundary conditions

= Simply supported edges — trigonometric
function — Navier solution

= Deflection of a plate can be written as sum
of Infinite trigonometric functions
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» Edgesx = 0 andx = asimply supported

Vertical detlection vanish

Bending of plates

R&DE (Engineers), DRDO

w(x=0, y)=0, w(x=a, y)=0

Possible form of solution

Yyl
= . [ MJT X
F(x)=>F,sin ]
m a SS X=0
F,F,,.....F, are coefficients

Symmetric loading wrt x = a/2

Maximum deflection at x = a/2
Ramadas Chennamsetti

X
SS

~
Il

40
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Bending of plates

R&DE (Engineers), DRDO

= Other edges simply supported

Vertical deflection vanish SS

w(x, y=0)=0, w(x, y=b)=0

Possible form of solution
y 4

G(y) = iGn sin(%j ss; :
n 0 X % 39 X

X
G, G,,....... G,, are coefficients y=o0 SS

\»

Selection of functions based on BCs

La 3
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Bending of plates

R&DE (Engineers), DRDO

= Final solution,

w(x, y) = Z;:i F G, sin( mﬂxjsin(?j

n a

=> vv(x, y) = iiwmnsinamx SingS.y

Coefficients, F, , G, and w,,, computed using

s L mp

Fourier Series -
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Coefficients

R&DE (Engineers), DRDO

= Any periodic function can be expanded into

a sine or cosine function using Fourier
expansion

Function of one variable

f(x)= i fgin /2~

a
. MTX . MITX . MTX
=> f(x)sin = f_sin sin
a a a

Integrate the above from limits o0 to a .
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Coefficients

* |ntegration

a

R&DE (Engineers), DRDO

a

|

. . .
. MK . M7K . MK
| f(x)sin—=dx= f,,[sin— sin——dx
’ a . a a
mx . MK f ¢  7x . X .
Nn—— SIin—— dx:—j COS—\M—m |—cos—\m+m
a a 2 . a
X \ . 7X Nk
¢ | Sin—im-m/ sin— m+m
: T :
2 —(m—m) = m+m)
. a a o

Lower limit vanishes, evaluate upper limit

Ramadas Chennamsetti
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= Upper limit

| f(x)sin M7TX jy=1m—_a
0

:>T f (x)sin

Coefficients

R&DE (Engineers), DRDO

sinE(m—m')

a 2 T -
“im=-m
Jm-m) |
MTXx="m2  form=m
a 2
0 formzm
—I sinmﬂxdx

45
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= Function

o(y)=3 g, sin mgy

=>g(y)sin

9,

Coefficients

of variable ‘y’

R&DE (Engineers), DRDO

nﬂy:gﬁmnﬂysmnﬂy
b b
2" Ny
=— sin d
b{Q(Y) = dy

Ramadas Chennamsetti
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Coefficients

R&DE (Engineers), DRDO

x=0 a m n
y=b x=a : ' '
= [ [ w(x y)sin(mﬂx sin(nﬂyjdxdy— ZZ jsm(nﬂyjsm(nﬂy
y=0 x=0 a b b b
=> W, :iyfbxjaw(x y)sm( mﬂxjsm[nﬂy)dxdy
"oab o d a

47
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&) SImply supported plate

R&DE (Engineers), DRDO

= Assume loading over plate

q= q(x, y) = ii d,..Sin m;TXSin nigy

Solution

w=w(x y)= ZZW sin mﬂxsin?

Governing equation

0w 0w 0°w
+ 2 + il
ax” ox°oy® ay* D .
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&) SImply supported plate

R&DE (Engineers), DRDO

= Differentiating vertical displacement

Q
| 2
<=
[
N
2 M
3M8
7~ N\
|3
N
7~ N\
| 3
N
N
32
>
2
)
7~ N\
3
O |
X
N
2
)
7~ N\
-
o~
<
N _/
@yahoo.co.in

rd_mech

Ramadas Chennamsetti



&) SImply supported plate

R&DE (Engineers), DRDO

= Plug In governing equation

) AT

(nﬂ\2 (nﬂj4 Q.
— | Winn =
D ) 9 D

_ _ Ornn
=7 Wonn = M n? 2
SENS
w=w(x,y)= 1 ii i WX i MY
Dt 4 ; a )

O
m° . n’ b
a: b? -
Ramadas Chennansetti

@yahoo.co.in

rd_mech




UDL

= Uniformly distributed load

Computation of coefficients

q(x,y)= % Z A, sin(mngsm(nfg yj

n

q(x, y) = q,
43 _ mTx .
q.. —%Hq(x, y)sin _ sin /4y

Ramadas Chennamsetti
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Ty
dxd
) y

o

51
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R&DE (Engineers), DRDO

sin msz Y dxdy

b
_[sin mn ydy
’ b

yaho00.co.in

_ 164,

4 &7 M7T X

- Sin

qmn ab'(["(;qo
J,.. = 44, _Tsin mﬂxdx
™ ab ¢ a

- - 4qo( 4ab
=> qmn _ 2
ab \ mnsr

mMnJ7°
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R&DE (Engineers), DRDO

IR St W i

=>w(X, y) = 16 Y% ZZ Cmngsin(r”;yj

yahoo.co.in
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Patch |oad

R&DE (Engineers), DRDO

= A patch load applied over an anea v

Centroid at (x,, y,)

q(x, Y):Z::Z::qmr sin( mngsin(nzyj ’v

=> (], :Z:]:Z::qmnSi”( mzxjsin(ngyj 7

y Patch load
Xo+2yo+§
4 . M X . mir
Jon = % j jsm Sin ydxdy
ab °, 7, a b
Xo~™ =% Yo% 54
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Patch |oad

R&DE (Engineers), DRDO

= Evaluating integrals

Xo+= yo+X
49, ° . MTX . MTy
= SIn SIn dxd
Clr J I . = dxdy
XO_EyO_E
%ot
 MITX 2a (mﬂxoj . (mﬂuj
jsm dx=——sIn SIn
a mJT a 2a

u
2

_ 16 q, . (mﬂxoj . (mﬂuj . (nﬂyoj . (mﬂv
=>q, = sin sin sin Sin
mn 77° a 2a b

55
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Patch |oad

R&DE (Engineers), DRDO

msrv

(mmx)_. (nmy
160, & & Smnsm\ A Sin n
W y)= G Yy
71°D mon m N
mri| — | +|—
BEY
where,
S, = sin( mﬂx"jsin( mﬂujsin(nﬂy‘)jsin(
a 2a b

Ramadas Chennamsetti
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Point load

R&DE (Engineers), DRDO

= Point load
Assume the point load acts over p
an infinitesimal area u x v O
Corresponding UDL _ P (X5 Vo)
Y,
From the earlier analysis
16 . mn N7 . mnu . nnv
On = % o % sin Yo gjn SIN——
o a b 2a 2b
16 P . mmx, . nmy, . miu . NV
=>Q, . = sin sin sin Sin——
mnuvsz a b 2a 2b,.

yaho00.co.in
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Point load

R&DE (Engineers), DRDO

= Simplifying
[ . mmu)
4P . mirX, . Nty .l 2

=>(,,, =——SIn Sin > d

ab a b mnu
. 2a
=>(,, = Es.in M% gin 70 Yo

ab a b

Ramadas Chennamsetti
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Point load

R&DE (Engineers), DRDO

= Deflection due to point load

. . MzAX . mmn
w O SIN sin- "+

4P > a b
wx.y)= n' abDZZ N (Ve
(aj *(bj
S_ =sin M gjin Mo
a b

yahoo.co.in
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&) Bending & in-plane loading

R&DE (Engineers), DRDO

* Plates are subjected to in-plane loading also —In
addition to lateral / transverse loads

* |n-plane loading — tensile or compressive

= Large in-plane compressive loads — Buckling takes
nlace

= Buckling — non-linear phenomenon —
disproportionate increase of displacement with
load

= Critical load — abllity to resist axial load ceases
change in deformation shape
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&) Bending & in-planeloading

R&DE (Engineers), DRDO

= Thin walled members — cross-sections like
1, 'L, 'H’, ‘C’ etc — undergo buckling —
thin plates of small widths

= Combined loading of a rectangular pl-
loads
" In-plane forcesN,, N,, N,, andN,,
= Transverse forces / momenks;, M,, M
QandQ,
= Small deformation and large deformation

Xy Ivlyx’
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| n-plane forces

R&DE (Engineers), DRDO

* |nfinitesimal element =@A = dx dy

In-plane loading Transverse/out-of-plane loading

For small angles => SinB=0 and Cos6=1
62
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| n-plane forces

R&DE (Engineers), DRDO

= Force equilibrium in x-direction

— N, dycosg, +(NX + a(l;lx dxjdy cosf, — N, dxcosb, +
X

oN,, Q -
N,y + oy dy |[dxcosd, —| Q, +—=dx |dysing,

0 . |
+Q, dysiné, —(Qy + aQy dy]dXSinHy + dexsm@y =0
y
s oON, . aNXy ~0
ox oy

If there are no, 1n g)égglg forces — equation vanishes 63
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| n-plane forces

R&DE (Engineers), DRDO

= Force equilibrium in y-direction
ON_, ON

Xy 4 Y —

0X oy
= Angle is not equal to zero, but, sm

sind =6 anc cocfd =1
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| n-plane forces

R&DE (Engineers), DRDO

= Force equilibrium in x-direction

0
N,y +

a 2
-1 Q, + 2 gy |o oW, OW gy dea_ 0
oy oy oy oy

+ Qxdyg—iv

- Nxdy+(NX + a(;\lx dxjdy— N, dX +
X

N 2
2 dy |dx —(QX + 99 dxjdy ow , 0 \;de
oy 0X

0oxX OX

Neglecthigherorder terns
ON  ON No change in in-

== >+

14)4

Ramadas Chen

=~ =0 plane equilibrium
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| n-plane forces

R&DE (Engineers), DRDO

= Similar expression for force equilibrium in
y-direction
= Force equilibrium in z-direction

= Contribution from ii-plane normal forces,,
and N, and shear force, |\

= Contribution from shear force,,@nd Q
= Contribution from externally applied load, q
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— N _dysin ow +
0X

- N dxsma—w+

ay

- N dx3|na—w+(N

N, dysin ow +(N
oy

(N2
[N+

+

+

-Qdycosa_w+(qx+
)¢

- Q,dX cosa—W +
oy

[y+

Z-direction

ow 0
+

R&DE (Engineers), DRDO

dysin(

0X
ow 0

0X

5

ow

dxsin[

ay

ow

+

o

o0X

dy
y oy j
0

ow

dxsm(
0

X

ol

d
0X yJ
ow

dysin[

ow 0
+
oy O0X

de
oy

|

ow 0

ow

X

dx |dy co
Jv {3

X

ow

, J ow 0
dy |co +
ah/amad s Che r@%setgy

|

ay

+
ax(

jdy} + qdxdy = (237

J

0X
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N

Z-direction

* |f no in-plane forces acting

R&DE (Engineers), DRDO

0X oy
= Presence of in-plane forces
2 2 2
W oN, W 4N, 2 W, 9Q, 9% tQ =
0x° Yoxay Y oy®  ox 0y

Ramadas Chennamsetti

0
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Z-direction

= SubstitutingQ, andQ,

0
Q, :—D&(DZW), Q, :—Da (DZW)
2 2
Nxa V2V+2ny o *Ny—
0X oxoy y
0 0 0
+—| -D—\0°W) |+ = +
ax( ax( )j oy ( 17

R&DE (Engineers), DRDO

0

2
Xaw +2N 6W+N
0x> 00y

y*

ql
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Plate buckling

= Buckling of thin plate

0°W 0°W

+ N
47 o ™ 9yox

+2N. ——+

R&DE (Engineers), DRDO

L -
Naw

y ayz

Assume, q = 0, in-plane load, N, = N, rest zero

0w
ox”*

+ 2

o'w  d'w _ N, 0°w

ox°ay° oay”

D 0x°

Assume all four edges are simply supported —
Navier solution to plate bending

Ramadas Chennamsetti
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Plate buckling

R&DE (Engineers), DRDO

= Plate deflection
W= VV(X, Y) = iiwmnsmamx sing,y

a. ,8 N71  Substitute in
- governing equation

— Characteristic

4 2 1
a, + ZO’m,B IB E m 0 equation
N

2
=>(az+pf =2a;

71
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Plate buckling

R&DE (Engineers), DRDO

= From characteristic equation

2 2y _ Ny 2
(am+18n)_ am

2 2
=> N1 = DIZT |:m ¢ n2i|
b C m
c=alb -Aspect ratio ,
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= Critical load — smallest value

Plate buckling

R&DE (Engineers), DRDO

= [ncrease in Nwith > — Minimum value of
nis equal to one — buckled shape in y-

direction- single half sine wa

D7’ m c
— + —

N,

b> | ¢ m

2

N, is a function of variable ‘m’ — for minimum value of

‘m’, differentiate N, wrt ‘m’

Ramadas Chennamsetti
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Plate buckling

R&DE (Engineers), DRDO

b> Lc m
:>(1— CZJZO
C m

a
> MNM=C=—
b
AD T
D Nlcr: 2

Ramadas Chenna

tti

Whole number
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Plate buckling

R&DE (Engineers), DRDO

= Number of half sine waves can’t be a
whole number — it should be an integer

= Equation for critical loa¢brn=1

D 77° m c

N, =K = K:_C+

Plotting ‘K’ vs aspect ratio =c = a/b
for various integer values of ‘m’

Ramadas Chennamsetti

m
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n KV

Plate buckling

S aspect ratio

R&DE (Engineers), DRDO

10

B |

ol \

a4l J"TL = __f_—-—-‘j

m=1 i m=2: m= 3 m=4
2 i 1
1414 2449
U ! i ' 1

1 2 3 4
Aspect ratio
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Plate buckling

R&DE (Engineers), DRDO

= From figure, value of ‘K’ Is same as
Intersection points of ‘m’ and ‘m+1’

N, critical load at m — when load is increased, buckled

form changes from ‘m’ to ‘m+1’

At transition from ‘m’ to ‘m+1’

2 2
m C m+1l C
+ = +
(c mj ( C m+1j
=>¢? =m(m+1)
c=,/mm+1)

Ramadas Chennamsetti

Curves for m =1 and
m=2meetatc=12

Aspect ratio less than
V2 =>m=1

Aspect ratio from v2
to v6, m =2

C>4=>K=4
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Plate buckling

= Estimation of buckling load

t=1cm,a=2.9m,b=1m, E=200GPa, v =0.30

Flexural modulus

X _ 200x10° x1x107%f

R&DE (Engineers), DRDO

D=— \ =1796kNm
121- v?) 121- 0.3%)
c=2=23_53-2m=>
1
- 12 r 2
=> K = Im+C = 2 +2'3 =4.0786
'cC m 23 2 %

Ramadas Chennamsetti
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Plate buckling

R&DE (Engineers), DRDO

= Minimum critical load

=K D77 = 4.086x% D7

lcr bz bz

N =N, xb=7372MN

N

1cr

=73.72MN /m

In the above expression, for a given width and elastic
properties of plate, critical load depends on ‘K’. In turn
‘K’ depends on ‘m’ for a given aspect ratio, c

c=23 m=1 K=74790 Minimum value of

m= 2, (K =4.0786| K'isconsidered for
estimation of N,

M = 3, K rem#a2 B msett
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&) Plate and column buckling

R&DE (Engineers), DRDO

= Uniaxial load for plate buckling
Dn2

Nlcrp _ D 77° K n° Et3

T =0 T e T 1201-0?)
s K 7E
terp 12(1—112)(%)2

T’E K

T =G @’ = 1201-0?) )
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= Buckling of a column

T°El
Pc:r = C2 I 2
2 2 2
s Cr:CZJTIIE;Ak :C277|EA
()
_ P T°E
=> e — CZ 5 Column
A |
2
e ik E Plate
(b 7 )Z
tti

&) Plate and column buckling

R&DE (Engineers), DRDO
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&) Plate and column buckling

R&DE (Engineers), DRDO

= Critical stress for plate depends on thinness
ratio = t/b — not on the length

* depends on width
= More thinner plate lesser bucking loa

= Critical stress in column depends on
slenderness ratio

= Longer columns — lower critical load
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Strain energy

R&DE (Engineers), DRDO

= |n thin plate theory, out-of-plane shear
stresses vanish =g, 1,,andr,,

= Stress components contributing to strain
energy =>a,,, g,, andr,,

= Strain energy,

Linear elastic material

U = % i (axxgxx +o,£, T, yxy) d\f
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Strain energy

R&DE (Engineers), DRDO

= Strain energy,

U = %j' {o, o, rxy}{gxx E, yxy}T dv
v

o, - 1 v 0 |[e, - 1 v O gf
Ot =" 22 v 1 0 K&, r=- 22 v 1 0 | \/2V
-0 o Ltv L PO A
9 ) _ L2 i 2 ||, 0w
| OXoy |

>{o}=[cld
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= Strain energy,

o =3fiet

Strain energy

eldv == j {e} [clelav
(31“: )

( 0w azwj
+| v +

ox> oy’
+2@—U)

0w
oX*

2

0°w
oxoy

Ramadas Chennamsetti

R&DE (Engineers), DRDO
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Strain energy

R&DE (Engineers), DRDO

= |nfinitesimal volumedV = dxdydz
= Carry out integration over thickness d2

2 3
j 7°dz = L
h 12
2
3
D Eh

" 1201-07)
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Strain energy

= Simplify
r(aﬂN4_6ﬁNj2
ox>  0x°
U:%I< - ,
A —2(1—U)| 0°“W 0 W_

.

Ox* 0x*

|

0°w
oxoy

R&DE (Engineers), DRDO

jz

>axdy

Strain energy — Finite Element Method — Total
potential approach

Ramadas Chennamsetti

87

@yahoo.co.in

rd_mech




R&DE (Engineers), DRDO

uIroo'ooyeA®@yoaw pi

(e 0]
(e 0]
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