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DEPARTMENT OF AEROSPACE ENGINEERING
Evaluate the stifiness matrix for the elements shown in Figure. The

coordinates are given in units of millimetres. Assume plane stress
conditions. Let E=210GPa, ¢ =0.25mm  and t =10 mm. For the

elements given in Figure, the nodal displacements are given as
u, =2.0mm, v,=1.0mm, wu,=05mm, v,=00mm, wu,=3.0mm,
v, =1.0mm Determine the element stresses o,,0,,7,,0,, and ¢,and the
principal angle 6, . :’ (50,120) 3

Finite Element Analysis

1

(80,30)
(20,30) 2

X
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Finite Element Analysis
Two-Dimensional Scalar Variable Problems

Constant Strain Triangular element [CST] Stiffness matrix [B]

(xli Y1) — (20’30) :’ N 3
¢ (xZIyZ) — (80,30)
(X3,y3) — (50,120) 1 8030
To find; [K] = [B]T[D][B].A.t | ;™
Step i) Area of Triangular Element i
LRSS 11 20 30
Azzl Xy VY =A:§1 80 30]
1 x3 Y3 1 50 120
1

=§(1(80>< 120 —30x 50) —20(1 x 120 —30 x 1) + 30(1 x 50 — 80 X 1))

A = 2700mm?
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Finite Element Analysis
Two-Dimensional Scalar Variable Problems

Constant Strain Triangular element [CST] Stiffness matrix [B] .
| ” 1:2¢(1(Bx120-3»
2100
h |

=%(1(80x120—30x50)—20(l><120—30xl)+30(1x50—80x1))
.. "”"Q“"O
00 ¥ 00
000600
www

o~l%

=2700mm’
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Finite Element Analysis

Two-Dimensional Scalar Variable Problems
Constant Strain Triangular element [CST] Stiffness matrix [B]

Step ii) Strain Displacement matrix
o 1/ 0 g 0 gq O
[B]=ﬂ 0 nn 0 nrn 0

n d1 T2 4z T3 (3
g1 =V, —y3=30—120=-90 1r, =x3—x, =50—80=-30
Gz =y3—y1=120—-30=90 7, =x; —x3=20-50=-30
g3 =y1—Y2=30—-30=0 r3 =x, —x; =80—20 =60

. [-90 0 9 0 0 0
- 0 —-30 0 -30 0 60
2x2700) 35 _99 —30 90 60 O.

-3 0 3 0 00

1
Bl = 552700 * 130 _01 :é _01 _31 (2’ g]\,
1 [-3 0 3 0 00

[B] O -1 0 -1 0 2
-1 -3 -1 3 2 O
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Finite Element Analysis

Two-Dimensional Scalar Variable Problems
Constant Strain Triangular element [CST] Stiffness matrix [B]

3 0 3 0 0 0]} =6

[B]= ! x[30]] 0 -1 0 =1 0 2| =% o ?g;,
2x2700 -- e Yon)

-1 -3 4103 2 0] l@ve =

Wﬁ"ﬁﬁﬁfﬁﬁ
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Finite Element Analysis

Two-Dimensional Scalar Variable Problems
Constant Strain Triangular element [CST] Stiffness matrix [B]

0
_ 113
~180] 0

0

—3

L 0

0
-1
0
-1
0
2

—17
3
-1
3
2
0 -

ii)Stress — strain matrix [D] for plane stress condition: D]

2.1 x10°
[D] =

~1—0.252

1

0.25

0

0.25
1

0

0
1-0.25

2

~21x10°

D = 1= 0252 10.25

Uﬂ:S&mOF 4 0

410]

0 0 1.5
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Finite Element Analysis

Two-Dimensional Scalar Variable Problems
Constant Strain Triangular element [CST] Stiffness matrix [B]

*[K] = [B]"[D][B]. A.t
= [D][B]

1[4 1 O0][-3 O 3 0O 0 O
—56x103xﬁ1 4 0 lO -1 0 -1 0 2‘
0 0 15 -1 3 2 0

Matrlx A[3x3] Matrlx B[3x3] Matrix C[3x3]

0O 0 O

=311.111 [ ] l -1 0 2]

0 0. 1.5 3 2 0

Matrix A[3x3]x rREB[3x3]
Matrix A[3x3]x Matrix C[3x3]

A\ e

-12 -1 12 -1 0 2
=311.111| -3 —4 3 —4 0 8
—-15 —45 —-15 45 3 O
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Finite Element Analysis

Two-Dimensional Scalar Variable Problems
Constant Strain Triangular element [CST] Stiffness matrix [B]

e T T

‘(K] = [B]"[D][B]. A.t
= [D][B]
| H ¥
=56 %10 ><— 1 4 0 —1 0 2
180l o 15 2 0
Wamx A[3x3] Matnx B[3x3 Wam'x C[3x3]
0O 0 O
=311.111[ ” -1 O 2‘
0 O 15 3 Z 9
Matrix A[3x3]x ! [3x3]

Matrix A[3x3]x Matrix C[3x3]

—312 1 12 -1 0 2
— 311.111[ -3 —4 3 —4 0 8]
15 —45 =15 45 30

Prepared by Dr.M. SUBRAMANIAN/Professor/Mechanical/ Finite Element Analysis ~ -~ 5 H 5 /
A/ C/"\/\./\/_J\/uv /./
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Dr. M. Subramanian/Professor & Head/ Aerospace Engineering/19ASB302 Finite Element Method for Aerospace 8 / 1 3



Two-Dimensional Scalar Variable Problems

Finite Element Analysis

Constant Strain Triangular element [CST] Stiffness matrix [B]

To find; | K]
- = [B]"[D][B].

1
=—x311.111
180
—3
0
B 3
= 172839 o
0
L 0

= [B]T[D][B]. A.t

OOOUJOUJ

-1 =3 —-12 -1

0 -1 2 4
—1 3

0 2

2 0.

—12 —1 12 -1 0 2
l—3 —4 3 —4 (0 8

1.5 —-45 —-15 45 3 0

|

12
3

-1 0 2
—4 0 8

—15 —45 —-15 45 3 0

|
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Finite Element Analysis

Two-Dimensional Scalar Variable Problems
Constant Strain Triangular element [CST] Stiffness matrix [B]

matat [3 0 -1 mat B mat C
g _01 :i -12 -1 12 -1 0 2
= 1.72839 0 _1 3 -3 —4 3 —4 0 8
0 0 7 —15 —45 —-15 45 3 0

L0 2 0 - mat A X mat B mat A* X mat C

mat A> mat A2 X mat B mat A*> X mat C

:A.t[B]T[D: |B] f

" 37.5 75 =345 —-15 -3 -—6]
7.5 17.5 1.5 -95 -9 -8
—345 1.5 375 =75 -3 6

= 46666531 1 g5 _75 175 9 _g
3 -9 3 9 6 0
6 -8 6 8 0 16-
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Finite Element Analysis

Two-Dimensional Scalar Variable Problems
Constant Strain Triangular element [CST] Stiffness matrix [B]

Constant Strain Triangular element [CST] Stiffness matrix [B]
mat Al —3 0 L mat B mat C
g _01 j -12 -1 12 -1 0 2
= 1.72839 0 -1 3 -3 —4 3 -4 0 8
0 0 ) -15 —-45 -—-15 45 3 0
L 0 2 0 - mat A x mat B mat A* x mat €
mat A* mat A2 x mat B mat A2 x mat C

= A.t[B]"[D][B] /—

375 75 =345 —-15 -3 =6
75 175 15 -95 -9 -8
-345 15 375 =75 -3 6
-1.5 -95 -75 175 9 -8
-3 -9 -3 9 6 0

@@@6‘@ 6 -8 6 -8~ 0 16l

= 46666.53

IR Rans# Ranlmt 0 -] \-_./r“
@ @ (x10%) ( Ans J Prepared by Dr.M.SUBRAMANIAN/Professor/Mechanical/ Finite Efement Aia karg/J "“’7‘7{ ;5 4
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*
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Finite Element Analysis
Two-Dimensional Scalar Variable Problems

Constant Strain Triangular element [CST] Stiffness matrix [B]

. m’“’”’
sooe = Jflw
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MATRE WECTOR

(4)(5)(&))(2)

Constant Strain Triangular element [CST] Stiffness matrix [B]

mat B mat C
-12 -1 12 -1 0 2
-3 —4 3 -4 0 8
-15 =45 -15 45 3 0

mat A x mat B mat A* x mat €

mardl [=3 8 =1
0 -1 -3
. 3 0 -1
=172839| 5 °
5 0 2
L 0 2 U2 §
= A.t[B]"[p][B] ™*“
r 37.5 7.5
75 175
_ ~345 15
= 4666653\ "0
S
L 6 -8

mat A2 x mat B mat A2 x mat C

—

-34.5 -15
1.5 —9.5
375 —7.5
-7.5 175
-3 9
6 -8~

-3 —6]
-9 -8
-3 6
9 -8
6 0
016

£
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Finite Element Analysis
Two-Dimensional Scalar Variable Problems

Constant Strain Triangular element [CST] Stiffness matrix [B]

THANK YOU
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