EGM 5533 - Period 5 Assignment #2

ORIGIN =1 E = ORIGIN

MPa = 106Pa pe = 10 6

Problem 2.5:
80 20 40)

A}‘sz 20 60 10 MPa Stress tensor at a point
40 10 20)

a.) Find the stress vector on the plane described by the vector v:

vi=|2 Vector describing a plane
Y 0.4082 )
n:= - n=1 0.8165 Normal vector on the plane described by v
i 0.4082 )
65.3197)
t; = Tji'nj t:=Tln t=| 61.2372 MPq Stress vector on the plane described by v
32.6599 )

b.) Determine the principal stresses op:

3 2 .
|Tij _ Gp'Sij| =o, ~ljo, + o, ~1=0 Eigenvalue problem

110)
op := reverse(sort(eigenvals(T))) |op=| 50 MP4g Principal stresses

i= E..last(csp) Indexing 0 )

¢.) Find the maximum shear stress:

1 .
Tmax = E.(gpl — Gp3) Tmax = 55 MP4 Maximum shear stress

d.) Find the octahedral shear stress:

3
A= Z op; 11 = 160 MP4 First invariant
i:
coct := 1.11 |60Ct = 53.3333 MP4 Octahedral normal stress (hydrostatic pressure)
3

0.5774
np = | 0.5774 Normal on the octahedral plane

1
iT i
V3 0.5774 )

|roct = 44.9691 MP4 Octahedral shear stress

Sp
toct := |— — ococt-np
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Problem 2.56:
a.) Determine the displacement and strain fields for the x-y coordinate system:
u(x,y) =aj+ ayx+ayy+agxy u(0,0) = Omm u(1,0) = —2mm
u(l,1) = -5mm u(0,1) = -3mm
V(X,y) = by + byx + byy + byxy v(0,0) = Omm v(1,0) = Imm
v(1,1) = 3.5mm v(0,1) = 2.5mm

0)

0)

mm Nodal y-displacement vector

-2
uy = |mm Nodal x-displacement vector vV =
-5 .
-3) 25)
100 0)
1100 . .
X:= ’m Matrix of x-y coordinate values
1111
1010) 0 )
—-0.002
a = Isolve E,E\ a= ‘ X-displacement coefficients
m m) -0.003
0o )
0 )
0.001
b := Isolve é,ﬂ\ b= ‘ Y-displacement coefficients
m m) 0.0025
0o )

u(x’y) = al + a.-X+ a3-y + a4-x-y X-displacement field

2

v(Xx,y) = b1 + b2~x + b3-y + b4-x-y Y-displacement field

Strain-displacement relationship

+u, )
J,1

eXx=u = —-0.002 eyy = Vy

s s

=1
=5 (%
= 0.0025
y

1 1
=—. + = —(=3+ 1) = -0.001
Ty (ux,y Vy,x} 2 )

X-normal strain

eyy = 0.0025
exy = —0.001

Y-normal strain

XY -shear strain

u(x,y) float,2 — (—2.)-@0{ - 3.-@-y
m m

v(x,y) float,2 — @-x + 2.5~@-y

m m
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b.) Determine the strain field for the X-Y coordinate system:

(gxx exy ) (—0.002 ~0.001)

exy eyy) B -0.001 0.0025 )

Strain tensor in Xy coordinate system

0 := 30deg Angle from x-axis to X-axis

) (cos(e) —sin(6)) N (0.866 205

sin(0) cos(0) ) 05 03866)

Transformation matrix

T —1741.0254 1448.5572)) . . .
E=A¢A = ue Strain tensor in XY coordinate system
1448.5572  2241.0254 )
Problem 2.67:
exx = A-(L-x) eyy = B-(L - x) exy =0 Strain field
u(0,0) = v(0,0) =0 u(o,O)X v = V(O’O)y . Boundary conditions

Integrate for the displacement fields

-xz) +Y(y) v(x.y) = J eyydy = Bry-(L - %) + X(x)

N | —

ux,y) = J' exx dx = A(L-x -

1 1 .
exy = —-(u +v ) = —-(Y +X - B-y) =0 Shear strain
2 X’y Y>X 2 y9y X’X

Y -By=-X =K Rearranging terms and..
Y,y X,X

1 .
X= J —Kdx=-Kx+C Y= J By + Kdy = E-B-y2 +Ky+D Integrating

-1 1
u(x,y) = 7-A-x2 + E-B-y2 +ALx+Ky+D v(x,y) = -Kx+ B-Ly-Bxy+C
where C, D, and K are unknown constants

Given that  u(0,0) = v(0,0) = 0 D=0 and C=0
Given that u(O,O)X y = V(O’O)y N By+K=-By-K K=-K K=0

1 .
.Xz\ + —-B-y2 |v(x,y) =B.y-(L - x)| Displacement fields

1
u(x,y) = A-(L~x = E
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Problem 2.71:
ux,y,z) = c1xz v(X,y,z) = Cyy-Z w(X,y,z) = c3z Displacement field
cpz 0 05cpx)
1 .
en=—(u .+v. . e(X,y,z) = 0 cyz 0.5-chy | Strain field
= () sy 2 2V |

O.S'CI'X 05C2y C3 )

a.) Strain at point E:

2¢; 0 0.75¢p)

8(01,02,03) = 0 2~02 0.5-02 | Strain at point E

b.) Normal strain at point E in the direction of line EC:

E
tan(@) == 13 COS(O) = 2 sin(@) = 15
E, 2 2.5 2.5
1(4 3‘\ 2:¢q 0.75-c1\
A= —{ Transformation matrix gpxz<c1’ 03) = Strain on xz-plane
50-3 4) 075¢c;  c3

560-cy + .360-c3 1.17-c| — .480-c3 )
AT-spxz(cl , 03)-A float,3 — Strain rotated into the XZ-system

sEC(cl,c2,03) = 1.44.c) + 0.64-c3 EC lies along the Z axis

c.) Shear strain at E between EF and ED:
Strain at E is zero, because the xy-strain is 0, and EF-ED lies in the xy-plane

d.) Determine the strain values for the following coefficients:
0.002

c:= | 0.004 Coeficients

M
-0.004 )

4000 0 1500
§(c»cprc3)=| O 8000 2000 pg Strainat point E
1500 2000 —4000 )

gEC(c1 € 03) =320 Mg| Normal strain at point E in the direction of line EC

Shear strain at E between EF and ED
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