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Transformations

Recall:
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: Stress Tensor has new rules for transformations.

Transforming a scalar:
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Transformation Equations:

U, = Uy c0s 8 + v, sin 6
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vy, = Vg Sinf + vy, cos 0

Note:
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Invariant (Quantity is independent of frame)

Special Direction




Find how 044,0yy,02y € Op/ar ,Oyry! ,Ogry
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A, = Ay cosf
A, = A, sind
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Owtat Ayt — Oyy SINOAy — 04y cOsO0Ay — 04y c080A, — 0yysinfA, =0

Substitute Ay, Ay:

Ot gt Ayt —Oyy sin @ sin 0 A, —0 4y cos 0sin 0 Ay —0 4 cos 0 cos 0 Ay —0yy sin cos 0 Ay = 0

So:

Cprgr = Oy COSZ 0 + Oyy sin? 6 + 20, cos O sin 6

> Fy=0
Opryr Agr — Oy CO8OAy + 04y sinOA, + 0,5 Az sin€ — 0,y Ay cosf =0
Oury = (0yy — Ouz) cOS O + 04y (cos? O — sin? 0)
Use 0,75 equation with § — 90 4 6 to get gy,
sin(6 + 90°) = cos 0
cos(f +90°) = —sind

.92 2 .
Oyty! = Ogg Sin” 0 + oy, cos” § — 204, sin 0 cos 6



Rewrite using ”double angle” trig. identities:

sin(26) = 2sin 6 cos
cos(26) = cos? § — sin? 4

cos?f +sin?0 =1

Oplp! = Ozz ;Uyy + Ogx ;Jyy COS(Q@) + Ua:y Sln(20)
Ozz + Oyy  Oza — Oyy :

Oyry = 5 - 5 cos(20) — o4, sin(20)
Oy = —w sin(26) + o, cos(26)

EXAMPLE: Uniaxial Loading
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Opy = Oyy =0
So:
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cos(20) = — + % cos(20)

Oyry = U;x - U;x cos(20) = 22 — 70 cos(26)

(o sigmag

Oty = — B) SIH(ZQ) =

sin(26)

Square and add them:

2
%)2 + ai/y, = (020 ) (cos? 26 + sin” 26)

(Uz’z/ —



702 2 002
(Um’$’ - ?) + Uw/y/ - <? >
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This is an example of Mohr’s circle.
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Draw for 0,5 > 0yy > 0504y > 0.
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Procedure to draw Mohr’s circle:
For x-face
1. For positive o,,, go to right of (0,0).
2. For positive og,, go down from (o4,,0).
3. Plot point.
For y-face
1. For positive oy, go right of (0,0).
2. For positive oy, go up from (oy,,0).
3. Plot point.
Connect points, this is the diameter of Mohr’s circle.
Finish drawing circle.

To use Mohr’s Circle:
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Note: Transformations of 6 are given by 20 on Mohr’s circle.
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Opz <0

EXAMPLE:

Oy <0



EXAMPLE: Hydrostatic Pressure

] € g 6,

Opz = Oyy = 00
Opy =0

Points of interest on Mohr’s circle

Center:
Ozz + Oyy
——=2 0
( 2 ’ )

Note: w =7 = Average normal Stress
Radius:

2
\/aiy + (Ope —0)2 = \/a%y + (—U” 5 UW) =R

Note: Maximum shear stress = R
01,09 are the principal stresses.
0, is the angle of the principal direction.
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0, = tan~! [A]

Oxx — Jyy

tand, =



