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Stress/Strain Transformation

Stress Tranzformation
bahr's Circle

Rosette Problems: Click "Concept Map”
and open stress-strain.mmf

Beam Bending

Beam Bending

Buckiing

Buckling

Axial Loading

Combined L oading

Awxial Loading

Combined Loading

Torsion Loading

Cvilindrical Pressure Vessel

Torzion Loading

Click "Concept Map" and open
cyl_press_wvess.mmf

Concept Map




Stress Transformation

Stress Transformation

Mormal Strezs [zigma-x)
Momnal Strezs [zigma-y]

Shear Stress [tau-xy)

Calculate

Chiess vl 14347213283

Stisss i -2434. 7213283

Angle [degrees]
| | Shear
|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIﬁ-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII LLLITRIT] IEE Ehange

Enter sigma-x, sigma-vw, and tau-x=y walues. Click 'Calculate' ta begin. Shift
the dial towards right to rotate the coordinate system through an angle up
to 90 degrees. Watch the stresses change in the rotated x1-vw1 system.

-1808.6139516




-Muhr's Circle - Main Screen

Mohr's Circle

Moohr's Circle - Diagram Screen

Vertical Surface Stress State
Mormal stress i
[ragritude] ;30':":' & Tension ¢ Compression

Shear stress IEEIEIEI | @ Cw & Cow
[magnitude] ; =

Horizontal Surface Stress State
Marmal st r
[rlflqrél-ln-lg|er|1itsurcle.:']S i4DDD " Tension  Compression

Accept Input | Diraw |

Sigma-Tau Coordinates of Stress States

2 K3

| Yertical surface |3|:“:":| |2|:“:"j Conreg]

| Horizontal Surface |-4000 |-2000 Corect

Check Yalues | Continue

Enter circle properties

| sigma value of center I'EUD

I a0 Corect

| radiuz of circle

Check. Yalues | Dirawe Circle

Mohr's Circle

Show zigma - pl |, p2

Show tau-p

Show 2° theta-p

Show tau-max

Enter Values

zigma-p1
zigma-p2 Labels

tau-p
theta-p

tau-rnax

Check Yalues

Stresses

4000

== 00
-r 2000

2508




Axial Loading — Problem; Definition

Axial Lnadiﬁg

Add Section Add Load | Length | Composite | Innerdrea Load | Direction | Distance

43 Mo 0 2000 Right 24
Danel 12 Yes 2 2000 Left G0

Select Boundary
Condition

B Bl e Mew Problem/Restan Calculator Close

Clamped




Axiall Loading — Queries to Lead! User to the Selution
Correct/Incorrect Feedback

o=/ SolutionWizard L:.-ILE.IW
End-points of segment |4a |54 Carrect Enter outer farce in | check |

3 segment:

ls segment |Composite | Correct!

Enter auter area far segment: |2 Correct!

Enter auter E for segment: |1435 Carrect!

Enter inner area for segment; |1 Correctl

Enter inner E for segment; |32.35 Correctl

Enter farce in segment; |.4|:||:||:| Carrect!

+ = Tenzion

Cancel | Help




Axiall Loading — Help

‘composite. pdf - Adobe Reader
File Edit Yew Window Help
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Example Problem:

A composite cantilever beam (L=100in) is axially loaded with a positive
force of 2000 |bs. on its free, right end. The outer section of the beam
is steel (E=30e6 psi) and has a cross-sectional area of 20 in®. The inner
section of the beam is aluminum (E=10e6 psi) and has a cross-sectional

area of 10 in’.




Torsion Loading — Problem Definition

Torsional loading of shafts

Add Add Section Torgue
sectian targue Diarneter  Length | Composite | InnerDiam | ShearMod! Torque | Orientation | Dis

4 ) 43 Mo M 32eb 4 2000 (Y

Apply BC Dane!

Run solution wizard _ﬂ 4| _ﬂ

Festartitew: Problem | Calculatnrl Close

Clamped Clamped




Tiorsion| Loading — Queries to Lead User to) the Soelution
Message Boxes for Guidance

Torsional loading of shafts

Add Add Section Torque
section torgue Diarmeter | Length | Compasite | InnerDiam | Sheartdod Torque | Drientation | Dis
3 48 Mo Mia 32eb 3000 O 36

appyec | Daner |

o4l ol
RestarthewProbIeml Calculatnrl Close |

Clamped Clamped

o SolutionWizard . | torsion

First, solve as determinate problem with right clamp removed.
Howe many segments? |2 !

Cancel




Tiorsion| Loading — Queries to Lead User to) the Soelution
Correct/Incorrect Feedback

Torsional loading of shafts

Add Add Section Torque
sectian targue Diameter | Length | Composite | InneDiam | Shearhad? Torque | Orientation | Dis
3 3 48 Mo S 32eb 3 3000 Cwf 36

Apply EICl Daonel |

4| R | |
Restartfew Prablem | Calculatorl Cloze

Clamped 3000 Clamped
P dinct

o2 SolutionWizard [:]; O ﬁ
End-points nfsegment2]35 I48 check | il

Is segment: INeither v| checkl Carrect!
Enter J for segment: | checkl

Cancel




Torsion Loading — Help

File Edit Yiew Window Help
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Example Problem:

A uniform bar (L=60in) is clamped at each end. A load P=2000in-Ib is
applied to the right at a point x=30in from the left clamp. The baris
made of steel (G=11.5e6 psi) and has a diameter of 2 in.




Bending — Problem; Definition

[® Beam Shear and Moments

Beam Shearand Moments

P




Beam Shear — Queries to Lead User to the Solution
Correct/Incorrect Feedback

‘85 Analysis

Shear Analysis
Humber of jump discontinuities: 3 Carrect e e

[Inzludes support and force discontinuities. )

| Werify Max | Minimum | Werify Min

Inztructions Calculator




Beam Bendingl Moment — Queries to: Lead User to the Selution
Correct/Incorrect Feedback

Moment Analysis

Mumber of jump dizcontinuities: I Corect

[Inciudes suppaort and force dizcontinuitiss. ]

Dizcontinuity | nfomaton
b odify

Instructions Calzulator




Buckling

“a-/ Column Buckling

Select number
of digits
accuracy

1 digit
f* 2 digits

3 digits

Select |

S ' LR S o R

Select | " PFin-Pin % Fixed-Pin " Fixed-Fized " Fixed-Free

Enter length of column |32
. : Check |
Enter EFFECTIVE length of calumn [22.4 Ll Help

Eriter mirimum 2nd momest Find morment of Copy minimum
of Area. irertia with walue from zection
zaction properties

properties calculatarl

Enter modulus of elasticity, E calculator

Calculataor

Cloze




Concept Map — Rosette & Principal Stress/Strain

Plane Stress Max Shear Shain Plane Strain Max Shear Strain

Plane Stress z-ztrain Principal Strains Plane Strain z-ztrain

Hooke's Law

Plane Stress z-stress Principal Stresses Plane Strain z-stress

Plane Stress Max Shear Stress Plame Strain Max Shear Stress




Concept Map — Variable; LList

Displaying all variables in map

Accept Changes [Enter) Dizcard Changes [Ezc) |

4dd Other Variables | |Biasic =l

KNOWN variables
Check all the wariables wou know.

¥ Angle-a-theta_a
v Angle-b - theta_b
W Angle-c-theta_c

¥ Paoisson's Ratio - nu
™ Shear Modulus - G
I~ Shear strain - gy
™ Shear stress - oy
W Strain-a-ea

W Strainb-eh

W Strain-c-ec

I x-strain - ex

I xstress - sx

W “Young's Modulus - E
I~ y-strain - ey

I y-stress - sy

I” z-strain - ez

[T z-stress- sz

DESIRED wariables
Check the ane wariable wou need.

 Angle-a-theta_a

© Angle-h-theta_b

€ Anglec-theta

" Poissan's Batio-nu
shear Modulus -G
shear strain - gy
shear stress - toy
=traln-a- ed
strain-b - ek

" Strainc-ec

" w-strain - ex

" x-stress - sx

€ Young's Modulus -E

" westrain - ey

" yrstress - oy

" z-strain- ez

" z-stress - sz




Concept Map — Selution Path

Plarne Strezs b ax Shear Strain

Plane Stress z-strain Frincipal Strains

Rosette

HI:II:Il‘l = Law

Plane Stress z-stress Frincipal Sk

Flane Strezs Max Shear Strezs

Plane Strain Max Shear Strain

Plarne Strain z-strain

kaduli

Flane Strain z-stress

Flane Strain b ax Shear Shess




Concept Map — Solution

Principal
rincipal

ghrain' in




Concept Map — Cylindrical Pressure Vessel

Hoop Stress / Max. Mormmal Stress

Inchined Plane Strezzes

/

/ \

b axirrmum in-plane Shear b @=irurmn out of plane Shear

Hooke's Law

Change in A adius




Combined lLLoading

‘a2 Combined Loading - Case Selection

Combined Lnading

_r Mon-circular crogs-gection " Circular cross-zection

- .

- Torsion excluded ) Tarzion included _

Select Caze: Circuler/Mon-circular CLOSE




Combined Loading — Queries that LLead! User to Solution

Circular Cross Section

Components of © !2

Components of F

3

For thear due to Fx,
which iz the neutral awiz?

w 2000 Fy

Shaft Radiuz  Inner |

|-3000 Fz [1000

[uter !3 dccept Input |

Zern
stress at S

Componentz af kMoment at cut

Check, |

Comect

4B
& D

FrclCo

M {15000
% Fu-Shear

i My - Bending

My |B000

Analyze |

Mz |-12000
" Fy-Shear " Fz - Auxial

My - bending

HELF |

" Mz - Tarsion

154.31

Fx Shear : Shear Stress

Enter magnitude of stress

Correct

Q) [1.800=+001

I |6.362e+001

t |6.000e+000

7 127204002 preq [2827e+001 ‘

Calculator |

Cloze |

s at points

~“ForceFw ———

& zhear(zy] mﬂ_
B shear(zy] [D-.EIEIS‘ETDEIEI_
C shear(zx] [9-.1518_@51_
D shear(zx] Emr

“Moment M ———

asignald |
B sigmalz] [—
Coigmalz) [
Dsgmald |

~ForceFz ——

asignald |
B sigmalz] [—
Cogmalz) [
Dsignals) |

—FomceFy ———

A shear(zy] !
B shear(zy] l
C shear(zx] !

[ shear(zx] !

—Moment My —————

asmalz) |
Bsigmsiz) |
C sigmalz] [—
Degmals) |

MomentMz ———

asheatz) |
Bohealzyl |
C shear(zx] [—
[ zhear[zx] l_

Area Properties

t = Thickness at axiz CD

Calculate 0 and | about axis CD




Combined Loading — Queries that LLead! User to Solution

-Circular Cross Section

Components of © i2

Components of F

E

For bending due to ks,
which iz the neutral axiz?

Fu (2000 Fy

Shaft Badius Innerln Outer i3 Accept Input |

|-3000 Fz |1000

Zem
stress at VAl &

Components of Moment at cut

Check |

Cormrect

o+ 2B
¢ I

e

M |15000
" Fx-Shear

' Mx - Bending

My |000

Analze

ok |

Mz |-12000
" Fy-Shear  Fz - Axial

" My - bending

HELF |

" Mz - Torsion

I?D?.32

M= Bending : Momal Stress

Enter magnitude of stress

Correct

() |1.800e+001

I |6 362e+001

t |6.000e+000

7 [1.272e+002

Area |2827e+001

Calzulator |

Cloze |

ion - Stress at points

—Force Fx -

& shear(zy)] Im
B shear(zy] Im
C shear(zx) M
D shear(zx] Im

 Moment M= —

& zigmalz] lm
B zigmalz] im
. zigma(z] !m
D sigmalz] im

~ Force Fz -

& sigmafz) |—
B zigmalz) li
Coigmaz) |
Dsigrad |

~FaorceFy ——

Asheatm) |
Bohear) |
C shear(zx) I_
[ shear(z) Ii

— Moment My -

4 sigmaz] |7
Boigmalzl |
C sigmalz] I—
Dsigmalz) |

—Momentkz ——

asheatm) |
Bshealn) |
C shear[zx] I_
D zhear(zx) Ii

a Properties

D = Digtance of C or D from axiz AB

Calculate | about axiz AB




Combined .oading — Help

" circ_help.pdf - Adobe Reader L:-]LI;IJH

e Edit Wiew ‘Window Help x[
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Stresses in a Shaft with
Circular Cross-section
Bending

compression

v

tension

tension
compression

Normal stress (o) has the largest magnitude at the end points of the diameter
perpendicular to the moment vector.

_Mr
I

r=radius M = bending moment |= E r* o

D
NA

Shear

Shear stress (1) has the largest magnitude at the diameter perpendicular to the
force vector.

r =radius V = shear force Q=§r3 {=2r I=%r4 Tz%




Section Preperties, L=, T-, C-, I-Sections

aa Bending

01= I L

bb Eending

0= I— D2= I—
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