Concept Map Manual

Purpose:
This manual contains the instructions for using the Concept Map software. We will show the

features by solving three problems: (i) rosette and maximum, shear strain calculation, (i1) rosette
and maximum, shear stress calculation, and (iii) stress-strain calculation for a thin-walled,
cylindrical pressure vessel.

Start-Up
Two concept maps are included in this package: (i) thin-walled, cylindrical pressure vessels, and

(i1) stress-strain calculations. We can choose which concept to use as follows:

v Choose open from the “File” menu
v" Click radio-button to select map.

Concept Map

_File Window _Utilities Help

Dpen_Opliﬁns

[t | cora |

Please select a file to open

 cyl_press_vess.mmf

" stress_strain.mmf

Features of Start-up Window:

1. From the “File” drop down menu you can open concept maps and close the program.

2. In the ‘Utilities’ drop down menu, you will find a calculator

3. Inthe ‘Mode’ drop down menu, you will find and ‘Angle’ selector which allows you to choose either
degrees or radians as your unit of angle measurement.

Three example problems are used to demonstrate the use of the Concept Map tool.
1. Maximum shear strain

2. Maximum shear stress

3. Cylindrical Pressure Vessel

Calculate Maximum Shear Strain:

A strain rosette, composed of three electrical resistance strain gages making angles of 0, 60, and
120 degrees with the x-axis was mounted on the free surface of a material for which Poisson’s
ratio is 1/3. Under load, the following strains were measured:

€, =+1000u & = +750u €. =-650un

Determine the principal strains and maximum shear strain.



Main Screen
The main screen of the stress-strain concept map is shown in Figure-1.
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Figure 1: Stress-Strain Concept Map

The ‘spine’ of the map includes three nodes: Principal Strains, Hooke’s Law, and Principal
Stresses. These three nodes represent the three fundamental concepts in the area of stress-strain
calculation. The ‘right limbs’ deal with the plane strain situations, and the “left limbs” deal with
the plane stress situations. In addition, there are two more limbs that deal rosettes and elastic
properties. This tool will aid you in identifying the most efficient path to take in order to
calculate your desired quantities. The tool also identifies ill-posed problems with insufficient

information.



More Info:
The information contained in each node can be viewed by right-clicking on a node, and clicking

“More Info”. If we did this for the “Rosette” node, the information contained in the “Rosette”
node will be displayed as follows.

! Fle Edt iew Pictwre Tools  Help

i il shorteuts... | [ S ] # Ea X | | 100% - (@ s D4 o | [ Edi pictures... | 78] Auto Correct

i

All rosette problems are plane stress. Choose plane stress control variable.
i 2 2.0 :
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Problem Setup:

v Click the ‘Display Variables’ button to get the following window:

Variable Type Selection

| Wiew W anables [Enter) | Cancel [E=c)

Selectthe type of variables to view.

+ Basic“ariables
" Derived Yariahles

" Control Wariahles

v" Click the ‘View Variables’ button

The ‘Basic Variables’ option is set as the default as seen from the label “Basic” in the drop-down
menu at top right.



v" Check the boxes for the known variables on the left side of the window under the
heading ‘KNOWN Variables’ heading.

Displaying all variables in map
| Accept Changes [Enter] | Dizzard Changes [Ezc) Add Other Y ariables | |Ea$i|: j
KNOWHN wvariables DESIRED wvanables
Check all the wariahles wou know. Check the one wvariable vou need.
v Angle-a-theta_a o
v Anglet-theta_b v
v Angle-c-theta_c f'“
v Foizgon's Ratio - nu v
[ Shear Modulus-G " Shear Modulus - G
[ Shear strain - gy " Shear strain - gy
[ Shear stress - oy " Shear stress -ty
V¥ Strain-a-ea o
v Strain-b - b J
v Strain-c-ec v
[ se-strain - ex " w-strain - ex
[ wstress - sx O w-gtress - ax
[ “oung's Modulus - E ©" Young's Modulus - E
[ y-strain - ey " westrain - ey
[ westress - oy O westress - gy
[ z-strain - ez (" z-strain - ez
| z-stress-sz " z-stress-sz

The rosette is mounted on the free surface of a material; therefore, the present problem is a plane-
stress problem.

v’ Select the ‘Control” option in pull-down menu at top right.
v" Click the ‘Add Other Variables’ button.

Displaying all variables in map

| Accept Changes [Enter] | Dizzard Changes [Esc) Add Other Y arniables | |Ea$i|: ﬂ

KHOWN wvariables
Check all the wariahles wou know.

I Flane Strain Contral - C_strain

¥ Flane Stress Cantrol - C_stress

v Select ‘Plain Strain Control-C_stress’.



Finally we must select the desired variable.

v Select ‘Derived’ from the drop down menu in the upper right
v" Click the ‘Add Other Variables’ button once.

Displaying all variables in map

| Accept Changes [Enter] |

Dizcard Changes [Ezc|

Add Other Variables ||EaSi'3 =l

KNOWRN variables
Check all the wariables you know.

baximum shear stress - tmax
Frincipal shear strain- gp
Frincipal shear stress - tp
Frincipal strain-1 - epl
Frincipal strain-2 - ep2

Frincipal stress -1 -sp1

1 1 1 71 71 1 717

Frincipal stress-2 - sp2

%

i D B R R i B

DESIRED wvanables
Check the one variable you need.

Maximurn shear strain - grmax
haximum shear stress - tmax
Frincipal shear strain - gp
Frincipal shear stress -tp
Frincipal strain-1 - ep1
Frincipal strain-2 - ep2
Frincipal stress -1 - sp1

Frincipal stress-2 - sp2

v Select “Maximum shear strain — gmax” as the desired variable.

v" Click the ‘Accept Changes (Enter)’ button.
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Allowe computer bo zolve the map.

What would you like to do?

| want ta zolve the map.

At this point, we will allow the computer to solve the problem for us.

v" Click ‘Allow computer to solve the map’ button.

After the application processes the possible solutions, we will be presented with the following

window:




|
(m

|
i

P oy

postprocessing

Post Processing
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v" Click the ‘Use This Solution’ button.

Post Processing

Step 1: Solved variable “'s-strain' in
equation "Rozette”

Step 1: Solved variable “y-strain' in
Plane Strain Max Shear Strain equation "Rosstte”

Step 1: Solved variable "'Shear
strain'' in equation "Rosette!

Step & Salved variable "Principal
shear strain” in equation "Frincipal
Strains"

lane Stre Frincipal Strainz Flane Strain z-strain
Step 3: Solved variable "Principal
strain-2"" in equation "Frincipal
Straing"

Rosette Step 4: Solved variable "Principal
strain-1" in equation "Frincipal
Strains"

Step 5 Solved variable “z-strain™ in
equation "Plane Stress z-stain'

Hooke'sLaw  ———— Moduli A

Step B: Solved vaniable
"|ntermediate-2" in equation "Plane
Stress Max Shear Strain®

Step ¥: Solved variable
"|ntermediate-1"" in equation "Plane
Stress Max Shear Strain®

Plane Stress z-stress ] Principal Stresses - Plane Strain z-stress
3 Step 8 Solved wariable "'t aximurn

shear strain in equation "Plane
Stress Max Shear Strain®

Plane Stress Max Shear Stress Plane Strain kax Shear Stess

The highlighted nodes represent the concepts required for solving the problem.

v" You can see the information contained in the nodes in the solution path by right-clicking on any
node and by selecting “More Info”.

On the right hand side of the screen, we see the steps involved in reaching the solution. We will
notice that “Step 1”’ appears three times. When a solution step appears more than once, it
means that the step requires solution of simultaneous equations.



v" Double-click anywhere on the text-block “Step-1: ...

Simultaneous Equations l
.A.

Mode Rosetfte
[ ex-x-strain = lﬂi
[ theta_a- Angle-a = lﬂi
[ ey -y-strain = lﬂi
[ oy - Shear strain = lﬂi
[ ea-Strain-a = lﬂi

Mode Rosette
[ Ex-x-strain = lﬂi
[ theta_bk - Angle-b = lﬂi
| ey -y-strain = lﬂi
[ oy - Shear strain = lﬂi
™ eh-Strainh = o

Node Posette
[ e -x-gtrain = lﬂi
I thetsa_c-Angle-c = lﬂi
[ ey -y-strain = lﬂi
[ oy - Shear strain = lﬂi
[ ec-Strain-c = lﬂi
Solve | Finshed |

Solution: e

The boxes with the yellow shading represent known variables where the software expects
numeric values for the corresponding variables. We cannot enter exponents in these boxes, so
1000y has to be entered as 0.001.

Enter numeric values for ea, eb, ec, theta_a, theta_b, theta_c.
Check ex (Solved variable x-strain)

Check ey (Solved variable y-strain)

Check gxy (Solved variable shear strain)

Click “Solve”

ASANENENEN

When the solution is complete, the scroll bar on the right will shrink. We can now scroll down
to see the calculated values.



Simultaneous Equations
v ex-x-strain =

r _

W gy - w-strain =
v ey - Shear strain =
I =

=
=
=

T AR A

MHode Rosette
W g - w-strain =
I =
W ey -y-sirain =
v ey - Shear strain =
I = 00075

Mode Rosetfte
I e - x-gtrain =
B =
W gy - y-strain =
W oy - Shear strain =
B = - 00065

| Fezolve | ClealSDlutiDnl Finighed |

Solution:

B = 0.00033333333333

B = -0.0002EEEEEEEEE

gQuy = 0.0 61658075373

il

After we obtain the solutions to this step, we have several options: (i) we can click ‘Resolve’ to
determine another solution (some problems, such as quadratic equations have multiple
solutions). (i1) We can clear the solution, enter new values for the known variables and “Solve”
again. (iii) Click ‘Finished’ tab and move to the next step.

v" Click the ‘Finished’ button.

When a step has been completed, its corresponding text on the right side of the screen will turn
blue.

v" Double-click anywhere on the text-box for Step-2



NNANENENRN

Click “Solve”

Uncheck “Solve Equation-1" (we are not solving for epl)
Uncheck “Solve Equation-2” (we are not solving for ep2)
Check “Solve Equation-3” (we are solving for Principal shear strain)
Check gp (Solved variable Principal shear strain)

Solve Equation

[ Sokse eguation 27

-
-
-

[ ep?-Frincipal strain-2

Equation 3

[v Sokse egquation 37

-
-
-

¥ gp-Frincipal shear strain

Rezolve | EIearSDIutiunl

0.0003339
-0. 000266
0.0016165

LI

0.0003333
-0. 000266
0.001E165

1l

S |

Solution:

ap =

0.00205372312117

v" Click “Finished”

v" Double-click anywhere on the text-box for Step-3




Check “Solve Equation-1 (we are solving for ep2)

Check “ep2” (Solved variable principal strain-2)
Click “Solve”

NNANENENRN

Uncheck “Solve Equation-2” (we are not solving for epl)

Uncheck “Solve Equation-3” (we are not solving for gp)

Solve Equation

| Sobve egquation 17
[

r
r

[ epl-Frincipal strain-1

Equation 2

v Solve eguation 27
[

r
r

W ep? - Frincipal strain-2

Equation 3

| Solve eguation 37
[

r
r

I gp- Frincipal shear strain

Resolve | ElearSDlutiunl

0.0003333
-0.000266

:

0.0016165

|

0.0003933
-0.000266
0.0016165

1l

0.0003933
-0.000266
0.0016165

H

0.0020537

e — |

Solution:

epz = -0.0006601343105

A

v" Click “Finished”
v Double-click anywhere on the text-box for Step-4




Check “Solve Equation-1”" (we are solving for ep1)
Uncheck “Solve Equation-2” (we are not solving for ep2)
Uncheck “Solve Equation-3” (we are not solving for gp)
Check “ep1” (Solved variable principal strain-1)

Click “Solve”

NNANENENRN

Solve Equation

O = -0.000266¢
N = 0.0ME1ES
v epl - Frincipal strain-1 =
Equation 2
[ Solve eguation 27
[ = 0.0003339
N = -0.000266E
N = 0.0ME1ES
[ ep?-Principal strain-2 = |-0.000860"
Equation 3
[ Solve equation 37
N = 0.0003353
N = -0.0002EEE
[ = 0.0016165
[ gp - Principal shear strain = |0.0020837
Resolve | Clear Solution | Finished |
Solution: e
4
epl = 0.00133352321058 I
__ A
£ >

L

v" Click the “Finished” button
v" Double Click anywhere on the “Step 5 text




v" Enter Poisson’s ratio
v" Check “z-strain”
v" Click “Solve”

Solve Equation
Plane Strezsz z-ztrain
pl_stress ez.jpa
Select one )
variahle per Give wvalues o
group to sokwe knowh
for: variables
Equation 1
[+ Solve eguation 17
B 0.3333
I 0.0003333
I -0.0002666
r [Tumed On
v g7 - z-strain
| Rezolve | Clear Solution | Firizhed ‘
Solution;
BZ= 000036661 16527
A

v" Click "Finished”
v" Double Click on the “Step 6” text




v Uncheck Solve Equations1 and Solve Equation 3
v Check Solve equation 2

v Check “Intermediate 2”

v Click “Solve”

| |
_|Solve Equation
’ : e

™ epl - Frincipal strain-1 = |0.00139
T ez - z-strain =

T C stress - Plane Stress Contral = LI

18

™ pp- Intermediate-] =

Equation 2

v Solve equation 27

™ ep? - Principal strain-2 =
T ez-z-strain =

[T C_stress - Plane Stress Contral = LIH

=1 Nl =1 A
=
i1
= =
— =]

¥ gg- Intermediate-2 =

Equation 3

[~ Solve equation 37

™ gp-Principal shear strain =
I© pp- Intermediate-] =
¥ gg- Intermediate-2 =

T C stress - Plane Stress Contral = LT

NENAE

™ gmax- baximum shear strain =

Solve R ezolve | ElearSDIutiDnI Finizhed

Solution:

N

qq = ID.DDDEED1 343

£ 1 |

L4\
|ENES

v" Hit “Finished”
v Double click on “Step 7” text



v Uncheck Solve Equation 2 and Solve Equation 3
v Check Solve equation 1

v Check “Intermediate 17

v Hit “Solve”

_|Solve Equation

Select ane
variable per
group to salve
far:

Equation 1

v Saolve equation 17

™ enil - Frincipal strain-1
T ez-z-strain
T ©_stress - Plane Stress Contral

V¥ pp- Intermediate-1

Equation 2

[~ Solve equation 27

™ ep? - Principal strain-2
T ez-z-strain
T T _stress - Plane Stress Contral

™ go- Infermediate-2

Equation 3

[~ Saolve equation 37

™ gp-Frincipal shear strain

¥ np - Intermediate-T

™ go- Infermediate-2

T T _stress - Plane Stress Contral

I grmex- baximurm shear strain

Rezolve | ElearSnIutiDnI

Solve

Lt

Give walues to
known
wvariahles

0.0013335

-0.0006501

00006601

LEE

0.0020537

00006601

[EEN

Finished |

Solution:

M

y

v' Hit “Finished”
v Double click the “Step 8” text




v Uncheck Solve Equation 1 and Solve Equation 2
v Check Solve Equation 3
v Check “Maximum Shear Strain”

v Hit “Solve”

Solve Equation

[ —

[~ Salwe equation 17

[ ez-z-strain

Equation 2

™ epl - Principal strain-1

™ pp- Intermediate-]

[~ Solve equation 27

[ ez - z-strain

Equation 3

™ epk - Principal strain-2

™ go- Infermediate-2

v Solve equation 37

Solve

™ gp-Frincipal shear strain
™ pp- Intermediate-]
™ go- Infermediate-2

Fezolve

T C_stress - Plane Stress Contral

T T _stress - Plane Stress Cantral

T C_stress - Plane Stress Cantral

¥ gmax - baximum shear strain

[Clear Solution |

Solution;
<]




Maximum Shear Stress Concept Map:

A strain rosette makes angles of 0, 45 and 90 with the x-axis. At a point on the free surface of
steel (E = 30,000 ksi and v = 0.30) machine part, the strain rosette used to obtain the following
normal strain data:

€a=650u eb =475 ec =-250u
Determine the principal stresses and the maximum shearing stress at the point.

Problem Setup:

v" Click the ‘Display Variables’ button to get the following window:

Variable Type Selection

| Wiew Variables [Enter) | Cancel [Ezc]

Selectthe type of vanables to view.

v Basic Yariahles
" Derived Yariahles

(" Contral Yariakhles

v" Click the ‘View Variables’ button



v' Select the given variables: theta_a, theta_b, theta-c, Poisson’s ratio, strain-a, strain-b, strain-c and

Young’s Modulus
v" Select “Control” from the drop down menu
v' Hit the “Add Other Variables” button

Displaying all variables in map

‘ Accept Changes [Enter] | Dizzard Changes [Ezc) Add

Other ¥ ariables | |Basic ﬂ

KNOWN wvariables

DESIRED vanables

Check all the variables wou know. Check the one wariable vou need.
¥ Angle-a -theta_a e
W Angle-h -theta_b e
v Angle-c-theta_c {&
W Poizgon's Ratio-nu o
[ Shear Modulus - G " Shear Modulus - G
[ Shear strain - gy £ Shear strain - gy
I Shear stress - toy O Shear strass -ty
W Sirain-a - ea e
W Strain-b - eb e
W Strain-c-ec o
[ x-strain - ex " wstrain - ex
[ w-stress - sx O w-gtress - gx
W “oung's Modulus -E e
[ w-sirain - ey £ yegirain - ey
[ wstress - sy O westress - gy
[ z-strain-ez " z-strain - ez
[ z-stress-sz " z-stress-sz
A
Displaying all variables in map
I Accept Changes [Enter] Dizzard Changes [Esc) Add Other Y arniables | |Ea$i|: ﬂ
KNOWHN wvariables
Check all the wariahles wou know.
I Flane Strain Contral - C_strain
¥ Flane Stress Cantrol - C_stress
A

v Select “Plain Strain Control-C_stress”
v Select “Derived” from the drop down menu
v Hit the “Add Other Variables” button




Displaying all variables in map

Accept Changesz [Enter| Dizcard Changes [Ezc)

Add Other Variables ‘|Basic =l

KNOWHN wvariables
Check all the wariables wou know.

kaximum shear strain - gmax

Frincipal shear strain - gp
Frincipal shear stress -tp
Frincipal strain-1 - epl
Frincipal strain-2 - ep?

Frincipal stress -1 -5p1

1 1 1 171 1 717

Frincipal stress-2 - spé

DESIRED wanables
Check the one wariable wou need.

haximum shear strain - gmax

DI

baximurm shear stress - tmax
Frincipal shear strain - gp
Frincipal shear stress -tp
Frincipal strain-1 - epl
Frincipal strain-2 - epz

Frincipal stress -1 - sp

B NS Be Bs T T

Frincipal stress-2 - sp2

4

v Select ‘Maximum shear stress-tmax’
v" Double click on the text for “Step 17

v Enter the values for Poisson’s Ratio and Young’s Modulus

v" Hit “Solve” button

Solve Equation

moduli.jpg

Selectone
variahble per
group to sohve
tor:

Equation 1

v Solve eguation 17
W G- Shearbodulus

| Rezolve | ClealSDlutiDnl Firigshed |

Moduli

Give values to
knouwn
wariahles

-
= 0.3
= 30000000

=
-

Solution:

G= 115334671 5384616

S

v' Hit the “Finished” button
v" Double click on the text for Step2




v" Check the “z-stress” box
v' Hit “Solve”

Solve Equation

Plane Stress z-stress

pl_stress_szpg

Selectane )

wariahle per Give values to

group to sokve I_anu:uwn

for: variahles
Equation 1

v Sobse equation1?

™ = [Tumedon
TR

¥ 57 -z-stress =

| Rezolve | ElearSnIutiDnl Finighed |

Solution:

sz = 0

v’ Hit the “Finished” button
v" Double click on the text for Step 3




Check the box for “x-strain”
Check the box for “y-strain’
Check the box for “shear strain”
Hit “Solve”

ASANENENEN

Enter the “Angle” and “Strain” values

Simultaneous Equations

W' gy - Shear strain

Tl eq - Strain-a

Mode Fosetfte
W ex-w-strain
I theta k- Anglech
W ey -y-strain
W' gy - Shear strain
" ek - Strain-h

Mode Rosette
W ex-w-strain
T theta_c-Angle-c
W' ey -y-strain
W' gy - Shear strain

B

= 00085

n
=
o

)

000475

n
[du]
=

B = IEI.EIEIEIEdSElEISSE!ElSE
ey = I-D.DDEIE4E|SEEIEEISE

guy = IEI.I]EII354599959999
<] |

" ec- Strainc = |-00025
Salve | Rezalve | Clear Solution I Finizshed |
solution:

(VA

v’ Hit the “Finished” button
v Double click on the text for Step 4




v Uncheck Equations 1, 2 and 3
v Check the box for “Shear stress” in Equation 4
v Hit “Solve”

|

Solve Equation
I~ oy - Shear strain = |EI.EIEIEIE:1£&]
Salve Resolve | Clear Solution I Finished
Solution:
bz = E346.153
| A
|!{ | 1 | m

v’ Hit the “Finished” button
v Double click on the text for Step 5



v" Check the boxes for x-stress and y-stress
v Hit “Solve” button

Simultaneous Equations Solution

Mode Hooke's Law

¥ gx-w-stress
™ nu-Poisson's Ratio
W syv-y-stress

T sz-z-stress

™ E-Young's Modulus =

™ ex-x-strain

Mode Hooke's Law

W sy -y-stress
™ nu-Paoisson's Ratio
W sx-wstress
T sz-z-stress
™ E-*oung's Modulus
™ ey -y-strain

Salve

Rezolve | Clear Salution I

0.3

20000000
0.0005433

0
0.3

30000000

Finished |

R =

sy =

Solution:

I'I 8956.0433560433
I-'I 8131869131865

L NSNS AN

BN

v" Hit the “Finished” button

v Double click on the text for Step 6




v Uncheck Equations 1 and 2, leaving Equation 3 checked

v' Select “Principal shear stress”
v Hit “Solve”

Plane Stress Max Shear Strain

Solve Equation

T T = T

Equation 3

v Solve equation 37

T sx-westress
T sy -y-siress
I™ toy - Shear stress

I” spZ - Principal stress-2

¥ tp - Principal shear stress

il

9

o ! —t
Wl ml @
o

o
o e g
al &=l 2

Salve Rezolve | Clear Solution I Finizhed
Solution:
tp = 12170.2035908932
! ™
< | 1 | [

v' Hit the “Finished” button
v Double click on the text for Step 7




v" Uncheck Equations 1 and 3
v’ Select “Principal stress-2”
v' Hit “Solve”

Solve Equation

I spl-Frincipal stress -1

Equation 2

v Solve equation 27
In

I_
-

W spl - Principal stress-2

Equation 3

[ Solve equation 37
In

'_
-

I tp-Principal shear strass

Resolve | ElearSDlutiDnl

]

Firizhed

Solution:

spd = -3598. 7770308932

£ ] 1

o

N

B

e

v’ Hit the “Finished” button
v Double click on the text for Step 8




v Uncheck Equations 2 and 3
v' Select “Principal shear stress-17
v" Hit “Solve” button

Solve Equation

[~ Solve equation 27

I sx-x-stress

T sy-y-stress

™ toy - Shear stress

I~ 5p2 - Principal stress-2

Equation 3

[~ Solve equation 37

T gx-w-siress

|1895Ei.EI=
T sy-y-siress = |-1813.18
™ toy - Shear stress = |5345.15:
I tp - Principal shear stress = 12170.20
Solve Resalve | Clear Solution I Finizhed
Solution: v
Y
spl = I2D?41.ESEIEIEIDEE|33 JE
< | i | [

v' Hit the “Finished” button
v Double click on the text for Step 9




v Uncheck Equations 1, 2 and 4
v’ Select “z-strain” in Equation 3

v' Hit “Solve”

"|Solve Equation
. | IA
I¥ ez -z-strain
Equation 4
[ Sobse equation 47
[ toy-Shear stress B346.15
[ G-Shear Madulus 1153045
[ oy - Shear strain 0.00054¢
Resolve | Clear Saolution | Firighed
Solution;
BZ = -0.000717142853
/f-: W
£ ] 11 | [ }]

v’ Hit the “Finished” button
v" Double click on the text for Step 10




v Uncheck Equations 1 and 3
v Select “Intermediate-2” in Equation 2
v Hit “Solve”

|solye Equation

===

Equation 1

[~ Solve equation 17

I pp - Intermediate-1

Equation 2

v Solve equation 27

W gg- Intermediate-2

Equation 3

[~ Solve equation 37

I pp - Intermediate-1
W gg- Intermediate-2

™ sp1-Frincipal stress -1

T T _stress - Plane Stress Control

™ sp2 - Principal stress-2

T & _stress - Plane Stress Contral

I tp - Principal shear stress

T C_stress - Plane Stress Control

Itz - Meximurn shear stress

{

-3598.7

i

Turned

.

1217020

urm

NENNE

Salve Resolve | Clear Solution I Finizhed
Solution: 4
qq = 1799.3885 4

| ya
< m | m

v' Hit the “Finished” button
v Double click on the text for Step 11



v Uncheck Equations 2 and 3

v Select “Intermediate-1" in Equation 2

v' Hit “Solve”

Solve Equation

Equation 2

[~ Salve equation 27

™ go- Intermediate-2

Equation 3

[~ Solve equation 37

V¥ pp- Intermediate-1
I oo Intermediate-2

™ sp2- Principal stress-2

T C_stress - Plane Stress Contral

I tn - Principal shear stress

T ©_stress - Plane Stress Contral

I trnes - Meximurn shear stress
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v Solve equation 17
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v' Hit the “Finished” button
v Double click on the text for Step 12



v Uncheck Equations 1 and 2
v" Select “Maximum shear stress”

v' Hit “Solve”
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Solve Equation

Equation 2

[~ Solve equation 27

™ 5p2 - Principal stress-2

T ©_stress - Plane Stress Control

T oo - Intermediate-2

Equation 3

v Solve equation 37

™ tn - Principal shear stress

I pp - Intermediate-]
™ gg- Intermediate-2

T ©_stress - Plane Stress Caontral

¥ trnzx - Maxirmurm shear stress
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Cylindrical Pressure Vessel:

A cylindrical pressure vessel with an inside diameter of 1.50 m is constructed by wrapping a 15-
mm thick steel plate into a spiral and butt-welding the mating edges of the plate. The butt-
welded seams form an angle of 30 degrees with a transverse plane through the cylinder.
Determine the normal stress perpendicular to the weld and the shearing stress parallel to the weld
when the internal pressure in the vessel is 1500 kPa.

Problem Setup:

v Click the ‘Display Variables’ button to get the following window:

Displaying all variables in map

‘ Accept Changes [Enter] | Dizcard Changes [Ezc) Add Other Yariables | |Basic ﬂ
KNOWN wariables DESIRED vanables

Check all the variahles you know. Check the one wariable wou need.

[ Change in radius - dR " Change in radius - dR

W Inclined plane normal angle - theta e

[ Poisson's ratio - nu " Poisson's ratio - nu

v Pressure-p e

W Radius-R e

[ Rosette angle with axis - theta_r " Rosette angle with axis - theta_r

[ Rosette strain-er " Rosette strain - er

W Skinthickness -t e

W “oung's modulus - E e

Select the given variables: pressure, radius, thickness, Young’s modulus, and theta
Select “Derived” from the pull down menu

Hit the “Accept Other Variables” button

Select “Inclined plain stress —sn”

Hit the “Accept Changes [Enter]” button

Allow the computer to find a solution

Hit the “Use this Solution” button

Double click “Step 17 text
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v' Enter the given values for pressure, radius, and skin thickness
v" Select “axial stress”
v" Hit “Solve”

Solve Equation

Acxial Stress
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v Solve eguation 17

B = 1500

[ = 75
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W 58 - Axial stress =
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Saolution:

B = 27500

&

v' Hit the “Finished” button
v" Double click on the text for Step 2



v' Enter “theta” in the yellow box
v Uncheck Equation 1

v" Check Inclined plane shear

v Hit “Solve”

Solve Equation
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[ sn-Inclined plane stress =

Equation 2

v Solve equation 27
[ = 37800

I = 30
W tnt-Inclined plane shear =

| Resolve | ElearSDIutiDnl Finished |

Solution:

tnt = 16237.9763209582

v' Hit the “Finished” button
v Double click on the text for Step 3



v" Uncheck Equation 2
v’ Select “Inclined plane stress”
v Hit “Solve”

Our problem is solved.

Solve Equation
Inchined Plane Stresses
norm_tang. jpg
Selectone )
variable per Give values to
Qroup to sobse known
for: wartiakbles
Equation 1
v Solvse equation 17
[ 37800
[ 30
W sn-Inclined plane stress
Equation 2
[ Solve eguation &7
[ 37500
[ 30
[ tnt-Inclined plane shear 16237976
| Fezolve ‘ Clear Solution | Finighed |
Solution:
= 46875
Y




