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••Achieve a modernAchieve a modern--day balance between hand calcs and FEAday balance between hand calcs and FEA
Aims:Aims:

••Provide a number of “mustProvide a number of “must--have” formulas for stress analysishave” formulas for stress analysis

••Provide a summary of the technique of FreeProvide a summary of the technique of Free--Body DiagramsBody Diagrams

••Practical advice for best use of FEA for realistic solutionsPractical advice for best use of FEA for realistic solutions

••Constraints that gives minimal support & worstConstraints that gives minimal support & worst--case stressescase stresses
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••MINIMAL CONSTRAINT METHODS IN FEAMINIMAL CONSTRAINT METHODS IN FEA

••QUESTIONS and CLOSEQUESTIONS and CLOSE
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PLANET EARTH:PLANET EARTH:PLANET EARTH:PLANET EARTH:
Polar Radius = 6356.8km

Equatorial Radius = 6378.2km

M R di 6371 0k (3960 il )

One metre 
defined as 
1/10,000,000th of 
hi di *

0.25 x (2 x pi x 6,371,000) = 1.00075m                              
10,000,000

Mean Radius = 6371.0km (3960miles)

Surface Area = 5.101E14 m2

Volume = 1.083E21 m3

M 5 977E24 k

this distance*

Mass = 5.977E24 kg

Mean Density = 5517 kg/m3

Gravity at Surface = 9.80665 m/s2 (standard 45deg)

Rotational speed 465 m/s (at the equator)Rotational speed = 465 m/s (at the equator)

Sun orbit velocity = 29,780 m/s (mean speed)

Inclination = 23 27 (equator to ecliptic)

Greatest Height = 8847 7m (29 028ft) Mt EverestGreatest Height = 8847.7m (29,028ft) Mt Everest

Greatest Depth = 11,033m (35,960ft) Marianas Trench

Land Area = 148.8E6 km2 (5.747E7 miles2)

Ocean Area = 361 3E6 km2 (13 95E7 miles2)

Composition of Atmosphere (by vol)      
N2 78.09%            O2 20.95%            
Ar 0.93% CO2 0.03%Ocean Area = 361.3E6 km (13.95E7 miles ) Ar 0.93%              CO2 0.03%

*One metre defined as 1,650,763.73 wavelengths of the krypton-86 atom
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PLANET EARTH:PLANET EARTH:PLANET EARTH:PLANET EARTH:

DIMENSIONAL
QUANTITY SYMBOL UNIT SYMBOL UNIT SYMBOL

S.I. UNITSS.I. UNITS U.S. UNITSU.S. UNITS

QUANTITY      SYMBOL UNIT SYMBOL UNIT SYMBOL

Mass M kilogram kg slug -

Length L metre m foot ft
Base 
Units

BaseTime T second s second sec

Force F newton N pound lb

Base 
Units

An absolute system 
because the 

A gravitational system 
because the base 

m
measurement of the 
base quantity mass is 
independent of it’s 

i

quantity force is the 
weight acting on a 
standard mass (at sea
l l d 45d l i d )environment level and 45deg latitude)
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PLANET EARTH:PLANET EARTH:PLANET EARTH:PLANET EARTH:
g = 9.81m/s2

m TX  TX  
TY  TY  
TZ  TZ  
RX  RX  
RY  RY  RY  RY  
RZRZ

mY

XZ
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PLANET EARTH:PLANET EARTH:PLANET EARTH:PLANET EARTH:
g = 9.81m/s2mg

m TX  TX  
TY  TY  

R TZ  TZ  
RX  RX  
RY  RY  RY  RY  
RZRZ

Y

XZ
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PLANET EARTH:PLANET EARTH:PLANET EARTH:PLANET EARTH:
g = 9.81m/s2mg mg

m mm TX  TX  
TY  TY  

R m x.... TZ  TZ  
RX  RX  
RY  RY  RY  RY  
RZRZ

Y

XZ
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PLANET EARTH:PLANET EARTH:PLANET EARTH:PLANET EARTH:
g = 9.81m/s2mg mg

m mm
mg

TX  TX  
TY  TY  

R m x....
mm

mg
TZ  TZ  
RX  RX  
RY  RY  

m x....D’
RY  RY  
RZRZ

Y

XZ
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PLANET EARTH:PLANET EARTH:PLANET EARTH:PLANET EARTH:
g = 9.81m/s2mg mg

m mm
mg

TX  TX  
TY  TY  

R m x....
mm

mg
TZ  TZ  
RX  RX  
RY  RY  

m x....D’ mg

RY  RY  
RZRZ

mmY

D
XZ
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PLANET EARTH:PLANET EARTH:PLANET EARTH:PLANET EARTH:
xx

θθ

TimeTime tt tt

DiDi θθ

QUANTITYQUANTITY LINEARLINEAR ANGULARANGULAR

DistanceDistance xx θθ

VelocityVelocity xx θθ

AccelerationAcceleration xx θθ

.. ..

.... ....
AccelerationAcceleration xx θθ

InertiaInertia MM I    (I    (ΣΣMrMr22))

“Effort”“Effort” F = M xF = M x T = I T = I θθ.... ....

MomentumMomentum M xM x I I θθ

Kinetic EnergyKinetic Energy ½ M x½ M x22 ½ I ½ I θθ22

.. ..

.. ..
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10kN10kN

21kN Closed Gate Rating21kN Closed Gate Rating

2 14 tonnes2 14 tonnes10kN10kN 2.14 tonnes2.14 tonnes
4720 lbsf4720 lbsf

7kN Open Gate Rating7kN Open Gate Rating21kN21kN 21kN21kN gg

10kN10kN

7kN7kN 7kN7kN
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FORCES and MOMENTS:FORCES and MOMENTS:FORCES and MOMENTS:FORCES and MOMENTS:

i)i) MAGNITUDEMAGNITUDE

DEFINITION OF A FORCE:DEFINITION OF A FORCE:

Y

i)i) MAGNITUDEMAGNITUDE

ii)ii) DIRECTIONDIRECTION

iii)iii) POINT OF APPLICATIONPOINT OF APPLICATION

7kN7kN7kN7kN

X

Y

XZ
TX  TX  
TY  TY  
TZ  TZ  
RX  RX  
RYRY
RZRZ

SLIDE SLIDE -- 2727 --



A CommonA Common--Sense Approach to Stress Analysis and Finite Element ModellingSense Approach to Stress Analysis and Finite Element Modelling

FORCES and MOMENTS:FORCES and MOMENTS:FORCES and MOMENTS:FORCES and MOMENTS:

FORCES

∑Fx=0
MOMENTS

∑M 0∑Fx=0

∑Fy=0
∑Mx=0

∑My=0
∑Fz=0

∑ y

∑Mz=0Y
TX  TX  
TY  TY  

XZ
TZ  TZ  
RX  RX  Z
RY  RY  
RZRZ
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FORCES and MOMENTS:FORCES and MOMENTS:FORCES and MOMENTS:FORCES and MOMENTS:

Y
7kN7kN7kN7kN

X

Y

7kN7kN7kN7kN

XZ
TX  TX  
TY  TY  7kN7kN7kN7kN
TZ  TZ  
RX  RX  
RYRY
RZRZ
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FORCES and MOMENTS:FORCES and MOMENTS:FORCES and MOMENTS:FORCES and MOMENTS:

FORCES

∑Fx=0
MOMENTS

∑M 0∑Fx=0

∑Fy=0
∑Mx=0

∑My=0X

Y

Z

7000 7000 –– 7000 = 07000 = 0

∑Fz=0
∑ y

∑Mz=0Y
TX  TX  
TY  TY  

XZ
TZ  TZ  
RX  RX  Z
RY  RY  
RZRZ
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FORCES and MOMENTS:FORCES and MOMENTS:

∑Mz=0

FORCES and MOMENTS:FORCES and MOMENTS:

Y
7kN x 19.5mm 7kN x 19.5mm –– M = 0  M = 0  

∑Mz=0

M 7kN 19 5mmM 7kN 19 5mm
7kN7kN7kN7kN

X

Y M = 7kN x 19.5mm M = 7kN x 19.5mm 
+ve+ve

7kN7kN7kN7kN

XZM M 7kN x 19.5mm 7kN x 19.5mm e = 19.5mm e = 19.5mm TX  TX  
TY  TY  7kN7kN7kN7kN
TZ  TZ  
RX  RX  
RYRY
RZRZ
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Y
7kN7kN7kN7kN

X

Y

7kN7kN7kN7kN

XZ7kN x 19.5mm 7kN x 19.5mm 7kN x 19.5mm 7kN x 19.5mm TX  TX  
TY  TY  7kN7kN7kN7kN
TZ  TZ  
RX  RX  
RYRY
RZRZ
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TensionTension CompressionCompression Shear/TorsionShear/Torsion BendingBending
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Y
7kN7kN7kN7kN

X

Y

7kN7kN7kN7kN

XZ7kN x 19.5mm 7kN x 19.5mm 7kN x 19.5mm 7kN x 19.5mm 

7kN7kN7kN7kN
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FF FF

QQ
MM

SI
O

N
SI

O
N

ES
SI

O
N

ES
SI

O
N

TE
N

S
TE

N
S

C
O

M
PR

E
C

O
M

PR
E

TensionTension CompressionCompression Shear/Shear/TorsionTorsion BendingBending

 F F  F F  Q Q  M     M    
POSITIVEPOSITIVE NEGATIVENEGATIVE

σσ = F= F σσ = F= F σσavav= Q= Q σσ = My   = My   
IIAA AA AA
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FF FFbb

QQ
MM

dd

ØØDD
XX

YY

XX

YY

SI
O

N
SI

O
N

ES
SI

O
N

ES
SI

O
N

dd XX XX

TE
N

S
TE

N
S

C
O

M
PR

E
C

O
M

PR
E

I = bdI = bd33

1212
I = I = ππDD44

6464

TensionTension CompressionCompression ShearShear BendingBending

 F F  F F  Q Q  M     M    
POSITIVEPOSITIVE NEGATIVENEGATIVE

1212 6464

y = d/2y = d/2 y = D/2y = D/2

σσ = F= F σσ = F= F σσavav= Q= Q σσ = My   = My   
IIAA AA AA
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TYPES of STRESS:TYPES of STRESS: σσ = My  = = My  = 7000x19 57000x19 5x5 5= 1045MPa x5 5= 1045MPa 
MOMENTMOMENTTYPES of STRESS:TYPES of STRESS:

ØØ11mm11mm
σσ = My  = = My  = 7000x19.57000x19.5x5.5= 1045MPa x5.5= 1045MPa 

I     I     ππ(11)(11)44/64     /64     

Y

151,500 psi151,500 psi

7kN7kN7kN7kN

X

Y

7kN7kN7kN7kN

XZ7kN x 19.5mm 7kN x 19.5mm 7kN x 19.5mm 7kN x 19.5mm 

Shear/TorsionShear/Torsion7kN7kN7kN7kN

σσ = F  =   7000     = 74MPa = F  =   7000     = 74MPa 
A     A     ππ(11)(11)22/4     /4     
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MOMENTMOMENTTYPES of STRESS:TYPES of STRESS: σσ = My  = = My  = 7000x19.57000x19.5x5.5= 1045MPa x5.5= 1045MPa 

I     I     ππ(11)(11)44/64     /64     DIRECT DIRECT 
STRESS STRESS 
PROFILEPROFILE

+/+/--

Y
M M 

PROFILEPROFILE

7kN7kNFF

X

Y

7kN7kN

XZ 7kN x 19.5mm 7kN x 19.5mm 

Shear/TorsionShear/Torsion7kN7kN

σσ = F  =   7000     = 74MPa = F  =   7000     = 74MPa BENDING BENDING 
STRESSSTRESS A     A     ππ(11)(11)22/4     /4     
STRESS STRESS 
PROFILEPROFILE
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STRESS STRESS 
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Y
M M 

PROFILEPROFILE

7kN7kNFF

X

Y

7kN7kN

XZ 7kN x 19.5mm 7kN x 19.5mm 

Shear/TorsionShear/Torsion7kN7kN

σσ = F  =   7000     = 74MPa = F  =   7000     = 74MPa BENDING BENDING 
STRESSSTRESS

7%7%
A     A     ππ(11)(11)22/4     /4     

STRESS STRESS 
PROFILEPROFILE
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Y
7kN7kN7kN7kN

X

Y

7kN7kN7kN7kN

XZ7kN x 19.5mm 7kN x 19.5mm 7kN x 19.5mm 7kN x 19.5mm 

7kN7kN7kN7kN

CALCULATIONS REQUIRED:
i) BENDING CALC (M=7kNx19.5mm)
ii) DIRECT STRESS CALC (7kN)

CALCULATIONS REQUIRED:
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L
MM - F x L

F

CCC

Free-body

F

i) BENDING CALC (M)
ii) SHEAR STRESS CALC (F)

CALCULATIONS REQUIRED:

ii) SHEAR STRESS CALC (F)
iii) DIRECT STRESS CALC (C)
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Concrete Block in vertical direction:

1226 25 T ( h f T 1226 25 125 ).. ..

2T

T

T T

mx = 1226.25 – T         (therefore T = 1226.25 – 125 x ).. ..

R
2T

2T mx..

T ..
x

1962N  

Mx..

2 1226.25N  
(125x9.81)

μR LOG in Y direction:

R=1962 cos(30) = 1699N
96 N

(200x9.81)

LOG in X direction:

Mx = 2T – 1962 sin(30) – 849 5 > Mx = T – 490 5 – 424 75
.. ..

Mx  2T 1962 sin(30) 849.5  …  >  ….   Mx  T 490.5 424.75
2 4
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ii)ii) DIRECTIONDIRECTIONX

Y
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XZ
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7kN7kN 7kN7kN

Total X load = -0.23463168
T t l Y l d 0 72929234Y

Total load balance w.r.t. origin

Total Y load = -0.72929234
Total Z load =  0.32684966E-11

Total X moment =  0.19089799E-11X

Y

Z Total Y moment =  0.48650861E-10
Total Z moment =   9.5877061

XZ
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3-2-1

Minimum 3-2-1 
Constraint

1500N 1500N

Total X load = -0.45561796E-04
Total Y load = -0.21314001E-04
Total Z load =  0.00000000E+00

Total X moment =  0.14775466E-04
Total Y moment =  0.11048210E-03
Total Z moment = -0.81574873E-02
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10kN

10kN

2

1

10kN
10kN

3

3-2-1
Balanced Loading and Minimum Constraint in 3D – Crank
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11
33

11

3-2-1
22

Balanced Loading and Minimum Constraint in 3D – Full model of Karabiner
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22 1122 11

3-2-1
Balanced Loading and Minimum Constraint in 3D – Half model of Karabiner
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No 1 plane of 2 planes of 3 planes of No 
Symmetry

1 plane of 
symmetry

2 planes of 
symmetry

3 planes of 
symmetry

Balanced Balanced Balanced Balanced 
Loading Loading Loading Loading

3 2 1 3 2 1 3 2 1 3 2 13-2-1 3-2-1 3-2-1 3-2-1
(2D Plane Stress/Strain) (2D Axi-symmetric)

6 global 
freedoms

3 global 
freedoms

1 global 
freedom

0 global 
freedoms
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••Achieve a modernAchieve a modern--day balance between hand calcs and FEAday balance between hand calcs and FEA
Aims:Aims:

••Provide a number of “mustProvide a number of “must--have” formulas for stress analysishave” formulas for stress analysis

••Provide a summary of the technique of FreeProvide a summary of the technique of Free--Body DiagramsBody Diagrams

••Practical advice for best use of FEA for realistic solutionsPractical advice for best use of FEA for realistic solutions

••Constraints that gives minimal support & worstConstraints that gives minimal support & worst--case stressescase stresses
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Using the Q&A tool, please submit any Using the Q&A tool, please submit any 
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