
Katja Haslinger, Magdalena Fuchs

Institute of Lightweight Design and Structural Biomechanics 
TU Wien, Vienna, Austria

haslinger@ilsb.tuwien.ac.at
mfuchs@ilsb.tuwien.ac.at

Biomechanics

INTRODUCTION TO BIOMECHANICS
317.043, VU

Tutorial 1: Statics & Dynamics



Office hours
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• If you have questions regarding calculation
exercises, you can come to the office hour.

• Weekly
 Office hours M. Fuchs & K. Haslinger: 

Tuesday 08:00 - 09:00 
 Tutorial-Zoom & office hours link: 

https://tuwien.zoom.us/j/95352431725?pwd=MW40
ODhqdXphSVFSY1ZLL0FqQ2x0UT09

 Password: Tut_21-22



Maxwell body
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Statics – Beams
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Statics – Beams: Definition of system
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• Idealisations: 
 Geometry: point mass vs. rigid body
 Solid materials: deformable vs. rigid

o Forces acting on a rigid body -> dependent on line of
action, independent of point of application



Statics – Beams: Description
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• Free-body diagrams: 
surrounding parts of the structure are replaced by 
equivalent forces:
 external forces
 inner forces

• Types of forces:
 active forces

o Sense of the force vector is either given (e.g.:  externally applied
loads) or dependent on relevant physical law (e.g.: weight force)

 reactive forces: 
o Sense of the force vector depends on equilibrium laws



Statics – Beams: force vector
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Statics – Beams: support types
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Pinned Fixed

Roller



Statics – Beams: reactive forces
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Pinned Fixed

Roller



Statics – Body Supporting Structure:
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Nihat Özkaya:  
Fundamentals of 
biomechanics : equilibrium, 
motion, and deformation
New York, NY, Springer 2012



Statics – Beams: active forces
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Force Components:

Decompose force vectors
into directions of main axes
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Statics – Beams: free body diagram
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Statics – Beams: Equations of Motion
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• Newton’s first law states that a body that is originally at rest will remain at rest, or 
a body in motion will move in a straight line with constant velocity, if the net force 
acting upon the body is zero. 

• Newton’s second law states that a body with a net force acting on it will 
accelerate in the direction of that force, and that the magnitude of the 
acceleration will be directly proportional to the magnitude of the net force and 
inversely proportional to the mass of the body.

• Newton’s third law states that to every action there is always an equal reaction, 
and that the forces of action and reaction between interacting bodies are equal in 
magnitude, opposite in direction, and have the same line of action.
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Statics – Beams: internal forces
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Recall internal forces: shear force v
normal force n
internal moment M

Their magnitudes depend on the position
where the beam is cut 
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Statics – Beams: internal forces (2)
15



Summary: Solution of a biomechanical problem
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Description
1. Definition of system (dimensions, symmetry, constraints)
2. Choose reference frame
3. Draw forces and moments
4. Define state variables

Resolution
1. Find applicable laws
2. Express conservation laws
3. Write equations of motion
4. Study the solution

Interpretation
1. Discussion of results



Dynamics - jump
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Dynamics – moment of inertia
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Dynamics – moment of inertia (2)
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The moment of inertia depends on the axis of 
rotation and is the rotational analog of mass 
for linear motion. For a point mass it is 
described by 

For a body, the moment of inertia is
the sum of all point masses 

r is the distance of the point mass to the 
axis of rotation



Perpendicular axis theorem
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Axes 2 and 3 lie in the same plane, which 
is perpendicular to axis 1. Hence, by the 
perpendicular axis theorem:  

By symmetry we know: 



Parallel axis theorem
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The moment of inertia about any axis 
parallel to that axis through the center of 
mass is given by

z is the distance between these axes

The moment of inertia of any thin disk at 
distance z can be expressed by



Thanks for your attention!22


