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STATICS & STRENGTH OF MATERIALS

TEACHING AND LEARNING SYSTEMS FOR EXPERI   MENTS IN ENGINEERING MECHANICS

What learning content can you cover  
by deploying the GUNT training systems set out in this catalogue?

Statics – as a key area of Engineering Mechanics – 

deals with rigid (non-deformable) bodies at rest. Mate-

rial properties are analysed at a later stage.

Statics is the foundation for access to two other subdivi-

sions of Engineering Mechanics: Strength of Materials 

and Dynamics.

Fundamental concepts, such as forces and moments, 

friction, a central force system, types of support, elastic 

lines, static determinacy and indeterminacy etc., can 

be demonstrated and experimentally explored with the 

GUNT experimentation units.

The full range of topics covered by the experimentation 

units provides a comprehensive, self-contained labora-

tory cycle incorporating all the fundamental principles 

of statics.

LEARNING CONTENT IN STATICS TOPICS COVERED IN STATICS

Forces and Moments

Friction

Forces in a Truss

Internal Reactions / Methods of Sections

Bridges, Beams, Arches

Strength of Materials, as a further subdivision of Engi-

neering Mechanics, requires knowledge of the funda-

mentals of Statics as the prerequisite for structured 

learning.

Strength of Materials deals with the effect of loads on 

deformable bodies. It also analyses material-specific 

parameters.

Students can work through fundamental concepts, such 

as internal reactions to external loads, types of stresses 

and strains, material characteristics, component failure 

etc., in a series of illustrative, clearly laid-out experiments.

The full range of GUNT Strength of Materials experimen-

tation units represents a comprehensive, self-contained 

laboratory cycle incorporating experimental exploration 

of all essential topics.

We have placed particular weight on the topic of mechan-

ical stress and strain analysis.

Key application cases are investigated with the aid of 

strain gauges or photoelastically.

First the fundamentals, then the specifics

LEARNING CONTENT IN STRENGTH OF MATERIALS

Elastic Deformations

Buckling and Stability

Compound Stress

Stress and Strain Analysis

TOPICS COVERED IN STRENGTH OF MATERIALS

Engineering Mechanics as the foundation of machine design

Experiments help to provide a deeper understanding of the material and link basic theoretical knowledge to  

practice in a realistic manner.

“The purpose of studying machine element design is to fill the toolbox of young engineers, so that  

problem-solving and design synthesis activities can be flexible and unconstrained.”

Source: FUNDAMENTALS OF MACHINE ELEMENTS, 2nd Edition, Hamrock, Schmid, Jacobson

“Engineering Mechanics is the essential introduction to the field of engineering, as it provides both learning 

content and methodological training.”

Design is a key, and highly challenging, aspect of an 

engineer’s work. Teaching must prepare students for 
those challenging tasks by a thorough study of the 

fundamental underlying principles.

That includes in particular:

The GUNT experimentation and demonstration units in 

this catalogue will help you develop basic knowledge.

Alongside lectures, tutorials and exercises, laboratory 

experiments are an essential tool in firmly rooting basic 

knowledge in students’ minds and developing their  
ability to apply that knowledge based on realistic  

practice.

On pages 50-51 and 106 -107 you will find a chart 

matching the key learning content in STATICS and 

STRENGTH OF MATERIALS to the corresponding 

GUNT demonstration and experimentation units. 

Engineering Mechanics

Machine Elements

Theory of Machines

Fundamentals of Materials

Technical Drawing



1

7

TM 200

Fundamentals of 

Mechanical Friction

SE 110.17 

Three-Hinged Arch

WP 950 

Deformation of 

Straight Beams

WP 121 

Demonstration of Euler 

Buckling

FL 170 

Deformation of Curved-

Axis Beams

SE 110.21 

Forces in Various 

Single Plane Trusses

FL 210

Photoelastic Demonstration

TM 400 

Hooke’s Law

GUNT STORAGE SYSTEMS... ...KEEP YOUR LAB TIDY!

STATICS & STRENGTH OF MATERIALS
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STATICS & STRENGTH OF MATERIALS

STATICS1

Visit  

our website

STATICS is a key subject underlying many engineer-

ing disciplines, including mechanical engineering 

and construction engineering. Our experimentation 

units cover virtually all areas in the field of STATICS. 

The experiments set out clearly and simply the 

essential aspects of the fundamental topics covered, 

with only limited use of software and high-tech instru-

mentation.

All units are well suited to experimentation involving  

groups of students. Dividing classes into small 

groups of two to three students engenders an efficient  

working environment.

Important note for the tutor:

On pages 50-51 you will find a chart matching the 

key learning content in STATICS (specialist litera-

ture, lecture contents) to the corresponding GUNT 

demonstration and experimentation units.

Fundamentals of Statics

Supplementary Set – Inclined Plane and Friction

Supplementary Set – Pulley Blocks

Supplementary Set – Gear Wheels

Forces in a Crane Jib

Forces in a Simple Bar Structure

Equilibrium of Moments on a Two-Arm Lever

Equilibrium in a Single Plane, Statically Determinate System

Forces in Various Single Plane Trusses

Forces in an Overdeterminate Truss

Forces in a Howe Truss

Truss Beam: Warren Girder

Forces on a Suspension Bridge

Lines of Influence on the Gerber Beam

Three-Hinged Arch

Parabolic Arch

Learning Content in Engineering Mechanics: 
Statics & Strength of Materials

Beam on 2 Supports: Shear Force & Bending Moment Diagrams

Beam on Two Supports: Shear Force Diagram

Beam on Two Suppo  rts: Bending Moment Diagram

Cable under Dead-Weight

Mounting Frame

FL 151: Computerised Recording and Evaluation 
of Strain Gauge Signals

Dry Friction

Fundamentals of Mechanical Friction

Friction on the Inclined Plane

Bearing Friction

TM 110

TM 110.01

TM 110.02

TM 110.03

TM 115

FL 111

EM 049

SE 110.53

SE 110.21

SE 110.22

SE 130

SE 130.01

SE 110.18

SE 110.12

SE 110.17

SE 110.16

Overview

WP 960
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WP 962

SE 110.50
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1 STATICS FORCES AND MOMENTS

TM 110 Fundamentals of Statics 

* Versatile experimental unit demonstrating planar
 mechanical force systems1
* Scope of experimentation can be extended by
 supplementary sets

Technical Description
 The experimental unit demonstrates fundamental principles of statics 
such as the equilibrium of forces and moments, resolution of forces, the 
law of levers, and more. 
 The base element is an upright panel which can be set up in portrait or 
landscape orientation. Feet enable the panel to stand on a laboratory 
bench. All parts required for the experiment can be quickly attached to 
the rails around the edges. The imprinted line grid and grid-marked lever 
rods permit precise assembly. The lengths marked on the grid make it 
easy to define angles. A wide range of mountings, such as cables, rods, 
pulleys, torque discs, pivot bearings and the like, can be easily fixed in 
place and combined. Ball bearings integrated into the panel permit low-
friction torque experiments. The versatility of the statics experimental unit 
helps students to explore their creativity in developing their own 
experiments.
 Large-format force gauges are particularly well suited to demonstration 
purposes. The adjustable transparent dial enables input loads, such as 
dead-weights, to be taken into account.
 As a special teaching aid, it is possible to write directly on the panel with 
erasable markers. Markings, sketches and comments can be added to 
supplement the experiments. The various elements of the experiment are 
clearly laid-out and held securely on a tray. Multiple trays can be stacked 
as a space-saving storage option.
 Three supplementary sets are available to extend the scope of 
experimentation of the statics unit, providing additional experiments 
relating to the inclined plane, friction, pulley blocks and gear wheels. 

 The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide 
through the experiments.

Learning Objectives / Experiments
- accumulation and resolution of forces with force
 parallelogram
- equilibrium of forces
- law of levers, determination of moments and
 equilibrium of moments
- combined lever systems
- forces in bearings
- deflection and resolution of force by fixed and free
 pulleys

with supplementary sets
- Inclined plane; friction (TM 110.01)
- Pulley blocks (TM 110.02)
- Gear wheels (TM 110.03)

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de

We reserve the right to modify our products without any notifications.

TM 110 Fundamentals of Statics 

1 force gauge,  2 pull rod,  3 weight set,  4 pull-and-push rod,  5 lever rod,  6 slide 
fixings,  7 free pulley,  8 torque disc,  9 pivot bearing,  10 torque disc with bearing,  

11 pulley

Experimental setup combined lever system:
1 force gauge,  2 long lever rod,  3 pivot bearing,  4 weight set,  5 short lever 
rod;  red: cables,  blue: forces

Experimental setup with the pulley blocks supplementary set (TM 110.02):
1 four-cable pulley block,  2 force gauge,  3 weight set,  4 six-cable pulley block

Specification
[1] experimental setup to demonstrate simple, planar 
force systems
[2] panel for easy mounting of various experimental 
components
[3] panel with imprinted 50mm line grid and facility to 
write on using erasable marker
[4] lever rods with 50mm grid
[5] wide range of mountings: cables, rods, pulleys, 
torque discs, pivot bearings and the like 
[6] 2 weight sets, each with 4 weights
[7] force gauges for tensile and compressive forces, 
with large-format display
[8] transparent dial on force gauge rotatable
[9] tray for the components

Technical Data
Panel
- wxh: 600x700mm, 13kg
- line grid: 50mm
Force gauges for tensile and compressive force
- measuring range: -50...+50N
- display diameter: d=110mm
- protected against overloading
Weight sets
- 2x 5N (hangers)
- 6x 5N 

Dimensions and Weight
WxH: 600x700mm (panel)
LxWxH: 600x400x150mm (tray)
Weight: approx. 30kg

Scope of Delivery
1 panel
1 set of mountings
1 tray with foam inlay
1 set of instructional material

Order Details

040.11000  TM 110  Fundamentals of Statics

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de

We reserve the right to modify our products without any notifications.
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1 STATICS FORCES AND MOMENTS

TM 110.01 Supplementary Set - Inclined Plane and Friction

* Measurement and demonstration of spring
 deflection, inclined plane and mechanical friction

Technical Description
 Supplementary set TM 110.01 extends the scope of experiments which 
can be performed with TM 110: elastic deflection of a helical spring and 
forces on the inclined plane.
 The inclined plane is provided by an aluminium rail. For friction 
experiments, a friction body is used which has side faces prepared for 
different friction conditions.
 The various elements of the experiment are clearly laid-out and held 
securely in a box.

Learning Objectives / Experiments
- elastic deflection of a helical spring (Hooke’s Law)
- dynamic friction as a function of the normal force, contact area and 
 surface properties of the friction body
- determination of the friction coefficient
- rolling friction
- forces on the inclined plane

Scope of Delivery
1 supplementary set, 1 storage box
1 set of instructional material

Specification
[1] supplementary set for experimental unit TM 110
[2] experiments relating to Hooke's Law, friction and 
the inclined plane
[3] friction body which can be set up to give 3 different 
surface options
[4] rail forming the inclined plane
[5] steel helical spring
[6] box to house the components

Technical Data
Helical spring
- spring constant: approx. 0,95N/cm 
- max. load: 25N
Aluminium friction body
- LxWxH: 110x40x40mm
- dead-weight: 5N
- 2 sides with different sized areas
- 2 sides with different surface roughnesses
Aluminium rail, anodised
- LxWxH: 800x50x10mm 

Dimensions and Weight
LxWxH: 250x160x130mm (box)
Weight: approx. 9kg 

Order Details

040.11001  TM 110.01  Supplementary Set -
Inclined Plane and Friction

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de

We reserve the right to modify our products without any notifications.

TM 110.02 Supplementary Set - Pulley Blocks

* Set-up and principle of 3 different pulley blocks

Technical Description
 Supplementary set TM 110.02 extends the scope of experiments which 
can be performed with TM 110: comparison of different pulley blocks and 
their action as "simple machines". The pulley blocks are set up on the 
panel of unit TM 110.
 The line grid on the panel helps to readily determine the force and 
distance. 
 The pulley blocks are of a robust metal design. Built-in ball and sliding 
bearings ensure low-friction rotation. The details of the pulley layout and 
the cable routing are clearly visible.
 The various elements of the experiment are clearly laid-out and held 
securely on a tray. Multiple trays can be stacked as a space-saving 
storage option.

Learning Objectives / Experiments
- set-up and principle of pulley blocks with 4 pulleys and with
 6 pulleys; differential pulley block
- principle of "simple machines": force transmission, lifting work and
 potential energy

Scope of Delivery
1 supplementary set, 1 tray with foam inlay
1 set of instructional material

Specification
[1] supplementary set for experimental unit TM 110
[2] pulley layout and cable routing clearly visible
[3] pulley blocks: with 4 or 6 pulleys; differential block 
with roller chain
[4] cable pulleys made of anodised aluminium ball 
bearing-mounted
[5] chain wheels to DIN 8191
[6] pullers: Nylon cord, roller chain
[7] materials stainless steel or steel, galvanised
[8] tray for the components

Technical Data
Pullers
- nylon cord: d=2mm
- roller chain: 6,0x2,8mm to DIN 8187 
Chain wheels
- number of teeth: 18, 28, 38
Cable pulleys
- made of anodised aluminium ball bearing-mounted

Dimensions and Weight
LxWxH: 600x400x150mm (tray)
Weight: approx. 12kg

Order Details

040.11002  TM 110.02  Supplementary Set -
Pulley Blocks

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de
We reserve the right to modify our products without any notifications.

Page 1/1
11/2013
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1 STATICS FORCES AND MOMENTS

TM 110.03 Supplementary Set - Gear Wheels

* Mode of operation of single-stage and multi-stage
 toothed gear mechanisms

Technical Description
 Supplementary set TM 110.03 extends the scope of experiments which 
can be performed with TM 110: transmission ratio of the revolutions and 
moments on a single-stage and multi-speed gear mechanism and the 
influence of the intermediate wheels on the direction of rotation. A rack is 
used to demonstrate the conversation of rotation into linear motion and 
vice versa.
 The base element is an aluminium rail which can be mounted on the 
panel of TM 110.
 The various elements of the experiment are clearly laid-out and held 
securely on a tray. Multiple trays can be stacked as a space-saving 
storage option.

Learning Objectives / Experiments
- transmission ratio of rotation speed and moment on a single-speed 
 gear mechanism
- influence of intermediate wheels on the direction of rotation
- transmission ratio on a two-speed gear mechanism
- conversation of rotation into linear motion and vice versa

Scope of Delivery
1 supplementary set, 1 tray with foam inlay,
1 set of instructional material

Specification
[1] supplementary set for experimental unit TM 110
[2] experiments with single-speed and multi-speed 
toothed gearing mechanisms
[3] aluminium spur wheels with ball bearing mounts
[4] quick assembly of the elements
[5] deflection roller, mounting rail and gear wheels 
made of anodised aluminium 
[6] tray for the components

Technical Data
Aluminium spur gears
- modulus: m=2mm
- number of teeth: z=20, 25, 30, 40, 50, 60 
- ball bearing gear wheel mounts, secured by thrust 
 pads to grooved pins
Rack
- modulus: m=2mm
- length: l=300mm
Mounting rail anodised aluminium 
- LxWxH: 760x30x30mm

Dimensions and Weight
LxWxH: 600x400x150mm (tray)
Weight: approx. 12kg

Order Details

040.11003  TM 110.03  Supplementary Set -
Gear Wheels

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de

We reserve the right to modify our products without any notifications.

TM 115 Forces in a Crane Jib

* Vectoral handling of forces in a planar central force
 system

Technical Description
 TM 115 represents a planar central force system in which multiple 
forces act on a single point of application. Based on the example of a 
crane jib, forces are determined graphically and experimentally: resultant 
cable force, tensile force, compressive force. The directions and 
magnitudes of the forces are determined graphically by way of a force 
parallelogram.
 A bar of adjustable length and a chain make up the crane jib, which is 
attached by adjustable clamp elements to a retaining bar. A variety of jib 
forms can be created. Loads are applied to the crane jib. The occurring 
bar forces are indicated by integrated spring balances.

Learning Objectives / Experiments
- graphical breakdown of forces by force parallelogram
- determination of the bar forces on various jib forms
- comparison of: measurement result - calculation - graphical method

Specification
[1] tensile and compressive forces in a planar central 
force system based on the example of a crane jib
[2] various jib forms possible
[3] integrated spring balances in the bars
[4] max. load on crane jib 50N
[5] loading with weights set, up to 50N
[6] steel weights, surfaces galvanised
[7] stainless steel retaining bar
[8] sturdy metal frame
[9] handles to aid transportation
[10] box to house the components

Technical Data
Spring balance for tensile forces
- tensile force: 0...50N, graduations 0,5N
Spring balance for compressive forces
- pressure force: 0...50N, graduations 1N

Weight set
- 1x 1N (hanger)
- 4x 1N
- 1x 5N
- 4x 10N

Dimensions and Weight
LxWxH: 600x200x670mm
Weight: approx. 15kg

Scope of Delivery
1 experimental unit
2 spring balances
1 set of weights
1 box with foam inlay
1 set of instructional material

Order Details

040.11500  TM 115  Forces in a Crane Jib

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de

We reserve the right to modify our products without any notifications.
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1 STATICS FORCES AND MOMENTS

FL 111 Forces in a Simple Bar Structure

* Resolution of forces in simple bar structures

Technical Description
 FL 111 represents a simple bar structure. In the single plane system the 
bars are only subjected to compression and tension. Loads are applied 
only to the nodes. 
 The unit comprises three members that are joined together using discs 
such that the joints are free to move. A longitudinally adjustable bar 
permits the bar structure to be constructed with different angles. The 
bars engage in the discs by snap-locks. Two of the node discs also form 
the supports (fixed and free) and are clamped to the sturdy aluminium 
section base frame. The external load is applied to the upper nodal point 
by means of weights.
 The bar forces occurring are measured by the deformation of leaf spring 
elements in the middle of the bar. The method of joints enables the bar 
forces to be determined by formulating a system of equations.

Learning Objectives / Experiments
- measurement of bar forces 
- calculation of bar forces by the method of joints
- comparison: measurement result - calculation - graphical method

Scope of Delivery
1 frame, 3 bars, 3 node discs, 3 dial gauges, 1 set of weights, 1 box with 
foam inlay, 1 set of instructional material

Specification
[1] resolution of forces in a single plane, statically 
determinate system
[2] 3 node discs, 2 of which serving as supports
[3] 3 bars, each fitted with a leaf spring element and 
dial gauge
[4] 2 fixed bar lengths, 1 variable bar length
[5] 5 different angles adjustable between bars
[6] box to house the components

Technical Data
Bars
- fixed bar: l=440mm
- adjustable bar: l=440, 622, 762mm
Angle between bars
- 60° - 60° - 60° / 45° - 90° - 45°
- 30° - 120° - 30° / 30° - 30° - 120°
Dial gauge
- measuring range: 0...10mm, graduations: 0,01mm
Weight set: 1x 1N (hanger), 1x 10N, 2x 20N
Leaf spring element: force measuring range 0...50N

Dimensions and Weight
LxWxH: 900x200x600mm
Weight: approx. 15kg

Order Details

021.11100  FL 111  Forces in a Simple Bar 
                               Structure

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de

We reserve the right to modify our products without any notifications.

EM 049 Equilibrium of Moments on a Two-Arm Lever

* Fundamentals of the equilibrium of moments and 
 application of the law of levers

Technical Description
 EM 049 is used to investigate the fundamentals of the equilibrium of 
moments based on the example of a two-arm lever. Moments occurring 
on the lever are to be brought to equilibrium.
 A centrally mounted beam represents a two-arm lever. Movable riders 
are placed on the lever and loads are applied by means of weights. 
Equilibrium is attained by moving the loads. Distances from the pivot 
point - the lever arms - can be read from an integrated scale. The 
calculation of the lever arms is verified in the experiment. 
 A vertical column carries the lever. A sturdy base plate ensures that the 
unit stands securely. 
 The well-structured instructional material sets out the fundamentals and 
provides a step-by-step guide through the experiments. 

Learning Objectives / Experiments
- fundamentals of the equilibrium of moments: applied forces, 
 generated moments and equilibrium
- action of forces dependent on the lever arm

Scope of Delivery
1 experimental unit
3 sets of weights
1 box with foam inlay
1 set of instructional material

Specification
[1] investigation of the equilibrium of moments on a 
two-arm lever
[2] ball bearing-mounted beam with integrated scale as 
two-arm lever
[3] 3 sets of weights
[4] sturdy metal frame
[5] box to house the components

Technical Data
Beam 
- LxWxH: 600x30x10mm, centrally ball bearing-
mounted

- lever length: 2x300mm
Weight sets
- 3x 1N (hangers)
- 6x 5N
- 12x 1N

Dimensions and Weight
LxWxH: 600x300x410mm
Weight: approx. 10kg

Order Details

049.04900  EM 049  Equilibrium of Moments on a
                                Two-Arm Lever

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de

We reserve the right to modify our products without any notifications.
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1 STATICS FORCES AND MOMENTS

SE 110.53 Equilibrium in a Single Plane, Statically Determinate System

The picture shows SE 110.53 in the frame SE 112.

* States of equilibrium and the reaction forces in
  a ladder

Technical Description
 The experiment is an example of the application of static conditions of 
equilibrium, in particular the important principle of "freeing".
 The main element of the experiment is the model of a ladder, with a 
movable clamped weight. The reaction at the "wall" is free while that at 
the baseof the ladder is fixed or pin jointed. The effective reactions can 
be fully compensated by attaching cable forces in x and y direction. The 
ladder is in a state of equilibrium, without changing its angular position 
and without need of the structural bearings. The ladder is "free". For 
students, that is a persuasive example of the principle of "freeing" in 
statics.
 The various elements of the experiment are clearly laid-out and housed 
securely in a storage system. The complete experimental set-up is 
arranged in the frame SE 112.
 The well-structured instructional material sets out the fundamentals and 
provides a step-by-step guide through the experiments.

Learning Objectives / Experiments
Experimental investigation of the important principle of 
"freeing" in statics
- calculation of the reactions for a given position of 
 the clamped weight and for a known angle of 
 inclination
- application of the first and second conditions of 
 equilibrium in statics
- full compensation for the reactions by cable forces
- influence of the position of the clamped weight on
 the reactions
- influence of the angle of inclination on the reactions

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de
We reserve the right to modify our products without any notifications.

Page 1/2
11/2013

SE 110.53 Equilibrium in a Single Plane, Statically Determinate System

1 reactions (movable bearing),  2 clamped weight,  3 ladder,  4 clampable deflection 
roller,  5 reactions (fixed bearing),  6 cable,  7 weight set,  8 frame SE 112

Free body diagram of the inclined ladder: 
red: vertical reactions,  blue: horizontal reactions, black: applied force

1 movable bearing,  2 fixed bearing;  FG applied force; 
red: cable with weights, compensating for the vertical bearing force 
blue: cables with weights, compensating for the horizontal bearing forces

Specification
[1] investigation of the static principle of "freeing"
[2] full compensation for the reactions by cable forces
[3] movable clamped weight
[4] 2 reactions (1x pin joined, 1x free)
[5] 3 deflection rollers
[6] steel rule with millimetre scale
[7] storage system to house the components
[8] experimental set-up in frame SE 112

Technical Data
Ladder
- length: 650mm
- weight: 2N
- integrated scale, graduations: 1mm
Clamped weight
- weight: 20N
Weight sets
- 3x 1N (hangers)
- 9x 5N
- 12x 1N
Bearings: 2, clampable to mounting frame
Steel rule
- length: 1000mm, graduations: 1mm

Dimensions and Weight
Weight: approx. 16kg

Scope of Delivery
1 model of a ladder
2 support bearings
3 pulley units
3 sets of weights
1 clamped weight
3 cables
1 steel rule
1 storage system
1 set of instructional material

Order Details

022.11053  SE 110.53  Equilibrium in a Single
                   Plane, Statically Determinate System
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1 STATICS FRICTION

TM 210 Dry Friction 

The illustration shows a similar unit.

* Fundamentals of mechanical friction1
* Stationary friction body, uniformly moving support
  friction surface1
* Force gauge with air damping cylinder

Technical Description
 Friction is a key factor in mechanical engineering. Static friction needs 
to be adequate to fix components to each other, such as parking brakes, 
self-locking threads and frictionally engaged connections. Dynamic 
friction needs to be kept as low as possible, such as on bearings, in 
guideways or in shaping tools. Consequently, great attention is paid to 
the topic in engineering mechanics, and understanding of it is enhanced 
by clearly laid-out experiments. 
 The unit provides a broad range of experiments relating to static and 
dynamic friction between solid bodies which are in contact with each 
other and moving relative to each other. Various influences on friction 
can be investigated, such as surface properties and material pairing. 
 A support friction surface slides beneath the stationary friction body. 
The support friction surface is held in a carriage which is drawn along by 
a motor at uniform speed by a motor. The friction body is connected to a 
height-adjustable force measuring unit. This ensures that the lines of 
action of friction force and tensile force are parallel. The force measuring 
unit is essentially a force gauge which is fitted with an air damper to 
compensate as far as possible for slip/stick effects and so indicate a 
mean friction force (with no spiking). 
 Three support surfaces and two friction bodies are available. The 
normal force can be varied by adding weights.
Experiments can be performed at two constant speeds. The air damping 
is adjustable. When it is inactive, slip/stick effects can also be observed.

 The various elements of the experiment are clearly 
laid-out and housed securely on a tray.
 The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide 
through the experiments.

Learning Objectives / Experiments
- difference between static and dynamic friction 
- friction forces as a function of
 * normal force
 * sliding speed (relative speeds of the friction 
    partners)
 * material pairing
 * surface properties of the friction partners
 * size of the contact area
- slip/stick effect
- determination of friction coefficients

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de
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TM 210 Dry Friction 

1 mains power switch,  2 carriage,  3 friction body,  4 additional weight,  5 supporting 
friction surface,  6 damping cylinder,  7 force gauge,  8 guide,  9 drive motor with cable 

drum

Forces occurring in dynamic friction: 1 friction body,  2 supporting friction 
surface;  F

G
: weight,  F

H
: tensile force,  F

R
: friction force,  F

N
: normal force

Rough surface between 2 bodies sliding alongside each other
orange: normal force perpendicular to the contact surfaces of both bodies,  
blue: n-th portion of the friction force,  green: relative direction of motion between 

the bodies

Specification
[1] mechanical friction between 2 solid bodies
[2] friction body stationary, support friction surface in a 
moving carriage
[3] 2 friction bodies each with 2 different surfaces
[4] 3 support friction surfaces with a total of 4 different 
surfaces
[5] carriage driven by cable pulley and motor 
[6] 2 driving speeds via a graduated cable drum 
[7] force measuring unit: force gauge and adjustable 
air damper 
[8] force measuring unit height-adjustable
[9] lines of action of friction force and tensile force 
always parallel
[10] adjustable air damper - with damping: 
measurement of a mean friction force adjusted by 
disturbances, without damping: slip/stick effects 
measurable
[11] tray to house the components

Technical Data
Support friction surface
- LxWxH: approx. 175x80x6mm
- aluminium 
- PVC / felt
- glass
Friction body
- LxW: approx. 50x40mm
- dead-weight force: approx. 1N
- smooth / rough (Al), h=20mm
- brass / felt, h=5mm
Drive
- synchronous motor

- rotation speed: 100min-1

- driving speeds: 23,5cm/min, 47cm/min
Force gauge with damper
- measuring range: 0...2N, graduations: 0,05N
Weights: 8x 0,5N

Dimensions and Weight
LxWxH: 730x480x180mm (tray)
Weight: approx. 8kg

Required for Operation
230V, 50/60Hz, 1 phase or 120V, 60Hz/CSA, 1 phase

Scope of Delivery
1 experimental unit
1 set of weights 
2 friction bodies
3 support surfaces
1 storage tray with foam inlay
1 set of instructional material

Order Details

040.21000  TM 210  Dry Friction 
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1 STATICS FRICTION

TM 200 Fundamentals of Mechanical Friction

The illustration shows a similar unit.

* Fixed friction body, uniformly moving supporting 
 friction surfaces

Technical Description
 The unit is used to determine coefficients of friction, it provides 
fundamental experiments relating to static and dynamic friction. Two 
solid bodies are moved against each other in uniform manner. The 
friction forces occurring in the process are measured. 
 One material under investigation is connected to a force gauge and 
remains at rest on the surface of the paired material which is driven by a 
motor and slides beneath the friction body. Two sliding speeds can be 
selected. The change in normal force is effected by additional weights. 
 The various elements of the experiment are clearly laid-out and housed 
securely on a tray.

Learning Objectives / Experiments
- difference between static and dynamic friction 
- friction forces as a function of
 * normal force, material pairing, size of contact area
 * sliding speed (relative speeds of the paired materials)
 * surface properties of the friction partners
- determination of friction coefficients

Scope of Delivery
1 experimental unit, 1 set of weights, 2 friction body, 2 supporting friction 
surfaces, 1 tray with foam inlay, 1 set of instructional material

Specification
[1] fundamentals of mechanical friction
[2] friction body and force gauge stationary, supporting 
friction surface motor-driven
[3] 2 friction bodies each with 2 different surfaces
[4] 2 supporting friction surfaces with a total of 
3 different surfaces
[5] 2 cable drum driving speeds
[6] force gauge overload-proof, with clearly legible 
transparent dial
[7] tray to house the components

Technical Data
Supporting surfaces: Al / felt, PVC
Friction body: smooth / rough (Al), brass / felt
Driven by synchronous motor
- driving speeds: 23,5cm/min; 47cm/min
Force gauge
- measuring range: 0...2N, graduations: 0,1N
Weights: 8x 0,5N

Dimensions and Weight
LxWxH: 730x480x180mm (tray)
Weight: approx. 7kg

Required for Operation
230V, 50/60Hz, 1 phase or 120V, 60Hz/CSA, 1 phase

Order Details

040.20000  TM 200  Fundamentals of Mechanical 
                                Friction
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TM 225 Friction on the Inclined Plane

* Dry friction on the inclined plane1
* Fundamentals of mechanical friction

Technical Description
 Friction experiments on the inclined plane help students to understand 
the fundamentals of mechanical friction.
 The main elements of TM 225 are a sliding surface (the inclined plane), 
with an adjustable angle of inclination, and two samples. A sample is 
moved from the stationary state to the sliding state in two ways. In the 
first experiment, the plane is carefully tilted until the sample begins to 
slide downwards and the downward force is greater than the static 
friction force.
 In the second experiment, a weight acts as a tensile force upon the 
sample. The weight is gradually increased until the sample begins to 
slide upwards in a uniform motion. The angle of inclination of the plane is 
not altered in this experiment.

Learning Objectives / Experiments
- determination of the friction coefficients of various material pairings
- transition from static to dynamic
- static equilibrium of forces on the inclined plane
- determination of the angle of inclination as from which sliding occurs
 (calculation and verification by experiment)

Scope of Delivery
1 experimental unit, 1 set of weights, 2 samples, 1 box with foam inlay, 
1 set of instructional material

Specification
[1] experiment relating to friction on the inclined plane
[2] inclined plane with plastic coating, drag link with 
angle scale and ball bearing-mounted deflection roller
[3] angle of plane adjustable
[4] 2 samples: 1x steel / polypropylene, 1x aluminium / 
brass
[5] graduated weight set 
[6] box to house the components

Technical Data
Friction body
- LxWxH: each 80x60x44mm
- dead-weight force: each 10N
Inclined plane 
- length: 1000mm
- adjustable angle range: -45°...+45°
Weight set
- 1x 1N (hanger), 4x 0,1N, 1x 0,5N, 4x 1N, 1x 5N

Dimensions and Weight
LxWxH: 1130x300x800mm
Weight: approx. 35kg

Order Details

040.22500  TM 225  Friction on the Inclined Plane
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STATICS FRICTION

TM 232 Bearing Friction

* Sliding bearing friction with different bearing
  materials; comparison with rolling bearing friction

Technical Description
 TM 232 provides experiments relating to friction on sliding and rolling 
bearings. Bearing shells in various materials serve as sliding bearings. 
Bearing forces are generated by the dead-weight of a heavy flywheel. A 
torque is applied by means of weights which correspond to the frictional 
torque when the motion begins. When the rolling bearings are used the 
bearing friction is very low. In this case the flywheel can be used for 
fundamental experiments in rotational dynamics.
 The unit is intended for mounting on a laboratory wall.

Learning Objectives / Experiments
- determination of friction torque on sliding bearings: various meterial 
 pairings by means of interchangeable bearing shells
- determination of the friction torque on a rolling bearing
- comparison between sliding and rolling bearing
- fundamental experiments in rotational dynamics

Specification
[1] experiment in sliding bearing friction with various 
material pairings and comparison with rolling bearings
[2] 3 different bearing materials for sliding bearing 
shells
[3] stainless steel shaft 
[4] flywheel of galvanised steel
[5] drive by cable drum and weight set
[6] base plate of anodised aluminium
[7] experiments in rotational dynamics possible
[8] box to house the components

Technical Data
Sliding bearing half-shell material
- GG-25
- gunmetal
- PTFE (Teflon) 
Grooved ball bearing: type 6203
Bearing journal of shaft: d=17mm

Flywheel
- d=300mm
- weight: 22,2kg

Weights
- 1x 1N (hanger)
- 5x 1N
- 1x 2N
- 3x 5N

Base plate, LxWxH: 250x200x12mm

Dimensions and Weight
LxWxH: 200x330x300mm
Weight: approx. 30kg

Scope of Delivery
1 experimental unit 
6 bearing shells
2 rolling bearings
1 set of weights 
1 storage box with foam inlay
1 set of instructional material

Order Details

040.23200  TM 232  Bearing Friction
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1

SE 110.21 Forces in Various Single Plane Trusses

1 support,  2 load application device with force gauge,  3 node disc,  4 bar with strain 
gauge measuring point,  5 frame SE 112

3 truss forms: 
red: support reactions  black: external force

Fixing of the bars in the node disc

Specification
[1] investigation of bar forces in a statically 
determinate truss
[2] construction of various trusses possible
[3] 2 supports with node discs
[4] load application device with force gauge mountable 
on different node discs
[5] strain gauge to measure force on each bar
[6] measurement amplifier FL 151 required
[7] software to evaluate measurement data
[8] storage system to house the components 
[9] experimental set-up in frame SE 112

Technical Data
Bars: 19
- 2 bars 150mm
- 5 bars 259mm
- 7 bars 300mm
- 1 bar 397mm
- 3 bars 424mm
- 1 bar 520mm
- angle between bars: 30°, 45°, 60°, 90°
- maximum bar force: 500N
- strain gauge on each bar
- height of truss max. 450mm
- length of truss max. 900mm
Load application device
- 500...+500N
- graduations: 10N

Dimensions and Weight
Weight: approx. 14kg

Scope of Delivery
1 set of bars
5 node discs
2 supports with node disc
1 load application device
1 set of cables
1 storage system
1 software CD
1 set of instructional material

Order Details

022.11021  SE 110.21  Forces in Various Single
                                     Plane Trusses
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SE 110.21 Forces in Various Single Plane Trusses

The picture shows SE 110.21 in a frame similar to SE 112.

* Measurement of the bar forces in a single plane
 truss1
* Construction of various truss forms1
* Bars with strain gauge full bridges to measure
 bar force1
* Computerised evaluation of experiments

Technical Description
 The object of the experiment is to measure the bar forces in a single 
plane truss subjected to a single external force. 
 The SE 110.21 experimental set-up features bars with special snap-lock 
closures on their ends allowing them to be fixed easily into the node disc. 
The range of different bar lengths provided permits three forms of truss 
to be constructed.
 The bars are hinged, joined together by node discs, and are subjected 
only to compressive or tensile stress. No moments are transmitted in the 
nodes; they can be regarded as frictionless. Consequently, our trusses 
can be considered as ideal trusses. A load application device attached to 
a node disc generates an external force. All the forces on the truss bars 
are recorded by means of strain gauges.
 Computerised evaluation is provided by measurement amplifier FL 151 
(16 input channels). If there are more than 16 measuring points, the 
measurement amplifier can be extended by a measuring point add-on 
unit (FL 151.01) to 32 input channels. The software is used to manage 
the measurement data and provide graphical representation of the bar 
forces. The software features a comprehensive help function.
 The various elements of the experiment are clearly laid-out and housed 
securely in a storage system. The complete experimental set-up  is 
arranged in the frame SE 112.

 The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide 
through the experiments.

Learning Objectives / Experiments
- measurement of the bar forces in various single 
 plane trusses
- dependency on the external force
 * magnitude
 * direction
 * point of application
- comparison of measurement results with 
 mathematical methods
 * method of joints
 * Ritter’s method of sections

- basic principle: measurement of forces using 
 strain gauges

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de
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SE 110.22 Forces in an Overdeterminate Truss

1 support,  2 surplus bar (adjustable),  3 node disc,  4 bar with strain gauge measuring 
point,  5 load application device,  6 dial gauge with fixture,  7 frame SE 112

Free body diagram of truss, Ritter’s method of sections: 
A, B, C, D, E: nodes,  black: applied force,  red: support reactions,  
blue S

1
- S

7
: bar forces

a) statically determinate truss,  b) statically overdeterminate truss;
red: support reactions,  black: applied force,  blue: surplus bar,  
green: compession bars (struts), orange: tension bars (ties)

Specification
[1] investigation of bar forces in statically 
overdeterminate trusses
[2] surplus bar, longitudinally adjustable
[3] straight and inclined loading possible
[4] strain gauge to measure force on each bar
[5] measurement amplifier FL 151 required
[6] software to evaluate measurement data
[7] storage system to house the components
[8] experimental set-up in frame SE 112

Technical Data
Bars: 8
- 5 bars, fixed 300mm
- 2 bars, fixed 424mm
- 1 bar, adjustable 400...450mm
- angle between bars: 30°, 45°, 60°, 90°
- maximum bar force: 500N
- strain gauge on each bar
- height of truss max. 270mm
- length of truss max. 500mm
Load application device
-500...+500N, graduations: 10N
Dial gauge: measurement range: 0...20mm

Dimensions and Weight
Weight: approx. 10kg

Scope of Delivery
1 set of bars
5 node discs
1 load application device
1 set of cables
1 software CD
1 storage system
1 set of instructional material

Order Details

022.11022  SE 110.22  Forces in an
                                     Overdeterminate Truss
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SE 110.22 Forces in an Overdeterminate Truss

The picture shows SE 110.22 in a frame similar to SE 112.

* Comparison of forces in statically determinate and
 overdeterminate trusses1
* Bars with strain gauge full bridges to measure bar
 force1
* Computerised evaluation of experiments

Technical Description
 Overdeterminate trusses are employed where overdimensioning is 
purposely required because safety must be maintained in the event of 
failure of an element, such as in aircraft construction. With additionally 
inserted bars a statically determinate truss becomes internally statically 
indeterminate. In this case the truss is termed statically overdeterminate. 
 The SE 110.22 experimental set-up permits investigation and 
comparison of statically determinate and statically indeterminate trusses. 
Using the bars and node discs, a statically determinate, single plane 
truss is first constructed. On installation of a surplus bar the truss 
becomes overdeterminate. By way of a load application device, straight 
or inclined forces are applied to the truss, thereby simulating various load 
cases. The occurring tensile and compressive forces in the bars are 
recorded by means of strain gauges. 
 Computerised evaluation is provided by measurement amplifier FL 151. 
The software is used to manage the measurement data and provide 
graphical representation of the bar forces. The software features a 
comprehensive help function. 
 The various elements of the experiment are clearly laid-out and housed 
securely in a storage system. The complete experimental set-up is 
arranged in the frame SE 112.

 The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide 
through the experiments.

Learning Objectives / Experiments
- measurement of the bar forces in a statically
 determinate and statically overdeterminate, single 
 plane truss
- distribution of forces in the single plane truss 
 dependent on the use of a surplus bar
- dependency of the bar forces on the external
 force
 * magnitude, direction, point of application
- comparison of measurement results with
 mathematical methods
 * method of joints
 * Ritter’s method of sections

- basic principle: measurement of forces using 
 strain gauges
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SE 130 Forces in a Howe Truss

1 load application device with force gauge,  2 node disc,  3 frame,  4 bar,  5 strain 
gauge measuring point on bar,  6 knife-edge bearing,  7 adjuster screw

Load case, top: weight loading on ridge,  load case, bottom: wind load 
perpendicular to roof; 
black: applied force,  red: support reactions

Free body diagram of a truss, nodal section method:
a) layout, black: applied force,  red: support reactions, blue: node;  
b) bar forces at node D

Specification
[1] investigation of bar forces in a single plane, 
statically determinate truss
[2] ready assembled Howe truss
[3] frame for horizontal experiment setup
[4] any straight and inclined load cases possible
[5] fine adjustment of load force
[6] low-friction knife-edge bearing
[7] 2 bearings for vertical forces, 1 bearing for 
horizontal forces
[8] pre-balanced strain gauge connection box with 
connection to measurement amplifier FL 151
[9] software to evaluate measurement data
[10] the software supports experiments with SE 130 
(Howe) and SE 130.01 (Warren)

Technical Data
Truss: Howe type 
- bar cross-section: 10x3mm, stainless steel
- bar lengths: 115,5, 200, 231mm
- external loading: max. 600N
- bars: 13, of which 7 with strain gauge full bridges
Load application device with force gauge
- tensile force: max. 2kN
- stroke: 30mm
Node discs: 8
Angle between bars: 30°, 45° 

Dimensions and Weight
LxWxH: 1220x620x250mm (frame)
LxWxH: 850x265x15mm (Howe truss)
Weight: approx. 43kg

Scope of Delivery
1 frame
1 Howe truss
1 load application device
1 strain gauge connection box
1 ribbon cable
1 software CD
1 set of instructional material

Order Details

022.13000  SE 130  Forces in a Howe Truss
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SE 130 Forces in a Howe Truss

* Measurement of bar forces on a single plane
 truss, Howe type1
* Measurement of bar forces by strain gauges1
* External load may be applied at different angles1
* Computerised evaluation of experiments

Technical Description
 As light-weight structures offering a high degree of rigidity, trusses are 
employed in the construction of halls, bridges, cranes, pylons and masts. 
Trusses are bar structures in which the bars are subjected to 
compression or tension loading, but not to bending. 
 The SE 130 setup provides experiments on single plane trusses with a 
high degree of measurement accuracy and computerised result readout 
based on software. The ready assembled truss is mounted horizontally 
on a frame. The bars are joined by a “hinged” connection, using node 
discs. Consequently, our truss can be considered as an ideal truss. The 
external force is generated with the aid of a threaded spindle. The force 
can be applied in various directions and at various points.
 The forces occurring on the truss bars are recorded by strain gauges. 
All strain gauge measuring points are housed together in a connection 
box. From there, they are connected to the measurement amplifier 
FL 151. The software is used to manage the measurement data and 
provide graphical representation of the bar forces. The software features 
a comprehensive help function.
 An additional truss is available to extend the scope of the experiment: 
SE 130.01, Warren type.
 The well-structured instructional material sets out the fundamentals and 
provides a step-by-step guide through the experiments.

Learning Objectives / Experiments
- measurement of the bar forces in a single 
 plane truss, Howe type 
- dependency of bar forces on the external force
 * magnitude, direction, point of application
- comparison of measurement results with  
 mathematical and graphical methods
 * method of joints
 * Ritter’s method of sections
 * Cremona diagram

- basic principle: measurement of forces using 
 strain gauges
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SE 112 Mounting Frame

* Mounting frame for set-up of experiments in statics,
 strength of materials and dynamics

Technical Description
 The mounting frame SE 112 provides a clearly laid-out, user-friendly 
means of setting up experiments in the fields of statics, strength of 
materials and dynamics.
 SE 112 comprises four steel sections which are bolted together to form 
a frame. Two feet on the sides provide stability. The frame is quick and 
easy to assemble, with just a few actions needed.

The frame is used for mounting the following experiments: 
Forces and moments: SE 110.53
Trusses: SE 110.21, SE 110.22 
Bridges, beams, arches, cables: SE 110.12, SE 110.16, SE 110.17, 
SE 110.18, SE 110.50
Elastic deformations: SE 110.47, SE 110.29, SE 110.20, SE 110.44
Stability: SE 110.19
Vibration: SE 110.58

Scope of Delivery
1 mounting frame, disassembled
1 set of bolts with hexagon socket wrench
1 instruction manual

Specification
[1] frame for mounting of experiments in statics, 
strength of materials and dynamics
[2] sturdy sectional steel double frame, welded
[3] easy, exact mounting of all components by 
precision clamp fixings
[4] stable on laboratory desktops or workbenches
[5] frame supplied disassembled

Technical Data
Mounting frame made of steel sections
- frame opening WxH: 1250x900mm
- section groove width: 40mm

Dimensions and Weight
LxWxH: 1400x400x1130mm (assembled)
LxWxH: 1400x400x200mm (without mountings)
Weight: approx. 32kg

Order Details

022.11200  SE 112  Mounting Frame
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SE 130.01 Truss Beam: Warren Girder

* Ready assembled Warren truss1
* Bars with strain gauge full bridges to measure 
 bar force

Technical Description
 Warren truss beams are frequently used on steel constructions. 
 Experiments with the truss SE 130.01 are mounted on the frame of the 
SE 130 unit. The mechanical construction of the truss ensures that only 
tensile or compressive forces are active in the bars. The connection 
between the bars by means of node discs is "hinged". So this can be 
described as an ideal truss.
 The force in the bars is measured using strain gauges. Owing to the 
symmetrical construction, only half of the bars have strain gauges on 
them. All strain gauge connections are housed together in the strain 
gauge box.

Learning Objectives / Experiments
- calculation of tensile and compressive forces in bars in different load 
 cases: straight and inclined forces
- comparison of measurement results with mathematical methods
 * method of joints, Ritter’s method of sections, Cremona diagram

Scope of Delivery
1 truss beam: Warren type
1 strain gauge connection box
1 ribbon cable

Specification
[1] investigation of bar forces in a single plane, 
statically determinate truss
[2] ready assembled Warren truss beam
[3] influence of dead-weight minimised by horizontal 
experiment layout
[4] any straight and inclined load cases possible
[5] pre-balanced strain gauge connection box 
[6] SE 130.01 is a supplementary set for the main unit 
SE 130

Technical Data
Truss beam: Warren type 
- bar cross-section: 10x3mm, stainless steel
- bar lengths: 270mm, 186,5mm
- tensile force: max. 600N
- bars: 13, of which 7 with strain gauge measuring 
 points
Node discs: 8

Dimensions and Weight
LxWxH: approx. 800x300x15mm
Weight: approx. 8kg

Order Details

022.13001  SE 130.01  Truss Beam: Warren Girder
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STATICS ACCESSORIES

SE 110.21

FL 130

FL 140

SE 130

SE 110.22

FL 120

FL 151.01

FL 151.01

FL 151.01

FL 151

Whenever force or stress – ultimately strain – is being 

recorded with the aid of strain gauges, the FL 151 unit 

can be used to amplify the measurement signals. These 

signals are then processed and evaluated by a software 

program.

The unit supplies up to 16 strain gauge measuring points 

with the necessary operating voltage.

FL 151 is connected to a PC by USB. 

This application software supports the topics of stress 

and strain analysis and truss analysis in a form tailored to 

teaching needs.

Forces in Various Single Plane Trusses

Stress and Strain Analysis on a Thin-Walled Cylinder

Stress and Strain Analysis on a Thick-Walled Cylinder

Forces in a Howe Truss

Forces in an Overdeterminate Truss

Stress and Strain Analysis on a Membrane

16-Channel Measuring Point Add-On

16-Channel Measuring Point Add-On

16-Channel Measuring Point Add-On

Multi-Channel Measurement AmplifierPage 26

Page 96

Page 98

Page 90Page 30

Page 28

Page 94

The FL 151.01 add-on unit extends the number of measuring points: 

up to 64 channels using three FL 151.01 units.

 measured values read and saved to a file

 presentation of stress and strain graphs

 calculation of principal stresses and strains

 evaluation of experiments using Mohr’s Circle
 system requirement: Windows Vista / Windows 7

Application software integrated in FL 151 for  

experimentation units FL 120, FL 130, FL 140

 assists in performing and evaluating experiments

 simulation of trusses

 configurable trusses

 comparison of occurring forces: theory and measurement

 facility to print out worksheets

Application software included in experimentation units:  

SE 130, SE 110.21, SE 110.22 

Application software 
for stress and strain analysis 

based on the example of: FL 120

Application 
software  

for trusses 

USB

1

FL 151 COMPUTERISED RECORDING AND EVALUATION  OF STRAIN GAUGE SIGNALS

APPLICATION SOFTWARE FOR PERFORMING AND EVALUATING EXPERIMENTS IN STRESS AND STRAIN ANALYSIS

APPLICATION SOFTWARE FOR PERFORMING AND EVALUATING  EXPERIMENTS IN TRUSS ANALYSIS
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1

WP 960 Beam on 2 Supports: Shear Force & Bending Moment Diagrams

1 beam support,  2 weight,  3 force gauge with adjuster nut to determine the bending 
moment,  4 beam,  5 force gauge (shear force),  6 hinge with 2 degrees of freedom

Internal forces on the beam under mid point load:
F applied point load,  F

A
/F

B
 reactions (0.5F),  Q shear force,  M bending 

moment

Shear force and bending moment diagram on beam with mid point load:
Line (orange): position of the hinge at which the internal forces of the beam are 
indicated

Specification

[1] determination of shear force and bending moment 
on beam mounted on 2 supports
[2] measurement of shear force and bending moment 
in beam by low-friction hinge with 2 degrees of 
freedom
[3] position of hinge at 1/3 span
[4] 2 bearing supports  
[5] loading of beam by 1 to 3 point loads
[6] force gauges to indicate shear force and determine 
bending moment
[7] bending moment determined by force 
measurement and lever arm 
[8] adjuster nuts for horizontal alignment of beam
[9] steel rule to determine positions of point loads
[10] storage system to house the components

Technical Data

Beam
- total length: 1000mm
- span: 800mm
Measuring ranges
- bending moment via force gauge and lever arm
 lever arm: 100mm
 Force gauge: -100...+100N
 bending moment: -10...+10Nm
- shear force: -50...+50N
- steel rule: 1000mm, graduations: 1mm

Set of weights
- 3x 1N (hangers)
- 12x 1N
- 9x 5N
- max. weight load per hanger: 20N

Dimensions and Weight

LxWxH: 1400x320x600mm
Weight: approx. 35kg

Scope of Delivery

1 experimental unit
3 sets of weights 
1 steel rule
1 storage system 
1 set of instructional material

Order Details

020.96000  WP 960  Beam on 2 Supports: Shear 
                  Force & Bending Moment Diagrams
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WP 960 Beam on 2 Supports: Shear Force & Bending Moment Diagrams

* Application of the method of sections to determine
 internal reactions of the beam

1

* Direct indication of shear force and bending moment
 at a section on the beam 

Technical Description

 Statics observes the effect of forces on a rigid body, ignoring any 
possible deformations which may occur in the process. The forces are in 
equilibrium. In reality, forces always produce an effect in the component, 
such as deformation. These effects are investigated in the science of the 
strength of materials. The methods applied in strength of materials serve 
to design components so that they cannot be deformed or destroyed by 
applied forces. 
 A simple example is a statically determinate bearing-mounted beam 
subjected to point loads. The reactions are determined from the 
conditions of equilibrium. To investigate the effect of the point loads in 
the beam, it is notionally split into two segments. Applying the method of 
sections, the internal forces and moments are plotted onto the two 
segments and calculated by way of conditions of equilibrium. 
 WP 960 includes a beam mounted on two supports. The beam is cut at 
one point. At that point there is a low-friction hinge with two degrees of 
freedom. Two force gauges determine the internal reactions to the 
externally applied forces at the section. The shear force is recorded and 
displayed directly by a force gauge. The bending moment occurring at 
the section is recorded by a second force gauge acting on a fixed lever 
arm. This force readout, divided by 10, gives the bending moment in Nm.
 Adjuster nuts on the two force gauges are used to align the beam 
horizontally and balance out any deflection.
 In evaluating the experiment it becomes clear that the shear force, as 
opposed to the bending moment, is mostly negligible when designing 
components. 

 The various elements of the experiment are clearly 
laid-out and housed securely in a storage system. The 
complete test setup is arranged on a frame.
 The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide 
through the experiments.

Learning Objectives / Experiments

- calculation of the reactions arising from the
 static conditions of equilibrium
- application of the method of sections to calculate
 the internal forces and moments
 * under a point load 
 * under multiple point loads 
- calculation of the shear force diagram
- calculation of the bending moment diagram
- comparison of calculated and measured values for 
 shear force and bending moment

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de
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1 STATICS INTERNAL REACTIONS / METHODS OF SECTION 

WP 961 Beam on Two Supports: Shear Force Diagram

* Application of the method of sections to determine
 the shear force

Technical Description

 WP 961 consists of a beam mounted on two supports which is 
subjected to point loads. The beam is cut at one point. At that point there 
is a low-friction hinge with one degree of freedom. The force gauge 
indicates the internal reaction (shear force) at this point on the beam. An 
adjuster nut on the force gauge is used to align the beam horizontally 
and balance out any deflection. 
 The reactions are determined from the static conditions of equilibrium. 
To investigate the effect of the point loads in the beam, it is notionally 
split into two segments. Applying the method of sections, the internal 
forces and moments are plotted onto the two segments and calculated 
by way of conditions of equilibrium.

Learning Objectives / Experiments

- calculation of the reactions arising from the static conditions of 
 equilibrium
- application of the method of sections to calculate the internal forces
 * under a point load 
 * under multiple point loads 
- calculation of the shear force diagram
- comparison of calculated and measured shear force values

Scope of Delivery

1 experimental unit, 3 sets of weights, 1 steel rule, 1 storage system, 
1 set of instructional material

Specification

[1] investigation of shear force on beam mounted on 2 
supports
[2] measurement of shear force in beam by low-friction 
hinge with 1 degree of freedom
[3] position of hinge at 1/3 span
[4] 2 bearing supports  
[5] loading of beam by 1 to 3 point loads
[6] force gauge to indicate shear force
[7] adjuster nut for horizontal alignment of beam
[8] storage system to house the components 

Technical Data

Beam
- total length: 1000mm, span: 800mm
Shear force measuring range: -50...+50N
Weight set
- 3x 1N (hangers), 12x 1N, 9x 5N
- max. weight load per hanger: 20N

Dimensions and Weight

LxWxH: 1400x320x600mm
Weight: approx. 35kg

Order Details

020.96100  WP 961  Beam on Two Supports:
                                 Shear Force Diagram

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de
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WP 962 Beam on Two Supports: Bending Moment Diagram

* Application of the method of sections to determine
 the bending moment

Technical Description

 WP 962 consists of a beam mounted on two supports which is 
subjected to point loads. The beam is cut at one point. At that point there 
is a low-friction hinge with one degree of freedom. The bending moment 
occurring at the section is recorded by a force gauge acting on a fixed 
lever arm. An adjuster nut on the force gauge is used to align the beam 
horizontally and balance out any lowering. 
 The reactions are determined from the static conditions of equilibrium. 
To investigate the effect of the point loads in the beam, it is notionally 
split into two segments. Applying the method of sections, the internal 
forces and moments are plotted onto the two segments and calculated 
by way of conditions of equilibrium.

Learning Objectives / Experiments

- calculation of the reactions arising from the static conditions of 
 equilibrium
- application of the method of sections to calculate the internal 
 moments
 * under a point load 
 * under multiple point loads 
- calculation of the bending moment curve  
- comparison of calculated and measured bending moment values

Scope of Delivery

1 experimental unit, 3 sets of weights, 1 steel rule, 1 storage system, 
1 set of instructional material

Specification

[1] investigation of bending moment on beam mounted 
on 2 supports
[2] indication of bending moment in beam by low-
friction hinge with 1 degree of freedom
[3] position of hinge at 1/3 span
[4] 2 bearing supports  
[5] loading of beam by 1 to 3 point loads
[6] force gauge and lever arm to indicate bending 
moment
[7] adjuster nut for horizontal alignment of beam
[8] storage system to house the components 

Technical Data

Beam
- total length: 1000mm, span: 800mm
Bending moment measuring range: -10...+10Nm
Weight set
- 3x 1N (hangers), 12x 1N, 9x 5N
- max. weight load per hanger: 20N

Dimensions and Weight

LxWxH: 1400x320x600mm
Weight: approx. 35kg

Order Details

020.96200  WP 962  Beam on Two Supports:
                                 Bending Moment Diagram

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de
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1 STATICS INTERNAL REACTIONS / METHODS OF SECTION 

SE 110.50 Cable under Dead-Weight

The picture shows SE 110.50 in a frame similar to SE 112.

* Catenary of a free-hanging cable under dead-weight

Technical Description
 Free-hanging cables and ropes are often used to support a structure, 
such as stay cables. On suspension bridges they are the load-bearing 
element of the structure. In many calculations the influence of the dead-
weight of the cable can be ignored, because it is low compared to the 
other loads. In the case of overhead power lines, however, the dead-
weight of the cable is relevant to the design of the pylons. 
 In SE 110.50 a free-hanging cable under the influence of its own dead-
weight is investigated. A roller chain serves as the cable, and is mounted 
on two ball bearing-supported chain wheels. The chain wheel units are 
fixed to a cross-arm. The spacing between the chain wheel axles can be 
adjusted horizontally and vertically. Weights can be attached to both 
ends of the chain. The maximum sag is measured using scaled rules, 
and can be compared with calculated values. The sag is the distance 
between the connecting line of the bearings and the catenary (see also 
illustration: "Actual applied cable forces" on the next page). 
 The various elements of the experiment are clearly laid-out and housed 
securely in a storage system. The complete experimental set-up is 
arranged in the frame SE 112.
 The well-structured instructional material sets out the fundamentals and 
provides a step-by-step guide through the experiments.

Learning Objectives / Experiments
- determination of the catenary of a free-hanging 
 cable
 * under dead-weight only
 * with additional weights
 * with a symmetrical set-up (chain wheels at same 
    height)
 * with an unsymmetrical set-up
- measurement of the sag
- comparison of calculated and measured values

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de
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SE 110.50 Cable under Dead-Weight

1 roller chain,  2 cross-arm with scale,  3 clamp,  4 weight,  5 rule,  6 chain wheel,  
7 chain wheel holder,  8 frame SE 112

Actual applied cable forces: F
1
 + F

2
 weight,  L

1
 + L

2
 suspended chain length 

with dead-weight,  P1 + P2 marker point on chain wheel,   f sag

Free-hanging cables in practice (portal): 1 stay cable,  2 power line, similar to 

overhead line   

Specification
[1] determination of the catenary of a free-hanging 
cable
[2] symmetrical and unsymmetrical experimental set-
up possible
[3] roller chain as cable with 2 ball bearing-mounted 
chain wheels
[4] adjustable chain wheel axle spacing
[5] height of a chain wheel adjustable for 
unsymmetrical experimental set-up
[6] cross-arm with scale to hold chain wheels and rule 
to measure vertical sag of chain
[7] 2 graduated weight sets 
[8] storage system to house the components 
[9] experimental set-up in frame SE 112

Technical Data
Roller chain
- DIN 8187
- length: 2400mm
- weight: 0,95kg/m
Chain wheel, number of teeth: 17
Cross-arm
- axle base: 600...1000mm 
- groove spacing: 50mm
Holder
- adjustable height of chain wheel: 0...300mm 
- hole spacing: 50mm
Measuring ranges
- horizontal: 0...1000mm
- vertical: 0...850mm
- graduations: 1mm
Set of weights
- 2x 1N (hangers)
- 8x 1N
- 6x 5N

Dimensions and Weight
Weight: approx. 17kg

Scope of Delivery
1 roller chain 
1 cross-arm with clamp
2 chain wheels with holders
1 rule
2 sets of weights 
1 storage system
1 set of instructional material

Order Details

022.11050  SE 110.50  Cable under Dead-Weight
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1 STATICS BRIDGES, BEAMS, ARCHES

SE 110.18 Forces on a Suspension Bridge

The picture shows SE 110.18 in the frame SE 112.

* Supporting cable forces of a suspension bridge1
* Central hinge to demonstrate bending moments in
 the roadway1
* Different load cases possible: point or distributed
 load 

Technical Description
 Suspension bridges are among the oldest of all bridge designs. Their 
main supporting element is a flexible cable. Since cables are able to 
absorb high tensile forces while themselves having little dead-weight, 
they enable wide-span suspension bridges to be constructed. This 
makes it possible to bridge longer distances with no supporting pillars, 
such as over wide gorges. The sag of suspension bridge supporting 
cables is parabolic in shape, as the load is attached at relatively short, 
constant intervals by way of vertical cables to the main supporting 
cables. 
 The experimental set-up SE 110.18 represents a suspension bridge. 
The bridge consists of two parallel supporting cables with a roadway 
suspended between them. U-shaped hangers serve as vertical cables. 
They are attached to the main supporting cables at regular intervals, and 
hold the roadway. Deflection rollers act as pylons. The roadway acts 
upon the supporting cables as a distributed load, and can be loaded by 
additional weights. It has a hinge in the middle. The hinge permits 
internal moments in the roadway occurring in response to uneven 
loading to be visualised - the roadway buckles.
 The tensile forces in the supporting cables are determined with the aid 
of weight sets. With two supports it is possible to simulate fixed roadway 
supports. The supports include force gauges. With the force gauges the 
load distribution between the supports and the supporting cable is

investigated.
 The various elements of the experiment are clearly 
laid-out and housed securely in a storage system. The 
complete experimental set-up is arranged in the frame 
SE 112.
 The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide 
through the experiments.

Learning Objectives / Experiments
- familiarisation with a suspension bridge
 * under dead-weight
 * under additional load
 * under evenly distributed load
 * under unevenly distributed point loads
- calculation of the supporting cable force
- comparison between calculated and measured
  values of the supporting cable force
- observation of the effect of internal moments in the
  roadway under uneven load
- load distribution between roadway support and 
 supporting cable
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SE 110.18 Forces on a Suspension Bridge

1 supporting cable,  2 hanger,  3 roadway with central hinge,  4 support with force 
gauge,  5 weight,  6 deflection roller with fixture,  7 frame SE 112

Substitute model for a suspension bridge:  "suspended cable with uniformly 
distributed load" with free body diagram (bottom);
F cable force,  q0 distributed load;  f maximum sag,  L span

Forces on a suspension bridge: red: tensile forces (acting in the supporting 
cables, the hangers and the anchorages of the supporting cables),  
blue: compressive force (acting in the pylons)  

Specification
[1] investigation of a suspension bridge in various load 
cases
[2] suspension bridge with 2 supporting cables and 
roadway
[3] supporting cables with parabolic sag
[4] hangers (vertical supporting cables) in the form of 
U-shaped shackles in graduated lengths
[5] two-section roadway with central hinge
[6] roadway can be loaded by additional weights
[7] hinge in roadway indicates internal moments of 
roadway under uneven loading
[8] 4 graduated weight sets to measure the cable force 
in both supporting cables
[9] 2 supports with force gauge for the roadway
[10] storage system to house the components
[11] experimental set-up in frame SE 112

Technical Data
Suspension bridge
- span: approx. 1050mm
- supporting cable sag: approx. 325mm
- number of supporting cables: 2
- shackles: 12, graduated lengths
- dead-weight of roadway: 6N
Support force measuring range: -50...+50N
Weight set
- 4x 1N (hangers), 16x 1N  
- 16x 5N

Dimensions and Weight
Weight: approx. 19kg

Scope of Delivery
1 suspension bridge, consisting of 2 supporting cables, 
12 shackles, 1 roadway  
2 deflection roller with fixture 
2 supports with force gauge
4 sets of weights 
1 storage system 
1 set of instructional material

Order Details

022.11018  SE 110.18  Forces on a Suspension
                                     Bridge
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1

SE 110.12 Lines of Influence on the Gerber Beam

The picture shows SE 110.12 in a the frame SE 112.  

* Articulated beam with two cantilever beams and a
 suspended beam as an example of a typical bridge

1

* Direct indication of reactions
1

* Lines of influence for different load cases

Technical Description

 Many bridges are executed as Gerber beams. Bridges are subjected to 
moving loads. Consequently, it is important to take these moving loads 
into account in the design process. To that end, the so-called lines of 
influence are determined. Lines of influence describe static reactions to a 
moving load, such as the internal reactions of the beam or support 
reactions. The lines of influence are determined by way of method of 
sections and the conditions of equilibrium, in the same way as the 
bending moment diagram for a static load for example.
 A Gerber beam is an articulated beam, in the case of SE 110.12 with 
two cantilever beams and a suspended beam between them. Two 
bearings support each cantilever beam. The suspended beam is 
mounted on articulated supports on each of the cantilever beam arms. 
As a result the entire beam is statically determinate. 
 The cantilever beam supports are equipped with force gauges which 
indicate the support reactions. 
 Single weights and a moving load are provided to place load on the 
beam. This means the beam can be subjected to point or distributed 
loads, or to a moving load. The force gauges indicate the effect of a 
moving load directly in the support reactions. The supports are movable.
   The various elements of the experiment are clearly laid-out and 
housed securely in a storage system. The complete experimental set-up 
is arranged in the frame SE 112.

 The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide 
through the experiments.

Learning Objectives / Experiments

- familiarisation with a Gerber beam
- application of the method of sections and the
 conditions of equilibrium to calculate the support 
 forces for
 * point load
 * distributed load
 * moving load 
- determination of the internal reactions under static
 load
* shear force curve
* bending moment diagram
- determination of the lines of influence under
 moving load
- comparison of the calculated and measured 
 reactions for static and moving load
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SE 110.12 Lines of Influence on the Gerber Beam

1 suspended beam,  2 articulated support,  3 cantilever beam,  4 support with force 
gauge,  5 weight,  6 moving load,  7 frame SE 112

Top: simplified experimental set-up (Gerber beam),
bottom: free body diagram: F applied load,  F

A
 + F

B
 reactions of the articulated 

supports,  F
1

- F
4
 reactions of the supports with force gauge,  

L
1
, L

2
, L

A
 positions of the supports

Lines of influence for a moving point load (see also free body diagram):
blue: support 1,  red: support 2,  orange: support 3,  green: support 4  

Specification

[1] investigation of the lines of influence in a statically 
determinate Gerber beam under different loading 
[2] Gerber beam comprising 2 cantilever beams and 1 
suspended beam
[3] suspended beam mounted by articulated supports 
on cantilever beams
[4] beam subjected to moving load or loaded down by 
single weights
[5] 4 movable supports with force gauge
[6] storage system to house the components
[7] experimental set-up in frame SE 112

Technical Data

Beam
- total length: 1220mm
- cantilever beam length: 503mm
- suspended beam length: 250mm
Force gauge: -50...+50N
Weights
- 24x 5N
- 12x 1N
- moving load: 10+20N

Dimensions and Weight

Weight: approx. 28kg

Scope of Delivery

Gerber beam (2 cantilever beams + 1 suspended 
beam)
4 supports with force gauge
1 moving load
1 set of weights 
1 storage system 
1 set of instructional material

Order Details

022.11012  SE 110.12  Lines of Influence on the
                                     Gerber Beam
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1 STATICS BRIDGES, BEAMS, ARCHES

SE 110.17 Three-Hinged Arch 

The picture shows SE 110.17 in the frame SE 112.  

* Statically determinate three-hinged arch1
* Symmetrical or unsymmetrical arch1
* Various load cases: point load, distributed load, 
 moving load

Technical Description
 Bridges are often constructed as three-hinged arches. This type of 
construction is particularly suitable when compression-proof building 
materials are available. Horizontal thrust occurs in the arch at the 
supports. It permits much lower bending moments in the arch than in the 
case of a beam on two supports with the same span. A significant 
longitudinal compressive force is active in the arch to produce this effect. 
 A three-hinged arch consists of a curved beam mounted on two fixed 
supports, and usually featuring the so-called crown hinge at its crown. 
The hinges on the two fixed supports absorb vertical and horizontal 
forces, and are known as abutment hinges. Their connecting line is the 
springing line. The crown hinge renders the system statically 
determinate. 
 SE 110.17 includes two long arch segments and one short segment, of 
which two at a time are connected by a hinged joint producing a 
symmetrical or unsymmetrical three-hinged arch. The arch under 
investigation can be subjected to point, distributed or moving load. 
Weight sets compensate for the support reactions of a abutment hinge, 
so enabling a comparison between calculated and actual measured 
values.
   The various elements of the experiment are clearly laid-out and 
housed securely in a storage system. The complete experimental set-up 
is arranged in the frame SE 112.

 The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide 
through the experiments.

Learning Objectives / Experiments
- familiarisation with three-hinged arches 
 (unsymmetrical and symmetrical)
- application of the method of sections and the
 conditions of equilibrium to calculate the bearing
 forces for
 * point load, distributed load, moving load  
- investigation of the influence of the load on the
 horizontal thrust in the supports
- determination of the lines of influence for the 
 supports under a moving load
- comparison of the calculated and measured 
 support reactions for static and moving load
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SE 110.17 Three-Hinged Arch 

1 weight,  2 long arch segment,  3 crown hinge,  4 short arch segment,  5 support,  
6 moving load,  7 deflection roller with fixture,  8 frame SE 112

red: cable,  blue: springing line

Top: symmetrically loaded three-hinged arch,
bottom: free body diagram of the loaded arch

Theoretical bending moment curve in a symmetrically loaded arch:
top: free body diagram with calculated forces,
bottom: qualitative bending moment diagram in green  

Specification
[1] investigation of 2 statically determinate three-
hinged arches
[2] 3 arch segments: 2x long (together making a 
symmetrical arch), 1x short (together with 1x long: 
unsymmetrical arch)
[3] hinged arch with 3 hinges: 1 crown hinge, 
2 abutment hinges at the bearing points
[4] arch subjected to point load, distributed load (each 
by weights) or moving load
[5] 4 sets of weights to compensate for the support 
reactions of an abutment hinge
[6] storage system to house the components
[7] experimental set-up in frame SE 112

Technical Data
Aluminium arches
- 2x long: 480mm, total arch length: 960mm 
- 1x short: 230mm, total arch length: 710mm
- arch height: 250mm
Weights
- 4x 1N (hangers)
- 36x 1N
- 16x 5N
- moving load: 10N+20N

Dimensions and Weight
Weight: approx. 32kg

Scope of Delivery
3 arch segments
1 moving load
2 bearings
4 sets of weights with deflection rollers
1 storage system
1 set of instructional material

Order Details

022.11017  SE 110.17  Three-Hinged Arch
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1 STATICS BRIDGES, BEAMS, ARCHES

SE 110.16 Parabolic Arch

1 dial gauge for deflection of arch,  2 arch,  3 shackle,  4 deflection roller with fixture,  
5 roller bearing,  6 dial gauge for horizontal displacement of support,  7 movable or 

fixed support,  8 weight,  9 frame SE 112, red: cable

Top: forces on the statically indeterminate parabolic arch,
bottom: free body diagram with distributed load q

0
 in yellow (generated from 

evenly distributed point loads F) and support reactions F
A
 + F

B
 in red 

Deformation of the statically determinate arch under distributed load: L length,  
H height,  w deflection,  v horizontal displacement on the movable support

Specification
[1] investigation of a parabolic arch, optionally 
statically determinate (1 fixed support, 1 movable 
support) or indeterminate (2 fixed supports)
[2] loading of the arch with a distributed load by way of 
7 evenly distributed weights or by point loads
[3] dial gauges record the deformation of the arch 
under load
[4] 4 sets of weights to compensate for the reactions of 
a fixed support
[5] storage system to house the components 
[6] experimental set-up in frame SE 112

Technical Data
Parabolically pre-shaped steel arch
- length: 960mm
- height: 262mm
- cross-section: 20x6mm
Dial gauges
Measuring range: 0...25mm, graduations: 0,01mm
Weights
- 11x 1N (7+4 hangers)
- 16x 1N
- 19x 5N

Dimensions and Weight
Weight: approx. 23kg

Scope of Delivery
1 arch with 7 shackles + 7 weight hangers
4 sets of weights 
2 deflection rollers with fixture
1 bearing
2 dial gauges
1 storage system
1 set of instructional material

Order Details

022.11016  SE 110.16  Parabolic Arch

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de

We reserve the right to modify our products without any notifications.

SE 110.16 Parabolic Arch

The picture shows SE 110.16 in a frame similar to SE 112. 

* Statically determinate or statically indeterminate
 parabolic arch under load1
* Deformations of the arch under load1
* Support reactions of the arch

Technical Description
 Parabolic arches are popular elements in construction engineering. 
They can be employed as bridges or beams for example. Normally these 
bridges are statically indeterminate. The special feature of the parabolic 
arch is that in the arch only normal forces and bending moments occur, 
but no shear forces. That is the case when the arch is subjected to a 
uniform distributed load and both ends are mounted in fixed bearings. 
This enables arches to be constructed from loosely set stones – a 
construction technique which has been in existence for many centuries. 
Loads acting upon the inner of the arch are primarily compressive forces 
in the direction of the normal force at every point of the arch.
 SE 110.16 includes a pre-shaped parabolic arch. It can be subjected to 
point or distributed loads. One of the arch’s supports is fixed, the other is 
on a roller bearing. Weight sets are used to cancel this movement. The 
movable support thus becomes a fixed support. Additional weight sets 
compensate for the vertical support reaction.
 Dial gauges record the deflection of the arch under load and the 
horizontal displacement of the movable bearing. As long as the roller 
bearing is movable, the arch is statically determinate, though it is 
substantially deformed under load. As soon as the roller bearing 
becomes immovable, the arch is no longer statically determinate and is 
deformed only to a minor degree. 
  The various elements of the experiment are clearly laid-out and housed 
securely in a storage system.

 The complete experimental set-up is arranged in the 
frame SE 112.
 The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide 
through the experiments.

Learning Objectives / Experiments
- mechanical principles of the parabolic arch
- differences between statically determinate and 
 statically indeterminate arches
- measurement of the deformations of the arch under 
 load
- measurement of the support reactions on the
 statically indeterminate arch under load
- calculation of the support reactions
- influence of point load or distributed load on
 reaction forces and deformation of the arch

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de

We reserve the right to modify our products without any notifications.
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Combination of Forces TM 110 (10)

 TM 115 (15)

Concurrent Forces  TM 110 (10)

Conditions of Equilibrium in Statics SE 110.53 (18)

Coplanar Force System TM 110 (10)

Determination of Bar Forces TM 115 (15)

 FL 111 (16)

Equilibrium of a Rigid Body SE 110.53 (18)

Equilibrium of Forces TM 110 (10)

 TM 110.01 (12)

Equilibrium of Moments TM 110 (10)

 EM 049 (17)

Force Transmission TM 110.02 (13)

Free Body Diagram SE 110.53 (18)

Friction  TM 110.01 (12)

Gearing TM 110.03 (14)

Hooke’s Law TM 110.01 (12)

Inclined Plane TM 110.01 (12)

Lever Principle TM 110 (10)

 EM 049 (17)

Lifting Work TM 110.02 (13)

Mechanical Advantage/ TM 110.02 (13)

  Velocity Ratio

Method of Joints FL 111 (16)

Parallelogram of Forces TM 110 (10)

 TM 115 (15)

Potential Energy TM 110.02 (13)

Pulley Block TM 110.02 (13)

Resolution of Forces  TM 110 (10)

Static Friction / Dynamic Friction  TM 110.01 (12)

Support Reactions SE 110.53 (18)

Transmission Ratio TM 110.03 (14)

Determination of Bar Forces  FL 111 (16)

 SE 110.21 (26)

 SE 110.22 (28)

 SE 130 (30)

Free Body Diagram SE 110.21 (26)

 SE 110.22 (28)

 SE 130 (30)

Maxwell-Cremona Diagram SE 110.21 (26)

 SE 110.22 (28)

 SE 130 (30) 

Method of Joints FL 111 (16)

 SE 110.21 (26)

 SE 110.22 (28)

 SE 130 (30)

Method of Sections (Ritter’s) SE 110.21 (26)

 SE 110.22 (28)

 SE 130 (30) 

Statically Indeterminate System SE 110.22 (28)

Support Reactions SE 110.21 (26)

 SE 110.22 (28)

 SE 130 (30)

Truss FL 111 (16)

 SE 110.21 (26)

 SE 110.22 (28)

 SE 130 (30)

Zero-Force Members SE 110.21 (26)

 SE 110.22 (28)

 SE 130 (30)

Bending Moment Diagram WP 960 (36)

 WP 962 (39)

Deflection of Beams WP 960 (36)

 WP 961 (38)

 WP 962 (39)

Internal Forces and Moments WP 960 (36)

 WP 961 (38)

 WP 962 (39)

Cable under Dead-Weight SE 110.50 (40)

Cable under Point Load SE 110.50 (40) 

Cable under Uniformally SE 110.18 (42)

  Distributed Load

Cantilever Girder SE 110.12 (44)

Catenary SE 110.50 (40)

Conditions of Equilibrium SE 110.53 (18)

  in Statics

Deformation of a Frame SE 110.16 (48)

Distributed Load SE 110.18 (42)

 SE 110.12 (44)

 SE 110.17 (46)

 SE 110.16 (48)

Equilibrium of a Rigid Body SE 110.53 (18)

Gerber Beam SE 110.12 (44)

Hinged Beam SE 110.12 (44)

Internal Forces and Moments SE 110.18 (42)

 SE 110.12 (44)

Line of Influence SE 110.12 (44)

Method of Sections SE 110.12 (44)

Moving Load SE 110.12 (44)

 SE 110.17 (46)

Multipart Structure SE 110.12 (44)

Parabolic Arch SE 110.16 (48)

Shear Force and Bending SE 110.12 (44)

  Moment Diagrams

Springing Line SE 110.17 (46)

Static Indetermancy  SE 110.12 (44)

 SE 110.17 (46)

 SE 110.16 (48)

Statically Indeterminate System SE 110.22 (28)

 SE 110.16 (48)

Support Reactions SE 110.12 (44)

 SE 110.17 (46)

 SE 110.16 (48)

Suspension Bridge SE 110.18 (42)

Three-Hinged Arch SE 110.17 (46)

Equilibrium of Forces TM 110 (10)

 TM 110.01 (12)

 TM 225 (23)

Dynamic Friction  TM 110.01 (12)

 TM 200 (22)

 TM 210 (20)

 TM 225 (23)

Friction  TM 110.01 (12)

 TM 200 (22)

 TM 210 (20)

 TM 225 (23)

Frictional Forces on TM 232 (24)

  Journal Bearings

Source: Website of the Brandenburg Technical University Cottbus,  

www.tu-cottbus.de/fakultaet3/de/mechanik/ lehre

The GUNT apparatus set out in this catalogue provides 

the perfect accompaniment to curricular studies.

On the right-hand side we provide an alphabetical list-

ing of the curricular elements which can be covered 

with GUNT demonstration and experimentation units.

For the Strength of Materials subject you will find a 

similar listing of learning content on pages 106 -107.

Engineering Mechanics is a basic subject underlying 

all engineering studies. The first part of the Engineer-

ing Mechanics tutorial cycle teaches methods of 

systematic modelling and solving of static problems. 

Building on the axioms of mechanics, within the 

framework of rigid-body mechanics teaching covers 

the equivalence and equilibrium of force systems, 

calculation of the centre of gravity, internal forces and 

moments in beams and trusses, and friction problems. 

An introduction to elastostatics and strength of materi-

als is provided by study of the concept of stress and 

distortion and of Hooke’s Law, which is subsequently 
applied to tension/compression, torsion and bending 

problems.

Lectures and tutorials are supplemented by weekly 

exercises conducted as demonstrations and as group 

working, in a 14-day cycle. While the demonstrations 

present examples of specific applications, the group 

exercises are intended to enable students to devise 

their own solutions by way of experimentation and 

then present their results to their fellow classmates.

Although we are looking at a university curriculum in 

this case, we should stress that the teaching of the 

fundamentals of statics and strength of materials does 

of course also plays a key role in vocational training 

for many technical professions.

The demonstration and experimentation units we offer 

have been tried and proven in technical courses at 

many vocational training colleges and Institutes of 

Technology. We offer apparatus enabling students to 

conduct exercises in order to learn fundamental prin-

ciples or to explore subjects in greater technical detail, 

according to the specific need.

LEARNING CONTENT 

CONTENT

METHODOLOGY

ALSO VERY WELL SUITED TO  
VOCATIONAL TRAINING APPLICATIONS

Learning content in STATICS which you can cover with  
GUNT demonstration and experimentation units

LEARNING CONTENT IN ENGINEERING MECHANICS,   STATICS & STRENGTH OF MATERIALS

LECTURES, TUTORIALS AND EXERCISES

  Modelling in Mechanics

  Vectors in Mechanics

  Equilibrium of Free Bodies

  Equilibrium of Fixed Bodies

  Equilibrium of Fixed Systems

  Centre of Gravity and other Centres

  Friction

  Trusses

  Internal Beam Loading

  Stresses and Strains

  Distortion

  Technical Bending

  Elastic Line

  Overlaying of Simple Load Cases

  Buckling

Many universities and technical colleges in Germany  

consolidate the study of statics and strength of materials  

in a single course titled Engineering Mechanics I.

Here we present a current example 

from the Brandenburg Technical Uni-

versity, Cottbus, department of Engi-

neering Mechanics and Strength of 

Materials

Inclined Plane TM 110.01 (12)

 TM 225 (23)

Slip-Stick Effect TM 210 (20)

Static Friction TM 110.01 (12)

 TM 200 (22)

 TM 210 (20)

 TM 225 (23)

Internal Forces on the Beam WP 960 (36)

 WP 961 (38)

 WP 962 (39)

Method of Sections WP 960 (36)

 WP 961 (38)

 WP 962 (39)

Shear Force and Bending WP 960 (36)

  Moment Diagrams

Shear Force Diagram WP 960 (36)

 WP 961 (38)

 1

 2

 3

 4

 5

 6

 7

 8

 9

 10

 11

 12

 13

 14

 15

KEYWORD CODE (PAGE) KEYWORD CODE (PAGE) KEYWORD CODE (PAGE)

FORCES AND MOMENTS

FRICTION

FORCES IN A TRUSS

BRIDGES, BEAMS, ARCHES

INTERNAL REACTIONS /
  METHODS OF SECTION

1
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The experimentation units on the subject of 

STRENGTH OF MATERIALS cover the essential 

elements of a standard curriculum very thoroughly. 

The overview on pages 106 -107 provides all the 

relevant information.

Our STRENGTH OF MATERIALS experimenta-

tion units are primarily intended for independent  

experimentation by school and college students.

The units are sufficiently robust and clearly laid-out 

to fulfil that purpose.

Working on an experimentation unit in small groups 

of two to three students is the ideal method to ensure 

firm rooting of what has been learned on the basis 

of experimentation. To adapt to other methods of  

teaching, almost all the units can also be used by 

tutors themselves for demonstration purposes.

53

STATICS & STRENGTH OF MATERIALS

STRENGTH OF MATERIALS2

Visit  

our website

Deformation of Straight Beams

Methods to Determine the Elastic Line

Torsion of Bars

Deformation of Bars under Bending or Torsion

Deformation of Frames

Deformation of Curved-Axis Beams

Deformation of Trusses

Hooke’s Law

Strain Gauge Training System

Determining the Gauge Factor of Strain Gauges

Strain Gauge Application Set

FL 151: Computerised Recording and Evaluation 
of Strain Gauge Signals

Multi-Channel Measurement Amplifier

16-Channel Measuring Point Add-On for FL 151

Stress and Strain Analysis on a Membrane

Stress and Strain Analysis on a Thin-Walled Cylinder

Stress and Strain Analysis on a Thick-Walled Cylinder

Photoelastic Experiments with a Transmission Polariscope

Photoelastic Demonstration

FL 200/210: Representation of Stress Distribution 
in Component Models

Learning Content in Engineering Mechanics: 
Strength of Materials

Investigation of Simple Stability Problems

Demonstration of Euler Buckling 

Buckling Behaviour of Bars

Unsymmetrical Bending

Verification of Stress Hypotheses

Mounting Frame

WP 950

SE 110.47

SE 110.29

WP 100

SE 110.20

FL 170

SE 110.44

TM 400

FL 100

FL 102

FL 101

Overview

FL 151

FL 151.01

FL 120

FL 130

FL 140

FL 200

FL 210

Overview

Overview

SE 110.19

WP 121

WP 120

FL 160

WP 130

SE 112
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WP 950 Deformation of Straight Beams

1 beam,  2 weight,  3 bearing with clamp fixing,  4 bearing with force gauge,  5 dial 
gauge,  6 adjustable hook

Elastic lines for statically determinate (left) and indeterminate (right) cases: 
1 single-span beam with fixed and movable support,  2 cantilever,  3 beam with 
2 fixed supports,  4 propped cantilever

Superposition principle: the total elastic line of the statically indeterminate beam 
(left) is the sum of the deformations of the external force at the support (right)  

Specification
[1] elastic lines of statically determinate and 
indeterminate beams under various clamping 
conditions 
[2] 3 steel beams with different cross-sections 
[3] 1 brass and 1 aluminium beam
[4] 3 articulated, height-adjustable supports with force 
gauge
[5] 1 support with clamp fixing
[6] force gauges can be zeroed 
[7] 3 dial gauges to record deformations
[8] 4 sets of weights with adjustable hooks
[9] anodised aluminium section frame housing the 
experiment
[10] storage system to house the components

Technical Data
Beam
- length: 1000mm
- cross-sections
  3x20mm (steel)
  4x20mm (steel)
  6x20mm (steel, brass, aluminium)
Frame opening: 1320x480mm
Measuring ranges
- force: -50..+50N, graduations: 1N
- travel: 0...20mm, graduations: 0,01mm
Weights
- 4x 2,5N (hanger)
- 4x 2,5N 
- 16x 5N

Dimensions and Weight
LxWxH: 1400x400x630mm (frame)
Weight: approx. 37kg

Scope of Delivery
1 frame
5 beams  
4 supports
4 sets of weights 
3 dial gauges
1 storage system
1 set of instructional material

Order Details

020.95000  WP 950  Deformation of Straight 
                                 Beams

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de

We reserve the right to modify our products without any notifications.

WP 950 Deformation of Straight Beams

* Deformation of a beam on two or more supports
 under point loads (e.g. single-span beam)1
* Deformation of a cantilever beam under point loads1
* Statically determinate or indeterminate systems

Technical Description
 Beams are key structural elements in mechanical engineering and in 
construction. A beam is a bar-shaped component in which the 
dimensions of the cross-section are much smaller than the length and 
which is subjected to load along and perpendicular to its longitudinal 
axis. The load perpendicular to the longitudinal axis causes a 
deformation of the beam - that is, bending. Based on its size, the beam is 
viewed as a one-dimensional model.
 The science of the strength of materials deals with stress and strain 
resulting from the application of load to a component. Many fundamental 
principles of the strength of materials can be illustrated well by a straight 
beam.
 The beam under investigation in WP 950 can be supported in different 
ways. This produces statically determinate and indeterminate systems 
which are placed under load by up to four sets of weights. The load 
application points are movable. Three dial gauges record the resulting 
deformation. Three articulated supports with integral force gauges 
indicate the support reactions directly. The articulated supports are 
height-adjustable, so as to compensate for the influence of the dead-
weight of the beam under investigation. A fourth bearing clamps the 
beam in place.
 Five beams of different thicknesses and made of different materials 
demonstrate the influence of the geometry and of the modulus of 
elasticity on the deformation of the beam under load.
 The various elements of the experiment are clearly laid-out and housed 
securely in a storage system. The complete experiment setup is

arranged in the frame.
 The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide 
through the experiments. 

Learning Objectives / Experiments
- investigation of the deflection for statically 
 determinate and statically indeterminate straight 
 beams
 * cantilever beam
 * single-span beam, dual- or triple-span beam  
 * formulation of the differential equation for the 
    elastic line 
- deflection on a cantilever beam
 * measurement of deflection at the force application 
    point
- deflection of a dual-span beam on three supports
 * measurement of the support reactions
 * measurement of the deformations
- influence of the material (modulus of elasticity) and 
 the beam cross-section (geometry) on the elastic
 line
- Maxwell-Betti coefficients and law
- application of the principle of virtual work on 
 statically determinate and indeterminate beams
- determination of lines of influence 
 * arithmetically
 * qualitatively by way of force method 
    (Müller-Breslau)

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de
We reserve the right to modify our products without any notifications.
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SE 110.47 Methods to Determine the Elastic Line

1 deflection roller with fixture,  2 weight,  3 dial gauge,  4 support with clamp fixing and 
dial gauge,  5 support with force measurement dial gauge,  6 beam,  7 device to 

generate the bending moment,  8 frame SE 112

Bending moment characteristic (green/yellow) and elastic line (red) for statically 
determinate beams:  1 single-span beam with mid point load,  2 cantilever beam 
with point load,  3 single-span beam with bending moment as load;

MA bending moment on support A,  MF bending moment resulting from force F,  

M bending moment,  α, angle of inclination 

Bending moment characteristic (green/yellow) and elastic line (red) for statically 

indeterminate beams with centralised point load  

Specification

[1] comparison of different methods to determine the 
elastic line
[2] statically determinate or indeterminate beam
[3] 2 supports with clamp fixing, optionally as 
articulated support with measurement of angle of 
inclination or clamp fixing
[4] articulated support with force measurement dial 
gauge
[5] device to generate a bending moment
[6] dial gauge with generation of moment to measure 
the angle of inclination
[7] dial gauge to record the deformations of the beam
[8] weights to subject the beam to point loads or 
moment 
[9] weights to determine the clamping moments on the 
supports with clamp fixings
[10] storage system to house the components
[11] experimental set-up in frame SE 112

Technical Data

Beam
- length: 1000mm
- cross-section: 20x4mm
- material: steel
Measuring ranges
- force: -50...+50N, graduations: 1N
- travel: 0...0,20mm, graduations: 0,01mm
Weights
- 7x 1N (hanger)
- 28x 1N
- 21x 5N

Dimensions and Weight

Weight: approx. 30kg

Scope of Delivery

3 beams 
2 supports with clamp fixings
1 support with force gauge
1 device to generate the moment
7 sets of weights 
3 deflection rollers with fixture
3 cables
2 dial gauges with bracket
1 movable hook 
1 storage system 
1 set of instructional material

Order Details

022.11047  SE 110.47  Methods to Determine the
                                     Elastic Line

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de

We reserve the right to modify our products without any notifications.

SE 110.47 Methods to Determine the Elastic Line

The picture shows SE 110.47 in a frame similar to SE 112.  

* Comparison of different methods to determine the
 elastic line: Virtual work, Mohr’s Analogy

1

* Statically determinate and indeterminate systems
1

* Various load cases: Point load or bending moment

Technical Description

 Beams are key structural elements in mechanical engineering and in 
construction which are subject to deformation under load. In the case of 
a simple beam this deformation can be predicted by various methods, 
such as the principle of virtual work.
 The beam under investigation in SE 110.47 can be supported by 
different bearing methods. Two supports with clamp fixings and an 
articulated supports with a force measurement dial gauge are provided to 
realise statically determinate or indeterminate systems. The two supports 
with clamp fixings are provided with dial gauges and can also be used as 
articulated supports. These dial gauges enable the angle of inclination of 
the beam to be determined at the support. A third dial gauge records the 
deflection of the beam at a random point. A device is additionally 
provided to generate a bending moment at a random point on the beam. 
A fourth dial gauge records the angle of inclination of the device.
 The beam is placed under load by weights (point load and coupled 
forces to generate the bending moment). The clamping moment on the 
supports can be determined by means of weights.
   The various elements of the experiment are clearly laid-out and 
housed securely in a storage system. The complete experimental set-up 
is arranged in the frame SE 112.
 The well-structured instructional material sets out the fundamentals and 
provides a step-by-step guide through the experiments.

Learning Objectives / Experiments

- elastic lines for statically determinate or 
 indeterminate beams under load 
- determination of the elastic line of a beam by 
 * the principle of virtual work (calculation)
 * Mohr’s Analogy (area moment method devised by
    Mohr; graphical representation)
- application of the principle of superposition
- determination of the
 * maximum deflection of the beam
 * angle of inclination of the beam
- comparison between calculated and measured 
 values for angle of inclination and deflection 

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de

We reserve the right to modify our products without any notifications.
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SE 110.29 Torsion of Bars

1 bar,  2 bearing block with clamping chuck,  3 angle indicator,  4 disc to apply 
moment,  5 weight,  6 deflection roller with fixture,  7 frame SE 112,  A: clamping chuck

Torsion of a bar and measurement of the angles α
1
 and α

2
, 

right: shear stresses on the circular section

Deformation of a rectangular surface element (white): 1 round bar, not 
deformed,  2 round bar, twisted,  3 square tube, not deformed,  4 square tube, 
twisted  

Specification
[1] elastic torsion of bars
[2] 2 movable bearing blocks with clamping chuck for 
mounting of bars, 1 fixed and 1 movable bearing
[3] 2 movable angle indicators clampable to the bar
[4] 4 bars: round bar with full cross-section, tube, 
longitudinally slotted tube, square tube
[5] application of load to the bar by a mass disc, a 
deflection roller and a set of weights
[6] storage system to house the components
[7] experimental set-up in frame SE 112

Technical Data
4 brass bars, l=695mm 
- round bar, d=6mm
- tube, slotted tube
 d=6mm, wall thickness: 1mm, slot width: 0,3mm
- square tube
 WxH: 6mm, wall thickness: 1mm
Disc to apply the load
- effective radius: 110mm
Angle indicator
- measuring range: -90°...+90°, graduations: 1°
Weights
- 1x 1N (hanger)
- 4x 1N
- 3x 5N

Dimensions and Weight
Weight: approx. 15kg

Scope of Delivery
2 bearing blocks with clamping chuck
2 angle indicators
4 bars
1 deflection roller with fixture 
1 cable
1 set of weights 
2 hexagon socket wrenches
1 storage system 
1 set of instructional material

Order Details

022.11029  SE 110.29  Torsion of Bars

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de

We reserve the right to modify our products without any notifications.

SE 110.29 Torsion of Bars

The picture shows SE 110.29 in a frame similar to SE 112.  

* Elastic torsion of a bar1
* Round bar, tube, longitudinally slotted tube and 
 square tube as test bars1
* Indication of the angle of twist at two random points
 on the bar

Technical Description
 Torsion occurs primarily on axles and drive shafts in motor vehicles and 
machines. The torsion occurring in the shaft cause cross-sections of the 
shaft to be pushed together around the longitudinal axis. When a torque 
is applied to a circular shaft the cross-section remains flat and no 
warpage occurs.
 In the event of minor torsion the length and radius remain unchanged. 
The straight lines on the outer circumference of the shaft running parallel 
to the axis become helixes. Non-circular cross-sections mostly result in 
warpage.
 SE 110.29 investigates the torsion of a bar under a torque. The bar is 
clamped into two movable bearing blocks by a chuck. The torque is 
generated by a circular disc, a deflection roller and a weight. The 
clamping length and torque can be varied. The resultant torsion is read-
off at two random points on the bar by means of angle indicators.
 The fundamentals of elastic torsion are illustrated by the round bar. 
Three other bars are provided in order to investigate special cases: two 
thin-walled enclosed sections (a tube and a square tube) and a 
longitudinally slotted tube (thin-walled open section). 
   The various elements of the experiment are clearly laid-out and 
housed securely in a storage system. The complete experimental set-up 
is arranged in the frame SE 112.

 The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide 
through the experiments.

Learning Objectives / Experiments
- torsion of a bar

- shear modulus of elasticity and 2nd polar moment
 of area
- angle of twist dependent on clamping length
- angle of twist dependent on torque
- influence of rigidity on torsion
 * round bar with full cross-section
 * tube
 * tube, longitudinally slotted
 * square tube
- calculation of angle of twist
- comparison of calculated and measured angle of 
 twist
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WP 100 Deformation of Bars under Bending or Torsion 

1 beam,  2 clamp fixing for bending test,  3 support block,  4 weight,  5 device to apply 
the torque in the torque test,  6 support for bending test,  7 clamping chuck for torsion 

test,  8 dial gauge

Beam deflection of a statically determinate (left) and indeterminate (right) 
system:
1 cantilever beam,  2 simply supported beams,  3 propped cantilever,  4 built in 

beam

Torsion on round bar: F applied force,  a lever arm,  r radius,  shear angle,  
φ angle of twist  

Specification
[1] elastic deformation of bars under bending or torsion
[2] bending tests with statically determinate and 
indeterminate systems
[3] torsion tests with a statically determinate system
[4] supports in the bending test may be clamped or 
free
[5] 2 adjustable blocks with clamping chuck for torsion 
tests and supports for bending tests
[6] set of weights to generate the bending or torque 
[7] dial gauge with bracket
[8] storage system to house the components

Technical Data
17 bars for bending tests
- material: aluminium, steel, brass, copper
- height with LxW 510x20mm: h=3...10mm
- width with LxH 510x5mm: w=10...30mm
- length with WxH 20x4mm: l=210...510mm
- LxWxH: 20x4x510mm (aluminium, steel, brass,
 copper)
- LxWxH: 10x10x510mm (aluminium)

22 torsion bars
- material: aluminium, steel, brass, copper
- length with d=10mm: 50...640mm (aluminium)
- dxL: 10x50mm/10x340mm (aluminium, steel, 
 copper, brass)
- diameter with L=50/340mm: d=5...12mm (steel)

Dial gauge: 0...10mm, graduations: 0,01mm
Tape measure, graduations: 0,01m
Weights
- 1x 1N (hanger)
- 1x 1N, 1x 4N, 1X 5N, 1x 9N

Dimensions and Weight
LxWxH: 1.000x250x200mm
Weight: approx. 18kg

Scope of Delivery
1 frame
2 bearing blocks
1 device to generate the torque
17 bars for bending test
22 torsion bars
1 dial gauge with bracket, 1 tape measure
1 set of weights including hanger 
2 hexagon socket wrenches
1 storage system 
1 set of instructional material

Order Details

020.10000  WP 100  Deformation of Bars under 
                                 Bending or Torsion 
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WP 100 Deformation of Bars under Bending or Torsion 

* Elastic deformation of statically determinate or
 indeterminate beams under bending load1
* Elastic torsion of round bars under torque1
* Influence of material, cross-section and clamping
 length on deformation

Technical Description
 Bending and torsion are typical loads to which components are 
subjected. The resultant stresses and deformations can lead to failure of 
the component. A number of different factors play a role in this, including 
the material, the cross-section of the bar, the clamping length and the 
method of bearing support.
 WP 100 investigates the influence of these factors on the deformation 
of a bar under bending load or torque. A set of test bars has been 
assembled so as to permit direct comparison of measurement results. 
The bar under investigation is fixed to two movable support blocks and 
loaded down by a weight. A dial gauge records the resulting deformation. 
The support blocks include clamping chucks to hold the torsion bars and 
bearings for the bars in the bend test. The bearings offer a range of 
clamping options, enabling statically determinate or indeterminate 
bearing supports to be investigated.
 The torque is applied by a device mounted on a support block. The 
point of load application to generate the bending moment is adjustable.
 The various elements of the experiment are clearly laid-out and housed 
securely in a storage system. The complete test setup is arranged on the 
frame.
 The well-structured instructional material sets out the fundamentals and 
provides a step-by-step guide through the experiments.

Learning Objectives / Experiments
Bending tests
- determination of the modulus of elasticity
- statically determinate systems
 * beam mounted on 2 supports; cantilever beam
- statically indeterminate systems
 * dual-span beam
- deformation of a beam dependent on
 * material 
 * geometry (section width, height and length)
 * type of support and length of span 
- formulation of proportional relationships for the
 deformation
Torsion experiments
- determination of the shear modulus of various 
 materials
- angle of twist dependent on
 * clamping length
 * bar diameter
- formulation of proportional relationships for the 
 angle of twist
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SE 110.20 Deformation of Frames 

1 U-shaped frame,  2 weight,  3 short clamping pillar,  4 roller bearing,  5 deflection 
roller with fixture,  6 movable hook,  7 dial gauge,  8 frame SE 112

1 S-shaped frame,  2 long clamping pillar

Example deformations of the statically indeterminate frame under load:
red: deformed frame; black: frame under no load  

Specification
[1] investigation of the deformation of steel frames 
under load
[2] U-shaped and S-shaped frame
[3] statically determinate or statically indeterminate 
bearing support possible
[4] 1 long and 1 short clamping pillar
[5] roller bearing for statically indeterminate support
[6] loading of the frame by weights
[7] 2 sets of weights with a movable hook to adjust to 
any load application point
[8] dial gauges record the deformation of the 
investigated frame under load
[9] storage system to house the components 
[10] experimental set-up in frame SE 112

Technical Data
Frame made of steel
- edge length: 600mm
- cross-section: 20x10mm
- U-shaped: 600x600mm
- S-shaped: 600x600mm
Dial gauges
- measuring range: 0...20mm, graduations: 0,01mm
Weights
- 2x 1N (hanger)
- 8x 1N
- 6x 5N

Dimensions and Weight
Weight: approx. 22kg

Scope of Delivery
2 frames (1x U-shaped, 1x S-shaped)
2 clamping pillars (1x long, 1x short)
1 support
2 sets of weights with movable hooks
1 deflection roller with fixture 
1 cable
2 dial gauges with bracket
1 storage system
1 set of instructional material

Order Details

022.11020  SE 110.20  Deformation of Frames 
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SE 110.20 Deformation of Frames 

The picture shows SE 110.20 in a frame similar to SE 112. 

* Elastic deformation of a statically determinate or
 indeterminate frame under point load1
* U-shaped and S-shaped frame1
* Principle of virtual work to calculate the deformation
 and support reaction in a statically indeterminate 
 system

Technical Description
 A frame is a bent beam with rigid corners which creates a so-called 
structure gauge. This means that it spans a gap while at the same time 
creating height.
 SE 110.20 includes a typical U-shaped frame, such as is used in the 
construction of halls for example. One end is clamped into place, while 
the other can be loosely mounted. When the non-clamped end remains 
free, the statically determinate frame is investigated. A roller bearing on 
the non-clamped end creates a statically indeterminate frame. The frame 
is placed under load by two sets of weights. The load application points 
are movable. Two dial gauges record the deformations of the frame 
under load.
 By applying various methods (first-order elasticity theory; the principle 
of superposition; and the principle of virtual work), the bending moment 
characteristics are ascertained for a statically determinate and 
indeterminate frame. From these characteristic curves and a chart for 
integrals (coupling table) the differential equation of the bend line is 
formulated. From the bend line and its derivations, displacements and 
the support force on the movable support can be calculated.  
 A second, S-shaped frame can be used to show that the various 
methods are applicable to any kind of frame. The various elements of the 
experiment are clearly laid-out and housed securely in a storage system. 

 The complete experimental set-up is arranged in the 
frame SE 112.
 The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide 
through the experiments.

Learning Objectives / Experiments
- relationship between load application and 
 deformation on the frame
- differences between statically determinate and 
 statically indeterminate frames
- familiarisation with the first-order elasticity theory
 for statically determinate and indeterminate
 systems 
- application of the principle of superposition 
- application of the principle of virtual work on
 statically determinate and statically indeterminate 
 frames
 * determination of a deformation by the principle of 
    virtual forces
 * determination of a load by the principle of virtual
    displacement
- comparison of calculated and measured 
 deformations
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FL 170 Deformation of Curved-Axis Beams 

1 circular beam,  2 weight,  3 semi-circular beam,  4 quadrant beam,  5 bearing block,  
6 dial gauge,  7 bearing,  8 pillar

Deformations on curved-axis beams under tensile load:
F force,  r radius,  u horizontal displacement,  w vertical displacement

Deformations on curved-axis beams under compressive load:

F force,  r radius,  u horizontal displacement,  w vertical displacement  

Specification
[1] elastic deformation of curved-axis beams under 
load
[2] 3 different beams with the same cross-
section: circular beam, semi-circular beam, quadrant 
beam
[3] bearing block to fix the quadrant beam
[4] pillar with bearing to support the circular or semi-
circular beam
[5] 1 set of weights to place the beam under load
[6] 3 dial gauges to record the horizontal and vertical 
deformation
[7] box to house the components

Technical Data
Curved-axis beam
- radius: approx. 150mm
- cross-section WxH: 20x5mm
- material: steel, galvanised
Dial gauges
- measuring range: 0...20mm, graduations: 0,01mm
Weights
- 1x 1N (hanger)
- 2x 2N
- 1x 5N
- 1x 10N
- 4x 20N

Dimensions and Weight
LxWxH: approx. 400x300x650mm
Weight: approx. 21kg

Scope of Delivery
1 base plate with pillar
3 beams
3 dial gauges
1 set of weights 
2 hexagon socket wrenches
1 box with foam inlay
1 set of instructional material

Order Details

021.17000  FL 170  Deformation of Curved-Axis 
                               Beams 
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FL 170 Deformation of Curved-Axis Beams 

* Elastic deformation of curved-axis beams1
* Circular, semi-circular and quadrant beams

Technical Description
 In construction engineering, a distinction is made 
between beams and arches. An arch is a statically 
indeterminate supported structure with a curved axis 
and two fixed support bearings or clamp fixings. The 
support bearings of an arch (such as a double-
articulated arch) absorb forces vertically and 
horizontally. The ends of the arch in the bearings do 
not move. This produces the static arching effect of the 
system. In mechanical engineering, crane hooks and 
chain links are typical examples of a curved beam.
 FL 170 includes three different beams, borne on 
statically determinate supports: a circular beam, a 
semi-circular beam and a quadrant beam.
 The beam under test is loaded with a set of weights. 
Dial gauges record its horizontal and vertical 
deformations.
 All three beams have the same cross-section and so 

the same 2nd moment of area. This enables test 
results to be directly compared.
 Simi-circular and circular beams are fixed to a 
bearing on the pillar. The quadrant beam is clamped 
into a bearing block.
 The various elements of the experiment are clearly 
laid-out and housed securely in a box.
 The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide 
through the experiments. 

Learning Objectives / Experiments
- bending behaviour of a curved-axis beam
 * circular beam
 * semi-circular beam
 * quadrant beam
- application of the principle of virtual forces (the force
 method) to calculate deformation 

- 2nd moment of area
- comparison of calculated and measured 
 deformations 
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SE 110.44 Deformation of Trusses

1 support with node disc,  2 cross arm for lateral stability of truss,  3 load application 
device with force measurement dial gauge,  4 node disc,  5 dial gauge,  6 frame 

SE 112  

3 truss forms: red: support reactions  black: external force

Fixing of the bars in the node disc 

Specification

[1] investigation of the deformation of statically 
determinate trusses
[2] construction of different truss forms possible
[3] 2 supports with node discs
[4] load application device with force measurement dial 
gauge mountable on different node discs
[5] dial gauge to record the deformation of the truss 
under load
[6] cross arm for lateral stability of truss
[7] storage system to house the components 
[8] experimental set-up in frame SE 112

Technical Data

Truss with 19 PVC bars
- height of truss max. 450mm
- length of truss max. 900mm
- bar lengths
 2x 150mm
 5x 259mm
 7x 300mm
 1x 397mm
 3x 424mm
 1x 520mm
- angle between bars: 30°, 45°, 60°, 90°
- maximum bar force: 200N 
Load application device
- measuring range: -500...+500N, graduations: 10N
Dial gauge
- measuring range: 0...0,10mm, graduations: 0,01mm

Dimensions and Weight

Weight: approx. 14kg

Scope of Delivery

1 set of bars
5 node discs
2 supports with node disc
1 load application device
1 dial gauge with bracket
1 storage system
1 set of instructional material

Order Details

022.11044  SE 110.44  Deformation of Trusses
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SE 110.44 Deformation of Trusses

The picture shows SE 110.44 in a frame similar to SE 112. 

* Elastic deformation in a single plane truss1

* Construction of various truss forms1

* Application of Castigliano’s first theorem

Technical Description

 When a component is placed under load it undergoes elastic 
deformation. This deformation can be calculated by determining elastic 
lines for example. Elastic lines describe the deformation of the complete 
component in the form of a mathematical equation. In reality, it is often 
only the deformation at specific points on the component which is of 
interest. Energy methods can be applied to determine these 
deformations more simply. Castigliano’s first theorem uses energy 
methods to calculate the deformation of a point on the component. The 
theorem is applicable to both statically determinate and indeterminate 
systems.
 In SE 110.44 the deformation of a single plane truss at one point is 
determined using Castigliano’s first theorem. The truss under 
investigation is made of bars joined together by a articulated construction 
using node discs. The trusses can be considered as ideal trusses. The 
bars have special snap-lock fixtures on their ends allowing them to be 
fixed easily into the node discs. A load application device attached to a 
node disc generates an external force.
 The range of different bar lengths provided permits three forms of truss 
to be constructed. The bars are made of PVC, so their deformations are 
clearly visible.
The various elements of the experiment are clearly laid-out and housed 
securely in a storage system. The complete experimental set-up is 
arranged in the frame SE 112.
  The well-structured instructional material sets out the fundamentals 
and provides a step-by-step guide through the experiments.

Learning Objectives / Experiments

- elastic deformation of truss under point load
- calculation of support reaction and bar forces
- principle of work and strain energy
- application of Castigliano’s first theorem to 
 calculate the deformation at a defined point
- verification of the calculated deformation possible 
 by the principle of virtual work
- comparison of the deformations of different trusses
 under the same load
- comparison of measured and calculated 
 deformation
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SE 112 Mounting Frame

* Mounting frame for set-up of experiments in statics,
 strength of materials and dynamics

Technical Description
 The mounting frame SE 11β provides a clearly laid-out, user-friendly 
means of setting up experiments in the fields of statics, strength of 
materials and dynamics.
 SE 11β comprises four steel sections which are bolted together to form 
a frame. Two feet on the sides provide stability. The frame is quick and 
easy to assemble, with just a few actions needed.

The frame is used for mounting the following experiments: 
Forces and moments: SE 110.5γ
Trusses: SE 110.β1, SE 110.ββ 
Bridges, beams, arches, cables: SE 110.1β, SE 110.16, SE 110.17, 
SE 110.18, SE 110.50
Elastic deformations: SE 110.47, SE 110.β9, SE 110.β0, SE 110.44
Stability: SE 110.19
Vibration: SE 110.58

Scope of Delivery
1 mounting frame, disassembled
1 set of bolts with hexagon socket wrench
1 instruction manual

Specification
[1] frame for mounting of experiments in statics, 
strength of materials and dynamics
[β] sturdy sectional steel double frame, welded
[γ] easy, exact mounting of all components by 
precision clamp fixings
[4] stable on laboratory desktops or workbenches
[5] frame supplied disassembled

Technical Data
Mounting frame made of steel sections
- frame opening WxH: 1β50x900mm
- section groove width: 40mm

Dimensions and Weight
LxWxH: 1400x400x11γ0mm (assembled)
LxWxH: 1400x400xβ00mm (without mountings)
Weight: approx. γβkg

Order Details

0ββ.11β00  SE 11β  Mounting Frame
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TM 400 Hooke’s Law

The picture shows two TM 400 units

* Elastic behaviour of tension springs under load

Technical Description
 Hooke’s law describes the elastic behaviour of components where 
deformation is proportional to the load acting upon them. This behaviour 
is typical for metals under light loads.
 TM 400 demonstrates the application of Hooke's law and shows the 
deformation of tension springs under load. For this purpose, a spring is 
suspended from a stand and loaded down by a weight. The elongation is 
read-off directly from a scale. As a linear relationship is shown between 
the active force and the elongation of the spring, Hooke’s law can be 
applied.

Learning Objectives / Experiments
- investigation of the proportionality of the active force and the spring
 deflection
- determination of the spring constant 
- series configuration of two tension springs
- investigation of the influence of the spring constant on the frequency
 of a spring-mass system

Specification
[1] experiments relating to Hooke's law and oscillation 
experiments on a spring-mass system
[2] metal stand with integral scale
[3] 2 helical spring as tension springs
[4] tension springs configured in series or singly
[6] load applied to tension spring by a set of weights
[7] box to house the components

Technical Data
Helical spring short
coils: 53
- d=18,3mm
- wire diameter: d=1,0mm
Helical spring long
- coils: 109
- d=18,3mm
- wire diameter: d=1,0mm
Scale, graduations: 1mm
Set of weights
- 10x 0,5N
- 1x 1N (hanger)

Dimensions and Weight
LxWxH: 250x250x900mm
Weight: approx. 5kg

Scope of Delivery
1 stand
2 helical springs 
1 set of weights including weight hanger
1 box with foam inlay
1 set of instructional material

Order Details

040.40000  TM 400  Hooke’s Law
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SE 110.19 Investigation of Simple Stability Problems

1 articulated support,  2 support with pressure pad and stop screw,  3 buckling bar,  
4 articulated spring,  5 deflection roller,  6 weight,  7 articulated support,  8 leaf spring,  

9 weight,  10 load application lever with scale,  11 frame SE 112

1) experimental set-up for elastic support,  2) experimental set-up for elastic 
joint;  F

k
 buckling force,  F

1
 articulation force,  F

Ay
 support reaction,  Mφ internal 

bending moment,  Lφ deflection,  cφ torsional rigidity,  φ deflection angle

1) experimental set-up for elastic joint with transverse loading,  2) free body 
diagram; F

Q
 shear force, F

B
 and F

Ax
 support reactions  

Specification
[1] investigation of the buckling load under different 
conditions (elastic joint, elastic fixed end)
[2] two-part buckling bar with central joint 
[3] loading infinitely variable with lever and set of 
weights
[4] determination of loading via scale on load 
application lever
[5] various degrees of clamping via leaf spring with 
variable length on bottom support
[6] thrust pad guided friction-free inside spherical shell
[7] low-friction joints with roller bearings
[8] device to generate shear forces
[9] storage system to house the components
[10] experimental set-up in frame SE 112

Technical Data
Two-part buckling bar with central joint
- WxH: 20x20mm
- length: 2x250mm
- support: pinned-pinned (articulated-articulated)
Elastic joint
- 2 tension springs, rigidity: 2N/mm
- lever arm: 50mm
Elastic clamp fixing with steel leaf spring
- length: 500mm
- cross-section: 10x2mm

- 2nd moment of area: 6,66mm4

- modulus of elasticity: 205000N/mm2

Compressive force range: 25...120N
Shear force: 0...20N
Load application lever, lever ratio: 1:2 - 1:5
Set of weights
- 8x 1N
- 6x 5N
- 2x 1N (hangers)

Dimensions and Weight
Weight: approx. 16kg

Scope of Delivery
1 buckling bar, two-part
1 set of weights
4 supports
1 deflection roller
1 load application lever
1 leaf spring
2 tension springs
1 cord
1 hexagon socket wrench
1 storage system
1 set of instructional material

Order Details

022.11019  SE 110.19  Investigation of Simple 
                                     Stability Problems
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SE 110.19 Investigation of Simple Stability Problems

The picture shows SE 110.19 in a frame similar to SE 112.

* Representation of simple stability problems on a
 buckling bar1
* Determination of the buckling load under different
 conditions1
* Infinitely variable load application on the buckling
 bar

Technical Description
 Buckling is a stability problem which occurs in practice when slim 
components are subjected to compressive loading. Following a 
"disturbance" to its equilibrium, such as caused by compressive loading, 
a stable system returns to equilibrium when the loading is removed. If the 
compressive load increases excessively, instability of the system results. 
The component buckles and fails. The critical compressive load at which 
the system becomes unstable is termed the buckling force.
 A simple model for representing stability problems is a two-part bar with 
an elastic joint which remains stable up to a certain load level. If the 
buckling force is exceeded, the bar suddenly buckles and so becomes 
unstable.
 SE 110.19 is used to investigate simple stability problems on a buckling 
bar under different conditions. The buckling bar is in two parts, with a 
central articulated joint. A compressive load is applied to the bar by a 
lever and weights. The infinitely variable loading is determined precisely 
with the aid of a scale on the load application lever.
 Experiments can depict a variety of conditions, such as an elastic joint 
or an elastic clamp fixing. Two tension springs serve as the elastic joint. 
For the elastic clamp fixing option, a steel leaf spring is mounted in the 
bottom joint. The variable length of the leaf spring means various 
degrees of clamping are possible. The two cases can be combined. 

 Another experiment demonstrates the influence of 
additional shear forces. It involves applying a shear 
force to the joint in the buckling bar with a cable and a 
weight.
 In all experiments the buckling bar is placed under 
load until it reaches an unstable situation. The length 
of the lever arm at which the buckling bar buckles is 
read from the scale and the buckling force is then 
determined.
 The various elements of the experiment are clearly 
laid-out and housed securely in a storage system. The 
complete experimental set-up is arranged in the frame 
SE 112.
 The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide 
through the experiments. 

Learning Objectives / Experiments
- determination of the buckling force for the case of
 an:  
 * elastic joint
 * elastic fixed end support
- investigation of the buckling behaviour under the
  influence of:
 * of additional shear forces
 * of pre-deformation
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WP 121 Demonstration of Euler Buckling 

1 weight,  2 pinned support,  3 bar,  4 backing wall with grid pattern,  5 fixed support,  
6 mount for weights   

Buckling length dependent on end conditions of bars:
1) Euler case 1: fixed-free bar
2) Euler case 2: pinned-pinned bar
3) Euler case 3: fixed-pinned bar (pinned at the top)

4) Euler case 4: fixed-fixed bar;
F applied buckling load,  s buckling length   

Storage system

Specification
[1] demonstration of elastic buckling
[2] representation of all cases of Euler buckling
[3] 4 steel test bars
[4] loading of test bars with weights
[5] test bars cannot be overloaded
[6] white backing wall with grid patterning
[7] storage system to house the components

Technical Data
Test bars
- quantity: 4
- bar length: 180mm
- bar cross-section: 0,5x12mm
- material: steel 1.4310 cold-worked
- buckling loads: approx. 2...32N
Weight set
- 10x 5N
- 5x 1N 

Dimensions and Weight
LxWxH: 380x110x270mm
Weight: approx. 10kg

Scope of Delivery
1 experimental unit
4 test bars 
1 set of weights
1 storage system with foam inlay
1 set of instructional material

Order Details

020.12100  WP 121  Demonstration of Euler 
             Buckling
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WP 121 Demonstration of Euler Buckling 

* Demonstration of all buckling cases of Euler 
 buckling1
* Buckling length clearly visible with various methods
 of support1
* Test bars made of spring steel1
* Set of finely graduated weights

Technical Description
 In stability theory, the four cases of Euler buckling represent the elastic 
flexural buckling of straight bars. Above a specific load - the buckling 
load - a loss of stability occurs and the bar increasingly changes shape. 
The axis of the bar is deflected laterally. 
 Euler describes four cases for the buckling of an elastic bar with central 
application of compressive force and various methods of support.
 WP 121 demonstrates the four cases of Euler buckling. Depending on 
the end conditions, different weight loads are required until the buckling 
load is reached and the axes of the bars are laterally deflected. The 
buckling length is clearly visible against the white backing wall with the 
grid patterning.
 The test bars are made of stainless spring steel, and remain within the 
elastic range during the experiment. The test bars are either fixed or 
pinned (free to rotate), depending on the chosen support method. This 
enables all buckling cases according to Euler to be set up with the 
various support conditions. Mounts are provided in the top supports to 
hold the weights.
 Load is gradually applied to the test bars in small increments. This 
enables the sudden loss of stability - the buckling - to be clearly shown.
  The various elements of the experiment are clearly laid-out and housed 
securely in a storage system.

 The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide 
through the experiments.

Learning Objectives / Experiments
- demonstration of various buckling problems
 * Euler case 1 - fixed-free bar
 * Euler case 2 - pinned-pinned bar
 * Euler case 3 - fixed-pinned bar
 * Euler case 4 - fixed-fixed bar
- familiarisation with the correlation between
 buckling length, buckling load and various methods
 of support
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WP 120 Buckling Behaviour of Bars

1 spindle,  2 height-adjustable load-carrying cross-arm,  3 dial gauge for lateral 
deflection of test bar,  4 load cell,  5 frame,  6 pressure gauge,  7 device to generate a 

transverse load,  8 test bar  

a) experiment investigating the influence of bar length on buckling behaviour:  
F applied force,  L bar length; 1 pinned end, top,  2 fixed end, top,  3 pinned end, 
bottom,  4 fixed end, bottom  

Experiment with eccentric application of force (WP 120.01): F applied force,  
e eccentricity,  w deflection,  M

y
 bending moment,  F/F

k
 compressive force 

referred to critical compressive force;

diagram: deflection of test bar for various eccentricities  

Specification
[1] investigation and testing of all relevant buckling 
cases
[2] verification of the Euler Theory of buckling
[3] experiments in horizontal or vertical orientation 
[4] test bars in various lengths and materials
[5] test bar ends pinned or fixed
[6] spindle to apply forces
[7] transverse load application device generates shear 
forces
[8] force measurement using a hydraulic load cell
[9] measurement of lateral deflection by dial gauge
[10] additional experiments with supplementary set 
WP 120.01
[11] storage system to house the components

Technical Data
Test bars
- quantity: 11
- bar length: 350...700mm (max.)
- materials: aluminium, copper, brass, steel, GRP
- cross-sections: 10x4mm, 25x6mm, 25x10mm
Load application spindle
- force: max. 2000N
- stroke: max. 10mm
Lateral deflection: max. 20mm
Specimen holder bore: d=20mm
Measuring ranges
- force: 0...2500N, graduations: 50N
- deflection: 0...20mm, graduations: 0,01mm
Set of weights for transverse load: max. 20N
- 3x 5N, 1x 5N (hanger) 

Dimensions and Weight
LxWxH: 620x450x1150mm
Weight: approx. 63kg

Scope of Delivery
1 experimental unit
11 test bars
1 dial gauge with bracket
1 storage system
1 set of instructional material

Order Details

020.12000  WP 120  Buckling Behaviour of Bars
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WP 120 Buckling Behaviour of Bars

* Investigation of  all relevant buckling problems1
* Verification of the Euler Theory of buckling1
* Methods of force and deflection measurement1
* Supplementary set for experiments with eccentric 
 application of force and transverse loading 1
* Comprehensive instructional material

Technical Description
 In technical mechanics, loss of stability is known as 
buckling. Under the effects of compressive forces, and 
under increasing load, the axis of the bar deflects 
laterally until it suddenly and violently fails (collapses), 
even before the fracture point is reached. The stresses 
in the bar often remain within the elastic range during 
this process.
 WP 120 investigates the buckling behaviour of bars 
under various influences. All relevant buckling 
problems are demonstrated by way of 
experimentation.
 For the purpose, one end of a bar is fixed or pinned, 
depending on the buckling case. A height-adjustable 
load-carrying cross-arm and a hand-operated spindle 
are used to apply compressive force to the bar. An 
axial bearing between the spindle and the bar support 
prevents torsional loading of the test bar. A hydraulic 
load cell measures the applied force and indicates it 
on a pressure gauge. The lateral deflection of the bar 
is indicated on a dial gauge.
 Experiments demonstrate various influences, such as 
bar lengths, materials and methods of support. A 
transverse load application device can be used to 
generate additional shear forces on the test bar.
 The experimental unit can be operated vertically or 
horizontally. The load gauge can be rotated 90° to 
adjust to the chosen option. A supplementary set 
extends the scope of experimentation offered by 
WP 120.
 The various elements of the experiment are clearly 
laid-out and housed securely in a storage system.

Learning Objectives / Experiments
- investigation of buckling behaviour under the 
 influence of
 * various methods of support
 * various bar lengths, cross-sections
 * various materials
- verification of the Euler Theory: buckling on elastic 
 bars
- determination of the modulus of elasticity for an 
 unknown material (GRP)
- measurement of force and deflection 
- calculation of the expected buckling force by the 
 Euler formula
- graphical evaluation of deflection and force

With supplementary set WP 120.01
- investigation of buckling behaviour under the 
 influence of
 * various cross-sectional shapes
 * eccentric application of force
 * additional transverse loading
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WP 120 Buckling Behaviour of Bars

WP 120 Buckling Behaviour of Bars

WP 120 includes the following test bars: 

- 350x20x4mm, steel, pinned end /pinned end
- 500x20x4mm, steel, pinned end /pinned end
- 600x20x4mm, steel, pinned end /pinned end
- 650x20x4mm, steel, pinned end /pinned end
- 700x20x4mm, steel, pinned end /pinned end
- 650x20x4mm, steel, fixed end/pinned end
- 650x20x4mm, steel, fixed end/fixed end
- 600x25x6mm, aluminium, pinned end /pinned end
- 600x25x6mm, brass, pinned end /pinned end
- 600x25x6mm, copper, pinned end /pinned end
- 600x25x10mm, GRP, pinned end /pinned end

Available accessories and options:

Item no. Description
020.12001     WP  120.01  Supplementary Set, 10 Test Bars

WP 120.01 includes the following test bars: 

- 500x25x6mm, aluminium, pinned end/pinned end, eccentricity 0mm
- 500x25x6mm, aluminium, pinned end/pinned end, eccentricity 1mm
- 500x25x6mm, aluminium, pinned end/pinned end, eccentricity 3mm
- 500x40x6mm, aluminium, pinned end/pinned end
- 700x25x10mm, GRP, pinned end/pinned end
- D=16x2mm, L=400mm, PVC, pinned end/pinned end
- D=20x1.5mm, L=400mm, PVC, pinned end/pinned end
- 700x10x2mm, aluminium, pinned end/pinned end
- D=15x2mm, L=700mm, aluminium, pinned end/pinned end
- D=14mm, L=700mm, aluminium, pinned end/pinned end
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WP 120 contains the following test bars:

Flat bar

Flat bar

Flat bar

Flat bar

WP 120.01 supplementary set contains the following test bars:

Flat bar

Flat bar

Flat bar

Round tube

Round bar

Square tube

Pinned end/Pinned end
Cross-section: 20 x 4 mm
Bar length in mm: 350, 500, 600, 650, 700
Material: Steel  

Pinned end/Pinned end
Cross-section: 25 x 6 mm
Bar length: 600 mm
Material: Aluminium, Brass, Copper

Pinned end/Pinned end
Cross-section: 25 x 10 mm
Bar length: 600 mm
Material: GRP

Pinned end/Pinned end
Cross-section: 25 x 6 mm
Bar length: 500 mm
Eccentricity: 0 mm, 1 mm, 3 mm
Material: Aluminium

Pinned end/Pinned end
Cross-section: 40 x 6 mm
Bar length: 500 mm
Material: Aluminium

Pinned end/Pinned end
Cross-section: 20 x 10 x 2 mm
Bar length: 700 mm
Material: Aluminium

Pinned end/Pinned end
Cross-section: D = 15 x 2 mm
Bar length: 700 mm
Material: Aluminium

Pinned end/Pinned end
Cross-section: D = 14 mm
Bar length: 700 mm
Material: Aluminium

Pinned end/Pinned end
Cross-section: D = 16 x 2 mm
  D = 20 x 1,5 mm
Bar length: 700 mm
Material: PVC

Pinned end/Pinned end
Cross-section: 25 x 10 mm
Bar length: 700 mm
Material: GRP

Pinned end/Fixed end
Cross-section: 20 x 4 mm
Bar length: 650 mm
Material: Steel 

Fixed end/Fixed end
Cross-section: 20 x 4 mm
Bar length: 650 mm
Material: Steel 
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FL 160 Unsymmetrical Bending

1 dial gauge,  2 device to adjust the eccentricity of the load application point and flange 
to mount the load,  3 weights,  4 clamping pillar,  5 clamping flange of beam with angle 

scale,  6 beam

Beam: 1 I-profile,  2 L-profile,  3 U-profile

1 on application of the force at the centre of gravity the beam twists,  2 on 

application of the force at the shear centre no torsion occurs;
M shear centre,  S centre of gravity,  F force,  t shear flow

Specification
[1] experimental unit for general and unsymmetrical 
bending of straight beams
[2] 3 beams: I, L and U profiles
[3] clamping flange of beam can be clamped in the 
pillar free to rotate in any direction
[4] clamping flange with angle scale to indicate the 
angular position of the beam
[5] eccentricity of load application point adjustable
[6] 2 dial gauges with bracket to record the horizontal 
and vertical deformation of the beam under load
[7] storage system to house the components

Technical Data
Aluminium beam
- deformed length: 500mm
Eccentricity of load application point: 0...25mm
Dial gauges 
- 0...10mm, graduations: 0,01mm
Angle scale
- 0...360°, graduations: 1°
Weights set
- 1x 2,5N (hanger)
- 1x 2,5N
- 3x 5N

Dimensions and Weight
LxWxH: 700x350x400mm
Weight: approx. 25kg

Scope of Delivery
1 experimental unit 
3 beams
2 dial gauges with bracket
1 set of weights 
1 spirit level
1 hexagon socket wrench
1 storage system
1 set of instructional material

Order Details

021.16000  FL 160  Unsymmetrical Bending
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FL 160 Unsymmetrical Bending

* Symmetrical and unsymmetrical bending on a beam1
* Symmetrical and unsymmetrical cross-sectional 
  profiles: I, L and U1
* Combined bending and torsion loading by way of
 eccentric force application

Technical Description
 Symmetrical bending of a beam - also known as uniaxial bending -
occurs when the load plane coincides with one of the main axes of the 
beam cross-section. The beam then deflects in the direction of the load 
and can be described by elastic lines.
 In unsymmetrical bending of a beam - also known as complex or biaxial 
bending - the main axes of the cross-section do not coincide with the 
direction of loading. To prevent torsion, the line of application of the load 
must pass through the shear centre. If it does not, the beam undergoes 
combined bending and torsion loading.
 FL 160 is used to perform experiments relating to symmetrical and 
unsymmetrical bending and to combined bending and torsion loading. 
The beam under investigation is clamped into place on one end and 
loaded down by a set of weights at the free end. Two dial gauges record 
the horizontal and vertical deformation of the beam.
 The unit includes three beams with different cross-sectional profiles: I, L 
and U. The beam can be clamped with freedom to rotate in any direction. 
This enables investigation of loading along the main axis or of the 
general load case. An angle scale at the clamping point indicates the 
angular position of the beam. It is possible to adjust the load application 
point eccentrically, so that purely unsymmetrical bending or combined 
bending and torsion loading is investigated.
 The various elements of the experiment are clearly laid-out and housed 
securely in a storage system.

 The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide 
through the experiments. 

Learning Objectives / Experiments
- product moment of inertia (I

yz
) and 2nd moment of

 inertia (Iy, Iz)
- Euler/Bernoulli equation
- symmetrical bending on a beam (uniaxial)
 * with I-profile
 * with L-profile
 * with U-profile
- unsymmetrical bending (complex) on a beam with 
 an L-profile
 * calculation of the neutral fibres
- combined bending and torsion loading by way of
 eccentric force application 
- determination of the shear centre on a beam with a
 U-profile
 * familiarisation with shear flow (shear forces in a
    cross-section)
- comparison of calculated and measured values

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de

We reserve the right to modify our products without any notifications.

STRENGTH OF MATERIALS COMPOUND STRESS



81

2

WP 130 Verification of Stress Hypotheses

1 dial gauge,  2 balance weight,  3 load weight,  4 loading plate,  5 test specimen in 
clamps,  6 deflection roller and cable to compensate for the dead-weight of the plate  

Clamped specimen:  0° = pure bending,  90° = pure torsion,  all angle settings 
between = combined loading   

Mohr’s Circles for combined loading: bending with simultaneous torsion;  1 pure 

torsion,  2 pure bending,  3 bending and torsion together;  direct stresses,  
shear stresses 

Specification
[1] experiments verifying comparative stress 
hypotheses from the science of the strength of 
materials
[2] 7 different load combinations of bending and 
torsion
[3] loading of the test specimen without shear force by 
compensation for the influence of dead-weight
[4] test specimens made of steel, copper, brass, 
aluminium
[5] generation of load moments by means of weight 
and lever arm
[6] measurement of the deformation at the point of 
maximum deflection
[7] storage system to house the components

Technical Data
Specimens
- length: 49mm
- clamping length: 11,5mm 
- specimen diameter in measurement 
 cross-section: d=4mm
Set of weights to place load on specimens
- 1x 2N (hanger), 1x 1N, 1x 2N, 1x 4N, 2x 8N
Set of weights to compensate for the load and the 
loading plate
- 1x1N, 2x2N, 1x4N, 2x8N
Lever arm: 100mm
Deformation
- measuring range: 0...10mm 
- graduations: 0,01mm

Dimensions and Weight
LxWxH: 390x330x360mm
Weight: approx. 17kg

Scope of Delivery
1 experimental unit
16 round test specimens 
(4x St, 4x Cu, 4x Al, 4x brass)
1 set of weights (loading)
1 set of weights (compensation)
1 hexagon socket wrench
1 storage system
1 set of instructional material

Order Details

020.13000  WP 130  Verification of Stress
                                 Hypotheses
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WP 130 Verification of Stress Hypotheses

* Verification of the Rankine yield criterion and the
 Tresca yield criterion1
* Multi-axial loading of test specimens by pure
 bending, pure torsion or a combination of the two1
* Statically determinate system by attachment of 
 balance weights1
* Experiments with test specimens made of ductile
 metals

Technical Description
 Stress hypotheses are applied in the science of the 
strength of materials when calculating comparative 
stresses where unequal stresses are combined.
 The following stress hypotheses, taking into account 
material properties, have been tried and proven in 
practice: Rankine yield criterion (direct stress 
hypothesis), von Mises yield criterion (change of 
shape hypothesis) and Tresca yield criterion (shear 
stress hypothesis).
 The experimental unit WP 130 is used to verify these 
comparative stress hypotheses on test specimens 
made of various metals. For the purpose, a multi-axial 
stress state is produced at a point on the specimen 
and the resulting deformation is measured.
 The specimen is clamped on one end to the fixed 
frame. A loading plate is clamped to the specimen on 
the other end. A weight is attached on the outer 
circumference of the plate. A balance weight 
compensates for the dead-weight of the plate and the 
loading weight. As a result only direct and shearing 
stress occur at a point on the test specimen and shear 
forces are avoided.
 The loading plate has a graduation grid enabling 
weights to be attached at 15° increments. This permits 
purely bending moment and tor as well as combined 
load moments to be achieved. Diametrically opposite 
the weight load, measurement points are provided on 
the loading plate to measure the deformation. This 
enables the deformation at the point of maximum 
deflection to be measured.
 The various elements of the experiment are clearly 
laid-out and housed securely in a storage system.
 The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide 
through the experiments. 

Learning Objectives / Experiments
- generation of multi-axial loads on test samples
 made of ductile metals: 
 * steel, copper, brass, aluminium
- generation of various load moments
 * purely bending moment
 * pure torque
 * combined bending moment and torque
- determination of the yield point
- verification of the Rankine yield criterion 
- verification of the Tresca yield criterion 
- representation in Mohr’s Circle of stresses and
 strains
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FL 100 Strain Gauge Training System

1 fixture,  2 strain gauge measuring point,  3 measurement amplifier,  4 set of weights,  
5 bending bar,  6 adjustable rider   

a) strain gauge arrangement on the tension bar (full bridge), 
b) full bridge circuit:  1 display,  2 amplifier,  3 active strain gauge

Layout of a strain gauge measuring point: 1 cover sheet,  2 adhesive,  

3 component,  4 substrat,  5 gauge measuring grid  

Specification
[1] experimental unit investigating the fundamentals of 
strain gauge measurement
[2] tension, bending and torsion tests each with strain 
gauge measuring points in full bridge circuit
[3] strain gauge application areas protected by 
Plexiglas cover
[4] steel test bodies 
[5] determination of modulus of elasticity on various 
materials using measuring objects FL 100.01, 
FL 100.02, FL 100.03
[6] measurement amplifier with 4-digit digital display
[7] frame to house the measuring objects
[8] box to house the components

Technical Data
Tension bar 
- measuring length: 50mm
- cross-section: 2x10mm
Bending bar 
- length: 385mm
- cross-section: 5x20mm
Torsion bar
- length: 500mm
- d=10mm
Set of weights, small: 10x 0,5N, 1x 1N (hanger)
Set of weights, large
- 1x 5N, 2x 10N, 1x 20N, 1x 5N (hanger)
Strain gauge measuring point: full bridge, 350Ω
Amplifier
- measuring range: +/-2mV/V
- resolution: 1µV/V
- zero balancing adjustment range: +/-1mV
- supply voltage: 10VDC
Frame opening WxH: 480x450mm

Dimensions and Weight
LxWxH: 560x410x610mm (frame)
LxWxH: 600x400x320mm (box)
Weight: approx. 20kg

Required for Operation
230V, 50/60Hz, 1 phase or 120V, 60Hz/CSA, 1 phase

Scope of Delivery
1 frame
3 strain gauge test specimens
2 sets of weights
2 hexagon socket wrenches
1 measurement amplifier with strain gauge 
  connecting cable
1 box with foam inlay
1 set of instructional material

Order Details

021.10000  FL 100  Strain Gauge Training System
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FL 100 Strain Gauge Training System

* Basic introduction to measurement with strain
 gauges1
* Electronic measurement of mechanical variables1
* Test bars for tension, bending and torsion1
* Universal 1-channel measurement amplifier 

Technical Description
 Strain gauges are used extensively in sensor systems to detect forces, 
moments and deformations.
 The FL 100 experimental unit provides a wide-ranging introduction to 
the fundamentals of measurement by strain gauges. Three test 
specimens for tension, bending and torsion are each fitted with four 
strain gauge measuring points. The strain gauges are wired in the full 
bridge. The specimens are loaded incrementally allowing for the strain 
reading to be sequentially monitored. 
 The specimens can be inserted quickly and precisely into the frame. 
The strain gauge measuring range is protected by a Plexiglas cover, 
which also makes it clearly visible for inspection purposes. The 
measurement amplifier supplies the bridge supply voltage, and displays 
the load-dependent "bridge detuning" digitally in voltage values. The 
digital display also features a zero balancing function to allow for any 
preloading.
 The various elements of the experiment are clearly laid-out and housed 
securely in a box.
 Three additional tension bars are available as accessories, in brass 
(FL 100.01), copper (FL 100.02) and aluminium (FL 100.03), enabling 
the modulus of elasticity to be ascertained in experiments.
 The well-structured instructional material sets out the fundamentals and 
provides a step-by-step guide through the experiments. 

Learning Objectives / Experiments
- fundamentals of measuring with strain gauges
- strain gauge types and application techniques
- calculation of the mechanical deformations under
 tension, bending and torsion
- correlation between mechanical strain and 
 electrical resistance in a strain gauge

With FL 100.01, FL 100.02, FL 100.03
- determination of the modulus of elasticity for 
 various materials from the measurement data of a 
 tensile test
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FL 102 Determining the Gauge Factor of Strain Gauges

1 base frame,  2 handwheel,  3 adapter cable,  4 plug,  5 bending bar,  6 strain gauge 
measuring point,  7 spindle,  8 dial gauge,  9 fixture for dial gauge,  10 cross-arm   

Force and bending moment characteristic on the bending bar: 
black: applied force,  red: support reactions  

1 strain gauge on top of bar (compression side),  2 strain gauge on underside of 

bar (tension side),  3 bending bar,  4 dial gauge;
M

b
 bending moment, F applied force   

Specification
[1] investigation of deflection and strain to determine 
gauge factor
[2] bending bar with 2 strain gauges on the 
compression side and tension side respectively
[3] strain gauge configured as full bridge
[4] 2-point ball bearing mounting of bar permits purely 
bending load application
[5] mechanical load application device with spindle, 
handwheel and cross-arm
[6] dial gauge with adjustable dial for direct 
measurement of deflection
[7] adapter cable for connection to voltage source and 
to a measuring instrument 

Technical Data
Bending bar made of steel: 660x25x12mm
Strain gauge application
- full bridge, 350 Ohm
- 2 strain gauges on the top and underside of the bar 
 respectively
Dial gauge: 0...20mm, graduations: 0,01mm
Adapter cable with 4 laboratory plug connectors, 4mm 

Dimensions and Weight
LxWxH: 660x200x430mm
Weight:  approx. 20kg

Scope of Delivery
1 experimental unit
1 fixture
1 adapter cable
1 hexagon socket wrench
1 set of instructional material

Order Details

021.10200  FL 102  Determining the Gauge Factor 
                               of Strain Gauges
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FL 102 Determining the Gauge Factor of Strain Gauges

* Measurement of deflection and strain1
* Determination of the gauge factor of strain gauges

Technical Description
 As universal aids to experimental stress and strain analysis, strain 
gauges enable mechanical strain to be converted into electrical signals. 
The signal obtained is processed by a strain measurement amplifier to 
give a display of the resulting strain. 
 It is expected that the quantity measured by a measuring device and 
the readout subsequently indicated are identical. Consequently, the 
planning and evaluation of measurements makes allowance for the 
sensitivity to elongation (gauge factor) of strain gauges. A key character 
value of strain gauges – the gauge factor – indicates the correlation 
between the strain and the change in resistance.
 The FL 102 experimental unit is used to measure deformation by 
means of a dial gauge and at the same time to measure strain by means 
of four strain gauges in full bridge configuration. The gauge factor of the 
strain gauges is then calculated arithmetically from the measurements.
 In the experiment, a bar is mounted on ball bearings at two points, 
thereby permitting purely bending stress to be applied. The bar is placed 
under load by means of a spindle and the resulting deflection is recorded 
by a dial gauge. As a result, the deformation can be read-off directly. At 
the same time the strain on the surface of the bar is recorded by two 
strain gauges on the compression side and two on the tension side.
 An adapter cable permits an external voltage source and measuring 
instrument to be connected, so the measurement bridge can be 
evaluated directly.
 The unknown gauge factor, as a key characteristic, can then be 
calculated from the deflection ascertained by the strain gauge 
measurements.
 Practical fundamentals, such as gauge application and configuration to

form a measurement bridge, can be easily integrated 
into the overall teaching concept.
 The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide 
through the experiments.

Learning Objectives / Experiments
- fundamentals of measurement using strain
 gauges
- measurement of deflection using a dial gauge
- determination of the gauge factor of strain gauges
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FL 101 Strain Gauge Application Set 

a) arrangement of strain gauges on tension bar,  b) configuration of strain gauges; 
1 tension bar,  2 strain gauge,  3 distribution of stress,  4 wiring;  F applied force   

Arrangement of strain gauges on torsion bar:  1 round bar,  2 strain gauge, 
3 distribution of stress,  4 wiring;  M

t
 torque    

Arrangement of strain gauges on bending bar:  1 bar,  2 strain gauge, 
3 distribution of stress,  4 wiring;  M

b
 bending moment    

Specification
[1] complete set of components for application of strain 
gauges
[2] strain gauges with single measuring grids, parallel 
measuring grids and measuring grids at 90° / 45° 
angles
[3] strain gauges for steel or aluminium components
[4] all necessary tools, adhesives and other aids 
included in the set
[5] lockable carrying case
[6] learning package with text book, exercise script and 
video
[7] cable and connectors to connect the applied strain 
gauges to the optional available  measurement 
amplifier FL 151 

Technical Data
Strain gauge: 350 Ohm
- 10 strain gauges, single measuring grids, for steel
- 10 strain gauges, parallel measuring grids, for steel
- 10 strain gauges, 90° measuring grids, for steel
- 10 strain gauges, 45° measuring grids, for steel
- 10 strain gauges, single measuring grids, for 
 aluminium
Soldering bit: 16W
Ribbon cable: 6x0.14mm²
Magnifying glass: 6-times magnification

Dimensions and Weight
LxWxH: 470x360x170mm (case)
Weight: approx. 8kg

Required for Operation
230V, 50/60Hz, 1 phase or 120V, 60Hz, 1 phase or 
120V, CSA, 1 phase

Scope of Delivery
1 strain gauge application set complete, in carrying 
  case, with:
 1 set of strain gauges
 solvent, cleaning agent, neutraliser
 special strain gauge adhesive, adhesive strips, 
 coverings
 1 set of pincers
 2 scissors
 1 set of application tools
 1 set of cutting tools
 1 soldering bit, soldering terminals
 measuring tools, magnifying glass
 ribbon cable
 abrasive cloth, pencil, rubber eraser
1 strain gauge learning package (text book, exercise 
  script, video) in German or English
for connection to FL 151:
 8 6-pole connectors
 5m cable

Order Details

021.10100  FL 101  Strain Gauge Application Set 
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FL 101 Strain Gauge Application Set 

* Complete equipment for application of strain
 gauges1
* Wiring and connecting up strain gauges1
* Supporting the development of strain gauge
  measurement techniques1
* Comprehensive, modern structured instructional 
 material

Technical Description
 Measurement using strain gauges is the most 
important method of measuring mechanical strain. In 
this measurement method mechanical quantities are 
measured electrically.
 Strain gauge measurement is a relatively simple 
technique in practice, as it offers a high resolution and 
can be employed directly at the point of interest. A 
strain gauge is not a complete measuring instrument 
however. It is only rendered usable by the user, after 
being installed. The quality of measurement depends 
not only on the strain gauge itself, but also essentially 
on the application method and how it is executed. 
Strain gauges are highly reliable provided users have 
the skills and theoretical knowledge enabling them to 
use such highly sensitive sensor elements correctly.
 The application set FL 101 provides all the necessary 
tools and aids to learn the fundamentals of strain 
gauges installation.
 For the measurements to work without error, 
components are first subjected to thorough preparation 
before the strain gauges are attached. Special 
adhesives ensure total transfer of component 
deformations to the strain gauge. The strain gauge is 
also protected by suitable coverings against external 
influences, such as damp and mechanical damage, by 
suitable coverings. The supplied package includes 
wiring to connect the strain gauges in bridge 
configurations. The wires are attached to the strain 
gauges using a supplied soldering bit and soldering 
terminals.
 The instructional material (text book, exercise script 
and video) provides a multimedia introduction to the 
installation and configuration of strain gauges and on 
interpretation of measured values.

Learning Objectives / Experiments
- fundamentals of electrical resistance strain
 gauges
- preparation of the measuring point
- selection of a suitable strain gauge
- attaching, wiring up and configuring strain gauges 
 on mechanically stressed components
- protection of the strain gauge measuring point 
 against external influences
- interpretation of measured values (theoretical)
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SE 110.21

FL 130

FL 140

SE 130

SE 110.22

FL 120

FL 151.01

FL 151.01

FL 151.01

FL 151

Whenever force or stress – ultimately strain – is being 

recorded with the aid of strain gauges, the FL 151 unit 

can be used to amplify the measurement signals. These 

signals are then processed and evaluated by a software 

program.

The unit supplies up to 16 strain gauge measuring points 

with the necessary operating voltage.

FL 151 is connected to a PC by USB. 

This application software supports the topics of stress 

and strain analysis and truss analysis in a form tailored to 

teaching needs.

Forces in Various Single Plane Trusses

Stress and Strain Analysis on a Thin-Walled Cylinder

Stress and Strain Analysis on a Thick-Walled Cylinder

Forces in a Howe Truss

Forces in an Overdeterminate Truss

Stress and Strain Analysis on a Membrane

16-Channel Measuring Point Add-On

16-Channel Measuring Point Add-On

16-Channel Measuring Point Add-On

Multi-Channel Measurement AmplifierPage 26

Page 96

Page 98

Page 90Page 30

Page 28

Page 94

The FL 151.01 add-on unit extends the number of measuring points: 

up to 64 channels using three FL 151.01 units.

 measured values read and saved to a file

 presentation of stress and strain graphs

 calculation of principal stresses and strains

 evaluation of experiments using Mohr’s Circle
 system requirement: Windows Vista / Windows 7

Application software integrated in FL 151 for  

experimentation units FL 120, FL 130, FL 140

 assists in performing and evaluating experiments

 simulation of trusses

 configurable trusses

 comparison of occurring forces: theory and measurement

 facility to print out worksheets

Application software included in experimentation units:  

SE 130, SE 110.21, SE 110.22 

Application software 
for stress and strain analysis 

based on the example of: FL 120

Application 
software  

for trusses 

USB

FL 151 COMPUTERISED RECORDING AND EVALUATION  OF STRAIN GAUGE SIGNALS

APPLICATION SOFTWARE FOR PERFORMING AND EVALUATING EXPERIMENTS IN STRESS AND STRAIN ANALYSIS

APPLICATION SOFTWARE FOR PERFORMING AND EVALUATING  EXPERIMENTS IN TRUSS ANALYSIS
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FL 151 Multi-Channel Measurement Amplifier 

1 front view,  2 USB,  3 signal lamp,  4 rear view,  5 expansion port,  6 single ports for 
measurement sensors (6-pin),  7 multiport (68-pin)   

Application software for stress and strain analysis based on the example of the 
FL 120

Example application: FL 151 in conjunction with FL 130 (stress and strain 

analysis on a thin-walled cylinder)   

Specification
[1] multi-channel measurement amplifier for 
processing of strain gauge signals
[2] strain gauge connection in half or full bridge 
configuration
[3] strain gauge connection via 6-pin single ports or 
68-pin multiports
[4] extension of measuring points possible with 
FL 151.01
[5] processing of measured values on a PC
[6] connection to the PC via USB
[7] integrated software for experimental units FL 120, 
FL 130, FL 140
[8] system requirement: Windows Vista or Windows 7  

Technical Data
Amplifier
- number of input channels: 16
- with FL 151.01 measuring point add-on unit: 
 max. 32 input channels

Strain gauge connection in half or full bridge 
configuration
- resistance: min. 350Ohm/strain gauge
- zero balancing: 20x spindle trimmer
- strain gauge supply voltage: +/-5VDC

Frequency range selectable via bridges 
- 4Hz/500Hz (-3dB)

Input voltage: max. +/- 50mV

Dimensions and Weight
LxWxH: 370x315x160mm
Weight: approx. 7kg

Required for Operation
230V, 50/60Hz, 1 phase or 120V, 60Hz/CSA, 1 phase

Scope of Delivery
1 multi-channel measurement amplifier
1 software CD
1 USB cable
1 instruction manual

Order Details

021.15100  FL 151  Multi-Channel Measurement 
                               Amplifier 
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FL 151 Multi-Channel Measurement Amplifier 

* 16 input channels for processing of analogue strain
 gauge measuring signals1
* Measuring point extension to max. 32 input channels
 possible1
* Easy strain gauge connection by multi-pin input port 
 or single ports1
* Suitable for computerised data acquisition1
* Integrated software for experimental units FL 120,
 FL 130, FL 1401
* Communication with computer via USB

Technical Description
 Stresses and strains occurring in components are determined in 
experimental stress and strain analysis by measuring strain. In industry, 
strain is often recorded by strain gauges. Since strain gauges deliver 
only small analogue measurement signals, the signals must be amplified 
in measurement amplifiers. Then they are converted into digital pulses 
and displayed as measured strain. These strains may also be evaluated 
and processed on computer.
 FL 151 is a multi-channel measurement amplifier which supplies the 
strain gauge bridge circuits with power and processes the received 
measurement signals. The unit can only be operated with a computer. 
The measurement amplifier includes 16 input channels and, by using a 
measuring point add-on unit (FL 151.01), can be extended to a maximum 
of 32 input channels. The strain gauge measuring points are connected 
to associated balance potentiometers either by a 68-pin multiport or 16 
(6-pin) single ports.

 The multi-channel measurement amplifier is operated 
via USB using the supplied software. The measured 
values can be read and saved on computer (using an 
application such as MS Excel). 

Learning Objectives / Experiments
- amplification and display of signals from strain 
 gauge measuring points
- processing of measured values on computer
- evaluation of stress and strain analysis
 experiments, in conjunction with: FL 120, FL 130, 
 FL 140
- evaluation of experiments relating to forces in
 trusses, in conjunction with: SE 130, SE 110.21,
 SE 110.22
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INSTRUCTIONAL MATERIAL AND SOFTWARE

GUNT’s policy is:
High-quality hardware and clearly laid-out instructional 

materials ensure the teaching and learning success of an 

experimental unit. The core elements of the instructional 

material provided to accompany the units are reference 

experiments conducted by ourselves. The description of 

the experiment incorporates the detailed set-up, through 

to interpretation of the results obtained. A group of expe-

rienced engineers devise and maintain the accompanying 

instructional material.

Our software – in our context meaning computerised data 

acquisition programs – always comes with comprehen-

sive online help to explain the features offered the detailed 

use of the program. GUNT software is developed and writ-

ten in-house by another group of experienced engineers. 
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FL 151.01 16-Channel Measuring Point Add-On for FL 151

* Extension of the FL 151 multi-channel measurement 
 amplifier by 16 additional measuring channels

Technical Description
 The FL 151 multi-channel measurement amplifier may be extended 
from 16 to 32 input channels by connecting it to a FL 151.01 add-on unit. 
The external unit can supply operating voltage to as many as 16 strain 
gauge bridge circuits and process the received measurement signals. 
 The strain gauge measuring points can be optionally connected via a 
68-pin multiple input port or 16 (6-pin) single ports to associated balance 
potentiometers.
 FL 151.01 is used in the SE 110.21 experimental setup and in all 
experiments in which more than 16 measuring points are measured. The 
unit is used only in conjunction with the FL 151. 

Scope of Delivery
1 16-channel measuring point add-on 
1 D-Sub data cable, 25-pin
1 instruction manual

Specification
[1] strain gauge connection via 6-pin single ports or 
68-pin multiple input port
[2] used in experiment: SE 110.21

Technical Data
Amplifier
- number of input channels: 16
Strain gauge connection in half or full bridge 
configuration
- resistance: min. 350 Ohm/strain gauge
- zero balancing: 20x spindle trimmer
- strain gauge supply voltage: +/-5VDC
Frequency range selectable via bridges 
- 4Hz / 500Hz (-3dB)
Input voltage: max. +/- 50mV

Dimensions and Weight
LxWxH: 370x315x160mm
Weight: approx. 5kg

Required for Operation
230V, 50/60Hz, 1 phase or 120V, 60Hz/CSA, 1 phase

Order Details

021.15101  FL 151.01  16-Channel Measuring
                                     Point Add-On for FL 151
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FL 120 Stress and Strain Analysis on a Membrane

1 clamp fixing of disc,  2 cross-arm with scale,  3 dial gauge,  4 disc,  5 pressure 
gauge,  6 hydraulic cylinder with hydraulic pump,  7 connection for measurement 

amplifier FL 151

Strain gauge layout on the disc:  1 strain gauge measuring points,  2 disc,  
3 wiring;  red: radial strain  blue: hoop strain  green: thrust  

Application software for stress and strain analyses: representation of the stress 
curve  

Specification
[1] investigation of the deflection and strain of a thin 
disc under internal pressure 
[2] strain gauge configured as half-bridge
[3] strain gauges measure the radial and hoop strain
[4] dial gauge with scale, adjustable mounting
[5] measurement of deflection possible at any radius
[6] hydraulic cylinder with hydraulic pump to generate 
pressure
[7] hermetically sealed hydraulic system, maintenance-
free
[8] multi-pin connector for measurement amplifier 
FL 151 provided 

Technical Data
Aluminium disc
- outer diameter: d=230mm
- diameter used in experiment: d=200mm
- thickness: 3mm
Strain gauge application
- 8 strain gauges: half-bridges, 350 Ohm
- gauge factor: 2,00 +/-1%
- supply voltage: 10V
Dial gauge
- 0...20mm, graduations: 0,01mm
Pressure gauge
- 0...1bar, accuracy: class 1.0
System pressure: max. 0,6bar 

Dimensions and Weight
LxWxH: 700x350x350mm
Weight: approx. 25kg

Scope of Delivery
1 experimental unit
1 set of instructional material

Order Details

021.12000  FL 120  Stress and Strain Analysis on
                               a Membrane 
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FL 120 Stress and Strain Analysis on a Membrane

* Deflection and strain of a membrane under internal
 pressure1
* Thin disc as membrane1
* Membrane with strain gauge application1
* Determination of radial and hoop stress profiles 
 from measured strains

Technical Description
 In experimental stress and strain analysis, strain gauges are used to 
determine stresses and strains in components and structures. The 
maximum stresses and strains are key variables in terms of the structure, 
and ultimately dictate the design of a component. Strain gauges provide 
the means required to evaluate mechanical stress and strains.
 The FL 120 experimental unit can be used to measure the deflection 
and strain of a disc under different pressure loads. For the purpose, a 
thin disc - also termed a membrane or diaphragm - is clamped into place 
and subjected to pressure. A cylinder with a hand-operated piston 
generates pressure in a maintenance-free hydraulic system. This 
pressure is indicated on a gauge.
 Strains on the surface of the membrane are recorded by strain gauges. 
The layout of the strain gauges at optimally selected points provides a 
comprehensive view of the stresses and strains all over the disc. The 
maximum stresses and strains are calculated, applying the appropriate 
equations of elasticity.
 The strain gauge measurements are recorded and displayed with the 
aid of measurement amplifier FL 151. To assist and visualise evaluation 
of the experiment, the measurement data can be imported into the 
application software. At the same time, the deflection of the membrane is 
measured by a dial gauge. The dial gauge can be moved along a cross-
arm, enabling measurements to be taken at any radius.

 The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide 
through the experiments. 

Learning Objectives / Experiments
- measurement of radial and hoop strain by strain 
 gauges
- measurement of deflection by a dial gauge
- calculation of the stresses and strains from the 
 measured strains: radial stress, hoop stress
- determination of the direction of principal stress
- application of Mohr’s Circle to determine the 
 principal stresses and strains
- basic principle: measurement of strain using strain
 gauges
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FL 130 Stress and Strain Analysis on a Thin-Walled Cylinder

1 handwheel for piston adjustment,  2 cylinder,  3 strain gauge measuring point,  
4 pressure gauge,  5 hydraulic cylinder with hydraulic pump,  6 connection for 

measurement amplifier FL 151  

a) strain gauge layout on the cylinder:  1 cylinder,  2 strain gauge measuring 
points,  3 wiring;  

a
 stress in direction of cylinder axis,  

t
 stress in 

circumferential direction,  p
i
 internal pressure;  b) plane stress state in the wall: 

a axial direction,  t circumferential direction,  r radial direction    

Screenshot from FL 151 software: Mohr’s Circle  

Specification
[1] investigation of the stresses and strains in a thin-
walled cylinder under internal pressure
[2] cylinder usable as open pipe or as closed tank
[3] strain gauge application on cylinder surface at 
various angles
[4] hydraulic cylinder with hydraulic pump to generate 
pressure
[5] hermetically sealed hydraulic system, maintenance-
free 
[6] multi-pin connector for measurement amplifier 
FL 151 provided 

Technical Data
Aluminium cylinder
- length: 400mm
- diameter: d=75mm
- wall thickness: 2,8mm
- internal pressure: max. 3,5N/mm² (35bar)
Strain gauge application
- 5 strain gauges: half-bridges, 350 Ohm
- angle to vessel axis: 0°, 30°, 45°, 60°, 90°
- gauge factor: 2,00 +/-1%
- supply voltage: 10V
Pressure gauge
- 0...40bar, accuracy: class 1,0

Dimensions and Weight
LxWxH: 700x350x350mm
Weight: approx. 21kg

Scope of Delivery
1 experimental unit
1 set of instructional material

Order Details

021.13000  FL 130  Stress and Strain Analysis on 
                               a Thin-Walled Cylinder
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FL 130 Stress and Strain Analysis on a Thin-Walled Cylinder

* Strains in a thin cylinder under internal pressure1
* Cylinder with strain gauge application as vessel1
* Uniaxial or biaxial stress state represented in the
 experiment1
* Determination of axial and circumferential stress
 from measured strains

Technical Description
 The findings obtained from the experiments using FL 130 demonstrate 
the calculation and design methods for pipes and pressure vessels 
commonly applied in practice. The principal stresses are key variables in 
calculating and designing steam tanks, pressure vessels and pipes.
 The stresses and strains occurring in a vessel are not measured 
directly, but are determined by measuring the strains on the surface 
using strain gauges.
 The FL 130 experimental unit is used to investigate stresses and strains 
in a thin-walled cylinder subjected to internal pressure. The oil-filled 
cylinder is closed at one end and a movable piston at the other end. This 
conveniently permits the unit to be either open or closed ended. A 
handwheel with a threaded spindle is used to move the piston. Two load 
cases are represented: biaxial stress state of a closed cylinder, such as a 
boiler tank, and uniaxial stress state of an open vessel, such as a pipe.
 Internal pressure is generated inside the cylinder by a hydraulic cylinder 
and a hydraulic pump. A pressure gauge indicates the internal pressure. 
Strain gauges are attached to the surface of the cylinder to record the 
strains. The measurement amplifier FL 151 gives a direct readout of the 
measured strains. To assist and visualise evaluation of the experiment, 
the measurement data can be imported into the application software.
 Mohr’s Circle for stress and strain analysis is used to represent the 
conversion of the strain graphically and determine the principal strains. 

The principal stresses are calculated from the principal 
strains by applying the appropriate equations of 
elasticity.
 The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide 
through the experiments.

Learning Objectives / Experiments
- measurement of strain using strain gauges
- application of Mohr’s Circle for stress and strain 
 analysis, determination of the principal strains
- determination of the principal stresses: Axial and 
 circumferential stresses in magnitude and direction
 * on an open vessel (pipe)
 * on a closed vessel (boiler tank)
- comparison of open / closed vessels
- determination of the Poissons ratio
- investigation of correlations between strain,
 pressure and stress in the plane biaxial stress
 state
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FL 140 Stress and Strain Analysis on a Thick-Walled Cylinder

1 cylinder,  2 strain gauge measuring point,  3 pressure gauge,  4 hydraulic cylinder 
with hydraulic pump,  5 connection for measurement amplifier FL 151

Strain gauge layout in cylinder wall and on the surface:
1 cylinder,  2 eccentric groove,  3 strain gauge measuring point, radial/hoop,  
4 strain gauge measuring point, hoop,  5 strain gauge measuring point, axial 

Distribution of stress in cylinder wall:  1 cylinder,  ri inner radius,  ra outer 

radius,  2 distribution of stress in hoop direction 
t
,  3 distribution of stress in 

radial direction 
r
,  4 distribution of stress in axial direction 

a

Specification
[1] investigation of the stresses and strains in a thick-
walled cylinder under internal pressure
[2] two-part cylinder with flat groove
[3] strain gauge application at various radial points in 
the groove and on the cylinder surface
[4] hydraulic cylinder with hydraulic pump to generate 
pressure
[5] hermetically sealed hydraulic system, maintenance-
free 
[6] multi-pin connector for measurement amplifier 
FL 151 provided 

Technical Data
Aluminium cylinder
- length: 300mm
- diameter: d=140mm
- wall thickness: 50mm
- internal pressure: max. 7N/mm² (70bar)
Strain gauge application
- 11 strain gauges: half-bridges, 350Ohm
- gauge factor: 2,00 +/-1%
- supply voltage: 10V
Pressure gauge: 0...100bar, accuracy: class 1,0

Dimensions and Weight
LxWxH: 700x350x330mm
Weight: approx. 32kg

Scope of Delivery
1 experimental unit
1 set of instructional material

Order Details

021.14000  FL 140  Stress and Strain Analysis on
                               a Thick-Walled Cylinder
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FL 140 Stress and Strain Analysis on a Thick-Walled Cylinder

* Direct stresses and strains of a thick cylinder 
 under internal pressure1
* Thick-walled, two-part cylinder as vessel1
* Cylinder with strain gauge application on surface
 and in wall1
* Triaxial stress state in cylinder wall

Technical Description
 In contrast to thin-walled vessels, when designing thick-walled vessels 
allowance must be made for an uneven distribution of stresses through 
the thickness of the wall. The stress state in a thick-walled vessel under 
internal pressure is triaxial. The direct stresses and strains occur: radial, 
circumferential, hoop and axial.
 Since the stresses and strains occurring in a vessel are not measured 
directly, they are determined by measuring strains on the surface. Strain 
gauges are employed to record the strains electrically and the stresses 
and strains are determined from those measurements.
 The FL 140 experimental unit is used to investigate direct stresses and 
strains occurring on a thick-walled cylinder subjected to internal 
pressure. The oil-filled cylinder is made up of two halves, and is sealed 
on both sides. Internal pressure is generated inside the vessel with a 
hydraulic cylinder and a hydraulic pump. A pressure gauge indicates the 
internal pressure. An eccentric groove is cut between the two halves of 
the cylinder, in which the strain gauges are mounted at various radial 
points. Additional strain gauges are mounted on the inner and outer 
surfaces of the cylinder. Radial, hoop and axial strains are measured, 
enabling the strain state to be fully recorded.
 The measurement amplifier FL 151 displays the recorded signals as 
measured value readouts. To assist and visualise evaluation of the 
experiment, the measured values can be imported into the application

software.
 Mohr’s Circle for stress and strain analysis is used to 
represent the triaxial stress state in the cylinder wall 
graphically. The direct stresses and strains are 
calculated from the measured strains, applying the 
appropriate equation of elasticity.
 The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide 
through the experiments.

Learning Objectives / Experiments
- measurement of elongations by strain gauges
- application of Mohr’s Circle for the triaxial stress
 state
- determination of the distribution of direct stress in
 * radial, tangential and axial direction
- investigation of correlations between elongation, 
 pressure and stress in the triaxial stress state
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FL 200 Photoelastic Experiments with a Transmission Polariscope

1 light source,  2 polarisation filter as polariser,  3 quarter wave filter,  4 frame to clamp 
and apply load to the models,  5 polarisation filter as analyser,  6 quarter wave filter,  

7 model under load (FL 200.03)   

Top: distribution of stress in the model under bending load:  1 to 4 isochromatic 
layout,  5 neutral fibres,  F external force,  F

A
/F

B
 support reactions;  

bottom: bending moment curve  

Top: model of a notched bar (FL 200.05) in monochromatic light,  
bottom: model FL 200.05 in white light  

Specification
[1] representation of mechanical distribution of stress 
in photoelastic experiments
[2] 2 plane polarisation filters as polariser and analyser
[3] 2 quarter wave filters to generate circular polarised 
light
[4] all filters with 360° angle scale and marking of the 
main optical axis
[5] white light generated using a fluorescent tube and 
two incandescent lamps
[6] monochromatic light (colour yellow) generated 
using a sodium vapour lamp 
[7] filters roller bearing mounted and rotating
[8] frame cross-arms height-adjustable
[9] generation of compression or tension forces by 
means of a threaded spindle 
[10] complete models in polycarbonate (PC) for 
demonstration purposes available as accessories  

Technical Data
Light source
- lamp box with white diffuser
- for white light
 1 fluorescent tube TL-E 32W/33 (colour: 33)
 2 incandescent lamps, candle bulb, matt inner E14, 
 235V, 25W 
- for monochromatic light (colour yellow)
 1 sodium vapour lamp SOX 35, 35W
Filter, enclosed in glass, diameter: d=425mm
- 2 polarisation filters (dark olive)
- 2 quarter wave filters (colourless) 
Frame WxH: 600x750mm

Dimensions and Weight
LxWxH: 800x600x750mm
Weight: approx. 50kg

Required for Operation
230V, 50/60Hz, 1 phase or 120V, 60Hz/CSA, 1 phase 

Scope of Delivery
1 frame with load application device
2 polarisation filters
2 quarter wave filters
2 filter holders
1 light source
1 set of instructional material

Order Details

021.20000  FL 200  Photoelastic Experiments with
                               a Transmission Polariscope
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FL 200 Photoelastic Experiments with a Transmission Polariscope

* Photoelastic experiments on models subjected to 
 mechanical loading1
* Monochromatic or white-light illumination1
* Creation of stress patterns with plane or circular
 polarised light1
* Determination of principal stress difference1
* Various plastic models as accessories, e.g. wrench,
 bow, notched bars1
* Models to investigate specific issues can be easily
 made by users1
* Well structured instructional material

Technical Description
 Photoelasticity is a tried and proven method of 
analysing and recording mechanical stresses and 
strains in components. It is deployed for quantitative 
measurement and to demonstrate complex stress 
states. The components used are models made of 
transparent, photoelastically sensitive plastic which 
becomes optically double-refractive under mechanical 
loading.
 FL 200 is used to perform photoelastic experiments 
on flat, transparent plastic models. The models are 
subjected to loading by external forces, and have 
circular polarised light shone through them. An 
analyser analyses the light which has penetrated the 
body.
 The experimental setup comprises the following 
components: A light source, four filters (to generate 
circular polarised light) and a frame inside which the 
models are attached and subjected to loading. The 
light source optionally permits coloured stress patterns 
with white light or light / dark representation with 
monochromatic light.
 The combination of a polarisation filter and a quarter 
wave plate generates circular polarised light. Behind 
the model is a second quarter wave plate 
(perpendicular to the first one), combined with a 
second polarisation filter. The filters are mounted on 
rotating bearings and provided with angle scales.
 Various models are mounted inside the frame. A load 
application device applies bending, tensile or 
compressive load to the model by way of a spindle. 
Stresses and strains occurring in the model are 
identifiable as bright spots, visualising the distribution 
of stress. To determine the principal stress difference, 
the order of the dark isochromatics is evaluated.
 FL 200 permits flexible experimental setups even 
with self-made models. 

Learning Objectives / Experiments
- generation of planar stress states in various
 models under load
 * bending, tensile load, compressive load
- investigation of diffusion of stresses with plane or 
 circular polarised light
- interpretation of photoelastic fringe patterns
 * stress concentrations, zero points, neutral fibres,
    areas of constant stress, stress gradients
- determination of occurring stresses and strains 
 graphically and arithmetically

G.U.N.T Gerätebau GmbH, Hanskampring 15-17, D-22885 Barsbüttel, Phone +49 (40) 67 08 54-0, Fax +49 (40) 67 08 54-42, E-mail sales@gunt.de, Web http://www.gunt.de

We reserve the right to modify our products without any notifications.

STRENGTH OF MATERIALS STRESS AND STRAIN ANALYSIS



103

2

FL 210 Photoelastic Demonstration

1 green filter,  2 analyser,  3 polariser,  4 overhead projector (FL 210.01),  5 frame, 
6 load application device with force gauge,  7 plastic model   

a) model under bending load, distribution of stress,
b) model under tensile load, distribution of stress   

Schematic representation of the photoelastic demonstration:

1 light source,  2 polariser,  3 plane polarised light,  4 model under load,  5 light 
refracted into the directions of principal stresses,  6 analyser,  7 optical 
interference leading to the formation of the isochromatic fringe pattern

Specification

[1] photoelastic experiments with an overhead 
polariscope
[2] polariser and analyser each comprising a 
polarisation filter and quarter wave filter
[3] filter enclosed, with stress-free glazing
[4] all filters rotatable in any direction on the horizontal 
plane 
[5] plane or circular polarised light possible
[6] green filter for monochromatic light 
[7] load application device with force gauge for 
compressive and tensile loading
[8] 8 different polycarbonate (PC) models supplied
[9] box to house the components

Technical Data

Filter holder 
2 filter, enclosed in glass, each comprising
- 1 polarisation filter, diameter: d=165mm 
- 1 quarter wave filter, diameter: d=165mm 
- 1 green filter, diameter: d=150mm
Load application device with force gauge
- load force: 0...250N
8 models, PC
- bar without notches
- bar with hole
- bar notched on one side
- bar notched on both sides
- rectangle without cut-outs
- rectangle with cut-outs
- fork
- crane hook 

Dimensions and Weight

LxWxH: 500x190x30mm (frame)
LxWxH: 280x280x90mm (filter holder)
Weight: approx. 8kg

Scope of Delivery

1 frame with load application device
1 filter holder with polariser and analyser 
1 green filter
8 photoelastic models
1 box with foam inlay
1 set of instructional material

Order Details

021.21000  FL 210  Photoelastic Demonstration
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FL 210 Photoelastic Demonstration

The picture shows the FL 210 unit with a standard commercially available overhead 
projector (not supplied).

* Representation of distribution of stress in
 component models with the aid of photoelasticity

1

* Demonstration unit as mounting for overhead
 projector

1

* Generation of stress patterns with plane or
 circular polarised light

1

* Identification of stress concentrations
1

* Green filter for monochromatic illumination
1

* 8 polycarbonate models as typical components
1

* Additional models available as accessories

Technical Description

 Photoelasticity can be used to demonstrate 
distribution of stress and stress concentrations in 
component models. Using polarised light, the 
distribution of stress in flat, transparent bodies (plastic 
models) is investigated. Polarisation filters represent 
the distribution of stress in colours. The notching and 
point loading and the criteria dictating component 
design are clearly visualised.
 FL 210 is portable to use with overhead projectors. 
Various models made of transparent plastic are 
mounted in a frame. A load application device is used 
to apply compressive or tensile loads to the model 
under investigation by means of a spindle.
 An arrangement of polarisation filters and quarter 
wave filters generates optionally plane or circular 
polarised light. A green filter is supplied as part of the 
package to generate monochromatic light. The light 
source is an overhead projector (e.g. FL 210.01). The 
use of monochromatic light produces a system of dark 
and light stripes providing indications of the distribution 
and magnitude of mechanical stresses. The supplied 
models represent typical examples, permitting 
experimentation in relation to notching and point 
loading. The distribution of stress shown in the model 
is identical to that in the actual part under design.
 Additional models are also available to represent 
distribution of stresses in bolted connections, roller 
bearings, wrenches and tooth profiles. 
 All the component elements of the experiment are 
clearly laid-out and housed securely in a box.  
 The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide 
through the experiments. 

Learning Objectives / Experiments

- generation of planar stress states in various
 models under load
 * compressive load
 * tensile load
- investigation of distribution of stresses with plane or
 circular polarised light
- interpretation of photoelastic fringe patterns
 * distribution of stress
 * stress concentration
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STRENGTH OF MATERIALS STRESS AND STRAIN ANALYSIS

MODELS FOR PHOTOELASTIC EXPERIMENTS WITH A TRANSMISSION POLARISCOPE (FL 200) MODELS FOR PHOTOELASTIC DEMONSTRATIONS AND EXPERIMENTS UNDER LOAD (FL 200 AND FL 210)

MODELS FOR PHOTOELASTIC DEMONSTRATIONS WITH AN OVERHEAD PROJECTOR (FL 210)

ADDITIONAL MODELS AS ACCESSORIES 

FL 200.02 

Model Arch with  

Fixtures

FL 200.05 

Three 

Photoelastic 

Models,  

Comparison of 

Notches

FL 200.06 

Stresses on  

Weld Seams

FL 200.07 

Model Wrench

FL 200.03 

Crane Hook with 

Fixtures

2

FL 210.10 
Model Bolted  

Connection

FL 210.11 
Model Roller 

Bearing

FL 210.12 
Model Wrench

with Counterpart

FL 210.13 
Model Pinion

FL 200.01  

Five Photoelastic  

Models with Fixtures

FL 200/ FL 210 REPRESENTATION OF STRESS DISTRIBU  TION IN COMPONENT MODELS
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2nd Polar Moment of Area SE 110.29 (58)

 SE 110.20 (62)

Angle of Inclination of a Beam SE 110.47 (56)

Angle of Twist SE 110.29 (58)

 WP 100 (60) 

Beam Bending Equation WP 950 (54)

 SE 110.47 (56)

Beam Theory WP 950 (54)

 SE 110.47 (56)

 WP 100 (60)

Bending Strain of Curved Bars FL 170 (64)

Bending Strain of Girders WP 950 (54)

 SE 110.47 (56)

 WP 100 (60)

Cantilever Beam WP 950 (54)

 WP 100 (60)

Castigliano SE 110.44 (66)

Castigliano’s First Theorem SE 110.44 (66)

Circular Beam FL 170 (64)

Curved Beam FL 170 (64)

Deflection of Beams WP 950 (54)

 SE 110.47 (56)

 WP 100 (60)

Deformation by Torsion SE 110.29 (58)

 WP 100 (60)

Deformation of a FL 170 (64)

  Curved-Axis Beam

Deformation of Truss SE 110.44 (66)

Determination of Bar Forces  SE 110.44 (66)

Differential Equation of WP 950 (54)

  Elastic Line SE 110.47 (56)

Elastic Line WP 950 (54)

 SE 110.47 (56)

 WP 100 (60)

Energy Equation SE 110.44 (66)

Energy Methods SE 110.44 (66)

First-Order Elasticity Theory SE 110.20 (62)

  (Load-Bearing Structures)

Force Method  WP 950 (54)

 FL 170 (64)

Graphical Method of Determining SE 110.47 (56)

  Shear Force and Bending Moment Diagrams

Hooke’s Law TM 400 (68)

Influence Coefficients WP 950 (54)

Influence of Elastic Modulus WP 950 (54)

 WP 100 (60) 

Buckling SE 110.19 (70)

 WP 121 (72)

 WP 120 (74)

Buckling Force SE 110.19 (70)

 WP 121 (72)

 WP 120 (74)

Buckling Stress SE 110.19 (70)

 WP 121 (72)

 WP 120 (74)

Euler’s Buckling Stress WP 121 (72)

 WP 120 (74)

Euler’s Formula WP 121 (72)

 WP 120 (74)

Excentrically Loaded Struts WP 120 (74)

Influence of Young’s Modulus  WP 120 (74)

  of Elasticity

Stability Problems SE 110.19 (70)

 WP 121 (72)

 WP 120 (74)

Struts with Different Supports SE 110.19 (70)

 WP 121 (72)

 WP 120 (74)

Influence of Modulus of Elasticity WP 950 (54)

 WP 100 (60)

Influence of Young’s Modulus WP 950 (54)

  of Elasticity WP 100 (60)

Internal Forces of Frames SE 110.20 (62)

Line of Influence WP 950 (54)

Maxwell-Betti Theorem WP 950 (54)

Method of Joints SE 110.44 (66)

Method of Sections (Ritter’s) SE 110.44 (66)

Modulus of Elasticity in Shear SE 110.29 (58)

Mohr’s Area Moment Method SE 110.47 (56)

Multispan Beam WP 950 (54)

 SE 110.47 (56)

Multispan Girder WP 950 (54)

 SE 110.47 (56)

Portal Frame SE 110.20 (62)

Principle of Virtual Displacements SE 110.20 (62)

Principle of Virtual Forces SE 110.20 (62)

 FL 170 (64)

Principle of Virtual Work WP 950 (54)

 SE 110.47 (56)

 WP 100 (60)

 SE 110.20 (62)

Quadrant Beam FL 170 (64)

Reciprocal Theorem WP 950 (54)

Rigidity Modulus SE 110.29 (58)

Semi-Circular Beam  FL 170 (64)

Series Configuration of Springs TM 400 (68)

Shear Force and Bending SE 110.20 (62)

  Moment Diagrams SE 110.47 (56)

Shear Modulus  SE 110.29 (58)

 WP 100 (60)

Shear Stress SE 110.29 (58)

Single-Span Girder WP 950 (54)

 SE 110.47 (56)

 WP 100 (60)

Slope of a Beam  SE 110.47 (56)

Spring Constant TM 400 (68)

Strain Energy SE 110.44 (66)

Superposition Principle SE 110.47 (56)

 SE 110.20 (62)

Support Reactions WP 950 (54)

 SE 110.44 (66)

Theory of Bending WP 950 (54)

 SE 110.47 (56)

Theory of Elasticity TM 400 (68)

Torsion of a Longitudinally SE 110.29 (58)

  Slotted Tube

Torsion of a Round Bar SE 110.29 (58)

 WP 100 (60)

Torsion of a Square Tube SE 110.29 (58)

Torsion of a Tube SE 110.29 (58)

Torsional Rigidity SE 110.29 (58)

Truss SE 110.44 (66)

Types of Support SE 110.47 (56)

 WP 100 (60)

Virtual Work WP 950 (54)

 SE 110.47 (56)

 WP 100 (60)

 SE 110.20 (62)

Zero-Force Members SE 110.44 (66)

2nd Moment of Area FL 160 (78)

Beam Theory FL 160 (78)

Bending and Torsion FL 160 (78)

 WP 130 (80)

Bending Strain of Girders FL 160 (78) 

Centrifugal Moment FL 160 (78) 

Combined Loading FL 160 (78) 

Complex Bending FL 160 (78) 

Compound Stress FL 160 (78)

 WP 130 (80)

Direct Stress WP 130 (80) 

Euler-Bernoulli Beam Equation FL 160 (78) 

Failure Hypotheses WP 130 (80) 

Multi-Axial Loading WP 130 (80) 

Product Moment of Inertia FL 160 (78) 

Pure Bending Moment  WP 130 (80) 

Pure Torque WP 130 (80) 

Rankine Yield Criterion WP 130 (80) 

Shear Centre FL 160 (78) 

Shear Flow in Thin-Walled  FL 160 (78)

  Girders

Shear Stress FL 160 (78) 

Symmetrical Bending on a Beam FL 160 (78) 

Torque WP 130 (80) 

Tresca Yield Criterion WP 130 (80) 

Uniaxial Bending FL 160 (78)

 WP 130 (80)

Uniaxial Stress State WP 130 (80) 

Unsymmetrical Bending  FL 160 (78)

Yield Point WP 130 (80)

Strain FL 120 (94)

 FL 130 (96)

 FL 140 (98)

Strain Gauge FL 100 (82)

 FL 102 (84)

 FL 101 (86)

 FL 120 (94)

 FL 130 (96)

 FL 140 (98)

Stress FL 120 (94)

 FL 130 (96)

 FL 140 (98)

Tensile Load FL 200 (100)

 FL 210 (102)

Theory of Elasticity  FL 130 (96)

Thick Cylinder under Pressure FL 140 (98)

Thin Cylinder under Pressure FL 130 (96)

Torsion of a Round Bar FL 100 (82)

Tresca Yield Criterion FL 140 (98)

Triaxial Stress State FL 140 (98)

  under Pressure

Compressive Load FL 200 (100)

 FL 210 (102)

Deformation by Tension FL 100 (82)

Direct Stress FL 140 (98)

Direction of Principal Stress FL 120 (94)

 FL 130 (96)

 FL 140 (98)

Distribution of Stress in a FL 200 (100)

  Component FL 210 (102)

Gauge Factor FL 102 (84)

Gauge Factor of a Strain Gauge FL 102 (84)

Hoop Strain FL 120 (94)

Hoop Stress FL 120 (94)

 FL 130 (96)

 FL 140 (98)

Isochromatics  FL 200 (100)

 FL 210 (102)

Mohr’s Circle for Strains FL 120 (94)

 FL 130 (96)

 FL 140 (98)

Mohr’s Circle for Stress FL 120 (94)

 FL 130 (96)

 FL 140 (98)

 FL 200 (100)

 FL 210 (102)

Open Ended Thin Cylinder FL 130 (96)

  under Pressure

Photoelasticity FL 200 (100)

 FL 210 (102)

Plane Stress State FL 120 (94)

 FL 130 (96)

Poisson’s Ratio FL 130 (96)

Principal Strain FL 120 (94)

 FL 130 (96)

 FL 140 (98)

Principal Stress  FL 120 (94)

 FL 130 (96)

 FL 140 (98)

Principal Stress Difference FL 200 (100)

 FL 210 (102)

Radial Strain FL 120 (94)

Radial Stress FL 120 (94)

 FL 140 (98)

Axial Stress FL 130 (96)

 FL 140 (98)

Bending  FL 200 (100)

Bending Strain of Girders FL 100 (82)

 FL 102 (84)

Biaxial Stress State FL 130 (96)

Closed Ended Thin Cylinder FL 130 (96)
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Radial Strain FL 120 (94) 
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Rankine Yield Criterion WP 130 (80) 
Reciprocal Theorem WP 950 (54) 
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Semi-Circular Beam  FL 170 (64)
Series Configuration of TM 400 (68)
  Springs
Shear Centre FL 160 (78)
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